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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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Tissue paper and tissue products —

Part 5:
Determination of wet tensile strength
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Scope

5 document specifies a test method for the determination of the wet tensile strength-of ti
tissue products after soaking with water, using a tensile-strength-testing apparatus ope
nstant rate of elongation.

rently, two types of tensile-strength-testing apparatus are commercially available,
test piece is positioned vertically and, for the other, horizontally. This document applig
vertical tensile-strength-testing apparatus, a device which is held-inthe lower grip of {

ngth-testing apparatus, the soaking device is placed between the clamps.

fases where impurities and contraries have to be detérmined, ISO 15755[6] applies
ections in tissue paper and tissue products.

Normative references

following documents are referred to in the, text in 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.referenced document (including any amendmen

186, Paper and board — Sampling-to-tetermine 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, Metallicymaterials — Calibration and verification of static uniaxial testing maching
kion/compression testing machines — Calibration and verification of the force-measuring sy

Terms and definitions

ssue paper
Fating with

pbne where
s for both.
he tensile-

ngth-testing apparatus, called a Finch Cup, is used to achieve the-wetting. For horizonftal tensile-

for these

Pir content
pplies. For
[s) applies.

bcedure for

elongation

s — Part 1:
stem

For

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

wing apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

3.1

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

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

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

Note 1 to entry: The wet tensile strength is expressed in newtons per metre (N/m).

© ISO 2016 - All rights reserved
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3.2

wet-tensile-strength retention
ratio, expressed as a percentage, of the tensile strength of the wet test piece to the tensile strength of a
different test piece from the same sample in the dry, conditioned state

Note 1 to en

4 Princ

try: According to ISO 187.

iple

A test piece of tissue paper or tissue product of given dimensions, soaked in water for a given period of

time undefy
a tensile-s
elongation

The test can be carried out by a vertical or a horizontal tensile-strength-testing apparatus.

In order to
Cup, which
soaking cul

From the v
the wet-ter

Precision d

5 Appa

5.1 Vert

5.1.1 Tensile-strength-testing apparatus

The tensile
a test piec
(50+2)m
any equiv

The force-
whichever

5.1.2 Tensile-testing apparatus clamps

The tensilg
width, for
pieces, the

Specified conditions, 1s stretched (elongated] to break at a constant rate of elongation,u
rength-testing apparatus that measures and records the tensile force as a function, of]
of the test piece.

wet the test pieces for a vertical tensile-strength-testing apparatus, a device called a Fj
is held to the lower clamp, is used. For a horizontal tensile-strength*testing apparaty
p is inserted between the clamps.

bet tensile strength and the tensile strength of the same sample ‘in the dry conditioned st
sile-strength retention can be calculated.

ata are available in Annex A.

ratus

cal tensile-strength-testing apparatus

b of tissue paper or tissue product of given dimensions at a constant rate of elongatio
/min, and recording the tensile force as a function of elongation on a strip chart records
ent device.

measuring system slall'measure loads with an accuracy of +1 % of the reading or 0,
is greater, and shallbe calibrated and verified according to the requirements of ISO 750(

-strength-testing apparatus (5.1.1) shall have an upper clamp with a minimum of 50
holding both ends of the test piece firmly and without slippage. To avoid damaging the
clamp surfaces that touch the pieces should be smooth and have rounded edges, i.e.

bing
the

nch
S, a

ate,

-strength-testing apparatus shallbein accordance with ISO 1924-2. It is capable of stretching

h of
r or

L N,
-1.

mm
test
Tee

from burrd

The lower clamp shall be designed to grip the Finch Cup soaking device (5.1.3) firmly.

The

clamps sha

1l have means for adjusting the clamping force.

During the test, the upper clamping line and the Finch Cup soaking device (5.1.3) rod shall be parallel
to each other. They shall also be perpendicular to the direction of the applied tensile force and to the
length axis of the test piece.

The distance between A and B is the total span length and shall be (100 + 1) mm. The distance between
A and B divided by two is the test span length and shall be (50 + 1) mm.

© ISO 2016 - All rights reserved
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Dimensions in millimetres

43,5 +1

@5 0,1

Key
A |clamping line on one end of the test piece
B |clamping line on the other end of the test piece

Figure 1 — Positioning of a test piece

5.113 Finch Cup soaking device

A Finch Cup soaking device (see Figure 2) consists of a support system that holds a horizontal
rod|of (5,0 £ 0,1) mm diametersand approximately 60 mm length, and a water container.

