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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
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1ISO 1924-3
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Part 2:

Part 3:

Part 1: (Con
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

SO oOTTtoy

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft International Stang
the technical committees are circulated to the member bodies for voting-)Publication a
Standard requires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this document¢may be the subject of p
hall not be held responsible for identifying any or all such patent rights.

was prepared by Technical Committee ISO/TC 6, Paper, board and pulps, Subcommittee §
s and quality specifications for paper and board.

nsists of the following parts, under the general title Raper and board — Determination of tg

Constant rate of elongation method )
Constant rate of elongation method (100, mm/min)

Stant rate of loading method) was Wwithdrawn in 2004 as it was considered obsolete.

ards
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1) InPart2,

a constant rate of elongation of 20 mm/min is used.
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Introduction

This part of 1ISO 1924 has been developed in order to specify the conditions for determining the tensile
properties of paper, including tensile stiffness and tensile stiffness index, using a higher rate of elongation
than specified in ISO 1924-2, which is the most commonly used part where tensile strength, stretch at break,
tensile energy absorptlon and modulus of elast|C|ty are measured In ISO 1924-2, the tensne properties are

mea
tens
ISO

This
ISO
elon
than

This
dista
elon

test @ greater number of samples within a given time period.

NOTE The results of tensile tests depend on the rate of elongation applied and the test span. The rat¢ dependence

and {
abso
part,
span

It is
prop
dete

In thi

phys

Ie stlffness in this part of ISO 1924 a hlgher accuracy in the recordlng of elongat|on
1924-2, is also required.

part of ISO 1924 specifies the fastest of the two methods. In addition to the_properties
1924-2, the tensile stiffness is also measured. The tensile properties are measuréd at a con

the accuracy in 1ISO 1924-2.

part of ISO 1924 differs from existing standards for testing tensile properties in that the test §
nce between the clamping lines, is 100 mm irrespective of the kind)of sample to be tested
jation has been increased to 100 mm/min in order to reduce the testing time, thus making

he effect of test span may vary with paper grade and are different for tensile strength, strain at break,
ption and tensile stiffness. In a study within SCAN-test,"comparing the results achieved using 1SO 14
the tensile strength increased by 5 % to 15 % when the rate of elongation was increased from 20 mm
length of 180 mm) to 100 mm/min (at a test span length of 100 mm).

hot possible to predict the exact relationship between the results for any particular paper w
mined by laboratory experimentation.

is part of ISO 1924, the same_terminology and symbols are used as in general literaturg
ics and mechanics of materials:

neasuring of
compared to

measured in
stant rate of

jation of 100 mm/min at a test span of 100 mm, and the elongation is recorded with a higher accuracy

5pan, i.e. the
The rate of
t possible to

ensile energy
24-2 and this
min (at a test

hose tensile

brties are determined using 1SO 1924-2 and this part of 1SO 1924. This relationship nmpay only be

concerning
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Paper and board — Determination of tensile properties —

Part 3:

Co

nstant rate of elongation method (100 mm/min)
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when the other tensile properties are to be determined. If the elongation is determined with the loy
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Scope

part of ISO 1924 specifies a method for measuring the tensile strength, strain”at break, te
rption and tensile stiffness, using a testing machine operating with,-a constant rate o
mm/min). This part of ISO 1924 also specifies equations for calculating’ the tensile index
hJy absorption index, the tensile stiffness index and the modulus of elasticity.

h tensile stiffness is to be determined, a greater accuracy is required in the elongation measu
ensile stiffness value obtained is not in accordance with this part of ISO 1924.

part of ISO 1924 is applicable to all papers and boards, including papers of high extensib

bd papers and extensible sack papers, but with theexception of low-density papers such as t
issue products for which ISO 12625-4[2] is reconimended.

