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Introduction

The method specified in this part of ISO 1924 for thendet
tensile strength is related to the method specified"in”I1SG
method uses a test instrument operating at a constant rate
of tensile force (constant rate of loading) which, causes failu
piece in a mean time of 20 s + 5 s. The methed described |
uses an instrument operating at a constant rate of elongatio

The class of instruments covered by this)part of ISO 1924 ig
seded by that covered by ISO 1924:2" Because of this, by
that there is still a considerable pumber of constant rate of |
ments in use, it is proposed that. SO 1924-1 will be withdr
after publication.

4-1:1992(E)

brmination of
1924-2. The
of application
re of the test
n 1ISO 1924-2

=4

being super-
t recognizing
bading instru-
awn 10 years
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INTERNATIONAL STANDARD

ISO 1924-1:1992(E)

Paper and board — Determination of tensile

properties —

Part|1:

Constant rate of loading method

1 Scqpe

This parf of ISO 1924 specifies a method of measur-
ing the fensile strength of paper and board using an
instrumgnt operating at a constant rate of application
of tensile force (constant rate of loading) which
causes failure of the test piece in a mean time of
20 s + 9 s. It also specifies methods for calculating
the breaking length and tensile index.

It appliels, within the limitations of the instruments
used, to all papers and boards with the exception of
corrugatgd board, but may be applied to ¢he 'compo-
nents of| such board.

This part of ISO 1924 is of generalapplication and is
not limifed to any particular type,of tensile testing
apparatys.

2 Normative references

The follpwing standards contain provisions which,
through |reference "in this text, constitute provisions
of this part of ISO 1924. At the time of publication, the
editions |indicated were valid. All standards are subject

ISO 536:1976, “Paper and board — Determination of
grammage.

ISO 1924-2:1985, Paper and board — Petermination
of tensile properties — Part 2: Constant rate of elon-
gation method.

ISO 5270:1979, Pulps — Laboratory she¢ets — Deter-
mination of physical properties.

ISO 5725:1986, Precision of test methpds — Deter-
mination of repeatability and reprodycibility for a
Standard test method by inter-laboratory tests.

3 Definitions

For the purposes of this part of ISO 1924, the follow-
ing definitions apply.

3.1 tensile strength: The maximum] tensile force
per unit width that paper or board will withstand be-
fore breaking under the conditions defined in the
standard test method.

3.2 breaking length: The calculated |miting length

of-a-strip-of-paperor-beard-ofany—uniferm width, be-

to revisioh—and palt;bb to—agreements based-orthis
part of ISO 1924 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
maintain registers of currently valid International
Standards.

ISO 186:1985, Paper and board — Sampling to deter-
mine average quality.

ISO 187:1990, Paper, board and pulps — Standard
atmosphere for conditioning and testing and pro-
cedure for monitoring tne atmosphere and condition-
ing of samples.

yond which, if such a strip were suspended by one
end, it would break under its own weight.

3.3 tensile index: Tensile strength (expressed in
newtons per metre) divided by grammage.

4 Principle

A test piece of given dimensions is stretched to rup-
ture at a constant rate of loading using a tensile test-
ing apparatus that measures tensile force. The
maximum tensile force is recorded.
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From the results obtained and a knowledge of the
grammage of the sample, the breaking length and
tensile index may be calculated.

5 Apparatus

5.1 Tensile testing apparatus, designed to extend
a test piece of given dimensions at an appropriate
constant rate of loading and to measure the tensile
force.

remain perpendicular to the direction of the applied
tensile force and to the long dimension of the test
piece within + 1° while under load.

5.2 Device for cutting test pieces to the dimen-
sions required (see clause 8).

6 Sampling

Samples shall be selected in accordance with
ISO 186.

The rate of loagimgshoutd be S0 adjuStabie that fature
of the test pigce can be obtained in a mean time of
20s +5s (spe note1). When a substantially
inextensible material is gripped between the clamps
and a full-scalp reading is obtained in 20 s, the rate
of loading at any time shall not differ by more than
5 % (see note|2) from the rate of loading 1 s later.

NOTES

1 This rate is|not always possible on all types of paper
using existing gtommercial testing apparatus without modi-
fication. (For rapidity in routine testing, 10 s + 5 s is often
used but this Wil give results about 2 % higher than those
corresponding tp the specified method.)

2 In order to meet this requirement, pendulum type in-
struments shoyld not be operated at pendulum angles
greater than 509.