The water container shall be constructed such that it can be moved vertically and locked
posjtion. In the locked (raised position, the water in the container shall completely sui
cyli

Projecting downiwards, from the bottom of the device, is a rigid metal tongue by means of
devifice can bé held in the lower clamp of the tensile-strength-testing apparatus.

cylindrical

in a raised
round the

drical rod which“i® thereby immersed in the liquid to a depth of (20 + 1) mm, as ipdicated in

which the
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Dimensions in millimetres
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Key
1 liquid l¢vel mark
2 positioping groove
3  rod,d(p,0+0,1) mm
4  water dontainer (movable)
5 tongue

5.2 Horigontal tensile-strength-testing apparatus

5.2.1 Tensile-strength-testing apparatus

The tensile
a test piec
(50 £ 2) m
equivalent

The force-
whichever

5.2.2 Tensile-testing apparatus clamps

The tensilg

Figure 2 — Finch Cup soaking device (example)

b of tissue paper or tissue-product of given dimensions at a constant rate of elongatio
m/min, and recording the tensile force as a function of elongation on a strip chart or
device.

neasuring system shall measure loads with an accuracy of +1 % of the reading or 0,
is greater. [tshall be calibrated and verified to confirm the requirements of ISO 7500-1.

-strength-testing apparatus shall have two clamps for holding the test piece. Each cl3

1] +dela

-strength-testing apparatusshall be in accordance with ISO 1924-2. It is capable of stretcling

h of
any

L N,

L mp

shall be de

3 & a-tlaa i ool £3 ] ] rs raladt ]l £l tlha it ol
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ce,

without causing any damage, and shall have means for adjusting the clamping force. The table between

the clamps

shall be removable.

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,
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 7.3.
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5.2.3 Soaking device

A soaking device can be inserted between the clamps of the tensile-strength-testing apparatus (5.2.2),
as shown in Figure 3.

The soaking device may be equipped with a device that, between the measurements, will adjust the
water to a constant level.

5.3 Cutting device

The cutting device shall be capable of repeatedly cutting test pieces (50,0 + 0,5) mm wide and at least
150 mm in length, with undamaged, straight, smooth and parallel edges.

6 |Conditioning

Cor{dition 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

7.1 General

7.1{1 If the tests are being made to evaluate a lotthe sample shall be selected in accorflance with
1SO[186.

If the tests are being made on another type-of sample, make sure that the specimens| taken are
representative of the sample. Each test pieCe shall be free from perforations and faults ndt normally
inherent to the tissue.

Handling of wet samples shall be avoided.

7.1)2 For converted tissue products, testing shall be done on the product as received, regardless of
the |number of plies which @ne supplied as a product unit. Generally, a single finished prodiict sheet is
suitable for use as a test piece.

7.1)3 Tissue thathas not been converted into a finished product shall be tested as a single| ply, unless
otherwise agreed’bétween the parties concerned.

7.2| Accelerated ageing (curing)

7.2]1" O The wet strength of tissue paper is frequently enhanced by addition of a wet strength agent. An
accelerated ageing with heat, also called curing, is frequently used to develop the maximum wet strength
that a tissue paper or tissue product will achieve after a period of natural ageing at ambient conditions,
which may vary from a few days to several weeks based on the wet strength agent used.

NOTE The decision of whether or not to use accelerated ageing will be determined by the user of this
document, based upon the information about the tissue paper or tissue product sample being tested. Accelerated
ageing is not a requirement of this document, but is an allowed option.

There is no rule for determining whether to rapid age or not, but the following principles are generally
applied.

7.2.2 Production test pieces which have not left the manufacturing environment are generally rapid
aged. To rapid age a tissue paper or tissue product, it is recommended to heat it in an oven at (80 * 2) °C

© IS0 2016 - All rights reserved 5
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for 30 min. After heating, condition the test piece in a standard atmosphere at (23 + 1) °Cand (50 £ 2) %
relative humidity for at least 1 h prior to testing.

For production inspections where data shall be available quickly, accelerated ageing conditions of
(105 % 2) °C for 15 min may be used.

7.2.3 Test pieces which have been delivered into the marketing chain, and especially those available
for sale to the ultimate consumer, are generally not aged.

