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Foreword

[SO (the International 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,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

[SO/IEC Directives, Part 2 (see www.iso.org/directives).
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International Standard

ISO 37:2024(en)

Rubber, vulcanized or thermoplastic — Determination of
tensile stress-strain properties

WARNING 1 — Persons using this document should be familiar with normal laboratory practice. This
document does not purport to address all of the safety problems, if any, associated with its use. It is
the responsibility of the user to establish appropriate safety and health practices.

WARNING 2 — Certain procedures specified in this document might involve the use or generation of

substances,
should be m|

1 Scope

This docume
and thermop

The propert
elongation, e
and strain at

2 Norma

The following
requirement
the latest edi

ISO 5893, Ry
traverse) — §

[SO 18899, ¢
IS0 23529:20

3 Terms,

T the generation of waste, that coutd constitute a tocal environmental haza
nde to appropriate documentation on safe handling and disposal after use!

ht specifies a method for the determination of the tensile stress-strain properties
astic rubbers.

es which can be determined are tensile strength, elongation at break, stresg

yield applies only to some thermoplastic rubbers and gertain other compounds.

live references

5 of this document. For dated references,-only the edition cited applies. For undate
Fion of the referenced document (including any amendments) applies.

bber and plastics test equipment =~ Tensile, flexural and compression types (con
pecification

iide to the calibration of testyequipment

16, Rubber — Generalprocedures for preparing and conditioning test pieces for physicad

definitions@nd abbreviated terms

For the purpgses of this document, the following terms and definitions apply.

[SO and IEC 1

haintain terminological databases for use in standardization at the following addty

IEC Electiropedia: available at https://www.electropedia.org/

d. Reference

bf vulcanized

s at a given

ongation at a given stress, stress at yield and elongatiofy at yield. The measurenpent of stress

y documents are referred to in the text in sucl’a way that some or all of their content constitutes

d references,

stant rate of

[ test methods

€SSes:

3.1

[SO Online browsing platform: available at https://www.iso.org/obp

tensile stress

S

stress applied so as to extend the test piece

Note 1 to entry: It is calculated as the applied force per unit area of the original cross-section of the test length.

3.2
elongation
E

tensile strain, expressed as a percentage of the test length, produced in the test piece by a tensile stress (3.1)

© IS0 2024 - All rights reserved
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tensile strength

S

max

maximum tensile stress (3.1) recorded in extending the test piece to breaking point

Note 1 to entry: See Figure 1.

3.4

tensile strength at break

Sh

tensile stress (3.1) recorded at the moment of rupture

Note 1 to entry: See Figure 1.

Note 2 to entr
accompanied I

3.5

Vg re—v3a - max 5
ya drop In stress, re

Y’

sultin in b being lower than S, [see Figure 1 c)].

elongation at break

Ey
tensile strain

Note 1 to entr

3.6

in the test length at breaking point

y: See Figure 1.

elongation at a given stress

Eg
tensile strain

3.7

stress at a gi
Sk

tensile stress

Note 1 to entr]
be taken to avj
elongation.

3.8

tensile stres
Sy

tensile stress

in the test length when the test piece is subjected to a given tensile stress (3.1)

ven elongation

(3.1) in the test length required to produce a given elongation (3.2)

y: In the rubber industry, this defipitien is widely identified with the term “modulus” aJ:

oid confusion with the other use of-“modulus” to denote the slope of the stress-strain c

s atyield

(3.1) at the firstgoint on the stress-strain curve where some further increase in

without any increase in stress

Note 1 to entry

r: This mighticorrespond either to a point of inflection [see Figure 1 b)] or to a maximum [s

3.9
elongation

ntinues and is

d care should
rve at a given

Strain occurs

e Figure 1 c)].

;1( yield

E

tensile strain at the first point on the stress-strain curve where some further increase in strain is not

accompanied

by an increase in stress

Note 1 to entry: See Figure 1.

© IS0 2024 - All rights reserved
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S
Smax = Sb
E, E
a)
S
Smax = Sb
Y
S
y
E, E E
b)
S
Y,
Sy Smax
Sp
E E E
)
Key
E  elongation Sy stress at yield
E, elongation at break Smax tensile strength
E, elongation atyield Sp tensile strength at break
S  stress Y yield point

Figure 1 — Illustration of tensile terms

© IS0 2024 - All rights reserved
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3.10

testlength

initial distance between reference points within the length of the narrow portion of a dumbbell test piece
used to measure elongation (3.2)

Note 1 to entry: See Figure 2.

4 Principle

Standard test pieces, either dumbbells 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

Dumbbell 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 ower the crqgss-section. A
second factof is in the existence of “grain” which might cause dumbbells to give different values depending
on whether their length is parallel or at right angles to the grain.

