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Foreword

ISO (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
ical standardization.
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— redrafting of the test report in Clause 10;
— addition of Figure A.1;
— addition of Annex B.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Textile fibres — Determination of breaking force and
elongation at break of individual fibres
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For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

3.1

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

IEC Electropedia: available at http://www.electropedia.org/

breaking force
maximum force appearing during a test specimen carried to rupture in a tensile test under specified

condi

EXAM

tions

PLE See A; in Figure 1.
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Note 1 to entry: For fibres, breaking force is preferably expressed in centinewtons.

Y force, expressed in centinewtons

X  elongatiop (3.4), expressed as a percentage
A, breaking force (3.1)

A, elongatiop at break (3.5)

B pretensioh (3.9)

C; force at ripture (3.2)

C, elongatiop at rupture (3.6)

Figure 1'< Typical force/elongation curve

3.2
force at rupture
force at the goint of ruptune.of the test specimen during a tensile test

EXAMPLE See C; in Eigure 1.

3.3
extension

increase in lengthofatestspecimenduringatensitetest
Note 1 to entry: Extension is expressed in units of length.

3.4
elongation
ratio of the extension (3.3) of a test specimen to its initial length (3.8)

Note 1 to entry: Elongation is expressed as a percentage.

3.5
elongation at break
elongation (3.4) of a test specimen at the breaking force (3.1)

EXAMPLE See A, in Figure 1.

© IS0 2020 - All rights reserved
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3.6
elongation at rupture
elongation (3.4) of a test specimen at the force at rupture (3.2)

EXAMPLE See C, in Figure 1.

3.7
gauge length
distance between the two effective clamping points of a testing device

Note 1 to entry: With guide groove or wrap bollard clamps, it is the distance between their effective clamping
points, measured along the path of the specimen.

3.8
initigl length
length of a test specimen (between the two effective clamping points) under specified pretension (3.9)
at the beginning of a test

3.9
pretdnsion
tensign applied to a test specimen at the beginning of a tensile test

EXAMPLE See Bin Figure 1.
Note 1 to entry: For fibres, pretension is preferably expressed in centinewtons.

3.10
consfant-rate-of-extension testing machine
CRE flesting machine

tensile testing machine provided with one clamp,gwhich is stationary, and another clamp, which moves
with g constant speed throughout the test, the entire testing system being virtually free frqm deflection

[SOURCE: ISO 20932-1:2018, 3.3]

3.11
breaking tenacity
breakying force (3.1) divided by thelinear density

Note 1 to entry: For fibres, breaking force is preferably expressed in centinewtons per decitex.

4 Principle

An individual fibre is extended at a constant rate until rupture occurs. The breaking force and
elongption at'break are recorded.

If the|breaking tenacity is to be calculated, the linear density of the individual fibres or thg mean linear
densifyof the laboratory sample is also required.

NOTE If required, the force and elongation at rupture is recorded.

5 Apparatus and reagents
5.1 Tensile testing machine.

5.1.1 Metrological confirmation system of the tensile testing machine shall be in accordance with
1SO 10012.

5.1.2 The machine shall be equipped with suitable clamps for gripping individual fibres at the
required gauge length, a means for stretching the fibre to rupture at constant rate of extension by

© IS0 2020 - All rights reserved 3
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moving one of the clamps, and a means for recording the extension (elongation) of the fibre and the
corresponding force.

Visualization of the individual force/extension (or tenacity/elongation) curves is helpful for detection of
fibre slippage in the clamps. Advice on mounting of test specimens is given in Annex A.

5.1.3 The machine shall be capable of operating at various constant rates of extension between at least
5 mm/min and 40 mm/min.

5.1.4 Under conditions of use, the accuracy of the testing machine shall be atleast class 1 of ISO 7500-1,
and meet the following requirements.

a) theerror of the indicated or recorded force at any point in the range in which the testing maeljine is
used shdll not exceed *+ 1 %;

b) the errof of the indicated or recorded extension shall not exceed + 0,1 mm;
c) the gauge length shall be with an accuracy of + 0,2 mm;

d) the consfant rate of displacement of the moving clamp shall be with an accuracy of + 5 %.

5.1.5 The ¢lamps of the machine shall be capable of adjustment, and«he surface of the clamp jgws in
contact with [the specimen shall be of a material to provide the correct gripping force without dampge to
the fibre, thefeby avoiding slippage and jaw breaks (see 8.7).

5.2 Tweezers.

5.3 Wetting solution.

If wet testing is to be carried out, distilled water or grade 3 water in according with ISO 369p at a
temperaturefof (20 £ 2) °C, to which a non-ionic wetting agent to a maximum concentration of 0,1 $o has
been added, shall be used.

6 Conditjoning and testing atmospheres

The atmospHeres for preconditioning, conditioning and testing shall be as specified in ISO 139.

7 Sampling and preparation of test specimen

To ensure thit the laboratory sample is representative of the material and that the test specimen taken
from the labgratoryssample is representative of that sample, sampling shall be carried out in accorflance
with 1SO 113[0.

