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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

Bending stiffness is regarded as an important property of paper and board, and a large number of test
methods have been used for its determination. This is a result, in part at least, of the wide range in the
bending stiffness of paper and board. For paper and board in the grammage range 50 g/m2 to 500 g/
m2, bending stiffness might vary by a factor of over 1 000. This wide variation is reflected in the design
of instruments intended for the measurement of this property.

A second factor to be taken into account is that, in general terms, bending stiffness (as defined here)
can only be determined with accuracy within certain limits with regard to the degree of deformation

ed upon the test piece. These limits depend on the dimensions of the test piece a

on the test

impo
meth

This

descr]
found
with
which
basis

bd used.

document is intended to enable the bending stiffness (as defined here) to)be measured and

ibed in a consistent way, despite the variations in material type and instrutnent des
that many commercially available instruments can be regarded as givingresults i
his document for only part of the range of bending stiffness, or for only_some of the
they were originally designed. It is intended, therefore, that this-document will b¢
for preparing detailed methods for determining bending stiffness;using particular ij

gn. It will be
h accordance
materials for
b used as the
nstruments.
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Paper and board — Determination of bending stiffness
— General principles for two-point, three-point and four-

poi

1 S

nt methods

cope

This

paper
three

For p

bending method are suitable.

For ¢

The 1

significant permanent deformation during the test, nor is the‘range of validity of the

calcu

In the
scien

2 N

The f]
const
undat

ISO1

ISO 1
monit

ISO5
ISO 3

document specifies three test methods for determining the bending stiffness-d
board. The test methods differ in the type of loading mode, thus giving rise to. th
Lpoint and four-point bending test methods.

hiper and paperboard in a low thickness range, the two-point bending methpd and th

heasurement conditions are defined in such a way that_thé test piece is not subj

ating the bending stiffness exceeded.

se bending tests, the test pieces of paper and board are regarded as “beams” as d¢
re of the strength of materials, see Reference [2]:

ormative references

bllowing documents are referred. tejin the text in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

B6, Paper and board — Sampling to determine average quality

B7, Paper, board and pulps — Standard atmosphere for conditioning and testing and |
oring the atmosphéreyand conditioning of samples

B4, Paper and board — Determination of thickness, density and specific volume

D34, Corrugated fibreboard — Determination of single sheet thickness

3 7

erins and definitions

f paper and
e two-point,

e three-point

prrugated fibreboard and board with a higher thickness, the feur-point bendinlg method is
recommended.

ected to any
formulae for

tfined by the

their content
applies. For
ents) applies.

brocedure for

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

ISO and [EC 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/
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3.1

019(E)

bending stiffness

A

resistance that a test piece offers to bending, in the region of elastic deformation

Note 1 to entry: The theories used for the determination of bending stiffness are derived under the condition that
the test piece is perfectly flat at the beginning of the test. In a real situation, the test piece always deviates from
flatness. It is, however, not possible to give recommendations on the magnitude of such deviations (such as curl,
twist, cockle or other deviations) that can be present and still produce a valid test.

4 Symbols and units

The followin

b symbols are used for the formulae in this document.

Symbol Unit Meaning
b mm test piece width in the direction of the bending akis
E MPa (N/mmZ2) |modulus of elasticity
f mm linear deflection
F N force
fmax mm maximum linear deflection
I mm# second moment of inertia
| mm bending length
I1 mm distance in the four-poinpmethod
I mm bending length in the four-point method
Sb N-mm bending stiffness
t mm test piece thickness
a ° (degree) |bendingangle
Amax °(degree) |maximiwbendingangle
£ % (mm/mm) |strainh
Emax % (mm/mm) jmaximum strain

5 Theor

For a beam 1f a homogenepusmaterial, with equal thickness and a constant modulus of elastid
the paper or’board, the bending stiffness Sy (per unit width b) may be derived fro
e modulusofelasticity, E, and the second moment of inertia, I, of the test piece, divid
of the test piece as shown in Formula (1):

the plane of
product of th
the width, b,

E-I
Sb:

b

ity in
m the
ed by

(0

From a testing point of view, the bending stiffness, S, may be evaluated in three principally
different ways:

a) From the maximum slope of the curve achieved from recording force versus linear deflection (F/f),

or force versus angular deflection (F/a), see Figure 1[2]. The rate of testing shall be reported.

b) Applying a linear deflection or angular deflection and recording the force after a specified timel5l.
This document gives suggestions for maximum allowable deflections for the various beam-bending
methods. The time of application shall be reported.

c) Applying a force and recording the linear deflection or angular deflection after a specified time
(References [3], [4], [5]). This document gives suggestions for maximum allowable deflections for

the various beam-bending methods. The time of application shall be reported.