The main points to be noted in choosing between rings and dumbbells are as-follows.

a) Tensile strength

Dumbbells are preferable for determination of tensile strength. Rings give lower, sometimes much
lower, VTues than dumbbells.
i

b) Elongati¢n at break
Rings giye approximately the same values as dumbbells, provided that
1) the dlongation of rings is calculated as a percentage of the initial internal circumferenge, and
2) dumpbells are cut at right angles to the grain if this is present to a significant degree.
Dumbbells shall be used if it is required to study grain effects, as rings are not suitable for [this purpose.
c¢) Elongati¢n at a given stress and stress at a given elongation
The largér dumbbells (types-d, 2 and 1A) are generally preferred.
Rings anfl dumbbells give approximately the same values provided that

1) the dlongatiomof rings is calculated as a percentage of the initial mean circumference,jand

2) the gveragevalue is taken for dumbbells cut parallel and at right angles to the grain if this is present
to a significant degree.

Rings might 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.

6 Test pieces

6.1 General

Miniature test pieces might give somewhat different, usually higher, values for tensile strength and
elongation at break than the larger test pieces.

Seven types of test piece are provided, i.e. dumbbell-shaped types 1, 2, 3, 4 and 1A and ring-shaped types A
(normal) and B (miniature). The results obtained for a given material are likely to vary according to the

© IS0 2024 - All rights reserved
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type of test piece used and the results obtained for different materials should therefore not be regarded as
comparable unless the same type of test piece has been used.

When preparation of test pieces requires buffing or thickness adjustment, results might be affected.

6.2 Dumbbells

Dumbbell test pieces shall have the outline shown in Figure 2.

/—

Key

1 testlengt

The standard thickness of the narrow portion shall be 2,0 mm** 0,2 mm for types 1, 2, 3

1,0 mm 0,1
The test leng
The other dif

For non-stan
portion shall

|
e

N

L (see Table 1)

Figure 2 — Shape of dumbbell test pieces

mm for type 4.

th shall be in accordance with Table 1.

lard test pieces, e.g. those taken frotfinished products, the maximum thickness
be 3,0 mm for types 1 and 1A, 2(5nm for types 2 and 3, and 2,0 mm for type 4.

Table'l — Test length of dumbbells

hensions of the dumbbells shall be as produced by the appropriate die (see Table 3

and 1A and

).

bf the narrow

Type of test piece Type-1 Type 1A Type 2 Type 3 Tyge 4
Testlepgth (mm) 25-4)0,5 20 +0,52 20+0,5 10+ 0,5 10 40,5
a  Thetestlength shall natiexceed the length of the narrow portion of the test piece (dimension C in Tablg 2).

Type 3 and 4
test pieces. T|
standards, e.

dumbbell test pieces shall only be used where insufficient material is available
hese test pieces are particularly suitable for testing products and are used in ce
b. type 3 dumbbells have been used for testing pipe sealing rings and cable coveril

for the larger
'tain product

ngs.

6.3 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 mm * 0,2 mm. The radial width of any ring shall nowhere
deviate from the median by more than 0,2 mm and the axial thickness of 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 mm * 0,1 mm. The median axial
thickness and median radial width shall be 1 mm #* 0,1 mm. The radial width of any ring shall nowhere
deviate from the median by more than 0,1 mm. This test piece shall be used only where insufficient material
is available for the larger type A test piece.

© IS0 2024 - All rights reserved
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tus

7.1 Dies and cutters
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All dies and cutters used shall be in accordance with ISO 23529. Dies for preparation of dumbbells shall have
the dimensions given in Table 2 and Figure 3 except for the cutting edge for which Figure 3 only indicates a
suitable geometry. The departure from parallelism at any point along the width of the narrow portion of the

die shall nowhere exceed 0,05 mm.

For a method of cutting type B ring test pieces, see Annex A.

Table 2 — Dimensions of dies for dumbbell test pieces

Di“‘r;‘r:i““ Type 1 Type 1A Type 2 Type 3 Type 4
A Overall length (minimum)? 115 100 75 50 35
B Width of efids 251 25+1 12,51 8/5+0,5 6+0,5
C Length of jarrow portion 332 211 251 16+1 12+0,5
D Width of narrow portion 6,2+0,2 5+0,1 4+0,1 4+0,1 2+0,1
E Transition[radius outside 14 +1 11+1 8+0/5 7,5+0,5 3+0,1
F Transition [radius inside 25+2 25+2 125 +1 10+0,5 3+0,1
a A greater dverall length might be necessary to ensure that only the wide end tabs come into contact with the{machine grips,
thus avoiding “fhoulder breaks”.

7.2 Thicki

The instrumgnt for measuring the thickness of dumbbell*test pieces and the axial thicknes

pieces shall j

The instrum¢nt for measuring the radial width of(ring test pieces shall be similar to the abov
the contact apd base plate shall be shaped to fitthe curvature of the ring.

7.3 Cone gauge

A calibrated
ring test pied
0,01 mm. The
change in thd

ness gauge

e in accordance with that used in method-Aof ISO 23529:2016.

cone gauge or other s(iitable equipment shall be used to measure the interna

5 of ring test

b, except that

diameter of

es. The equipment shall be capable of measuring the diameter with an error of njot more than

means of supportirng the ring test piece to be measured shall be such as to avoid a
dimension beingmeasured.

hy significant

© IS0 2024 - All rights reserved
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Dimensions in millimetres

X
£
N

32

R}
i
\
0%

Key
1  method of fixing to suit machine
2 ground sthooth

3 ground

NOTE1 Foydimensions A to F, see Table-2:

NOTE 2 Th¢ diagrams on the right.show sections of typical fixed blades.

