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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
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
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hnation on the meaning of ISO specific terms and expressions related to conformity assessm
nformation about ISO’s adherence to the World Trade \Organization (WTO) principles in
arriers to Trade (TBT) see the following URL: wwwsiso.org/iso/foreword.html.

hent was prepared by the European Committee Standardization (CEN) Technical Commi
2, Pulp, paper and board, in collaboration with ISO Technical Committee TC 6, Paper, bd
ubcommittee SC 2, Test methods and quality specifications for paper and board, in accorda
breement on technical cooperation between ISO and CEN (Vienna Agreement).

d edition cancels and replacessthe first edition (ISO 12625-4:2005), which has b
revised with the following changes:

h at break” was replaced py<stretch at maximum force”;

se 7, amore detailed description of the preparation of the test pieces was included;

mber of test pieceswrequired has been clarified with more detailed information;
se 8, the procedure for the measurement was clarified;

se 10, additional information is to be included in the test report;
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ssue paper and tissue products —

Part 4:
Determination of tensile strength, stretch at maximum
force and tensile energy absorption
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Scope

5 document specifies a test method for the determination of the tensile strength,
kimum force and tensile energy absorption of tissue paper and tissue products. It use
ing apparatus operating with a constant rate of elongation.

fases where impurities and contraries have to be determinéd,”1SO 15755[6] applies
pctions in tissue paper and tissue products.

Normative references

following documents are referred to in the textdn such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referénced document (including any amendmen

186, Paper and board — Sampling to determine average quality

187, Paper, board and pulps — Standard atmosphere for conditioning and testing and pr
itoring the atmosphere and conditioning of samples

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

7500-1, Metallic materials — Calibration and verification of static uniaxial testing maching
Kion/compression tésting machines — Calibration and verification of the force-measuring sy

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 12625-1 and the follo

stretch at
5 a tensile-

so specifies the method of calculating the tensile index and the tensilé)energy absorption index.

for these

Pir content
pplies. For
[s) applies.

bcedure for

elongation

s — Part 1:
stem

wing apply.

dresses:

and1EC maintain terminological databases for use in standardization at the following adg

3.1

[EC Electropedia: available at http://www.electropedia.org/

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

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

3.2

tensile index
tensile strength (3.1) divided by grammage

© ISO 2016 - All rights reserved
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3.3

stretch at maximum force
ratio of the elongation of a test piece, over its initial length, at the moment when the maximum tensile
force is reached during a tensile test

Note 1 to entry: Stretch at maximum force is expressed as a percentage of the initial length.

3.4

tensile energy absorption

TEA

amount of energy absorbed per unit surface area of a test piece while being stretched, until the onset of

break (the

oment of maximum tensile force) in a tensile test

[SOURCE: ISO 12625-1:2011, 4.59]

3.5

tensile energy absorption index
tensile enengy absorption (3.5) divided by grammage

[SOURCE: ISO 1924-2:2008, 3.7]

4 Prin

A test piec
rate of elo
function of

From the }
tensile ene

The test c

iple

b of tissue paper or tissue product, of given dimensions{is‘Stretched to break at a cons
hgation using a tensile-testing apparatus that measures and records the tensile force
the elongation of the test piece.

ecorded data, the tensile strength, the corresponding stretch at maximum force and
gy absorption can be calculated.

in be carried out by a vertical or a horizontal tensile strength tester. Precision data

available in Annex A.

5 Appa

ratus

5.1 Tensgile-testing apparatus

5.1.1 Ge

The tensil
a test piec

(50+2) m$1

any equiv

heral

b-testing apparatus shall be in accordance with ISO 1924-2. It is capable of stretc

ent device.

The elonga

ant
S ad

the

are

ing

e of tissue pdper or tissue product of given dimensions, at a constant rate of elongatioh of
/min, atid recording the tensile force as a function of elongation on a strip chart recordgr or

tion shall be recorded to an accuracy of £0,1 mm. The measurement of the elongation shall

startatat

msiomof (5 F 1) N/

The force-measuring system shall measure loads with an accuracy of +1 % of the reading or 0,1 N,
whichever is greater, and shall be calibrated and verified to conform to the requirements of ISO 7500-1.

5.1.2 Means for measuring the area of the force-elongation curve

The tensile-testing apparatus shall provide a means for measuring the area between the force-
elongation curve and the elongation axis to an accuracy of *2 % of the true value as determined by
numerical integration of the raw data.

NOTE Most modern tensile testers are equipped with an electronic or electro-mechanical integrator that
can be used for this purpose. The area can also be determined from a graphical output of the data on chart paper
using a planimeter.