© ISO 2019 - All rights reserved
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NOTE Suggestions for allowable deflections only apply to principles b) and c).
F A
1
2
a
Key
1 njaximum slope of curve f linear defléction
2 tiue curve a  angular deflection
fqrce

Figure 1 — Schematic curve of force versus linear deflection or force versus angula

6 [

6.1

The two-point method is suitable for paper and low-thickness board. For corrugated bo

point
The b

In Fig
perpe
clamy
direc

of a paper or board

ifferent bending test methods

Two-point bending method

method is not recomjniended.
ending accordingto the two-point bending method can be performed in two ways.

fure 2, the\beam-shaped test piece is clamped at one end and subjected to a fol
ndicular.to the surface of the test piece at the start of the test, at a bending lengt
. The\linear deflection, f, of the test piece is the shift in the point of application of th
ion in which it acts.

r deflection

ird, the two-

rce, F, acting
h, [, from the
b force in the

In Figure 3, the beam-shaped test piece is clamped at one end in a clamp that rotates and is subjected to
a force, F, acting perpendicular to the surface of the test piece at the start of the test, ata bending length,
I, from the clamp. The bending angle, a, is the angle through which the clamp is rotated during the test.
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Key
F  force (in newtons)
f  linear deflection (in millimetres)

I bending lpngth (in millimetres)

Figure 2 — Two-point method

Key
F  force (in pewtons)

[ bending lpngth (in millimetres)
a bending gngle (in degrees)

Figure 3 —=— Two-point method

6.2 Thred-point bending method

The three-pdint method is suitable for paper and low-thickness board. For corrugated board, the three-
point methodl is not recommended.

NOTE1 Itik possible to use\the three-point bending method for corrugated board, if very long test piedes are
used. The tesf method is fiet*suitable for test pieces of recommended dimensions used for paper and board, due
to the shear strain of the corrugated boardl[3]. The suitable dimensions depend on the material to be test¢d and
no absolute vdlues cai be stated in this document.

The beam-shaped test piece is supported close to each end and is subjected to a force, 2F, in the ¢entre
perpendiculartothetest-piece surface at the startof the test, See Figure 4.

4 © IS0 2019 - All rights reserved
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2F
l l
—
F F
F  force (in newtons)
f linear deflection (in millimetres)
[ Dbendinglength (in millimetres)
Figure 4 — — Three-point method

The djistance between the two supporting anvils is now twice the bending length; I/ The line

£, is th
NOTE

to tw(
condit

6.3

6.3.1
If the
is cal

S|

If the
calcu

6.3.2

Itisa
shear
stiffn

e shift in the point of application of the force in the direction in which itacts.
2 The definitions of the force and bending length in the three-point teSt‘fmake the three-p

mirror images of the two-point test, thus making the calculation of-bending stiffness and
ions equal for these two tests.

Bending stiffness determination

linear deflection, £, and the force F are measured during the bending test, the bending
ulated according to Formula (2):

F I3

b:7'§

bending angle, a, and force K.are measured during the bending test, the bending st
ated according to Formula+(3):

Geometrical requirement

hr deflection,

bint test equal
measurement

Calculation of bending stiffness using the two-point and three-point methods

stiffness, Sy,

(2)

iffness, Sp, is

3

inter-

thickness of the test piece for paper and board, see Reference [5].

ssumed-in‘Formulae (2) and (3) that the bending occurs with negligible influence of i

nter-laminar

e impact of

40 times the

In this document, no particular requirement is stipulated for the width of the test piece. The choice of
width has to be selected by the user and be suited for a particular testing equipment. The width shall
be reported.

6.3.3

Allowable deflections and angles

The test piece shall not suffer any significant permanent deformation during the bending test.
Furthermore, there are requirements for the maximum deflection according to the beam-bending
theoryl2l. To comply with these requirements, Formulae (4) to (7) apply.

The in-plane strain, g, should not exceed approximately 0,2 % (emax) in the outer layers of the test piece,
see Reference [2].

© IS0 2019 - All rights reserved
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When linear deflections are recorded, Formulae (4) and (5) apply. The deflection fshall not exceed fmax
according to either Formula (4) or Formula (5), whichever gives the lowest value.

2 gmax 12

=Sy Zmax - 4
Smax 3100 ¢t ®
Smax =0,1321 (5)

When angles are recorded, Formulae (6) and (7) apply. The bending angle, a, shall not exceed amax
according to either Formula (6) or Formula (7), whichever gives the lowest value.