Figure 3 — Die for dumbbell test pieces

7.4 Tensile-testing machine

7.4.1 The tensile-testing machine shall conform with the requirements of ISO 5893, having an accuracy
of force medsurement—eonforming—with—elass——An—-extensometer—where—used,—shalhave an accuracy
conforming with class D for type 1, 1A and 2 dumbbell test pieces and class E for type 3 and 4 dumbbell
test pieces. The machine shall, as a minimum, be capable of operating at rates of traverse of 100 mm/min,
200 mm/min and 500 mm/min.

When testing dumbbells, the method of measuring the extension might require the test machine to apply a
small prestress to the test piece to avoid it bending. In this case, the machine shall be capable of applying the
necessary prestress.

7.4.2 For tests at temperatures other than a standard laboratory temperature, a suitable thermostatically
controlled chamber shall be fitted to the tensile-testing machine. Guidance for achieving elevated or
subnormal temperatures is given in ISO 23529.

© IS0 2024 - All rights reserved
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7.5 Testrig for ring test pieces

An example of a test rig using pulleys for testing rings is shown in Figure 4. For rings of types A and B, the
pulley dimensions shall be as specified in Table 3 and Figure 5.

One of the pulleys shall be free to turn with very low friction and the other shall be driven to rotate the ring.
[t shall run at a speed between 10 r/min and 15 r/min.

Key
1 load cell
2 actuator

Table 3 — Pulley dimensions

Figure)4 — Example of rig for tensile tests on rings

Dimensiong in millimetres
Pulleys L @d, A R @d, B
Standard pullpysfor type A antl?2 e o oo - an e oa
. 30 23,0 T U005 3,00 5,0 2T U T 4,3
rings 0
A}ternatwe pulleys for type A 35+0,2 22.3+0,05 . . 25401 5,0
rings 0
fitr?gjard pulleys for type B 5,502 4,50 + 0,02 1,27 0,75 5,2 + 0,05 1,2

© IS0 2024 - All rights reserved
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a) Standard pulleys for type A and B rings b) Alternative pulleys for type A rings
Key

1  freely rot

ting pulley

2 driven pulley

3 direction

pf extension

8 Calibration

The requirenpents for calibration of the test.apparatus are given in Annex D

9 Number of test pieces

A minimum d

The number
pieces will gi

10 Prepar

fthree test pieces shall be tested.
ve a lower uncértainty than a test with three test pieces.

atioivof test pieces

Figure 5 — Pulley arrangement for tensile testing of type A and B rings

bf test pieces,should preferably be decided in advance, bearing in mind that the uke of five test

10.1 Dumb

ells

Dumbbell test pieces shall be prepared by the appropriate methods described in ISO 23529. Dumbbells shall,
wherever possible, be cut parallel to the grain of the material unless grain effects are to be studied, in which
case a set of dumbbells shall also be cut perpendicular to the grain.

10.2 Rings

Ring test pieces shall be prepared by cutting or punching, using the appropriate methods described in
[SO 23529, or by moulding.

© IS0 2024 - All rights reserved
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11 Conditioning of sample and test pieces

11.1 Time between vulcanization and testing
For all test purposes, the minimum time between vulcanization and testing shall be 16 h.

For non-product tests, the maximum time between vulcanization and testing shall be 4 weeks and, for
evaluations intended to be comparable, the tests shall, as far as possible, be carried out after the same time
interval.

For product tests, whenever possible, the time between vulcanization and testing shall not exceed 3 months.
In other cases, tests shall be made within 2 months of the date of receipt of the product by the customer.

11.2 Protec

P £ h | . . -
LIOII O1 S4IIPICS dIIU LESL PICCES

test pieces shall be protected as completely as possible from all external itifldences likely to
e during the interval between vulcanization and testing, e.g. they shall be-protected from light

Samples and
cause damag
and heat.

11.3 Conditioning of samples

Condition all

temperature

Condition all
with humidit]

11.4 Condi

Condition all
interval betw

For tests at
be tested im

samples, other than those from latex, in accordance with I§O© 23529 at a standa
without humidity control, for not less than 3 h prior to cutting out the test pieces

prepared latex samples in accordance with ISO 23529.at a standard laboratory
y control, for not less than 96 h prior to cutting out.the test pieces.

[ioning of test pieces

reen buffing and testing shall be not less'than 16 h and not greater than 72 h.

mediately, if cut from conditioned test samples. Where additional preparation

minimum cofpditioning period of 3 h at stahdard laboratory temperature shall be allowed.

For tests at {
temperature
substantial e

12 Markin

If using a non-contactéxtensometer, mark the dumbbell test pieces with two reference marks
specified in Table 1 using a suitable marker. The test piece shall be unstrained when it is marked.

testlength ag

emperatures other than a standard laboratory temperature, condition the test

quilibrium in accordance with ISO 23529 (see also 7.4.2).

g of dumbbell test pieces

The lines sha
centre of the

test piece and at right angles to its longitudinal axis.

