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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-governmentab—h—Haisor—with—1SO—alse—take—part—in—the—work—SO—collaborates—closely—with the

THOO—toico— OOt oy

Internationall Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tgdsk of technical committees is to prepare International Standards. Draft International Standards
adopted by |the technical committees are circulated to the member bodies for voting<)Publication as an
Internationall Standard requires approval by at least 75 % of the member bodies casting, a vote.

Attention is rawn to the possibility that some of the elements of this document¢may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 1924-2 was prepared by Technical Committee ISO/TC 6, Paper, board and pulps, Subcommittee $C 2,
Test methods and quality specifications for paper and board.

This third edlition cancels and replaces the second edition (ISO1924-2:1994), which has been technjcally
revised with| respect to terms and definitions (in order to be‘in.line with the terms and definitions usg¢d in
ISO 1924-3[[]). The numbering of clauses and their contents have been changed to be congruent|with
ISO 1924-3.

ISO 1924 cqnsists of the following parts, under the general title Paper and board — Determination of tgnsile
properties?):

— Part 2: Constant rate of elongation method (20 mm/min)

— Part 3: Constant rate of elongation ‘method (100 mm/min)

1) 1SO 1924-1, Constant rate of loading method, was withdrawn in 2004 as it was considered obsolete.

iv © 1SO 2008 — All rights reserved
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Introduction

The method for determination of tensile properties specified in this part of ISO 1924 is the one most commonly
used. It is related to the method specified in ISO 1924-3. In this part of ISO 1924 (ISO 1924-2), the constant
rate of elongation applied is 20 mm/min, whereas in 1ISO 1924-3, the constant rate of elongation applied is

100 mm/min.

Since the results of a tensile test depend on the rate of elongation applied, this part of“l§O 1924 and
ISO [1924-3 will not give the same results. The rate dependence can vary according to paper grade and is
diffefent for tensile strength, strain at break, tensile energy absorption and modulus of elasticity.

NOTE 1 In most cases, the tensile properties can increase by 5 % to 15 % when the ratevof elongation is increased
from RO mm/min (180 mm test span length) to 100 mm/min (100 mm test span length).

NOT
litera

F 2 In this part of ISO 1924, the same terminology and symbols are used.as in ISO 1924-3 a
ure concerning materials physics and mechanics.

nd in general
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Paper and board — Determination of tensile properties —

Part 2:

Co

nstant rate of elongation method (20 mm/min)

1

This
absd
(20 1
ener

Test
Mea

This
resu
but n

This
appl
2

The
refer]
docu

ISO

ISO
mon

ISO

Scope

part of ISO 1924 specifies a method for measuring the tensile strength, strain‘atibreak and tg
rption of paper and board, using a testing machine operating at a 'constant rate o
nm/min). This part of ISO 1924 also specifies equations for calculating the tensile index
jy absorption index and the modulus of elasticity.

ng in conformance with this part of ISO 1924 always includes the measurement of tens
surement or calculation of other properties is subject to agreemet between the parties conce

part of ISO 1924 is applicable to all papers and boards, including papers with a high strain a
ts are within the capacity of the testing machine. It also*applies to the components of corry
ot, however, to corrugated board itself.

part of 1ISO 1924 is not applicable to tissueZpaper and tissue products for which 1SO
cable. For the determination of tensile properties of laboratory sheets, ISO 5270031 is recomm

Normative references
ences, only the edition cited applies. For undated references, the latest edition of the
ment (including any amendments) applies.

186, Paper and board— Sampling to determine average quality

187, Paper, boafd and pulps — Standard atmosphere for conditioning and testing and p
toring the_ atmosphere and conditioning of samples

634, Paper and board — Determination of thickness, density and specific volume

following referenced documents are indispensable for the application of this document.

nsile energy
f elongation
. the tensile

ile strength.
rned.

| break if the

gated board

2625-4[2] js
ended.