It shall be understood that the wet strength of test pieces after accelerated ageing may be different than
that which

will be nvpprinnrnd hy the end user ofthe prndnr‘f

The test report shall state whether the test piece is rapid aged or not and, if so, by what procedure.

7.3 Dimlensions

7.3.1 Vertical testing apparatus

Each test piece shall be (50,0 + 0,5) mm in width and at least 150 mm in length. For finished tis
product it¢gms of very short dimensions, cut the longest test piece possible-and reduce the dista
between the top edge of the rod of the Finch Cup soaking device and the*bottom edge of the uy

sue
nce
per

clamp of th

7.3.2 Hg

Cut test p']le

perforatio

If the spec
long as the
used with

The test sp

7.4 Nu

Take at lea
in the ma
pieces fro

8 Proc

8.1 Cali

Ensure th

e tensile-strength-testing apparatus from (43,5 * 1,0) mm t6¢23,5 + 1,0) mm.

rizontal testing apparatus

ces of (50,0 = 0,5) mm width and, preferably, @pproximately 150 mm length, avoig
s and faults.

mens are so small that test pieces of 150 myh length cannot be obtained, cut test piece
specimens allow and, when testing these tést pieces, use the maximum test span that ca
fecure clamping.

an shall be reported [see Clause/10-€)].

ber of test pieces

t 10 specimens from-each sample of tissue product. From each specimen, cut one test p
ine direction and-one test piece in the cross direction, making a total of at least 20
each sample oftisstie paper or tissue product.

dure

ration and adjustment of the testing apparatus

ling

5 as
N be

ece
test

requirements of ISO 7500-1.

the

Check that the clamps are aligned to meet the requirements in 5.2.2. Position the clamps such that
the test span is (100 * 1) mm. Adjust the rate of elongation (the rate of separation of the clamps) to
(50 £ 2) mm/min or the adapted dimension, if required, as stated in 7.3.1 or in 7.3.2, respectively. Adjust
the clamping force in such a way that the test piece does not slip or suffer damage during the test.
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8.2 Vertical test method

8.2.1 Mounting the Finch Cup soaking device

With the rod of the Finch Cup soaking device in a horizontal position, clamp the Finch Cup soaking
device with its rigid tongue projecting from the button of the device in the lower clamp of the tensile-
strength-testing apparatus.

Pre-set the distance between the top edge of the rod of the Finch Cup soaking device and the bottom
is case, the

edge o

q

tot

f the upper clamp of the tensile-strength-testing apparatus at (43,5 = 1,0) mm. In th
nath o d a nlece nde he rad xazl 00 M H 1

hrded as the test span length. In the case of very short specimens, this distance may,_be

distance is

reg reduced to
(23]5 +1,0) mm (see 7.3.1).

8.212 Measurement

8.2]2.1 Wet tensile strength

Plage the water container in its bottom position and fill it up to the mnark with distilled of deionized
water at (23 £ 1) °C. Dry finch rod thoroughly and any other part thatmay come into contact with the
testl pieces. Insert the dry test piece horizontally under the dry rad, bend it around the rdd, creating
a lqop, and clamp the two ends of the test piece in the uppericlamp of the tensile-strength-testing
apppratus as shown in Figure 1. Ensure that both ends of thelooped test piece are held by|the clamp,
tightened without causing damage, while avoiding slippage during the test. Align the tept piece as
parpllel as possible to the pulling direction and initiate the test.

Raife the water container until it locks in its upperposition, thereby immersing the looped end of the
test piece to a depth of at least 20 mm below the initial water level.

Imrhediately start a stopwatch.

Aftér soaking for 15 s, lower the watertcontainer to its lowest position. Then, immediatgly initiate
the|tensile test. Determine the wet tensile strength of the wet test piece at an elongatjon rate of
(50[+ 2) mm/min.

Rec

2 mm of the clamping line of the upper clamp, until 10 valid results are available for each din

If m
ling
con

Aftg
test
san

ord all readings, except if(the test piece breaks on the rod of the Finch Cup soaking devic

or on the rodfreject all the readings obtained for that specimen. Inspect the apy
formity withthe specifications and take the appropriate remedial measures.

r each testy wipe dry the horizontal rod of the Finch Cup soaking device before attachi
pieceAfter each test, top up the water container with distilled or deionized water. After
ples, clean and refill the water container.

e or within
ection.

ore than 20 % of thetest pieces cut from a particular specimen break with 2 mm from the clamping

aratus for

\g the next
each set of

8.2.