13 Measurement of test pieces

13.1 Dumb

bells

test pieces in accordance with ISO 23529.7If the preparation of test pieces involve

W standard laboratory temperature; test pieces that do not require further prej

at which the test is foybe conducted for a period sufficient to enable the test pig

'd laboratory

temperature,

s buffing, the

pbaration may
s involved, a

pieces at the
ces to attain

to define the

Measure the thickness at the centre and at each end of the test length with the thickness gauge. Use the
median value of the three measurements to calculate the area of the cross-section. In any one dumbbell,
none of the three thickness measurements of the narrow portion shall differ by more than 2 % from the
median thickness. The width of the test piece shall be taken as the distance between the cutting edges of
the die in the narrow part and this distance shall be measured in accordance with ISO 23529 to the nearest

© IS0 2024 - All rights reserved
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0,05 mm. Test pieces cut from products might have a non-rectangular cross-section, in which case the width
shall be measured directly on the test piece.

13.2 Rings

Measure the radial width and axial thickness at six approximately equally spaced positions around the ring.
The median value of each set of measurements shall be used in calculating the area of the cross-section.
The internal diameter shall be measured to the nearest 0,1 mm. Calculate the internal circumference [see
Formula (1)] and the mean circumference [see Formula (2)] as follows.

Ci=mxd (@8]

Co=Ttx(d+W) (2)
where

C; isthe internal circumference;

C,, Iisthe mean circumference;

d isthf internal diameter;

W is thie radial width.

13.3 Comparison of groups of test pieces

If two groups of test pieces (either dumbbells or rings) are\being compared, the median thickpness for each
group shall be within 7,5 % of the grand median thickness;for the two groups.

14 Procedjure

14.1 Dumbpell test pieces

Insert the teqt piece into the tensile-teSting machine, ensuring that the end tabs are gripped symmetrically
so that the tension is distributed uniformly over the cross-section. It is strongly recommended|that the load
cell be reset fo zero before each test: If necessary, apply a prestress of 0,1 MPa so that the tedt piece is not
bent when tHe initial test length-(see Figure 2) is measured. If necessary, set up the extensometry device.
Start the maghine and monitor continuously the change in test length and force throughout the test to an
accuracy of H2 % or as reduired for the purposes of Clause 15.

The nominal|rate of traverse of the moving grip shall be 500 mm/min for type 1, type 1A and type 2 test
pieces and 20 mm/min for type 3 and type 4 test pieces.

Any test piede‘that breaks outside the narrow portion or yields outside the test length shall |be discarded
and a repeat test conducted on an additional test piece.

In making visual measurements, care should be taken to avoid inaccuracies due to parallax.
14.2 Ring test pieces

Set the correct initial distance between the pulleys as follows:

— 30+%'2 mm between the centres of the standard pulleys for type A rings;

— 35+%'2 mm between the centres of the alternative pulleys for type A rings;

— 5,5+%'2 mm between the centres of the standard pulleys for type B rings.

© IS0 2024 - All rights reserved
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Set the load to zero before mounting the test piece on the pulleys.

Place the test piece on the pulleys and start the machine, monitoring continuously the distance between the

pulleys and t

he increase in stress throughout the test.

The nominal rate of traverse of the moving pulley shall be 500 mm/min for type A test pieces and 100 mm/min
for type B test pieces. The driven pulley shall rotate at the correct speed from the start to the end of the test.

15 Temperature of test

The test shall normally be carried out at one of the standard laboratory temperatures specified in ISO 23529.
When other temperatures are required, these shall be selected from the list of preferred temperatures given
in ISO 23529.

The same ten

16 Calculation of results

16.1 Dumbbpells

Calculate the|tensile strength, S, ,,, expressed in megapascals, using Formul#’(3):

F

m

Smax:ﬁ

Calculate the|tensile strength at break, S}, expressed in megapascals, using Formula (4):

_5

S, =
b7 W

Calculate the|elongation at break, E}, expressed asta percentage, using Formula (5):

100
b= |

Ly, —Ly)
Ly

Calculate the|stress at a given elongation, S, expressed in megapascals, using Formula (6):

F,
S,=—%
¢ we
Calculate thelelongatioriat'a given stress, E, expressed as a percentage, using Formula (7):
E - 100( L —Lgy)

N

Ly

hperature shall be used throughout any one test or series of tests intended to be'e

bmparable.

3

(4)

(5)

(6)

(7)
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The value, in newtons, of the force, F,, corresponding to a given stress is calculated using Formula (8):

F,=S,Wt 8)

Calculate the tensile stress at yield, S,, expressed in megapascals, from the force recorded at the yield point,

using Formula (9):
F
y
=Y 9
Y e 9
Calculate the elongation at yield, E|, expressed as a percentage, using Formula (10):
100(L, - 1Ly)
y LO

(10)

In Formulae {3) to (10), the symbols used have the following meanings:

Fy is the force recorded at break, in N;

F,,  isthe maximum force recorded, in N;
F,  isthe force recorded atyield, in N;

Ly is the initial test length, in mm;

L,  isthetestlength at break, in mm;

is the test length at a given stress, in mm;

L is the test length at yield, in mm;

t is the thickness of the test piece over thé-test length, in mm;

w is the width determined as specified’in 12.1, in mm.

