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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 techni

cal

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 procqdures used to develop this document and those intended for its further maintenance
described|in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed-for
different {ypes of ISO document should be noted. This document was drafted in accordance lwith
editorial rjules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO drawg attention to the possibility that the implementation of this document may involve the

hre
the
Lhe

INS

of (a) patgnt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed

patent rights in respect thereof. As of the date of publication of this document,"ISO had not receiy
notice of (p) patent(s) which may be required to implement this document. However, implementers
cautioned|that this may not represent the latest information, which may,be-ebtained from the pat
database gvailable at www.iso.org/patents. ISO shall not be held respongible for identifying any orj
such patent rights.

Any trade|name used in this document is information given for th€ convenience of users and does
constitutq an endorsement.

For an eyplanation of the voluntary nature of standards,“the meaning of ISO specific terms 3
expressiofs related to conformity assessment, as well“as information about ISO's adherence
the World Trade Organization (WTO) principles .irv;the Technical Barriers to Trade (TBT),

www.iso.¢rg/iso/foreword.html.

This documment was prepared by Technical Comimittee ISO/TC 6, Paper, board and pulps, Subcommit
SC 2, Test|methods and quality specificationsfor paper and board, in collaboration with the Europg
Committep for Standardization (CEN) Teechnical Committee CEN/TC 172, Pulp, paper and board

accordande with the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

This secopd edition cancels and" replaces the first edition (ISO 12625-12:2010), which has bq
technically revised.

The main changes are as follows:

— the expression of the'rate of elongation has been changed from a value expressed in mm/min i
a valye expressedin the rate of elongation of the initial test span length in %/min, independer
from the test piece length (see 5.1);

— precidionshave been added in case of decrease of the distance between the clamping lines (see 5|

red
hre
bnt
all

not

nd
to
bee

Lee
an
in

PEI

nto
tly

2).

Alist of all parts in the ISO 12625 series can be found on the ISO website.

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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Introduction

Tissue papers such as toilet paper and kitchen towel are often pre-cut. They are used after separation of
two consecutive sheets.

[t is important to know the efficiency of the pre-cut perforations.

The perforation strength should be enough to ensure the product cohesion, but not too high, so that
sheets can be easily separated.

Thf method described In this docUment uses forces applied perpendicular to the perioration lines.
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Tissue paper and tissue products —

Part 12:
Determination of tensile strength of perforated lines and
calculation of perforation efficiency

1

Th
of 1
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pel
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Th

Scope

s document specifies a test method for the determination of the tensile strength. of perfol
issue paper. It uses a tensile-testing apparatus operating with a constant rate’of elongatio

s method is only used for measuring machine-direction tensile strength,that is for cross
forations on tissue paper.

b calculation of perforation efficiency is also specified in this dogunrent.

Normative references

b following documents are referred to in the text in‘such a way that some or all of thg

comstitutes requirements of this document. For dated references, only the edition cited aj

un
ISC

ISC
mo

ISC
me

ISQ
Ter

IS(

IS(
ma

3

Hated references, the latest edition of the referen¢ed document (including any amendment
186, Paper and board — Sampling to determine average quality

187, Paper, board and pulps — Standafd atmosphere for conditioning and testing and prd
hitoring the atmosphere and conditioning of samples

1924-2, Paper and board — Determination of tensile properties — Part 2: Constant rate of
thod (20 mm/min)

7500-1, Metallic materjals-~— Calibration and verification of static uniaxial testing machines
sion/compression testing-machines — Calibration and verification of the force-measuring sy§

12625-1, Tissuepaper and tissue products — Part 1: Vocabulary

12625-4, Tissue paper and tissue products — Part 4: Determination of tensile strength,
ximum forcerand tensile energy absorption

Térms and definitions

ated lines
n.

-direction

ir content
pplies. For
5) applies.

cedure for

plongation

— Part 1:
tem

stretch at

For the purposes of this document, the terms and definitions given in [SO 126Z5-T and the following
apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

31
tensile strength

S

maximum tensile force per unit width that a test piece will withstand before breaking

© IS0 2023 - All rights reserved
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3.2
perforation efficiency
E
p
difference between the tensile strengths (3.1) of non-perforated and perforated material from the same
sample divided by the tensile strength of non-perforated material

Note 1 to entry: The perforation efficiency is expressed as a percentage.

Note 2 to entry: The higher the perforation efficiency, the easier the sheet separation.