2.2 Wet-tensile-strength retention

If the wet-tensile-strength retention is to be determined, remove the water from the soaking cup. Dry
the finch rod thoroughly and any other part that may come into contact with the test pieces. Measure

the

©IS

dry tensile strength of the conditioned test pieces as described in this document.
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8.3 Horizontal test method

8.3.1 Measurement

8.3.1.1 Wet tensile strength

Remove the table between the clamps of the tensile-strength-testing apparatus (5.2.2) and place the
soaking device (5.2.3) between the clamps. Fill the soaking device with distilled or deionized water of
(23 £1)°C.

For tensile
a test piecd
other so th
Allow the t

Gently pul
soaking b3
Figure 5.S

If the soaki
as indicate]
the testing

Record all
results arg
deionized v

!

NOTE |
renewed du|

STTENgt-tesSting apparatus 1T WITITIT The SOaRINg procedure 1S acCOmpiisied manuaiy,.p
b in the testing position, as shown in Figure 3. Push the ends of the test piece towands-¢
at the middle region of the test piece dips into the water in the soaking device as in‘\Figui
lest piece to soak in the soaking device for 15 s.

the ends of the test piece away from each other, so that the test piece i§)lifted from
th. Place the test piece in its original position and clamp the test piece) as indicate
art the wet tensile strength testing. Record the wet tensile force, F, in newtons.

ng procedure is accomplished automatically, set the soaking time o715 s, insert the test p
d in Figure 3, clamp the test piece and follow the instructions given by the manufacture
apparatus. Record the wet tensile force, F, in newtons.

readings, except if the test piece breaks within 5 mm<ef the clamping line, until 10 v
available for each direction. After each test, top up-the water container with distille
vater. After each set of samples, clean and refill the water container.

ing the test series, it is not necessary to change the'water after each set of 10 test pieces.

o/
Ly

ace
ach
e4.

the
1 in

ece
r of

alid
] or

the volume of the soaking device is sufficiently small, such that the water has been successively

§ 2
Key
1 clamps
2 testpiece
Figure 3 — Thetwo clamps, the soaking device filled with water and the test piece insertefd
between the two clamps
~
—» 0 O -~
2
Key
1 upper clamp
2 lower clamp
Figure 4 — Immersion of test piece in the water
8 © IS0 2016 - All rights reserved
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upper clamp

2

8.3

If tH
the
the
doc

9

9.1
Cal

Fro
wetl
For}

whyd

rower clamp

Figure 5 — The wet test piece is clamped and the wet tensile strength testingis st

1.2 Wet-tensile-strength retention

table. Dry the table and the clamps thoroughly and any other part®hat may come into ¢
test pieces. Measure the dry tensile strength of the conditiorfed test pieces as descri
Lment.

Calculation

General
ulate and report the results separately for. the'machine and cross directions.

M the recorded values of the testing apparatus, calculate the mean maximum tensile for
test pieces, in newtons, and then thefmean wet tensile strength. For vertical testing app
mula (1) and for horizontal testingapparatus, use Formula (2):

F:

N |

T
Il
R

bre
F is thewecorded value of the tensile force of the testing apparatus, in newtons (N);

F « 1s'the mean maximum tensile force, in newtons (N).

arted

e wet-tensile-strength retention is to be determined, remove the soaking device and rep(’)ace it with

ntact with
bed in this

ce, F, of the
aratus, use

e8]

(2)

9.2

Wet tensile strength

Calculate the mean maximum tensile force, F, of the wet test pieces, in newtons, and then the mean
wet tensile strength from Formula (3):

©IS

§=£x103
w;
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where

S is the mean wet tensile strength, in newtons per metre (N/m);

F is the mean maximum tensile force, in newtons (N);

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

Report the mean wet tensile strength of the test pieces, in newtons per metre (N/m), to three significant
figures.

