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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.
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Introduction

There are many methods of measuring the resistance of paper and board to bending forces. Because of
the visco-elastic nature of the material, results will depend to a considerable extent on the test method
used. In this method, the bending stiffness is determined under dynamic conditions (vibration) using
only a relatively small bending angle.
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INTERNATIONAL STANDARD ISO 5629:2017(E)

Paper and board — Determination of bending stiffness —
Resonance method

1 Scope

This document specifies a method for the determination of bending stiffness using the resonance method.

This ethod gives only a single result for each test piece tested, although in general, bending stiffness
valuep may depend on which surface of the material forms the inner surface of the arc.rgsulting from
bending forces.

The bending stiffness of a very wide range of papers and boards can be measured using [this method.
Howgver, for some materials, such as those listed below, the measured nurierical values will not be
strict]y identical with bending stiffness as defined in 3.1:

a) mnulti-ply papers and boards in which the component plies can mave separately during a test;

b) pppers and boards with appreciable curl, especially if the axis‘of the curl is in the long|direction

f the test piece;

[elige)

bme soft papers with grammage below about 40 g/m2.

c)

This method is not applicable to corrugated boards.

(%)

2 Normative references

The fpllowing documents are referred te\in the text in such a way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced document (including any amendmé¢nts) applies.

ISO 186, Paper and board — Sampling to determine average quality

ISO 1B7, Paper, board and pulps — Standard atmosphere for conditioning and testing and procedure for
monitioring the atmosphereyand conditioning of samples

ISO 586, Paper and board — Determination of grammage

3 Terms.and definitions

For thepurposes of this document, the following terms and definitions apply.

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

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

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

3.1

bending stiffness

S

moment of the resistance per unit width that a paper or board offers to bending in the region of elastic
deformation. It can be defined mathematically by Formula (1):

Bl
b

S W

© IS0 2017 - All rights reserved 1
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where

is the modulus of elasticity, i.e. Young's modulus;

is the second moment of area (moment of inertia) of the cross-sectional area, about an axis

through the centre of that area, in its plane, and perpendicular to the direction of bending;

is the width of the test piece.

4 Principle

Determinati¢n, under standard conditions, of the vibrational resonant length of a test piece clamj

one end. Cald
The vibratio
given freque
5 Appars

Usual labora

5.1 Clamp

The clamp sh
and a clampi
shall be so a
dimensions

used. Generally, a width of slightly more than 25 mm is-satisfactory.

The upper e
than 0,1 mm

5.2 Means
a frequency

5.3 Means

5.4 Strobg
illuminating

5.5 Optior

ing system.

ulation of the bending stiffness from this value and the grammage of the material:

hal resonant length of a material, in one direction, when it is subjected ta_yibratio
hcy, depends on its bending stiffness in that direction and its grammage.

itus (see Figure 1)

fory apparatus and the following.

all consist of two flat parallel metal plates which can'be so adjusted as to give a sepa
hg pressure such as to just permit the test piece to-be pulled through the clamp. The
Franged that a test piece can project vertically,in both directions through the clamj
f the clamp are not critical, but the width shall be greater than the width of the test

dges of the clamp may be rounded;\in which case, the radius of curvature shall b

of vibrating the clamp!) in.ahorizontal plane, perpendicularly to the plane of the pa
£25,0 Hz + 0,1 Hz with arlamplitude of not greater than 0,2 mm .

scopic lamp; operating at the same frequency and in the same phase as the vibrat
the top edge of the test piece.

al components.

of measuring thedength of test piece, projecting above the upper edge of the clamp.

hed at

n of a

ration
Clamp
0. The
piece

e less

per, at

br, for

5.5.1 Mag

tifter; whichtamr be adjusted-for viewing the top edge of the test piece:

5.5.2 Movable lower clamp, of non-critical construction, so arranged that with its aid, the test piece
can be pulled (and for some materials, pushed) through the vibrating clamp. This clamp may be suitably
coupled to a measuring device, enabling the resonant length to be read directly from a scale.