The tensile te
described in 6

5.1.1 Means
accuracy of +

NOTE 3  Althg
of loading are ¢
urement is not
nation of stretq
Where the mea
struments of t
electronic ampl
(see 1ISO 1924-2

5.1.2 Clamp¢
piece of the
clamp shall be]
but without d4

5ting apparatus includes the elements
1.1 and 5.1.2.

of measuring the tensile force to.an
1 %.

ugh many instruments with a censtant rate
quipped to measure elongation) the meas-
very accurate and thereforeythe determi-
h by this method is pot .recommended.
surement of stretch atbreak is required, in-
he constant rate of “eldngation type with
fication and recording are recommended

).

5, two_innnaumber, for holding a test
required width (see clause 8). Each
deSigned to grip the test piece firmly,

mage or slippage, along a straight line

7 Conditioning

Samples shall be conditioned in accordang¢e with
ISO 187 and test pieces shall be-prépared and testing
carried out in the same atmosphéric conditiohs used
to condition the samples.

8 Preparation of test pieces

If the breaking length or tensile index is requifed, de-
termine the gfammage in accordance with ISQ 536.

Prepare thejtest pieces from specimens taken at ran-
dom from those selected in accordance with
clause. 6. No creases, obvious flaws or watgrmarks
shall be included in the test area and test piedes shall
not include any part of the sample within 15/mm of
the edge of any sheet or roll. If it is necessafy to in-
clude watermarks, this shall be noted in the |test re-
port.

NOTE 4  Laboratory handsheets are excluded from the
restriction that the test pieces shall not include pny part
within 15 mm of the edge.

Cut test pieces one at a time. Cut sufficignt test
pieces to ensure 10 valid results in each required
principal direction of the paper or board, i.e. the ma-
chine and cross directions (see 9.2).

The long edges of the test piece shall be s$traight,
parallel to within + 0,Tmm, cleanly cut and jundam-
aged.

NOTE 5

to cut cl

Some paper, for example soft tissue, i difficult
b sheets

across the full width of the test piece.

The centre line of the clamps and of the test piece
shall lie along the same axis, which shall also be par-
allel to the direction of the applied force. The clamping
surfaces of the two clamps (flat clamps) or lines of
contact (line contact clamps) shall be in the same
plane and so aligned that they hold the test piece in
that plane throughout the test.

The distances between the clamping lines shall be
adjustable to the test length required to within
+ 1,0 mm and shall remain parallel to within + 1°
while under load. In addition, the clamping lines shall

of such a paper interleaved with a harder paper, for example
70 g/m? bond, may be prepared and the test pieces cut
from this pad.

The dimensions of the test pieces shall be as follows:

a) the width shall be 15 mm, 25 mm or 50 mm, with
a tolerance of + 0,1 mm;

NOTE 6 Al widths have equal status and the selec-
tion of width is governed by the width of the clamps of
the available apparatus and/or the type of paper or board
under test. However, width has a significant effect on
the test results and comparison of tensile strength de-
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terminations made with different widths is not rec-
ommended.

b) the length shall be such that the test piece can be
clamped without handling the section of the test
piece between the clamps; a minimum length of
250 mm is usually sufficient. When testing lab-
oratory hand sheets, special instructions apply;
see ISO 5270.

NOTE 7  For some products, for example toilet tissue,
dimensions are less than the required test span of
180 - ese
that ¢an be achieved
test report.

and record the length used in the

9 Prgcedure

9.1 Calibration and adjustment of apparatus

Set up the apparatus as recommended by the manu-
facturer| Position the clamps so that the test length
(the distance between the closest points at which the
test piege is firmly gripped) is 180 mm + 2 mm. Ver-
ify that [the test length is correct by measuring the
distancg between the two impressions produced by
the clamps when clamping strips of thin aluminium
foil.

NOTE 8 | In some circumstances a different test length
may be Used. For example, when testing board a test span
of 200 mm + 2 mm can be required.

9.2 Determination

Unless ptherwise specified, carry out thé_dperations
involved in the measurement of the tensile strength
of each|test piece in the manner f&commended by
the manufacturer of the apparatus in'use.

Verify the zero position of thelmeasuring device.

Adjust the clamps to theyrequired test length and
place the test piece in\the clamps ensuring that the
test arep between thé tlamps is not touched by the
fingers. |Align and-tightly clamp the test piece so that
any obsgrvable=slack is eliminated but the test piece
is not placed ‘under any significant strain. Ensure that

the tesf piece is clamped in such a manner that its
edges ateparallel to the direction of application of the

ISO 1924-1:1992(E)

Commence the test and continue it until the test
piece ruptures. Record the maximum tensile force
exerted and the time taken to rupture to the nearest
second.

Test at least 10 test pieces, cut in each required
principal direction of the paper or board, in order to
obtain 10 valid results in each required direction.