9.3 Wet

Calculate t

Report the

10 Test report

The testre

a)
b)
c)
d)

€)
f)
g)
h)
i)
j)

k)

D)

10

19

el
S

19

el

q

[SRa—,

a refer]

the da

the type of testing device*(horizontal or vertical);

the de

sampling);

the tes

the nu

n newtons per metre (N/m).

tensile strength retention
he wet-tensile-strength retention from Formula (4):

DOx S

Sp

the mean tensile strength retention, as a percentage (%);

the mean wet tensile strength, in newtons per metre (Ny/m);

the mean tensile strength of the test piece in the dry-conditioned state,

wet-tensile-strength retention of the test pieces, as a percentage, to two significant figuy

port shall include the following information:
ence to this document, i.e. ISQ*12625-5;

e and place of testing;

scription and-identification of the sample (for example, product category, date and plad

t spanwused;

mber of single values used to calculate the wet tensile strength;

(4)

the mean wet tensile strength, in the machine and cross directions, in newtons per metre (N/m), to
three significant figures;

the standard deviation or coefficient of variation to two significant figures;

ifrequ

ired, wet-tensile-strength retention as a percentage;

whether the test piece was rapid aged and under what conditions;

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

the conditioning atmosphere used.
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Annex A
(informative)

Precision

roducts by

htal tensile

arately for

 standard
b standard
peatability

bnce which
ar to those
aterials or
plying the

e identical.
viation. The
he standard

e
In 2002, an international interlaboratory test was performed on five converted tissue p
11 Jaboratories according to this document. Six laboratories were equipped with a‘horizo
testler, five were equipped with a vertical tensile tester.
Tisgue products were assessed on both types of dynamometers and results are,réported sey
each type of instrument. See Table A.1 to Table A.8.
The calculations were made according to ISO/TR 24498[Z] and TAPPI .3200 sp-07(8l.
The repeatability standard deviation reported in Table A.1 is the “pooled” repeatabilit
devjiation, that is, the standard deviation is calculated as_ the root-mean-square of th
devjiations of the participating laboratories. This differs fromthe’conventional definition of re
in [$0 5725-1(31,
The repeatability and reproducibility limits reportedsare estimates of the maximum differ
shopld be expected in 19 of 20 instances, when comparing two test results for material simi
desfribed under similar test conditions. These estimates may not be valid for different m
different test conditions. Repeatability and reproducibility limits are calculated by mult
repgatability and reproducibility standard deviations by 2,77.
NOTE1 The repeatability standard deyiation and the within-laboratory standard deviation a
However, the reproducibility standard deviation is not the same as between-laboratories standard de
reproducibility standard deviation includes both the between-laboratories standard deviation and t
deviation within a laboratory, viz,:

2 2
Srel eatability — S within lab
but

2 2 2
Sre} roducibility Swithinlab T Sbetween lab
NOTE2 277)% 1,96 V2, provided that the test results have a normal distribution and that the standard
deviation, syisbased on a large number of tests.
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A.2 Wet tensile strength

A.2.1 Horizontal wet tensile strength machine direction

Table A.1 — Repeatability results of an interlaboratory test by qualified laboratories
(horizontal wet machine direction)

Sample Number of Mean horizontal Repeatability Repeatability Repeatability
laboratories | wet tensile strength standard coefficient limit
deviation of variation
Sy Cyr r
N/m N/m % N/n
Al 6 149 8,2 5,5 23
B1 4a 44,3 2,5 5,7 7,0
D1 6 84,5 5,4 6,4 15
E1l 6 187 14 7,5 14
E2 4a 172 7,7 4,5 21
a  Two outliers.

Table|A.2 — Reproducibility results of an interlaboratory test by qualified laboratories
(horizontal wet machine direction)

Sample Number of Mean horizontal | Reproducibility | Reproducibility | Reproducibility
laboratories | wet tensile strength standard coefficient limit
deviation of variation
SR Cvr R
N/m N/m % N/m
Al 6 149 9,8 6,6 27
B1 4a 44,3 3,2 7,2 8,9
D1 6 84,5 6,1 7,2 17
E1l 6 187 16 8,5 44
E2 4a 172 9,0 5,2 25
a  Two outfliers.

A.2.2 Hgrizontal wet ténsile strength cross direction

Table A.3 — Repeatability results of an interlaboratory test by qualified laboratories
(horizontal wet cross direction)

Sample Number of Mean horizontal Repeatability Repeatability Repeatability
laboratories | wet tensile strength standard coefficient limit
deviation of variation
Sr Cyr r
N/m N/m % N/m
Al 6 66,8 2,9 4,4 8,1
B1 5a 22,0 1,1 51 31
D1 6 34,0 2,1 6,1 5,7
E1l 6 82,4 7,8 9,5 22
E2 6 88,6 3,2 3,7 9,0
a  One outlier.
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