2
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5.1.3 Clamps

The tensile-testing apparatus shall have two clamps of at least 50 mm in width. Each clamp shall be
designed to grip the test piece firmly along a straight line across the full width of the test piece, without
causing any damage, and shall have means for adjusting the clamping force.

The clamps 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 longestdijmension of
the [test piece to the same level of accuracy.

Theg distance between the clamping lines (i.e. the test span length) shall be adjusted to (100 + 1) mm,
except that a test span length of (50 £ 1) mm shall be used for finished paper products of which one or
both of the dimensions is insufficient to provide a test piece of the length required’in 7.2.

NOTE Toilet tissue sheets having one or both dimensions of about 98 mm are’an’example of suclf a material.

5.2| Cutting device
The cutting device shall be capable of repeatedly cutting test pieces (50,0 + 0,5) mm [wide, with
undamaged, straight, smooth and parallel edges.
6 |Conditioning

Cordition the samples according to ISO 187 and keep them in the standard atmosphere fhroughout
theltest.

Conditioning shall be done prior to the preparation of test pieces.

7 |Preparation of test pieces
7.1 General

7.1]1 If the tests are-being made to evaluate a lot, the sample shall be selected in accorflance with
[SO|186. If the tests-are’ being made on another type of sample, make sure that the specifens taken
are [representative ofthe sample. Each test piece shall be free from perforations and faults n¢t normally
inh¢rent in the tissue.

7.1)2 For-eonverted tissue products, testing shall be done on the product as received, regardless of
the [number of plies which are supplied as a product unit. Generally, a single finished prodiict sheet is
suitpbte for use as a test piece. T

7.1.3 Tissue that has not been converted into a finished product shall be tested as a single ply unless
otherwise agreed between the parties concerned.

7.2 Dimensions

Each test piece shall be (50,0 = 0,5) mm in width and at least 150 mm in length. With the exception of
tissue paper or tissue products with an embossed pattern over all or part of the surface, the test pieces
shall be free of creases, kinks, wrinkles, folds or other thickness variations.

For finished products with dimensions or perforations which make cutting of a test piece of at least
150 mm impossible, cut the longest piece possible. In such cases, a test span length of (50 + 1) mm

© IS0 2016 - All rights reserved 3
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for the tensile tester clamps (5.1.3) shall be used. This deviation from the normal procedure shall be
recorded in the test report.

7.3 Number of test pieces

Cut at least 10 test pieces in the machine direction and 10 test pieces in the cross direction for the
selected specimens, making a total of at least 20 test pieces from each sample of tissue paper or tissue

product.

8 Proce

dure

8.1 Ensulre that the tensile-testing apparatus is calibrated and check the zero position of the\recording

device. Chqg
8.2 Theq

8.3 Placsg
not placed

than 5 N/nj.

84 Don
as parallel

8.5 Test
5 mm fromn
of the test
readings o
take the ap

ck that the clamps are aligned to meet the requirements in 5.1.3.
tlongation rate between the clamps shall be kept constant at (50 + 2) mm/min(5.1).

the test piece in the clamps so that any observable slack is elimindtéd but the test pieg
under any significant strain (5.1). The test piece shall not be clampéd with a tension gre

bt touch the test area of the test piece between the clampswith the fingers. Align the test p
hs possible to the pulling direction, tightly clamp the test piece and initiate the test.

the test pieces from each sample. Record all readings, except for test pieces that break wi
the clamping line, until 10 valid results are available for each direction. If more than 2
pieces cut from a particular specimen break-within 5 mm of the clamping line, reject all
btained for that specimen. Inspect the apparatus for conformity with the specifications
propriate remedial measures.

9 (Calculation

9.1 Gen

Calculate 3
Formula (1

bral

nd report the result§ separately for the machine direction and for the cross direction f
) to Formula (6).

9.2 Tens

jile strength

Calculate he meahhaximum tensile force (F ) in newtons from all the single values (F) avail

representi

hg acGeptable test results. Calculate the mean tensile strength (S ) from Formula (1):

eis
hter

ece

thin
D %
the
and

fom

hble

§=ix1o°
WX

Wy

Report the

is the tensile strength, expressed in newtons per metre (N/m);

is the maximum tensile force in newtons (N);

is the initial width, in millimetres, of the test piece (50 mm).

tensile strength in newtons per metre to three significant figures.

M
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9.3 Tensile index

Calculate the tensile index, I, from Formula (2):

I= 2)

Y

where

I isthe tensile index, expressed in newton metres per gram (Nm/g);

S isthe tensile strength in newtons per metre (N/m);
g isthe grammage, in grams per square metre (g/m2), determined according tol¥SO 1R625-6.