For dated
referenced

yocedure for

ISO

b36, Paper and board — Determination of grammage
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3 Terms and definitions

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

3.1

tensile strength
maximum tensile force per unit width that paper and board will withstand before breaking under the conditions

defined in th

3.2
tensile inde

is International Standard

X

tensile stren

3.3
elongation
increase in |

NOTE E

3.4
strain
ratio of the &

NOTE1 S
NOTE2 T
3.5

strain at break

ratio of the 1
conditions d

3.6

tensile enengy absorption

amount of e
NOTE S

3.7

tensile enerlgy absorption index

tensile energ

3.8

modulus of
maximum s
thickness of

Oth divided by the grammage

bngth of a test piece

ongation is expressed in millimetres.

longation of a test piece to the initial test length
rain is expressed as a percentage of the initial test length.

ne initial test length of the test piece is the same as the initial span between the clamping lines.

heasured elongation at the moment of rupture of a test piece of paper, when extended unds
bfined in the standard method of test, to the-initial test length

pergy per unit surface area of g test piece when it is strained to the maximum tensile force

Lirface area is calculated as test.length multiplied by width.

y absorption divided by the grammage

elasticity

the test piece

NOTE

See also Figure 2.

4 Principle

r the

ope, of-the force-elongation curve multiplied by the initial length divided by the width and the

A test piece of given dimensions is strained to break at a constant rate of elongation using a testing machine
that records both the tensile force and, if required, the elongation. If the tensile force and elongation are
continuously recorded, the strain at break, the tensile energy absorption and the modulus of elasticity may be

determined.

From the recorded data, and the knowledge of the grammage of the sample, the tensile index and the tensile

energy abso

rption index may be calculated.

© 1SO 2008 — All rights reserved
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5 Apparatus

5.1

Tensile testing machine, designed to extend a test piece of given dimensions at an

appropriate

constant rate of elongation (20 mm/min), and to measure the tensile force and, if required, the elongation
produced.

The tensile testing machine includes means of measuring and indicating the tensile force to an accuracy of
*+ 1 % of the true force and, if required, the elongation to an accuracy of + 0,1 % elongation. The tensile force
may be recorded as a function of the elongation on an electronic integrator or an equivalent device.

NOTE 1

advigable that means be applied to limit additional loads, which an extensometer would apply'to-the tesf
required accuracy of the tensile force.

The

Each
line

surfgces of the clamps shall be in the same plane and so aligned that/they hold the test piece
throyghout the test.

NOTE 2
cylindrical surfaces, with the plane of the test piece tangential to the cylindrical surface. Other types of clamp
provifled no slippage of, or damage to, the test piece occurs during test.

When the test piece is clamped, the clamping lines shall be parallel to each other within a ma
of 1°
tensile force, and to the long dimension of thelest piece, to within a maximum of 1°, whilg
(see
within £1 mm.

a
b

[

apparent elongation which can result.fro
ge of the test piece in the clamps or from the take-up in the joints of the apparatus. The latter is(depen
bpplied and the error can increase due to wear of the joints of an apparatus which has been in use for s

fensile testing machine also includes two clamps, for holding a test piece_of the required wid
clamp shall be designed to grip the test piece firmly, but without damage or slippage, alo
heross the full width of the test piece and have a means of adjusting.the clamping force. T

It is advisable that the clamps grip the test piece between<a cylindrical and a flat surface, on

(see Figure 1). In addition, the clamping lines-shall remain perpendicular to the direction o

Figure 1). The distances between the clamping lines shall be adjustable to the test length

The accuracy of measurement of elongation is very important. An appropriate extensometer, placed directly

ass 0,5). This
m undetected
dent upon the
bme time. It is
piece, to the

th (see 7.3).
ng a straight
he clamping
n that plane

between two
5 can be used

imum angle
f the applied
under load
required to

Clamping Tines parallel 10 each other within a maximum angle of 1.
Centreline of test piece perpendicular to clamping lines to within a maximum angle of 1°.
Tensile force parallel to the test piece centreline to within a maximum angle of 1°.

Figure 1 — Relationship between the clamping lines and the test piece

© 1SO 2008 — All rights reserved
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5.2 Devic

5.3

e for cutting test pieces, to the dimensions required (see 7.3).

should be programmable to take account of different initial test lengths.

This apparatus is required if tensile energy absorption is to be determined.

5.4

required only if the modulus of elasticity is to be determined.