© IS0 2024 - All rights reserved
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16.2 Ring test pieces

Calculate the tensile strength, S, .., expressed in megapascals, using Formula (11):
_ Fm
T 2We
Calculate the tensile strength at break, S;, expressed in megapascals, using Formula (12):
F
S, = b
2Wt

Calculate the

elongation at break, E}, expressed as a percentage, using Formula (13):

100(zd +2L, —C;)
Eb =
Cj
Calculate the|stress at a given elongation, S, expressed in megapascals, using Formuda\(14):
__F
7

The distance

in millimetres, between the pulley centres correspondingto a given elongatig

millimetres, {s calculated using Formula (15):
CnEs C;—md
e~ o T
200 2
Calculate the|elongation at a given stress, E,, expressed as;a percentage, using Formula (16):
E - 100{md+2L, —C;)
S Cm
The value, innewtons, of the force, F,, corresponding to the required stress is calculated using
F,=2S Wt

(11)

(12)

(13)

(14)

n, L, also in

(15)

(16)

Formula (17):
(17)
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Calculate the tensile stress atyield, S|, expressed in megapascals, using Formula (18):

S, =—2
Yooowt

Fy

Calculate the elongation at yield, E|, expressed as a percentage, using Formula (19):

y

~100(7d +2Ly, C; )

Cm

In Formulae (11) to (19), the symbols used have the following meanings:

w

17 Expres

is the initial internal circumference of the ring, in mm;

is
is
is
is
is
is
is
is
is

is

When more

data shall be
as described

In all cases, t

18 Precisi

See Annex B.

NOTE

(18)

(19)

the initial mean circumference of the ring, in mm;

the diameter of the pulleys, in mm;

'he force recorded at break, in N;

'he maximum force recorded, in N;

the force recorded at yield, in N;

'he distance between the pulley centres at break, in min;

the distance between the pulley centres at a given stress, in mm;
the distance between the pulley centres at yield, in mm;

the axial thickness of the ring, in mm;

the radial width of the ring, in mm.

sion of results

han one tensile stress{strain property is being determined on the same test pi
treated as if they had been obtained independently for each property and the resi
for each property.separately.

he median foreach property shall be reported.

DN

bces, the test
11t calculated

Annex C analyses, on the basis of the precision data, the performance of the different types of dumbbell

test piece.

19 Test report

The test report shall include the following particulars:

a) details of sample and test pieces:

1) afull description of the sample and its origin,

2) compound details and cure condition, if known,

© IS0 2024 - All rights reserved
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d)
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3) the method of preparation of the test pieces (e.g buffing),

4) the type of test piece used,

5) the median thickness of the test piece,

6) the direction relative to any grain in which dumbbell test pieces were cut;

a full reference to the test method, i.e. ISO 37;

test details:

1) the temperature of test and the relative humidity, if necessary,

2) the number of test pieces tested,

3) any areviations from the procedure specified;

test resujts:

1) thei
2) theq
the date

hdividual test results,

pf testing.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Preparation of type B ring test pieces

Type B rings may be cut out using a rotary cutting machine operated at 400 rpm and fitted with a special
holder for blades (see Figure A.1). The blades should be lubricated with soap solution and inspected
frequently for sharpness, damage, etc. The sample should be secured during cutting with the device shown

in Figure A.2.

© IS0 2024 - All rights reserved
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Figure A.1 — Special tool holding removable blades
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Figure A.2<="Tool for holding the rubber sheet
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Annex B
(informative)

Precision

B.1 General

The repeatability and reproducibility of the method were calculated on the basis of ISO/TR 9272. Original

data were treated for ontliers atthe 5 % and 2 % Qignifir‘nnr‘p levels on the basis of the prn(‘pdn

res described

in ISO/TR 92

B.2 Detail

B.2.1 Thre
The first ITP

Three differd
diene rubber]
of five separd

A total of 23

The second I

/2.

s of test programmes

e interlaboratory test programmes (ITPs) were organized.
in 2001 was as follows.

nt compounds of natural rubber (NR), styrene butadienerubber (SBR) and ethyléd
(EPDM) were used for tensile tests. A test result for this test method was the ave
te measurements of each of the properties as indicated below.

aboratories in eight countries participated in thé.programme.

['P in 2002 was as follows.

One NR compound was used for tensile testing.+Fhe compound formulation was the san

compound u§
Atotal of 17 ]

The fully pre
type 1 precis

The third ITH

Five different
butadiene ru

ed in the first ITP.
aboratories in six countries participated in the programme.

pared rubber test pieces wére sent to each laboratory for evaluation in both ITPs,
ion.

in 2014 was as follows.

compounds of NR) NBR [two different acryl nitrile contents (ACN)], hydrogenated
bber (HNBR) and EPDM (see Table B.1) were used for tensile tests.