4 Prin¢iple

A perforated test piece of tissue paper or tissue product, of given dimensions, is stretched to,brealf in
the machipe direction at a constant rate of elongation using a tensile-testing apparatus that measufes
and recordls the tensile force as a function of the elongation of the test piece.

From the fecorded data, the tensile strength is calculated.

In order tp determine the perforation efficiency, measurements are performed-both on perforated gnd
non-perforated sections of the tissue product.

Precision fata are available in Annex C. Information on the influence of a pre-cut and ageing is availaple
in Annexep A and B.

5 Apparatus

51 Ten‘[ile-testingapparatus.

The tensile-testing apparatus shall be in accordance:with ISO 1924-2. It shall be capable of stretchjng
a test piede of tissue paper or tissue product of given dimensions, at a rate of elongation of (50 * 2] %
of the inifial test span length per minute, i.e, (50 * 2) mm/min for a 100 mm test span length gnd
(25 £ 1) nm/min for a 50 mm test span length, and of recording the tensile force as a functior] of
elongation} on a strip chart recorder or any equivalent device. The force-measuring system (normally a
load cell) shall measure loads with an accuracy of #1 % of the reading or +0,025 N, whichever is greater,
and shall ¢onform with ISO 7500-1.

5.2 Tenpile-tester clamps.

The tensile-testing apparatys shall have two clamps of at least 50 mm in width. Each clamp shall|be
designed fo grip the test'piece firmly along a straight line across the full width of the test piece, withput
causing aijy damage,atid shall have means for adjusting the clamping force.

The clampgs should:preferably grip the test piece between a cylindrical and a flat surface, with the plane
of the test piece’tangential to the cylindrical surface. Other types of clamps may be used if it can|be
ensured that-the test piece does not slip or suffer any damage during the test.

During the test, the clamping lines shall be parallel to each other within an angle of 1°. The clamping
lines shall be perpendicular to the direction of the applied tensile force and to the longest dimension of
the test piece to the same level of accuracy.

The distance between the clamping lines (i.e. the test span length) shall be adjusted to (100 + 1) mm.
In cases where the distance between perforations on the finished products is less than 150 mm (as
mentioned in 8.1.2), a test span length of (50 + 1) mm shall be used. If distance between perforation
is less than 75 mm, then each perforated test piece shall be (50 + 0,5) mm in width and the maximum
available length in the machine direction may be used.

This and other deviations from the specified procedure shall be recorded in the test report.

2 © IS0 2023 - All rights reserved
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Cutting device.
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The cutting device shall meet the requirements of ISO 12625-4 and shall produce test pieces
(50,0 £ 0,5) mm wide, with undamaged, straight, smooth and parallel edges.

6

Sampling

If the tests are being made to evaluate a lot, the sample shall be selected in accordance with ISO 186. If
the tests are being made on another type of sample, make sure the specimens taken are representative

of

he sample received.

7
Co

comcerned, and keep them in the standard atmosphere throughout the test.

8

8.1

8.1
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Conditioning

hdition the samples in accordance with ISO 187, unless otherwise agreed between t

Preparation of test pieces
Dimensions

.1 Non-perforated test pieces

he distance between perforations is 150 mm or longer, then non-perforated test piecq
+0,5) mm in width and at least 150 mm in lengthrin the machine direction, excluding pe
1 defects.

he distance between perforations is less:fhan 150 mm, then non-perforated test piece
+ 0,5) mm in width and at least 75 mm in length in the machine direction, excluding pe
l defects.

.2 Perforated test pieces

s (non-perforated test pieces). If the distance between perforations is 150 mm or longer,
forated test piece shall*be (50 + 0,5) mm in width and at least 150 mm in length in th
ection, excluding defeets, with its perforation located approximately equal distance from ¢

he distance between perforations is less than 150 mm, then each perforated test pied
+ 0,5) mm {a-width and at least 75 mm in length in the machine direction, excluding de
perforationdocated approximately equal distance from each end.

he distance between perforations is less than 75 mm, then each perforated test piec
+:0;5) mm in width and the maximum available length in the machine direction may be u|

ne parties

s shall be
rforations

s shall be
rforations

forated test pieces shall be‘cut from different sheets than those used for tests outside the perforated

then each
b machine
pach end.

e shall be
ects, with

e shall be
sed.

Each of the 10 perforated test pieces shall be cut from different sheets (in the machine direct

8.2 Number of test pieces

on).