6 Calibr

Set up the

component ¢f the apparatus and the elongation-measuring mechanism as indicated in Annex A(

Position the

NOTE 1 In
smaller test |4

so that its numerical value is (10 £ 2,5) % of the unstressed test length. In such cases, it is advisable that the test |

used and the

Verify that th

clamps when strips of, for example, thin aluminium foil are clamped.

Adjust the rate of separation of the clamps, i.e. the rate of elongation of the test piece, to (20 £ 5) mm

Adjust the cl

NOTE 2 F
time, e.g. in n
stated in the t

7 Samp

7.1 Samg

If the tests &

tests are made on anothertype of sample, make sure that the specimens taken are representative o

sample rece

7.2 Conditioning

Condition th

Means of measuring the work done, (e.g. an integrator) with an accuracy of + 1 %. Such devices

Means of plotting the force-elongation curve and measuring the maximum slope of the curve,

ation and adjustment of apparatus

apparatus as recommended by the manufacturer. If required, calibrate the forcé:meas

clamps so that the test length, i.e. the mean distance between the clamping lines; is (180 + 1

some circumstances, for example a high-stretch paper or a product of limited size (e.g. laboratory sheq
ngth can be used. When such a situation arises, it is recommended that the\rate of elongation be adj

Fate of elongation be stated in the test report.

e test length is correct by measuring the distance between the two impressions produced b

amping force so that there is neither slipping of, nar damage to, the test piece.

br some qualities of paper and board, the test piece can fail quickly, e.g. in less than 5 s, or require
hore than 30 s. In such cases, a different rate<6f’elongation can be used, but it is advisable that this rg
est report.

ing and preparation of test pieces
ling
re being made to-evaluate a lot, the sample shall be selected in accordance with 1ISO 186.

ved.

e_specimens of paper and board as specified in ISO 187. Keep them in the conditi

uring
mm.
ts), a

usted
ength

y the

min.

more
te be

f the
f the

ning

atmosphere

throughout thetest:

This test, like other mechanical tests, is very sensitive to changes in the moisture content of the test piece.
Handle the test pieces carefully and avoid touching with bare hands the part of the test piece to be placed
between the clamps. Keep the test pieces away from moisture, heat and other influences that may change

their moistur

e content.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=b05373e562a476e6f603e9662b71b33e

ISO 1924-2:2008(E)

7.3 Preparation of test pieces

Carry out the preparation of the test pieces in the same atmospheric conditions used for conditioning the
specimens (see 7.2).

From specimens of undamaged paper and board, cut test pieces with a width of (15+0,1) mm and long
enough to be clamped in the clamps. The test length, i.e. the distance between the clamping lines, is
(180 = 1) mm. Avoid touching with bare hands the part of the test piece to be placed between the clamps, and
ensure that the test piece has no watermarks, folds and wrinkles. If it is necessary to include watermarks, this
fact shall be noted in the test report. The long edges of the test pieces shall be straight, parallel to within
+ 0,1 mm over the total clamping length, cleanly cut and undamaged. Cut a sufficient number of test pieces to

enal

If the
asd

If the
ISO

NOT
with

Whe

8

Carr
(see

Verifly the zero position of the measuring devieé.and, if used, recording devices.

Adju
test
cottd
any
test
Figu

Com
if red
perc

Test
resu
lines

e at least ten 1esis 10 De Mmadae In eacn direction or Interest (macnine direction, Cross-directio

tensile index or tensile energy absorption index is required, determine the grammage.of th
pscribed in 1ISO 536.

modulus of elasticity is required, determine the mean thickness of each spécimen in acc
34, using a pressure of (100 = 10) kPa.

Some papers are difficult to cut cleanly. In such cases, a pad of two orithree sheets of the pap
harder paper, e.g. bond, can be prepared and test pieces cut from this pad:

h testing laboratory sheets, special instructions apply (see 1SO-5270).

Procedure

/ out the tests in the same atmospheric conditions\used for the conditioning and preparation g
7.2 and 7.3).