Table B.1 — Compounds of the third ITP

ne propylene
rage or mean

e as the NR

thus giving a

herylonitrile-

Ing)

Number of parts by mass

redient

pal 1 _A pal 1 pal 1l pal 1l
LUIIIpPpouIiua A LoIpounnu o’ LoIipouIiu . Lonipounua v

€ompound E™

NR

100

NBR (ACN content 28 %)

100

NBR (ACN content 34 %)

100

HNBR (ACN content 34 %)

100

EPDM

100

HAF carbon black (N 330)

35

FEF carbon bl

ack (N 550) 70 50

65

SRF carbon bl

ack (N 762) 50

Zinc oxide

Stearic acid
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Table B.1 (continued)

. Number of parts by mass
Ingredient ,
Compound A | Compound B/ | Compound Ck | Compound D! |Compound Em

Antioxidant (IPPD)?2 1
Antioxidant (6PPD)b 0,5
Antioxidant (TMQ)¢ 1 0,5 2
Antioxidant diphenylamine
Antioxidant (ZMMBI)d
Accelerator (TBBS)¢ 0,7
Accelerator (TMTD)f 2,5
Accelerator ((BS¥& 1,5
Sulfur 2,25 0,2
Peroxide (40 %o by mass)h 3 5
Peroxide (40 % by mass)! 8
Total 146,95 178,5 160 160,5 1772
Press cure 140 °C 170 °C 170 °C 170 °C 160 °C

40 min 20 min 20 min 20 min 20 min

a N-Isopropyl{N'-phenyl-p-phenylenediamine.

b N-1,3-Dimethylbutyl-N'-phenyl-p-phenylenediamine.
¢ Polymerized 2,2,4-trimethyl-1,2-dihydroquinoline.

d Zinc salt of 4-mercaptobenzoimidazole.

¢ N-tert-Butylt2-benzothiazolesulfenamide.

f Tetramethylfhiuram disulfide.

g N-Cyclohexjyjlbenzothiazyl-2-sulfenamide.

h Dicumylpergxid.
i Di(tert—butyl[Leroxyisopropyl)benzene.

j Compound Bis in conformance with ISO 13226 SRE-NBR 28/PX.
kK Compound ( is in conformance with ISO 6072 HNBR 1.

I Compound Djis in conformance with ISO 6072 EPDM 1.

m Compound E is in conformance with [SO"13226 SRE-NBR 34/SX.
HAF = High alprasion furnace

A test result|for this test method was the average or mean of five separate measurements qf each of the
properties ag indicated belowx

A total of 25 laboratories.in seven countries participated in the programme.

The fully prepared rubber test pieces were sent to each laboratory for evaluation in both ITPs,|thus giving a
type 1 precisjon,

B.2.2 The test properties to be measured were tensile strength at break (5}), elongation at break (E}),
stress at 100 % elongation (S;,) and stress at 200 % elongation (S,,)-

B.2.3 Three types of dumbbell, type 1, type 2 and type 1A, were tested.

The type 1 was tested with two test lengths of 20 mm and 25 mm marked on them in the first ITP, but for the
second ITP only test pieces with a test length of 25 mm were tested.

B.3 Precision results

The results calculated for the precision are given in Tables B.2, B.3, B.4 and B.5. Tables B.2, B.3 and B.4 show
the results of the first ITP for the NR, SBR and EPDM compounds, respectively. Table B.5 shows the results of
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the second ITP for NR. Tables B.6, B.7, B.8, B.9 and B.10 show the results of the third ITP for materials A, B, C,
D and E, respectively.

The symbols used in these tables are defined as follows:
r is the repeatability, in measurement units;
(r)  isthe repeatability, in percent (relative);
R is the reproducibility, in measurement units;

(R) isthe reproducibility, in percent (relative).

Table B.2 — Precision for NR compound (first ITP)

Dumbbell type/ Mean value Within-labo.r?tory Interlabo E'a.tqry
Property test length N=23x2 =46 repeatability reproduciibility
r n R (R)
Type 1/20 mm 34,25 1,10 3,20 3,35 9,79
g Type 1/25 mm 34,17 1,53 4,47 2,49 7,29
b Type 2/20 mm 31,93 1,25 3,93 2,85 8,94
Type 1A/20 mm 34,88 0,67 194 2,63 7,54
Type 1/20 mm 671 421 6,28 57,2 8,52
£ Type 1/25 mm 670 66,3 9,89 63,1 9,41
b Type 2/20 mm 651 299 4,60 60,5 9,29
Type 1A/20 mm 687 299 4,35 57,8 8,41
Type 1/20 mm 1,83 0428 10,00 0,36 19,50
S Type 1/25 mm 1,86 0,12 6,73 0,32 17,24
100 Type 2/20 mm 1,84 0,15 8,33 0,40 21,95
Type 1A/20 mm 1,89 0,07 3,90 0,28 14,81
Type 1/20 mm 4,49 0,45 10,08 0,85 18,97
S Type 1/25 mm 4,42 0,52 11,82 0,77 17,36
200 Type 2/20 mm 4,39 0,39 8,79 0,87 19,85
Type 1A/20 mm 4,58 0,38 8,25 0,70 15,26
Table B.3 — Precision for SBR compound (first ITP)
Dumbbéll type; Mean value Within-labo_r?tory Interlabm_'a.tqry
Property testlength N =23 %2 =46 repeatability reprodudibility
r @] R (R)
Type 1/20 mm 24,87 1,48 5,94 2,12 8,53
g Type 1/25 mm 24,60 1,17 4,74 2,58 10,47
b Type 2/20 mm 24,38 1,52 6,22 2,84 11,65
Type 1A/20 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
b Type 2/20 mm 462 32,9 7,12 48,2 10,43
Type 1A/20 mm 459 13,9 3,04 41,1 8,96