6 Sampling

Select at least 10 specimens from a sample taken in accordance with ISO 186, making sure that there

are no folds,

creases, visible cracks or other defects in the areas to be tested.

1) A suitable instrument is available commercially. Details can be obtained from the secretariat of ISO/TC 6 or
from ISO Central Secretariat.

2
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7 Conditioning

Condition the specimens in one of the atmospheres specified in ISO 187. Prepare the test pieces and
carry out the tests in the same atmospheric conditions.

8 Preparation of the test piece

Cut at least one test piece of appropriate dimensions from each of the specimens in each of the desired
test directions. If watermarks are present, this should be stated in the test report.

The dimensions of the test piece are dependent on the type of material. In general terms, the width of
the tgst piece shall be between 10 mm and 25 mm. The edges shall be clean, straight-and parallel to
withip £0,1 mm.

For paipers of low grammage and for materials with a tendency to curl perpendicularly to the test piece
length, a width of 10 mm or 15 mm is preferred. For materials of higher grammage, a width of 25 mm is
prefefred.

The l¢ngth of the test piece shall be sufficient to allow for the projectifiglength at resonpnce and the
deptH of the clamp, together with a sufficient length to permit handling of the test piecg in the non-
resonjating area and attachment to the lower sample clamp (if fitted):

The rpsonating end of the test piece shall be clean, straight anid perpendicular to the long edges of the
test pliece in both axes.

If propedure A (see 9.2) is to be used, the dimensions of éach test piece shall be measured gccurately.

9 Procedure

9.1 |General

Two different procedures may be used. Procedure A is generally more accurate and|permits the
calculation of the coefficient of variation of bending stiffness, but takes more time than procedure B.
Furthermore, the precision of the.grammage values determined for the purpose of proceglure A is less
than the precision of normal grammage measurements.

In mqst cases, procedure_B-gives results that differ by less than 1 % from those given by procedure A.
Greater differences may; however, be obtained where there are considerable variationd in resonant
lengths or grammage.

9.2 |Procedure A

9.2.1| /Grammage

Weigh each test piece to an accuracy of £0,001 g. Mark each test piece so that the mass of the test piece
and the resonant length can later be matched up.

If the grammage of the sample shows wide variations, a rather more accurate final result may be
obtained by carefully cutting the resonating length of the test piece along the upper edge of the clamp
and redetermining the mass and area of each test piece.

9.2.2 Resonant length
Use one or more test pieces to determine an approximate resonant length.

Fit the test piece so that a sufficient length protrudes above the upper edge of the clamp (see Figure 1).
Ensure that the test piece is fitted perpendicularly to the edge of the clamp. Adjust the clamping
pressure so that the test piece can just be pulled through the clamp.

© IS0 2017 - All rights reserved 3
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Setthe clamp into vibration and carefully pull the test piece through the clamp until the free end of the test
piece goes into resonance. This point is characterized by maximum amplitude of vibration and maximum
sharpness of visibility of the vibrating end of the test piece under stroboscopic illumination (5.4).

Check that the edge of the test piece is still perpendicular to the edge of the clamp.

Measure, as accurately as possible, the length of test piece projecting past the edge of the clamp.
This may be done by carefully cutting or marking the test piece at the clamp edge, removing it from
the clamps and measuring its length using a steel rule or other suitable device. The accuracy of
measurement of resonant length shall be within +0,25 mm or £0,5 %, whichever value is greater in the
particular instance concerned.

Alternatively
used. If this
instructions
during the tq
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showing two
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Using the ini
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9.3 Proce

9.3.1 Mea

Determine the mean grammage of the'sample in accordance with ISO 536.