5t the clamps to the required initial-test length and place the test piece in the clamps, ensU
rea between the clamping lines is-hot touched with bare hands. The use of disposable of
n gloves is recommended when handling the test pieces. Align and tightly clamp the test {
pbservable slack is eliminated but the test piece is not placed under any significant stress. En|
piece is clamped in such @ manner that it is parallel to the direction of application of the tensi
e1).

mence the test andycontinue it until the test piece breaks. Record the maximum tensile force
entage.
at least-ten test pieces in each direction of interest (machine direction, cross-direction) to ob

ts in each direction of interest. Reject all readings for test pieces that break within 10 mm of
If-more than 20 % of the test pieces cut from a particular sample break within 10 mm of]

).

P specimens

brdance with

br, interleaved

f test pieces

ring that the
light weight
iece so that
sure that the
e force (see

exerted and,

uired, record either the elongation in millimetres or, for direct-reading instruments, the strain at break as a

ain ten valid
he clamping
the clamps,

H bl o & ' o £ £ Y sl i H 4 £ 4 Wl VX N
|nspbbl UTC ICOUTTY TTatliime TUT CUTTTUTITIILY WILT TS TSTUYUTTTITITITS U J. T dlfu ' UIdUstT UL 11 U1S dppydl

tus is faulty,

reject all the results and take appropriate remedial action. The number of test pieces that break within 10 mm
of the clamps shall be stated in the test report.

NOTE 1

For testing machines that hold the test piece in the vertical position, it can be convenient to attach a small

weight, e.g. a mass of 10 g for lightweight paper, to the lower end of the test piece whilst placing it in the clamp, in order to
eliminate the slack. This procedure is not necessarily suitable for high-elongation papers.

NOTE 2

test piece. In such cases, a minimum amount of slack might be left in the test piece.

© 1SO 2008 — All rights reserved
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9 Calculation and report

d report the results separately for the machine and cross-directions.

9.1 General
Calculate an
9.2 Tensi

le strength

Evaluate the maximum tensile force for each test piece. Calculate the mean maximum tensile force and then
the tensile strength, a%, expressed in kilonewtons per metre, from Equation (1).

p F
o7 =—]
L

where
ﬁT ist

b st

Report the tg¢nsile strength to three significant figures.

9.3 Tenslle index

If required, @

—_—

ot =

where w is the grammage, in grams per square metre,

Report the tg¢nsile index to three significant figures.

NOTE T
grammage de
Calculation o
grammage w|
deviation of th

9.4 Strain at break

If required,
expressed a

ne mean maximum tensile force, in newtons;

he initial width of the test piece, in millimetres (normally 15 mm).

alculate the tensile index, o7 , expressed in kilonewton metres per kilogram, from Equation (2).

00X %

w

he tensile index is calculated from*the means of measured values for tensile strength and grammage
termination has a variability-of-its own, which is independent of the variability of the force measure
the standard deviation of the tensile index from the variability of the force measurement and the
buld result in an understatement of the standard deviation. For this reason, calculation of the sta
e tensile index is not'récommended.

and if thevinstrument measures elongation, calculate for each reading the strain at break
5 a péreentage of the initial test length, from Equation (3).

(1)

~

()

. The
ment.
mean
hdard

’ gTa

g0
L
where
o

/

100

is the elongation at break, in millimetres;

is the initial test length of the test piece, in millimetres (normally 180 mm).

Calculate the mean strain at break and express the results to the first decimal place.

®)

If the instrument measures strain at break as a percentage, calculate the mean strain at break to the first
decimal place.

© 1SO 2008 — All rights reserved
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Tensile energy absorption

If required, determine the tensile energy absorption of each test piece, either by means of an integrator
instrument attached to the tensile-testing machine or from the area under the force-elongation curve up to the
point of maximum tensile force. Calculate the tensile energy absorption (TEA), WTb, expressed in joules per
square metre, from Equation (4).

whe

Calc

9.6

If re

WTb =1000><17T
bxl

T - ’ 3
Lilate and report the mean tensile energy absorption to three significant figures.

Tensile energy absorption index

fuired, calculate the tensile energy absorption index, W', expressedyin joules per kil

Equation (5).

W = 1000 x W

w

Repaort the tensile energy absorption index to three significantfigures.

9.7

Modulus of elasticity

If required, calculate the modulus of elasticity, £, as'shown in Equation (7).