Report the tensile index in newton metres per gram to three significant figures:

9.4 Stretch at maximum force

Calgulate the mean elongation at break corresponding to the stretchof the test piece at the moment
whé¢n the maximum force is reached. Calculate the stretch at maximum force, 4, from Formula (3):

A:%xwo (3)

whére

A is the mean stretch at maximum force in percentage (%);
¢ isthe mean elongation at maximum force in millimetres (mm);

I isthelength of the test piece between the clamps, before elongation (see 5.1.3), in millimgtres (mm).

Replort the result to the first decimal-place.

9.5 Tensile energy absorption

Detprmine the area undev the force-elongation curve up to the point of maximum tensil¢ force and
caldqulate the tensile energy absorption, Z, from Formula (4):

E

wxl

7 =

x 1000 4)

and the mean tensile energy absorption, Z , from Formula (5):
3z

n

(5)

Z =
where

Z is the tensile energy absorption by a single test piece during the test until maximum force, in
joules per square metre (J/m?2);

is the mean tensile energy absorption in joules per square metre (J/m2);

NI

E  is the work, in millijoules, equivalent to the area under the force/elongation curve (m]);

© IS0 2016 - All rights reserved 5
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w
[

n

is the initial width, in millimetres, of the test piece (50 mm);
is the initial test length, in millimetres (standard 100 mm);

is the number of single values of the tensile energy absorption.

Report the mean tensile energy absorption in joules per square metre (J/m2) to the first decimal place.

9.6 Tensile energy absorption index

Calculate t

etensile chorav ahsaorntionindex - using Farmula (6)-
oJ r T L7 D o rrrors =7

is{

Report the

10 Test yreport

he mean tensile energy absorption, in joules per square metre (J/n2);

he tensile energy absorption index, in joules per gram (]/g);

he grammage, in grams per square metre (g/m2), determinedin accordance with ISO 1262

tensile energy absorption index, in joules per gram, to the first decimal place.

port shall include the following information;
ence to this document, i.e. ISO 12625-4;
e and place of testing;

Kcription and identification of the sample (for example, product category and dimens
Lest);

sile energy absorption;

an tensile strength'in machine and cross direction in newtons per metre to three signifi

)’

ndard deViation or coefficient of variation to two significant figures;

an stretch at maximum force, in percentage, in the machine and cross direction, rounde

(6)

5-6.

ons

the number of single values used to calculate the tensile strength, elongation at maximum f¢rce

ant

d to

btrdecimal place, standard deviation or coefficient of variation;

to the first decimal;

the conditioning atmosphere used.

The testre
a) arefer
b) theda
c) the de
under
d)
and te
e) thems
figures;
f) the sta
g) the me
the fir
h)
i)
results;
j)
6

the tensile energy absorption in machine and cross direction, in joules per square metre, rounded

any deviation from this document and any other circumstances that may have affected the test

© ISO 2016 - All rights reserved
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Annex A
(informative)

Precision

General
=enera:

The data have been obtained from CEPI-CTS, the Comparative Testing Service of the, Cor
of Kuropean Paper Industries. The results are from a test round performed in 2012 b

lab
pre

Thd
Pre
Thd
Thd

ratories. Two samples were tested according to this document. The data for ténsile st
tented in A.2. The data for stretch at maximum force are presented in A.3.

repeatability and reproducibility results from the test are reported in fable A.1 to Tablég

federation
y qualified
rength are

A4

Cision data for tensile energy absorption is not available at the moment.
calculations were made according to ISO/TR 24498[Z] and TARBI T 1200 sp-07I8l.

repeatability standard deviation reported in Table A.1 and Table A.3 is the “pooled” re

stapdard deviation, which means that the standard deviation is calculated as the root-meai

the
ofr

The
sho
des
diff}
rep

NOT
How
repi
dev

2

Sre;

but

2

Srey

NOT
dev

standard deviations of the participating laboratories, This differs from the conventiona
bpeatability in 1ISO 5725-1[3].

repeatability and reproducibility limits reported are estimates of the maximum differ

1ld be expected in 19 of 20 instances, when comparing two test results for material simi
Cribed under similar test conditions. These estimates may not be valid for different n
brent test conditions. Repeatability and’ reproducibility limits are calculated by mult
batability and reproducibility standard deviations by 2,77.

E1 The repeatability standard“deviation and the within-laboratory standard deviation a
rever, the reproducibility standaxd deviation is not the same as between-laboratories standard de
oducibility standard deviationincludes both the between-laboratories standard deviation and t
ation within a laboratory(viz:

_ 2
eatability — Swithin lab

2 2
roducibility. 3 Swithinlab + S between lab

E2
atien; s, is based on a large number of tests.

peatability
1-square of
definition

bnce which
ar to those
aterials or
plying the

e identical.
viation. The
he standard

2,77 = 1,96 \/E, provided that the test results have a normal distribution and that the standard
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