9.3.2 Resg

Carry out thg

10 Expres

, if the instrument is fitted with a lower clamp coupled to a measuring scale, thisin]
is done, the measurement should be carried out in accordance with the manufact
butitis essential that it should be checked that the test piece has not stretched@ignifi
st and thus, that the length indicated by the scale is identical with the length of test]
ast the clamp.

pssary, by further decreasing the projecting length, that the resohance point has
that resonance is occurring with only one antinode, since it is possible to obtain reso
antinodes and one node (see Figure 2).

s of very low grammage, it may be necessary to releas€\the clamping pressure
projecting length to give resonance. For materials of higher grammage, it may be po
final adjustment of the projecting length to obtain resohance by both pulling and py
e through the clamp. However, the clamping pressure should be applied while the st
checked.

Fial values obtained for resonant length as.a-guide, carry out the procedure given ab
e resonant length of 10 test pieces in each-of the desired directions.

dure B
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10.1 Gener
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See Annex A

for the derivation of the formulae used.

10.2 Procedure A

The bending stiffness, S, expressed in newton metres, is given individually for each test piece by

Formula (2):

S

_ 21*m

10° 4

where

(2)
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is the resonant length, in millimetres;

m is the appropriate mass, in grams, of the test piece;

A isthe appropriate area, expressed in square millimetres, of the test piece.
NOTE In practice, it will often be more convenient to use the mathematically equivalent formula to derive
the bending stiffness, 51 , expressed in millinewton metres:
4
|
§;=20[ — | xPA
100 100

wherg A is the grammage, expressed in grams per square metre, derived from the formula:

o, =X 10°

474

The v

Calcu
devia

10.3

The K
Form

%)

wher

l

p

NOTE
the bg

The v4

Calcu
devia

late the mean bending stiffness from the individual values obtainéd;together with
Fion or coefficient of variation.

hla (3):

lues of 1 /100 and p 4 /100 are usually within the range 0,1 to 10.

Procedure B

ending stiffness, S, expressed in newton metres, issgiven individually for each f{

4
_2l7py

is the resonant length, in millimetres;

h  is the grammage, expressed in grams per square metre, of the material.

the standard

est piece by

3

In practice, it will ofteh be more convenient to use the mathematically equivalent formula to derive

nding stiffness, 51 , expressed in millinewton metres:
1 4 P
S =20t | x4
100 100

lues of 1200 and p 4 / 100 are usually within the range 0,1 to 10.

[ate(the mean bending stiffness from the individual values obtained, together with
fion or coefficient of variation.

the standard

10.4

Approximate results

For approximate work, and to provide a convenient check on reported values, it is frequently sufficient
to determine the mean resonant length of the material and the mean grammage and thus, using the
formulae given above, to calculate a mean value for bending stiffness.

11 Precision — Repeatability

Under routine laboratory conditions, the repeatability of procedure A or B is approximately 6 %.

© IS0 2017 - All rights reserved
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The difference between the two single test values found on identical test material by one operator using
the same instrument within a short time interval will exceed the repeatability, on average, not more
than once in 20 instances in the normal and correct operation of the method.

For precision data, see Annex B.

12 Test report
The test report shall include the following information:

a) areference to this document, i.e. ISO 5629;

b) all inforllnation necessary for complete identification of the sample;

c) the stanglard conditioning atmosphere used;

d) arefererjce to the procedure used (A or B);

e) the numbper of tests carried out;

f) the test dlirection, for instance, machine direction or cross direction;

g) the test idth used;

h) the results obtained for resonant length;

j) the granjmage of the material or the mass of the test piece,@s appropriate;

k) the meah value of the bending stiffness, in micronewton metres, millinewton metres or n¢gwton
metres gs appropriate, to three significant figures;

m) the stanglard deviation or coefficient of variation;

n) any operations not specified in this document or in the documents to which reference is made, or
regarded as optional, which might have affected the results.