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

186, Paper and board = Sampling to determine average quality

187, Paper, board-and pulps — Standard atmosphere for conditioning and testing and p
toring the atmosphere and conditioning of samples

34, Paperand board — Determination of thickness, density and specific volume

b36¢ Paper and board — Determination of grammage

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

nsile energy
f elongation
, the tensile

rement than
ver accuracy,

lity, such as
ssue papers

For dated
referenced

yocedure for

3 Terms and definitions

Fort

31
tens

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

ile strength

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

defin

3.2
tens
tensi

ed in this standard test method

ile index
le strength divided by the grammage
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3.3
elongation

increase in length of a test piece

3.4
strain

ratio of the elongation of a test piece to the initial test length

NOTE

3.5

strain at break

strain at the

3.6

tensile enengy absorption

amount of e
tensile force

3.7

tensile enengy absorption index

tensile energ

3.8
tensile stiffi
maximum sl

3.9
tensile stiffi
tensile stiffn

3.10

modulus of
tensile stiffn

4 Princi

A test piece
that automa
strength, the

5 Apparn

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

Imaximum tensile force

nergy per unit surface area (test length x width) of a test piece when it is strainéd to the maxi

y absorption divided by the grammage

ness
bpe of the curve obtained when tensile force per unit width’is plotted versus strain

hess index
bss divided by the grammage

elasticity
bss divided by the thickness

ple

of given dimensions.is strained to break at a constant rate of elongation using a testing ma
tically records beth‘the tensile force and the elongation. From the recorded data, the tg
strain at break.the tensile energy absorption and the tensile stiffness are calculated.

atus

5.1

Tensiletesting machine, including means of determining the force (i.e. a load-cell), the elongatior

mum

chine
nsile

and

the area between the force-elongation curve and the elongation axis. The testing machine is designed to
strain a test piece at a constant rate of elongation of 100 mm/min = 10 mm/min, and to record both the tensile
force and the elongation.

NOTE 1

The true elongation rate is less than the rate of movement of the moving clamp due to the deflection of the

load-cell and the testing machine. This rate difference has, however, normally a negligible effect on the strength values.

The testing machine shall have two clamps for holding the test piece. Each clamp shall be designed to grip
the test piece firmly, but without damage, along a straight line across the full width of the test piece (the
clamping line), and have a means of adjusting the clamping force.

© I1SO 2005 — All rights reserved
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NOTE 2 The clamping line is the contact zone resulting from gripping the test piece between a cylindrical and a flat
surface or between two cylindrical surfaces whose axes are parallel. For certain grades of paper, “line contact” clamps
may not be appropriate and it may be necessary to replace them with another type of gripping surface. Other types of
clamps may be used, provided no slippage of, or damage to, the test piece occurs during the test.

When the test piece is clamped, the clamping lines shall be parallel to each other within an angle of 1°, see
Figure 1. During the test, the angle between the clamping lines shall not change by more than 0,5° in the
plane of the test piece. The centre-line of the test piece shall be perpendicular to the clamping lines within an
angle of 1°.

If there is any suspicion that the test piece slips, a test with different clamping forces shall be carried out. If the
cla ing farce influences the strain at break this means that the test pipr‘p may he Qlipping inthe C|amp_ If

the gtrain at break is independent of the clamping force, then no slipping in the clamps occurs.

The ppplied tensile force shall be parallel to the test piece centre-line, in the direction of the test piece, within
an apgle of 1°. The distance between the clamping lines (the test span) shall be 100 mm'2 0,5 mm.

The ppparatus shall have means of recording the elongation and the force as follows:

Property Elongation Force

Tenkile strength — to amaccuracy of 1,0 % of the true force

Strajin at break to an accuracy of 0,1 mm ~

Tengile energy to an accuracy of 0,1 mm to an accuracy of 1,0 % of the true force

absorption

Tenkile stiffness to an accuracy of 0,01 mm, in the to an accuracy of 1,0 % of thg true force
range 0 to 1 mm

The |elongation shall be calculated from the change in distance between the clamps, or by the use of an
extensometer.

/
/
e

~

Clamping lines parallel to each other Centre-line of test piece perpendicular Tensile force parallel to the test piece
within an angle of 1° to clamping line within an angle of 1° centre-line within an angle of 1°

Figure 1 — Clamping line and test piece relationship

NOTE 3 If the elongation is calculated from the movement of the moving clamp, the deflection of the load-cell and of
the testing machine must be taken into consideration and adjusted for.

5.2 Device for cutting test pieces to the dimensions required (see 7.3).

© 1SO 2005 - All rights reserved 3
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6 Calibration and adjustment of apparatus

The apparatus shall be calibrated according to the instructions given by the manufacturer. Ensure that the
criteria stated in the Table in 5.1 are fulfilled.

Position the clamps so that the test span is 100 mm = 0,5 mm. Check the test span by measuring the two

impressions

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

Adjust the rate of separation of the clamps to 100 mm/min £ 10 mm/min. Adjust the clamping force so that
there is neither slipping of, nor damage to, the test piece.