Cut sufficient test pieces to ensure 10 valid results on non-perforated papers and 10 valid results on
perforated papers for each sample of tissue product.

Care should be taken not to handle the test pieces in any way that can decrease the perforation tensile

str

ength (by stretching or breaking any of the perforations).

© IS0 2023 - All rights reserved
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9 Procedure

9.1 General

Ensure that the tensile-testing apparatus is calibrated. Check that the force reading is zero when there
is no load on the sample.

For test pieces that are 150 mm or longer, set the distance between the clamping lines to (100 * 1) mm.
For test pieces that are less than 150 mm in length, set the distance between the clamping lines to
(50 £1) mm.

The elonggtion rate between the clamps shall be kept constant at 50 % of the initial test span lengthiper
minute, i.4. 50 mm/min for a 100 mm test span length and 25 mm/min for a 50 mm test span léngth

Use the sime distance between clamping lines and elongation speed for both perforated and npn-
perforated test pieces for a given sample.

Carry outpll testing in the same standard atmosphere as used for conditioning.

9.2 Nong-perforated test pieces

Place the hon-perforated test piece in the clamps so that any observable slack is eliminated but the test
piece is nqt placed under any significant strain (see Figure 1). The test{iece shall not be clamped wjith
a tension greater than 5 N/m.

—+

Minimize fouching the test area of the test piece between the ¢lamps with the fingers. Align and tigh
clamp theltest piece and carry out the test.

ly
NOTE ny deviation from the vertical line would induce.a decrease in the measured tensile strength of the
non-perforpted test pieces, and thus result in a lower calculated perforation efficiency than the true one.
Continue the test until the test piece ruptures and.record the maximum tensile force.

Repeat th¢ described procedure until 10 valid¥esults are obtained.

Record allfthe readings, except those far test pieces that break within 5 mm of the clamping line.

9.3 Perforated test pieces

Place the perforated test piece-ift the clamps so that any observable slack is eliminated but the test pigce
is not pla¢ed under any significant strain. The test piece shall not be clamped with a tension greater
than 5 N/m. The perforation line shall be approximately equal distance between the lower and upper

clamps (s¢e Figure 2}

Minimize fouching:the test area of the test piece between the clamps with the fingers. Align and tightly
clamp theltest piece and carry out the test.

NOTE Aaxy daxziodtiog Lo dln conptioal 1o n v a1 d s i on o doacenacn 10 dbhn s no o d b cila ot grl, AF he
1y aCv Tt O Ot eV e e Car i e W ot G e G e e A ST e Ca S T et S C—5 e e gt Of

perforated test pieces, and thus result in a greater calculated perforation efficiency than the true one.

Continue the test until the test piece ruptures. A valid test occurs when the test piece breaks at the
perforation line. Record the maximum tensile force in newtons (N) for each valid test.

Repeat the described procedure until 10 valid results are obtained.

Record all the valid test readings, except those for test pieces that did not break at the perforation line.
If more than one test piece breaks outside the perforation line, record the total number of tests that did
not break at the perforation line and divide by the total number of perforation tests to yield a calculated
result of “% of test pieces that broke outside of the perforation line” for that sample, and include in the
test report, see Clause 11 list item e).

4 © IS0 2023 - All rights reserved
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Dimensions in millimetres

Ke)

Ke)

y

BwWw N R

upper clamp
test piece
lower clamp

upper clamp
test piece
lowet clamp
petforation line

F
1 x
2— .
3 /
F

F  maximum tensile force
L (100 +1) mm

Figure 1 — Non-perforated{est piece

3—~F |
\ A3

F  maximum tensile force
L (100 +1) mm

Dimensions in

millimetres

© IS0 2023 - All rights reserved
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10 Calculation

10.1 Ten

sile strength

Calculate the mean maximum tensile force, F, in newtons, from all single valid maximum tensile force,
F, test results, considering perforated and non-perforated test pieces separately.