6 © IS0 2017 - All rights reserved
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O
Key . (\}‘
1 njagnifier (optional) C)\\ 5 stroboscopic lamp
2 djrection of vibration @ . 6 testpiece
3 clamp O 7  vibrating mehanism
4 lqwer clamp (optional) C) 8  scale (optional)

%\ Figure 1 — General arrangement of apparatus

Q
&
?\

%&
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a) Incorrect b) Correct

Figure 2 — Modes of test piece vibration

8 © IS0 2017 - All rights reserved
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Annex A
(informative)

Theoretical basis of test method

The fundamental resonant frequency, f, in hertz, of a rectangular bar clamped at one end is given by

Formula (A.1):

2
! i><k— £ (A

=——x
23 12 2m\p

wher¢

—

d is the thickness of the test piece;

B is the modulus of elasticity, i.e. Young's modulus;
K isadimensionless constant, equal to 1,875 for the fundamental frequency of oscillation;
1| isthe length of test piece;

A isthe density of the material.

By definition (see 3.1), the bending stiffness, S, isgiven by Formula (A.2):

il

; (A.2)

wher¢

/| isthe second moment-of area (moment of inertia) of the cross-sectional area of th¢ material,
about an axis through-the centre of that area, in its plane, and perpendicular to the direction
of bending;

H isthe widthof-the test piece.

Squaring Formula{A.1) and substituting p 4 /d for p, where p, is the grammage, gives the formula:

3 4
f2 =d_xixk_x£
12 1% 472 p

Substituting I / b for d3 / 12 and rearranging gives the formula:

S=%:3,19pA14f2

Putting f =25 Hzleads to Formulae (2) and (3) (see Clause 10).

© IS0 2017 - All rights reserved 9
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Annex B
(informative)

Precision

In 2015/2016, an international round-robin was performed in which 6 laboratories from 4 different
countries participated. The data have been obtained from the Comparative Testing Service of the

Confederatio

The data ar¢
and TAPPI T

The repeata
deviation, th
of the parti
ISO 5725-1.

The repeatability and reproducibility limits reported are estimates of the maximum difference

should be ex
described ur

presented in Tables B.1 and B.2. The calculations were made according to ISO/TR %
1200I[3].

bility standard deviation reported in Table B.1 is the “pooled” repeatability sta
ht is, the standard deviation calculated as the root-mean-square of the standard devi
ripating laboratories. This differs from the conventional definition’ of repeatabil

bected in 19 of 20 instances, when comparing two test results for material similar to
der similar test conditions. These estimates may not\be valid for different materi

4498

hdard
itions
ity in

Wwhich
those
als or

different tes§ conditions.
Repeatability and reproducibility limits are calculated:by multiplying the repeatability and
reproducibility standard deviations by 2,77.
NOTE1 The repeatability standard deviation and the within-laboratory standard deviation are identical.
However, the| reproducibility standard deviation is NOT the same as the between-laboratories standard
deviation. The reproducibility standard deviation indludes both the between-laboratories standard deyiation
and the standprd deviation within a laboratory, viz.
52 . :32. . but S i1 :32. . +52
re¢peatability ~ °within lab reproducibility ~ °within lab " *between Igb
NOTE2 2,47 = 1,96\/5, provided that the test results have a normal distribution and that the standard
deviation, s, i§based on a large numbep of tests.
TableB.1 — Estimation of the repeatability (board)
Sample Number of Mean bending Repeatability | Coefficient of | Repeatability
laboratories stiffness standard variation limit
deviation
Sr CV,r r
TITINTTT TITINTTT K TITINTTT

Smooth, high
white paper 6 0,50 0,03 5,62 0,08
100 g/m?2
Ivory board
(uncoated solid
bleach board) 6 6,99 0,19 2,73 0,53
280 g/m?2
Smooth, high
white paper 6 25,7 0,89 3,46 2,47
400 g/m?2
Coated solid bleach
board 380 g/m? 6 90,7 2,70 3,00 7,50
10 © IS0 2017 - All rights reserved
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