Determine for each test piece the maximum.slope of the force-elongation curve, S, expresse
per rillimetre, using Equation (6).

wherne

Usin
from

AF
Smax = (_]
A6 max

AF  is the force/inerement, in newtons;
Ao is the-elohgation increment, in millimetres.

j the mean maximum slope, Sy, calculate the modulus of elasticity, E, expressed in nf
Equation (7).

(4)

bgram, from

(®)

 in newtons

(6)

egapascals,

Sinax X!

bxt

where ¢ is the thickness, in millimetres.

Report the modulus of elasticity to three significant figures.

© 1SO 2008 — All rights reserved
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Key

F tensile fprce

0  elongati
Smax Maximu
AF forcein
AJ  elongati

bn
M slope
rement
bn increment

Figure 2 — Concept used in the determination of the modulus of elasticity

10 Precision

10.1 General

The precisign of the test depends on the variability” of the paper or board being tested and the testing
equipment used.

Results of tgsting carried out independently. in-the Netherlands and the USA have been combined to produce
the data givgn in Table 1.

Results of tg¢sting carried out within,Etrope, compiled by the Confederation of European Paper Industfies -
Comparativg Testing Service (CERPI-CTS) are reported as repeatability and reproducibility data in Table 4 and
Table 3.
NOTE 1 s |s the standard\deviation.

NOTE 2 CV is the coefficient of variation.

10.2 Repeptability

Results from repeated measurements in the same laboratory are presented and reported as CV(within lab) in
Table 1 and as repeatability standard deviation, s,, and repeatability limit, », in Tables 2 and 3.

10.3 Reproducibility

Results from measurements at different laboratories are presented and reported as CV(between labs) in
Table 1 and as reproducibility standard deviation, sg, and reproducibility limit, R, in Tables 2 and 3.

8 © 1SO 2008 — All rights reserved
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Table 1 — Repeatability and reproducibility data for tensile strength and strain at break

Mean CV/(within lab)

Mean CV(between labs)

Test range Method

% %
0,5 kN/m to 1,3 kN/m Tensile strength 5,8 Not known

2,9 kN/m to 11,5 kN/m Tensile strength 3,8 12
0,7%t01,9% Strain at break 9,0 Not known

1,4 % 10 2,6 % Strain at break 6,6 30
2-3-%to#;0-% Strain-at-break 4-5 Notkrpwn

30 J/m2to 200 J/m? Tensile energy absorption 10 28

NOTE

The repeatability and reproducibility data originates from the previous edition of this part of ISO 1924 (IST 1924-2:1994).
Thesk data are largely based on the older technology of strip chart recorders and planimeters.

Table 2 — Repeatability and reproducibility data for tensile strength

Range Mean value Number of s, r SR R
kN/m kN/m laboratories kN/m kN/m kN/m kN/m
1,80 to 1,70 1,50 19 0,06 0,166 0,06 0,235
4,50 to 5,50 5,00 18 0,23 0,637 0,18 0,810
6,50 to 7,50 7,00 18 0,23 0,637 0,24 0,921
11,0 to 12,5 11,75 19 0,65 1,801 0,50 2,273
NOTE Results compiled by CEPI-CTS, 2006.

Table 3 —Repeatability and reproducibility data for strain at break

Range 2 Mean value Number of s, r SR R
% % laboratories % % % %
2,50 to 3,50 3,00 19 0,46 1,274 0,19 1,380
1,40 to 2,00 1,70 17 0,14 0,388 0,08 0,447
1,40 to, 2,00 1,70 19 0,11 0,305 0,13 0,472
4,50-to 5,50 5,00 19 0,32 0,886 0,28 1,179
NOTE Results compiled by CEPI-CTS, 2006.

a

The results from each sample are presented in the same order as in Table 2.
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11

Test report

The test report shall include the following information:

a)
b)
c)
d)
e)
f)

g)

10

a reference to this part of ISO 1924 (1ISO 1924-2:2008);
the date and place of testing;
all the information necessary for complete identification of the sample;

the conditioning atmosphere used;

the diregtion of the test;
the required results, as specified in Clause 9;
the number of test pieces that break within 10 mm of the clamps;

the standard deviation of required results;

the grafpmage and thickness of the sample, if determined, and the pressure-used for the measuremgnt of

thicknegs;

any departure from this part of ISO 1924 that may have affected the results.
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