Calculate the mean tensile strength, S, from Formula (1):

S=

a3
v

s =

where

S

Bl

w

Report th
and perfo

10.2 Calyg

Calculate

Report the

11 Test
The testr

arefe

1
P

the mean tensile strength, in newtons per metre;
the mean maximum tensile force, in newtons;

the sample width: 50 mm.

e tensile strength, in newtons per metre, to three significant figures for both non-perfora
rated test pieces.

culation of perforation efficiency

the perforation efficiency, £, from Formula (2):

|

s the perforation efficiency, exptessed as a percentage;

S
00{1—[ P
S

np

s the mean tensile strengtlief perforated test pieces, in newtons per metre;

s the mean tensile strength of non-perforated test pieces, in newtons per metre.

 perforation effielerncy, as a percentage, to three significant figures.

report
eportishall include the following information:

rérce to this document, i.e. ISO 12625-12:2023;

a)

M

fed

(2)

b)
‘)
d)
e)

date and place of testing;
description and identification of the sample (such as the product category, number of plies);

test span length: i.e. 100 mm or 50 mm;

number of single values used to calculate the tensile strength and the perforation efficiency, and, if

applicable, the BOP (%) i.e. “% of test pieces that broke outside of the perforation line” (as described
in 9.3); if the BOP is omitted, it shall be assumed that the BOP % was zero for that sample;

© IS0 2023 - All rights reserved
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f) tensile strength in the machine direction for both non-perforated and perforated test pieces, in
newtons per metre, rounded to:

1) 0,1 N/m for loads up to 100 N/m;
2) 1 N/m for loads over 100 N/m;
g) standard deviation or coefficient of variation of the tensile strengths;

h) perforation efficiency, in %, to three significant figures;

3 <l 4o £ delas. | . | 41 . . 41 de 1 £E 4= d h
1 dlily ucpdaltulc IT U LIS UUCTULITIIU dllt dlly  ULIITTH CITCUITISTAIILTS LiIdl L4ll IIdve 4dllItill t e teSt

results.
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Annex A
(informative)

Influence of a pre-cut in the perforation line

As the number of tie bars can vary from one test piece to another and in order to always have the same

starting ppint, itwas planned during the intertaboratory test to INClude  NON-pre-cut test pieces. W
tests are performed on the complete perforation line and “pre-cut test pieces” with a 10 mm pre-¢

The influe

The 10 mn
with TAPH

As can be
with pre-g

As the effi
from the 1

nce of the pre-cutting has thus been studied.

h pre-cut was made on one edge by each participating laboratory before testing in accorda
1 T402 sp-08:2013[2]. This parameter was also considered as a variable.

concluded from Table A.1 and Figures A.1 and A.2, measurements of the perforation stren
ut test pieces are not recommended.

ciency is calculated from the mean of the results, reproducibilityvalues could not be deriy
esults obtained.

Table A.1 — Results of the interlaboratory test on pre-cut test pieces

cre
ut.

1Ce

bth

red

Type of paper, Perforationrefficiency on
sample code prer-cut test pieces
Average Standard deviation
perforation between
efficiency laboratories
% %
Toilet paper 4-ply TP1 79,4 1,61
Toilet paper 5-ply TP2 86,4 1,50
Toilet paper 2-ply TP3 80,5 1,42
Toilet paper 3-ply TP4 77,7 2,08
Toilet paper 2-ply TP5 76,9 1,09
Industrial wipes 1-ply | W1 79,5 1,32
Industrialwipes w2 72,1 3,80
Toilet paper 4-ply TP6 76,9 2,00
Toilet paper 3-ply TP7 77,3 1,62
Paper towel 3-ply PT1 88,2 1,28
Paper towel 4-ply PT2 88,2 0,70
Paper towels PT3 77,7 3,37

On perforated test pieces, the tensile strength can vary depending on the number of tie bars in the
50 mm perforation line, but it is compensated by the quantity of test pieces used as shown from the
standard deviation in Table A.1.
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Figure A.2 — Average perforation efficiency and the standard deviation
between laboratories, %
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Annex B
(informative)

Influence of paper ageing

The influence of paper ageing was studied by performing tests on four tissue products (two toilet papers

an
thi

Th
a)

b)
‘)
d)

Th
bef

TWO paper towels) sampied on the converting line. Seven different laboratories were. i
5 study:.

e following settings were considered:

with 23 °C and 50 % relative humidity conditioning after reception by the pagticipating la
in accordance with ISO 287:2017Ml;

with 80 °C ageing during 30 min;
with 105 °C ageing during 15 min;

after one to six weeks, storage at 23 °C and 50 % relative humidity:.

ore testing the perforation efficiency because
the two methods of accelerated ageing produce the same results, and

a slight decrease in perforation efficiency with ageing can be observed, but it is not sign
to the standard deviation of the measurendents.

volved in

boratories

e results are reported in Figure B.1 and lead to the conclusion that ageing of papers may be performed

ficant due
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