For staple fi ;

For filaments, cut the specimen into short segments allowing a gauge length of 20 mm. Carefully
remove the required number of test specimens from the segments by grasping the individual filament
segments at one end with tweezers. The effective part of the fibre under test shall not be damaged
during preparing the test specimen.

8 Procedure

8.1 Condition the test specimens and carry out the tests in the standard atmosphere as specified in
Clause 6.

4 © IS0 2020 - All rights reserved
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a)
b)
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Adjust the machine to extend the test specimen using a speed of the moving clamp of

greater than 8 % and lower than 50 %, or

‘)

greater than 50 %.

50 % gauge length per minute, for test specimens with a mean elongation at break lower than 8 %,

100 % gauge length per minute, for test specimens with a mean elongation at break equal to or

200 % gauge length per minute, for test specimens with a mean elongation at break equal to or

In case of fibres with extreme high-extension or low-extension, different rates of extension may be
applied upon agreement by the interested parties.

If the
cases
abovg

If the
diffen

If bot
fibre

8.3
a)

A

4

imterested parties.

nominal elongation at break is not known, establish an approximate value by prelimi
where the breaking elongation found in the preliminary test lies around 8 %.-6r\50
testing speeds shall be agreed upon by the interested parties.

final results vary slightly from those obtained in the preliminary test, a'repetition o
ent speed are not necessary.

h linear density and breaking force for the same fibre are required;then the linear d
thall be determined in accordance with ISO 1973 before the tenSile test is performed

The pretension used for the tensile test in the conditionedor wet state is specified as

the conditioned tests of staple fibres, use a pretension per unit linear density of (0,1
ex. For the fibres listed in Table 1, use the pretension per unit linear density indicate

higher pretension, for example to remove crimp, may be applied upon agreement

hary tests. In
0, one of the

f the test ata

ensity of the

follows.

0

+0,01) cN/
d.

between the

Table 1 — Pretension per unit linear density for the conditioned test of staple ffibres
Pretension per unit linear density
Fibre
cN/dtex

Cellulose man-made fibres 0,060 £ 0,006

Polyester fibres

linear density <'27dtex 0,20 + 0,02

linear density-= 2 dtex 0,10 £ 0,01

Meta-aramid fibres and polylactide fibres 0,12 +0,03

Polyimide fibres 0,15+ 0,03
b) Ip thel conditioned tests of filaments, use a pretension per unit linear| density of

(];,050 + 0,005) cN/dtex.

c) In the wet tests of staple fibres and filaments, use a pretension per unit linear density of

(0,025 + 0,003) cN/dtex for cellulose man-made fibres, and use a pretension which is half of that
specified in the conditioned test for other fibres.

Calculate the mass necessary to obtain the required pretension on the basis of the nominal linear
density of the fibre.

8.4

Use a gauge length of 20 mm.

Where it is impossible to use the 20 mm gauge length because of short fibre length, a gauge length of
10 mm may be used. In this case, the accuracy of results is reduced.

© IS0 2020 - All rights reserved
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8.5 Prepare and mount an individual fibre (see Annex A) under specified pretension (see 8.3) in the
clamps of the testing machine. Ensure that the fibre lies along the axis of extension of the machine.

Apply the specified pretension either through a mass piece or automatically by the testing machine
before starting the test.

8.6 Start the testing machine with the specified rate of extension, and extend the test specimen to
rupture, recording the elongation of the fibre and the corresponding force.

8.7 Testat

least 50 fibres, unless otherwise agreed by the interested parties.

Record the 1
condition of
20 % of the
changed.

Ascertain duy
fibre in the jz

umber of fibre slippages and jaw breaks (e.g. breaks at the edge of or 1n the jaws
he clamps shall be such that the number of fibre slippages and jaw breaks does nate
number of specimens tested, otherwise the jaws shall be examined and, if\nece

ring the test that the clamped fibre length is not spuriously increased-by slippage
iws. This shall be done by inspection of the recorded curve or the recorded elongatio

corresponding force.

Results obtg
discarded.

NOTE If (
method due t
upon agreems

88 Ifaw
solution (5.3

Take the wet
Immerse the

ined from test specimens showing jaw breaks or fibre slippages in the jaws sh

ertain filaments with relatively high-tenacity are normallyximpossible to be tested by the

nt by the interested parties.

bt test is required, first immerse the test spécimens for a period of 2 min in w

).

ted test specimen from wetting solution (5.3), mount it under pretension in both cl
clamped test specimen and the lower clamp in the wetting solution (5.3) by liftiy

. The
xceed
5sary,

pf the
n and

a1l be

above

the occurrence of serious fibre slippage, the tensile testmethod given in Annex B can be applied

btting

hmps.
1g the

water-filled glass vessel, and start the test. Make sure that the surface of the wetting solution (5.3) does

not touch the¢ upper clamp.

