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Australian Standard™

Methods of test for elastomers

Method 11: Tension testing of vulcanized or
thermoplastic rubber

PREFACE

This Standard was prepared by the Standards Australia Committee RU-003, Analysis and Testing of
Elastomers to supersede AS 1683.11—1990, Methods of test for elastomers, Method 11: Tension
testing of vulcanized rubber.

The objective of this Standard is to provide manufacturers and users of elastomeric materials with a
method for the determination of the tensile stress-strain properties of the vulcanized or thermoplastic
rubbers.

This Standard is identical with and has been reproduced from ISO 37:1994, Rubber, vulcanized or
thermoplastic—Determination of tensile stress-strain properties.

The term ‘normative’ has been used in this Standard to define the application of the annex to which it
applies. A ‘normative’ annex is an integral part of a Standard.

As this Standard is reproduced from an international Standard, the following applies:

(a) Its number appears on the cover and title page while the International Standard number appears
only on the cover.

(b) In the source text, ‘this International Standard’ should read ‘this Australian Standard’.
(c) A full point substitutes for a comma when referring to a decimal marker.

References to international Standards should be replaced by equivalent Australian Standards as
follows:

Reference to International Standard Australian Standard
ISO AS
471 Rubber—Times, temperatures and 1683 Methods of test for elastomers

humidities for conditioning and testing  1683.20 Method 20: Standard
temperatures, humidities and times
for conditioning and testing

1826 Rubber, vulcanized—Time-interval —
between vulcanized and testing—
Specification

3383 Rubber—General directions for —
achieving elevated or subnormal
temperatures for test purposes

4648 Rubber, vulcanized or thermoplastic— —
Determination of dimensions of test
pieces and products for test purposes
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ISO AS

4661 Rubber, vulcanized or thermoplastic—  —
Preparation of samples and test pieces
4661-1 Part 1: Physical tests —

5893 Rubber and plastics test equipment— —
Tensile, flexural and compression types
(constant rate of traverse)—Description
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1 Scope

This International Standard describes a method for the
determination of the tensile stress-strain properties
of vulcanized and thermoplastic rubbers. The proper-
ties which may be determined are the tensile
strength, the elongation at break, the stress at a given
strain and the elongation at a given stress. Means of
specifying or determining the yield point are also
given.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 471.—", Rubber — Times, temperatures and hu-
midities for conditioning and testing.

ISO 1826:1981, Rubber, vulcanized — Time-interval
between vulcanization and testing — Specification.

ISO 3383:1985, Rubber — General directions for
achieving elevated or subnormal temperatures for test
purposes.

ISO 4648:1991, Rubber, vulcanized or thermoplastic

— Determination of dimensions of test pieces and
products for test purposes.

1} To be published. (Revision of 1SO 471:1983)

ISO 4661-1:1993, Rubber, vulcanized or thermoplastic
— Preparation of samples and test pieces — Part 1:
Physical tests.

ISOC 5893:1993, Rubber and plastics test equipment
— Tensile, flexural and compression types (constant
rate of traverse} — Description.

3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 tensile stress, S: A stress applied so as to ex-
tend the test piece. It is calculated as the applied
force per unit area of the original cross-section of the
test length.

3.2 elongation, E: The extension, expressed as a
percentage of the test length, produced in the test
piece by a tensile stress.

3.3 tensile strength, TS: The maximum tensile
stress recorded in extending the test piece to break-
ing point. [See figures 1a) to 1¢).]

3.4 tensile strength at break, TS,: The tensile
stress recorded at the moment of rupture. [See fig-
ures 1a) to 1¢).]

NOTE 1 The values of TS and TS, may be different if,
after yield §,, the elongation continues and is accompanied
by a drop in stress, resulting in TS, being lower than TS.
[See figure 1¢).]

3.5 elongation at break, E,: The tensile strain in the
test length at breaking point. [See figures 1a) to 1c).]
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3.6 elongation at a given stress, E;: The tensile
strain in the test length when the test piece is sub-
jected to a given tensile stress.

3.7 stress at a given elongation, S,;: The tensile
stress in the test length required to produce a given
elongation.

NOTE 2 In the rubber industry, this definition is widely
identified with the term “modulus”, and care should be
taken to avoid confusion with the other use of “modulus”
to denote the slope of the stress-strain curve at a given
elongation.

3.8 tensile stress at yield, S;: The tensile stress at
the first point on the stress-strain curve where some
further increase in strain occurs without any increase
in stress. This may correspond to either a point of
inflection [see figure 1b)] or to a maximum [see fig-
ure 1¢c)].

3.9 elongation at yield, E: The tensile strain at the
first point on the stress-strain curve where some fur-
ther increase in strain is not accompanied by an in-
crease in stress. [See figures 1b) and 1¢).]

3.10 test length of a dumb-bell: The initial distance
between reference points within the length of the
narrow portion of a dumb-bell test piece and used to
measure elongation. (See figure 2.)