Record all readings except for those test pieces which
break within 10 mm of the clamps. However, if more
than 20 % of the test pieces cut from a particular
sampte-break-withir—+H0-ram—from-the—elamps, inspect
the testing apparatus for conformity.‘with the require-
ments of clauses 5 and 9.1 and take the appropriate
remedial action if the apparatus.'is. faulty. If no fault is
found with the apparatus accept'the regults.

10 Calculationof results

10.1 General

Calculate and express separately the rg
in eath ‘required principal direction of
board: For machine-made paper or bo
correspond to the machine and cross

sults obtained
the paper or
ird, these will
directions. For

laboratory hand sheets, no such distipction can be
made.

10.2 Symbols

The symbols used in the equations giyen in 10.3 to
10.5 are as follows:

tensile force.

NOTE 9 It may be convenient to attach a small weight,
for example 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.

By an initial trial experiment, select a rate of appli-
cation of tensile force which causes the test piece to
fail in a mean time of 20 s + 5 s.

m is the mean mass, in milligrams, of the
strip between the clamps;

s is the breaking length, in kilgmetres;

g is the grammage, in grams per square
metre;

S is the tensile strength, in kilonewtons per
metre;

L is the initial test length |between the
clamps, in millimetres;

w is the width of the test piece, in milli-
metres;

F is the mean tensile force, in newtons;

is the tensile index, in newton metres per
gram;

is the mean tensile force, in kilograms-
force.

1
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10.3 Tensile strength

10.3.1 Calculate the tensile strength of the test
pieces, expressed in kilonewtons per metre, from the

equation

_F
§=5

Express the tensile strength to three significant fig-

ures.

NOTE 10 For

lightweight paper {for example tissue), it

11 Precision

For test results each of which consists of the average
of ten determinations, the following precision data
apply {see ISO 5725).

11.1 Repeatability

The 95 % probability limit for the difference between
two test results within a single laboratory is 2,5 % to
8,0 % for different papers with a mean repeatability
of 42 %

can be preferabl

per metre.
10.3.2 Calcul
force.
NOTE 11 Wh

deviation of the
of the tensile st

P 1O express tne tenslle strengin N eWTons

hte the standard deviation of the tensile

BN expressed as a percentage, the standard
tensile force is also the standard deviation
ength.

10.4 Breaking length

If required, ca
in kilometres, 1

1
lg = ———
879,81
or
_ 1
s = 9,81
Alternatively, [
L F x
B~ 9,81
NOTE 12 For
the equation be
[x4
g = i

culate the breaking length, expressed
rom the equation

x%x 10°

F

3
Wxgx'IO

X

may be calculated from the equation
I

K m

instruments calibrated- 'in/kilograms-force,
omes

105 TensiIT index

If required, cal

11.2 Reproducibility
The 95 % probability limit for the difference bptween
two test results from different laboratories is|7 % to

33 % for different papers withca, mean reproducibility
of 14 %.

12 Test report
The test report shall include the following information:
a) reference. t6 this part of ISO 1924;
b) precjsetidentification of the samples;
¢) date and place of testing;

d) the conditioning atmosphere used;

e) the principal directions, if any, of the paper or
board in which the determination was carripd out;

f) the width of test piece used for the test;
g) the test span used for the test;
h) the mean time to break to the nearest secpnd;

i) the number of valid test results used to calculate
the mean;

j) the mean tensile strength, in kilonewtons per me-
tre, to three significant figures;

k) if required, the breaking length, in kilometres, to

culate the tensile index, expressed in

newton metres per gram, from the equation

S

I=2x10°

8

Express the tensile index to three significant figures.

Alternatively, 1

_F
WX g

may be calculated from the equation

x 10°

three significant figures;

I) if required, the tensile index, in newton metres per
gram, to three significant figures;

m) the standard deviation of the results for tensile
strength;

n) the grammage of the sample, if determined;

0) any departure from this part of ISO 1924 and any
circumstances that may have affected the results.


https://standardsiso.com/api/?name=c4da4fd681a23931256f6329ff727bcb

ISO 1924-1:1992(E)

Calibration and adjustment of the apparatus

Calibrate the apparatus by applying weights to the

clamp actuating the load indicating mechanism with

[elviRe el VG LG

of the indicating mechanism, which should be free

from excessive backlash, lag or friction. If errors

the instriiment otherwise in its normal working con-
dition. Note the scale reading when the system
comes into equilibrium. Check the correct operation

more than 1 % are found, use a correstion curve.

Verify that the ciamps are alignéd)to jmeet the re-
quirements of 5.1.2.
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