9 Expression of results

The following results shall be-calculated in accordance with ISO 2602:

a) the mean breaking fafceof the fibres tested, expressed in centinewtons to three significant figures;

b) the meah elongation at break of the fibres tested, expressed as a percentage to two signifficant
figures;

c) coefficieptof variation of the breaking force and coefficient of variation of the elongation at reak,

expressed as a percentage, to the nearest 0,1 %;

d) the95 % confidence intervals of the breaking force expressed in centinewtons, and of the elongation

at break

e)

expressed as a percentage, rounded off to the same precision as the mean values;

if required, the breaking tenacity, in centinewtons per decitex, to the nearest 0,1 cN/dtex.

For the purposes of this document, the breaking tenacity can be calculated by either:

dividing the breaking force for each fibre by the linear density for the same fibre, measured in

accordance with ISO 1973 using the vibroscope method. In this case, the mean breaking tenacity
and coefficient of variation can be calculated. If applicable, this one is the preferred method; or

— dividing the mean breaking force by the mean value of linear density of the laboratory sample,
measured in according with ISO 1973 using the gravimetric method.

© IS0 2020 - All rights reserved
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10 Test report

The test report shall include the following information:

a) areference to this document, i.e. ISO 5079:2020;

b) date of test;

c) the identification of the sample and sampling procedure;

d) the state of the test specimens (conditioned or wet);

e ng mbaorofcna ctactad and o o A fF b e Ao doad ba hrasl-c OrSli age:
\pnber-ef speeimens-tested-and-numberoffibres-discarded-becatuse-ofjanw-breaks-ane ppage;

f)
g)

—

ype of clamps and jaws used;

huge length, rate of extension and pretension used;

aQ

h) :[ean value and coefficient of variation of breaking force;
i)

j)
k) nLean linear density of the fibres (if breaking tenacity is required), as well as the method used for
determination of linear density;

ean value and coefficient of variation of elongation at break;

Ne)

b % confidence intervals of breaking force and elongation at break;

1) breaking tenacity (if required);

m) ahy deviation, by agreement or otherwise, fromthe procedure specified.

© IS0 2020 - All rights reserved 7
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Annex A
(informative)

Mounting of test specimens

A.1 Great care should be taken to ensure that the fibre is not damaged during mounting. For example,
the effective part of the fibre under test should not be held with tweezers.

A.2 For prgtensioned mounting, suitable fibre clips should be attached to the test specimen

A.3 For brittle fibres, a carrier (see Figure A.1) may be used as follows. The carrier-is,made of p thin
card with a rectangular slot, and the slot length is equal to the gauge length. The fibréis’'mounted across
the slot by mgans of some suitable adhesive. The adhesive should not spread over the effective part|of the
fibre under test. After the specimen is clamped, cut the sides of the carrier whiehZare parallel to th¢ fibre
axis. For wet|tests, both the card and the adhesive should be resistant to water;

Y

2/ ’

Key

1 testspecimen

2 testcarrigr

A adhesive platebetweentestspecimenand-testearrier
L  slotlength

Figure A.1 — Diagram of test carrier

8 © IS0 2020 - All rights reserved
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Annex B
(informative)

Tensile test method for certain high-tenacity filaments

B.1 Apparatus

B.1.1| CRE testing machine, meeting the requirements as follows.

a) the error of the indicated or recorded force at any point in the range in whichtthe'testing machine is
uked shall not exceed + 1 %;

b) the error of the indicated or recorded extension shall not exceed * 0,'mm;
c) the gauge length shall be with an accuracy of + 1 mm;
d) the constant rate of displacement of the moving clamp shall be/with an accuracy of + § %;

e)

for certain high-tenacity filaments, such as para-aramid\filaments and ultra-high molgcular weight
pplyethylene filaments, the clamps showed in Figure B.1'and Figure B.2 may be used to avoid fibre
S
S

ippages and jaw breaks. As the type of clamp can influence the reading of the elongation, the type
nould be agreed upon by the interested parties.

Key

1 stationary clamp block
2 moving clamp block

3  guide groove

Figure B.1 — Diagram of clamps with guide grooves

© IS0 2020 - All rights reserved 9
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Key
stationar}
moving cl
wrap boll

B oW N R

test speci

B.1.2 Tweq
B.1.3 Flanj

B.2 Speci

Remove appt
of filament 9

 clamp block
amp block
ard

nen

Figure B.2 — Diagrani of clamps with wrap bollards

PZEr'S.

helette board, covered with black flannelette.

men preparation

egments, lay them on the flannelette board and use the tweezers to extract more

20 individua

taken to ensure that the effective part of the fibre under test is not damaged.

B.3 Procedure

opriatély the filament bundles in the surface of the laboratory package. Cut atleast 300 mm

than

| filament segments ready for test. During the specimen preparation, great care shotild be

B.3.1 Condition the test specimens and carry out the tests in the standard atmosphere as specified in

Clause 6.

B.3.2 Adjust the tensile machine at the rate of extension of 100 mm/min.

In case a rate of extension of 100 mm/min is not possible, lower rates of extension may be used upon
agreement by the interested parties.

10
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