4 Principle

Standard test pieces, either dumb-bells or rings, are
stretched in a tensile-testing machine at a constant
rate of traverse of the driven grip or pulley. Readings
of force and elongation are taken as required during
the uninterrupted stretching of the test piece and
when it breaks.

5 General

Dumb-bell and ring test pieces do not necessarily give
the same values for their respective stress-strain
properties. This is mainly because in stretched rings
the stress is not uniform over the cross-section. A
second factor is in the existence of “grain” which
may cause dumb-bells to give different values de-
pending whether their length is parallel or at right an-
gles to the grain.

The main points to be noted in choosing between
rings and dumb-bells are as follows:

a) Tensile strength

Dumb-bells are preferable for determination of
tensile strength. Rings give lower, sometimes
much lower, values than dumb-bells.

b) Elongation at break

Rings give approximately the same values as
dumb-bells, provided that

1) the elongation of rings is calculated as a per-
centage of the initial internal circumference
and

2) dumb-bells are cut at right angles to the grain
if this is present to a significant degree.

Dumb-bells shall be used if it is required to study
grain effects for which rings are not suitable.

c) Elongation at a given stress and stress at a given
elongation

Type 1 and 2 dumb-bell test pieces are preferred,
and shall be used for specification purposes
wherever possible.

Rings and dumb-bells give approximately the
same values provided that

1) the elongation of rings is calculated as a per-
centage of the initial mean circumference and

2) the average value is taken for dumb-bells cut
parallel and at right angles to the grain if this
is present to a significant degree.

Rings may be preferred in automated testing, due
to the ease of handling of the test pieces, and in
the determination of stress at a given strain.

d) Miniature test pieces may give somewhat differ-
ent, usually higher, values for tensile strength and
elongation at break than the larger test pieces.

Six types of test piece are provided, i.e. dumb-bell-
shaped types 1, 2, 3 and 4 and ring-shaped types A
{normal) and B (miniature). The results obtained for a
given material are likely to vary according to the type
of test piece used, and the results obtained for dif-
ferent materials should therefore not be regarded as
comparable unless the same type of test piece has
been used.
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When preparation of test pieces requires buffing or
thickness adjustment, results may be affected.

Type 3 and 4 dumb-bell test pieces and type B ring
test pieces shall only be used where insufficient ma-
terial is available for the larger test pieces.

These test pieces are particularly suitable for testing
products and are used in certain product standards,
e.g. type 3 dumb-bells have been used for testing
pipe sealing rings and cables.

6 Test pieces

6.1 Dumb-bells

Dumb-bell test pieces shall have the outline shown in
figure 2.

|
- N s
|
Test length
(see table 1)

Figure 2 — Shape of dumb-bell test pieces

The standard thickness of the narrow portion shall be
20mm+0,2mm for types 1, 2 and 3 and
1,0 mm + 0,1 mm for type 4.

The test length shall be in accordance with table 1.
The other dimensions of the dumb-bells shall be as
produced by the appropriate die (see table 2).

For non-standard test pieces, e.g. those taken from
completed products, the maximum thickness of the
narrow portion shall be 3,0 mm for type 1, 2,5 mm for
types 2 and 3, and 2,0 mm for type 4.

Table 1 — Test length of dumb-bells

Dimensions in millimetres

Type of test
pisce Type 1 Type 2 Type 3 Type 4
Test length | 25,0 + 0,5{ 20,0 + 0,5/ 10,0 £ 0,5| 10,0 + 0,5

6.2 Rings

The standard type A ring test piece shall have an
internal diameter of 44,6 mm + 0,2 mm. The median
axial thickness and median radial width shall be
4,0 mm £ 0,2 mm. The radial width within any ring
shall nowhere deviate from the median by more than
0,2 mm and the axial thickness within the ring shall
nowhere deviate from the median by more than 2 %.

The standard type B ring test piece shall have an
internal diameter of 8,0 mm + 0,1 mm. The median
axial thickness and median radial width shall be
1,0 mm £ 0,1 mm. The radial width within any ring
shall nowhere deviate from the median by more than
0,1 mm.

If two groups of rings of either size are being com-
pared, the median thickness of each group shall be
within 7,5 % of the grand median thickness of the
two groups.

7 Apparatus

7.1 Dies and cutters

All dies and cutters used shall be in accordance with
ISO 4661-1. Dies for preparation of dumb-bells shall
have the dimensions given in table 2 and figure 3. The
departure from parallelism at any point along the
width of the narrow portion of the die shall nowhere
exceed 0,05 mm. :

7.2 Thickness gauge

The instrument for measuring the thickness of
dumb-bell test pieces and the axial thickness of ring
test pieces shall be in accordance with that used in
method A of ISO 4648:1991.

The instrument for measuring the radial width of ring
test pieces shall be similar to the above, except that
the contact and base plate shall be shaped to fit the _
curvature of the ring.

7.3 Cone gauge

A calibrated cone gauge or other suitable equipment
shall be used to measure the internal diameter of ring
test pieces. The equipment shall be capable of
measuring the diameter with an error of not more
than 0,01 mm. The means of supporting the ring to
be measured shall be such as to avoid any significant
change in the dimension being measured.
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