© IS0 2024 - All rights reserved
22


https://standardsiso.com/api/?name=604e55d9ab0d0c5762f58743b374a746

ISO 37:2024(en)

Table B.3 (continued)

Dumbbell type; Mean value Within-labo_r.'_altory Interlabor_'a.tqry
Property test length N =23 %2 =46 repeatability reproducibility
r n R (R)
Type 1/20 mm 2,64 0,20 7,46 0,51 19,47
g Type 1/25 mm 2,61 0,20 7,52 0,41 15,75
100 Type 2/20 mm 2,66 0,24 9,11 0,57 21,30
Type 1A/20 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
¢ Type 1/25 mm 7,74 0,47 6,08 0,94 12,15
200 Type 2/20 mm 7,68 0,56 7,31 1,48 19,25
Type 1A/20 mm 7,81 0,45 5,74 1,00 12,79
Table B.4 — Precision for EPDM compound (first ITP)
Within-laboratory Interlaboratory
Property Dumbbell type/ Mean value repeatability reprodudibility
test length N=23x2=46
r (N R (R)
Type 1/20 mm 14,51 1,13 7,78 2,01 13,83
¢ Type 1/25 mm 14,59 1,57 10,76 2,22 15,20
b Type 2/20 mm 14,50 1,20 8,26 2,14 14,74
Type 1A/20 mm 14,77 0,65 4,39 1,87 12,65
Type 1/20 mm 470 22,2 4,71 32,4 6,90
E Type 1/25 mm 474 33;8 7,13 44,5 9,38
b Type 2/20 mm 475 21,9 4,60 42,4 8,93
Type 1A/20 mm 471 20,2 4,28 39,2 8,34
Type 1/20 mm 2,33 0,21 8,99 0,36 15,32
S Type 1/25 mm 2,30 0,18 7,61 0,32 13,94
100 Type 2/20 mm 2,39 0,17 7,21 0,32 13,52
Type 1A/20 mm 2,40 0,09 3,87 0,29 12,04
Type 1/20 mm 511 0,35 6,87 0,65 12,80
s Type 1/25 mm 5,05 0,25 4,88 0,62 12,35
200 Type 2/20/mm 5,08 0,27 5,24 0,71 14,04
Type 1A/20mm 5,20 0,22 4,22 0,46 8,84
Table B.5 — Precision for NR compound (second ITP)
ey Mean valae Within-lab-or:atory Interla-bo a_tqry
Property test leng;ll; 7 Ne17x2-34 Trepeatabitity reproducibility
r (n R (R)
Type 1/25 mm 32,26 1,86 5,76 2,21 6,84
Sy Type 2/20 mm 34,75 1,53 4,41 4,04 11,63
Type 1A/20 mm 33,13 1,19 3,60 2,71 8,17
Type 1/25 mm 640 27,26 4,26 54,44 8,50
Ey Type 2/20 mm 683 30,80 4,51 94,49 13,83
Type 1A/20 mm 665 22,94 3,45 83,52 12,56
Type 1/25 mm 1,74 0,13 7,29 0,32 18,17
S100 Type 2/20 mm 1,83 0,20 11,08 0,30 16,18
Type 1A/20 mm 1,78 0,13 7,06 0,22 12,19
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Table B.5 (continued)

Within-laboratory Interlaboratory
Property Dumbbell type/ Mean value repeatability reproducibility
testlength N=17x2=34
r () R (R)
Type 1/25 mm 4,27 0,32 7,42 1,10 25,81
S500 Type 2/20 mm 4,31 0,44 10,31 1,03 2391
Type 1A/20 mm 4,35 0,21 4,78 0,87 20,11
Table B.6 — Precision for material A (third ITP)
Within-laboratory Interlaboratory
Property Dumbbell tvpe Meal:::lue repeatability reproducibility
r () R (R)
Type 1 31,3 1,31 4,19 1,71 5,45
Sy Type 2 33,6 1,87 5,55 2467 795
Type 3 30,4 2,58 8,44 3;04 9,95
Type 1 569 26,3 4,63 34,9 6,13
Ey 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 0,17 759 0,32 14,21
S100 Type 2 2,35 0,24 10,14 0,46 19,54
Type 3 2,30 0,24 10,24 0,64 27,54
Type 1 6,07 0,54 8,89 1,14 18,73
S200 Type 2 6,23 0,92 14,81 1,27 20,35
Type 3 6,07 0,89 14,70 1,88 30,96
Table B.7 — Precision for material B (third ITP)
M i Within-laboratory Interlabopatory
Property Dumbbell type ea}\‘/{‘;’:‘ ue repeatability reprodudibility
r () R (R)
Type 1 21,0 1,25 597 1,39 6,64
Sy Type 2 219 1,42 6,46 2,16 9,84
Type 3 21,3 0,94 4,41 1,68 7,89
Typed 196 18,50 9,49 34,17 17,53
Ey Type 2 206 19,44 9,42 35,78 17,34
Type 3 203 29,75 14,67 43,31 15,47
Type 1 11,0 0,69 6,26 1,77 16,17
S100 Type 2 10 1,07 542 2,27 20,62
Type 3 11,1 1,08 9,75 2,23 20,03
Type 1 211 1,00 4,75 1,79 8,48
S500 Type 2 21,2 0,94 4,46 1,60 7,58
Type 3 20,7 1,03 493 2,15 10,27
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Table B.8 — Precision for material C (third ITP)