7 Samp

7.1 Samg
If the tests &
tests are m4
received.

ing and preparation of test pieces
ling

re being made to evaluate a lot, the sample shall be selected in accordange-with 1ISO 186.
de on another type of sample, make sure that the test pieces are representative of the sa

7.2 Condjitioning

Condition the specimens of paper and board as specified in ISO 187. Keep them in the conditig
atmosphere [throughout the test.

This test, li
Handle the
between th
their moistu

7.3 Prep

If the tensil
grammage q
thickness as

From specin
enough to b
between the
of the sampl
the total clar
10teststob

NOTE S

other mechanical tests, is very sensitive to changes in the moisture content of the test p
st pieces carefully, and avoid touching with a baré hand the part of the test piece to be pl
clamps. Keep the test pieces away from moisture, heat and other influences that may ch
content.

ration of test pieces
b index, tensile stiffness index -or tensile energy absorption index is required, determing
f the specimens as described\in ISO 536. If the modulus of elasticity is required, determin
described in 1ISO 534.

nens of undamaged paper and board, cut test pieces with a width of 15,0 mm = 0,1 mm and
b clamped in the clamps. Avoid touching with a bare hand the part of the test piece to be pl

f the
mple

ning

iece.
aced
ange

b the

b the

long
aced

clamps, avoiding'watermarks, folds and wrinkles. Ensure that the test pieces are representative

e to be tested?)The long edges of the test pieces shall be straight, parallel to within £ 0,1 mm
nping length>¢leanly cut and undamaged. Cut a sufficient number of test pieces to enable at
e made in.gach direction of interest (machine direction, cross direction).

bvefal test pieces can be cut simultaneously, provided that the test pieces obtained fulfil the requirer

over
least

nents

specified abo

e-and that the test pieces obtained give the same result as test pieces cut one at a time.

A test width of 25,0 mm = 0,1 mm or 50,0 mm + 0,1 mm is also permitted, but this shall be reported.

8 Procedure

Ensure that the testing machine is calibrated as described in Clause 6. Place the test piece in the clamps
without straining it and so that any observable slack is eliminated. Avoid touching the test area between the
clamps with the fingers. Align and tightly clamp the test piece and perform the test.

Test at least 10 test pieces in each direction of interest (machine direction, cross direction). Reject all readings
for test pieces that break within 2 mm of the clamping lines.

© I1SO 2005 — All rights reserved
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NOTE
conformity with the specifications and take the appropriate remedial measures. Accept the results if the apparatus
conforms to the specifications in 5.1. Otherwise, reject all the readings obtained for that particular specimen.
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If more than 20 % of the test pieces break within 2 mm of the clamping lines, inspect the apparatus for

9 Calculation and report

Calculate and report the results separately for the machine and cross directions.

In order to specify the kind of result reported, the suffixes MD and CD shall be used to express the machine
and cross direction, respectively. As an example, O"TV,MD is used for the tensile index in the machine direction,

a}vc p Is used for the tensile index in the cross direction and o ), Is used for the geometric megan tensile
indek. ’
A typical force-elongation curve is shown in Figure 2.
F A
Fr
Key
F  tensile force, in;newtons
Us 6  elongationyin millimetres
z pointwhere the tangent to the curve, with b slope equal
to the maximum slope of the curve, intersgcts the
AF élongation axis
AS Fp<maximum tensile force, in newtons
or  elongation at break, in millimetres
> Ur area under the tensile force-elongation cuive, in
5y J millijoules
z For other symbols, see Equation 6.
Figure 2 — Measured quantities for calculation of tensile properties
9.1 | Tensile strength
Evaluate the maximum-tensile force for each test piece. Calculate the mean maximum tensile fofce and then
the tensile strengthyfrom the expression:
b
ot -5 X
wherle
0'-? is the tensile strength, in kilonewtons per metre;
Fr is the mean maximum tensile force, in newtons;
b is the width of the test piece, in millimetres (normally 15 mm).

Report the tensile strength to three significant figures.
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9.2 Tensi

:2005(E)

le index

Calculate the tensile index from the expression:

is the tensile index, in kilonewton metres per kilogram;

1
ot =
where
oT
O'-Zf- is
w is

Report the tg¢nsile index to three significant figures.