M I Within-laboratory Interlaboratory
Property Dumbbell type eal\r/[l[:,; ue repeatability reproducibility
r () R (R)
Type 1 25,5 5,92 1,89 7,43
Sy 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
E, Type 2 303 27,71 9,15 44,00 14,53
Type 3 316 29,35 9,30 52,35 18,70
Type 1 4,18 0,36 8.67 0,60 14,34
S100 Type 2 4,33 0,54 12,51 1,27 29,26
Type 3 3,91 0,61 15,54 1,50 38,38
Type 1 14,9 1,08 7,26 1574 11,70
S0 Type 2 15,5 1,78 11,49 343 22,16
Type 3 14,6 2,15 14,62 4,22 28,73

Table B.9 — Precision for material D (third’ ITP)

Within-laboratory Interlabopatory
Property Dumbbell type Mea;/{‘;:l“e repeatability reprodudibility
r () R (R)

Type 1 171 2,12 12,40 2,87 16,81
Sp Type 2 18,6 2,08 11,17 3,11 16,77
Type 3 18,0 2,63 14,63 3,31 18,45
Type 1 300 23,49 7,86 53,74 17,99
E, Type 2 313 27,15 8,68 52,71 16,85
Type 3 302 28,02 9,27 58,72 20,97
Type 1 3,42 0,19 5,56 0,35 10,19
S100 Type 2 3,51 0,24 6,75 0,69 19,63
Type 3 3,29 0,40 12,08 0,84 25,67
Type 1 9,51 0,69 7,18 1,28 13,43
S200 Type 2 9,78 0,65 6,67 1,61 16,40
Type3 9,55 1,10 11,50 2,38 2491

Table B.10 — Precision for material E (third ITP)

Within-laboratory Interlaboratory
Mean-value Tepeatability Teproducibility
Property Dumbbell type MPa
r (" R (R)

Sy Type 2 22,4 1,18 5,27 1,42 6,34
E, Type 2 375 37,42 10,01 52,21 13,97
S100 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
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Analysis of ITP data and dumbbell shape

C.1 General

ISO 37:2024(en)

Annex C
(informative)

This annex considers the performance of the different dumbbell shapes, including the type 14, that was
measured through the ITP programmes The type 1A dumhhell is a relatively new addition to this document,

but it had beg¢n in use in Japan and other countries for many years.

Interlaboratdry tests showed that the type 1A dumbbell has advantages over types) and 2 of better
repeatability| and, particularly, lower incidence of breaks outside the test length. Finite-elerhent analysis
demonstratefl that the strain distribution in the type 1A is more uniform, which-prebably acfounts for its

improved pefformance.

The values of|the tensile properties determined with the type 1A dumbbell argvery similar to those obtained

with the type¢ 1, but they cannot be expected to be identical in all cases.

The type 1A flumbbell has similar overall dimensions to the type 1 and can be considered as ah alternative.
It has not replaced the type 1 because of the huge bank of data obtained and the long tradifion with the

latter dumbbiell.

C.2 Threg variances for three-factor fully-nested experiments

In the compdrison of the precision calculated according to ISO/TR 9272, R is an indicator of|the variance
between labdratories (0, %), and the value of r is antindicator of the total variance (o2 + 0,2) fof a particular
laboratory, mpade up of the variance between-the’ days (0p?) and the variance due to measurgment errors
(op3)- In ordgr to analyse op? and o);2 separately, it is enough to make an estimate of each component of the

variance by the so-called three-factor fully<nested experiment described in ISO 5725-3.

The estimateJwas made for each companent of the total variance in the measurements in the sefond ITP. The
results are shown in Tables C.1 and"C.2.

Table C.1{— Estimate of.each component of the variance by means of “three-factor fully-nested

experiments” for tensile strength in the second ITP

Type 1 Type 2 Typ¢ 1A
o) 2 (0,60)2 (1,80)2 (0,80)2
opp? (0,67)2 (0,54)2 (0,17)2
oM (1,60] (T,08] (T,04)2

Table C.2 — Estimate of each component of the variance by means of “three-factor fully-nested

experiments” for elongation in the second ITP

Type 1 Type 2 Type 1A
0.2 (20,4)2 (43,7)2 (24,3)2
op (13,6)2 (21,9)2 (28,6)2
op2 (28,1)2 (19,3)2 (19,3)2

Of the three variances, the variance due to measurement errors (o2) is the most important for the dumbbell
shape. Other variances (o, 2 and op?) are influenced by many factors other than the dumbbell shape.
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