9.3 Strain at break

All elongatio
the maximur

Evaluate the
elongation ¢
and then the

10
ET =
where
ST iS
gT is
/ is
If the higher
decimals. If
decimal.

the tensile strength, in kilonewtons per metre;

the grammage, in grams per square metre.

h values shall be calculated from the point, z, where the tangent to the‘curve, with a slope equ
h slope of the curve, intersects the elongation axis, see Figure 2.

elongation at break for each test piece from the force-elongation curves from the point z up t

brresponding to the maximum tensile force, see Figure 2..€alculate the mean elongation at &
strain at break from the expression:

0571
I

the strain at break, as a percentage.of the initial test length;
the mean elongation at break, jn‘millimetres;
the initial test length of the test piece, in millimetres (100 mm).

accuracy of the elongation measurement is used, the strain at break shall be reported with
the lower accuracy.of the elongation measurement is used, report the strain at break with

9.4 Tensile energy. absorption

For each test pie€e; determine the area under the force-elongation curve from the point z up to the po
maximum tensilesforce, see Figure 2. Calculate the mean area, and then the tensile energy absorption,

()

al to

b the
reak

®)

two
one

nt of
from

the expression:

1
wk =
where
WTb is
UT is
b is

is

the tensile energy absorption (TEA), in joules per square metre;
the mean area under the force-elongation curve, in millijoules;
the initial width of the test piece, in millimetres (normally 15 mm);

the initial test length of the test piece, in millimetres (100 mm).

(4)
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Report the tensile energy absorption to three significant figures.

9.5

Tensile energy absorption index

Calculate the tensile energy absorption index from the expression:

b
WTWZ1OOSVWT

where

Wy’ is the tensile energy absorption index, in joules per kilogram;
WTb is the tensile energy absorption, in joules per square metre;

is the grammage, in grams per square metre.

Report the tensile energy absorption index to three significant figures.

9.6

With
prefg
Figu

where

Chogse an elongation increment, A, of 0,1 mm. The linear regression analysis shall contain at le

Tensile stiffness

the aid of a computer, for each test piece, determine the maximum slope of the force-elonga
rably linear regression analysis over a number of corresponding force and elongation
e 2.

AF
Smax = [_\J
AS max

S, is the maximum slope of the force-elongation curve, in newtons per millimetre;

max

AF  is the force increment, innnewtons;

A6  is the elongation increment, in millimetres.

(®)

ion curve by
values, see

(6)

ast 10 force-

elongation values.
Calclilate the mean maximum slope, Spayx , and then the tensile stiffness from the expression:
ED = Stoa! (7)
b
where
Eb is the tensile stiffness, in kilonewtons per metre;
Smax IS the mean maximum slope, in newtons per millimetre;
b is the initial width of the test piece, in millimetres (normally 15 mm);
/ is the initial test length of the test piece, in millimetres (100 mm).
Calculate and report the tensile stiffness to three significant figures.
© 1SO 2005 - All rights reserved 7
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NOTE Since the stiffness (in the plane of the paper) is the same in tension and compression, the subscript T is
omitted in Equation 7.

9.7 Tensile stiffness index

Calculate the tensile stiffness index from the expression:

b
EW:E_ (8)
w

where
EY is fhe tensile stiffness index, in meganewton metres per kilogram;
E’ s {he tensile stiffness, in kilonewtons per metre;
w is the grammage, in grams per square metre.

Report the tgnsile stiffness index to three significant figures.

9.8 Modylus of elasticity

Calculate th¢ modulus of elasticity from the expression:

E=2] 9

E is {he modulus of elasticity, in megapascals;
E’ s {he tensile stiffness, in kilonewtons(per metre;
t is fhe thickness, in millimetres,

Report the modulus of elasticity to three significant figures.

10 Precision

10.1 Repeptability

Results fronp repeated measurements, under normal laboratory conditions using test pieces from the gsame
gross sample,~have a coefficient of variation for tensile strength and tensile stiffness of the ordégr of
3 % to 5 % depending on the paper grade, whereas the coefficient of variation for the tensile energy
absorption is of the order of 5 % to 10 %.

10.2 Reproducibility
Seven laboratories (within the Scandinavian Pulp, Paper and Board Testing Committee) tested the same

papers and boards. The tensile stiffness was evaluated according to Equation (7). The reproducibility is shown
in Table 1.
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