20 €pmax 1
o =d—X——= 6
O pax =7}5° (7)
NOTE Bu]king thickness and single sheet thickness give different results. Consequéntly, this will resylt in a

difference in the calculation of the allowable deflection or bending angle.
6.4 Four-point bending method

6.4.1 Geometry
The four-point method is suitable for corrugated board and thi¢k board (References [2], [3], [4], [$])-

The test piede is subjected to forces according to Figure 5.5Fhe outer forces act close to each end pf the
test piece.

F F
.»/——
|~ !
F | F
b 2 b

Key

F  force (in Iewtons) I1 bending length (in millimetres)

f  linear defflection’(in millimetres) I bending length in the four-point method (in millimgtres)

Figure 5 — — Four-point method

The distance, I, is the measured distance between one of the outer supporting anvils and the point of
application of the neighbouring force, F.

The bending length, I, is the distance between the points of application of the two inner forces and the
two inner anvils.

The linear deflection, f; is the displacement of the point midway between the two inner forces in the
direction of action of these forces.

6 © IS0 2019 - All rights reserved
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Calculation of bending stiffness

The bending stiffness, Sp, of the test piece is calculated according to Formula (8).

(8)

2
p=—
f 8 b
NOTE Some testing devices deliver 2 F instead of F. This is because the load cell is submitted to 2 F

(see Figure 5). Fwill be displayed correctly only if the software is adapted to the four-point bending method.

6.4.3

Measurement conditions

The tg¢st pieces shall not suffer any significant permanent deformation during the bending

test.

The strain, ¢, in the outer layers of the test piece should not exceed 0,05 % (gmax)-for-corryigated board

and 0

To comply with this requirement, care is required to ensure that the linear.deflection, f, do
the liit values fiax, calculated according to Formula (9) (References [2};.15]).

f

NOTE
differ

6.4.4

Suital
absol

11 and

In thi
width

be reported.

The t

2 % (emax) for board, see Reference [2].

2
_1 Emax o
M40 100 ¢

Bulking thickness and single sheet thickness give different results. Consequently, this
bnce in the calculation of the allowable deflection or bending angle.

Geometrical and practical considerations

ble lengths and widths shall be selected. The lengths depend on the material to be t
ite values can be stated in this document:

Iz shall be chosen as large as possible. As a rule of thumb, /1 shall be equal to or large

5 document, no particular requirement is stipulated for the width of the test piece.
has to be selected by the-dset and be suited for a particular testing equipment. Th

Table 1 — Recommended lengths, I, for corrugated boardI2]

bs not exceed

9

will result in a

ested and no

r than Ip.

[he choice of
> width shall

bst equipment shall-beconstructed in such a way that small warp, twist or curl of the board does
not interfere with theresults.

Thickness I
mm mm
<3 150
3-15 200
>15 300

Table 2 — Recommended lengths, />, for paper and boardI[2]

Thickness I
mm mm
<0,3 10

0,3-0,8 30
>0,8 50

NOTE 1

© IS0 2019 - All rights reserved
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NOTE2 Th

NOTE3 Re

019(E)

e bending length is usually dictated by the measuring instrument that is employed.

commendations for suitable lengths, 1 and I3, are given in References [2], [3], [4], [5].

7 Apparatus

7.1 Bending tester, designed and constructed in such a way that the bending lengths can be adjusted
adequately with a precision of + 1 % of the length. Preferably, using a measuring instrument that makes
it possible to record force versus deflection or force versus angle, and having a means of evaluating the

maximum slope of the curves.

7.2 Meas
maximum

7.3 Supp

"
measureme

ing device, making it possible to measure force, deflection or angle to within * 2,5 %

v'j'ue used to obtain the bending stiffness.

ting anvils, designed and constructed in such a way that their impact-on the reg
is negligible.

8 Sampling and preparation of test pieces

8.1 Samp]

If the tests a
the tests are
the sampler

8.2 Condi

Unless other
conditioning

8.3 Prep

From speci
according to
hands. Avoid
sample to beg
of the width

ing

e being made to evaluate a lot, the sample shall be selected in accordance with ISO ]
made on another type of sample, make sure that th€;specimens taken are representat
pceived.

kioning

wise specified, condition the specimeéns’in accordance with ISO 187 and keep them
atmosphere throughout the test.

ation of test pieces

I
1ens of undamaged paper and board, cut test pieces with a desired width and |

the recommendations given in 6.3.2 and 6.4.4. Avoid touching the test piece with
watermarks, foldsCand wrinkles. Ensure that the test pieces are representative
tested. The long_edges of the test pieces shall be straight, and parallel to within
over the totalelamping length. The test pieces shall be cleanly cut and undamage

of the

ult of

186. If
ive of

in the

ength

bare
bf the
1 %
d. Cut

a sufficient fumber of test pieces to enable at least 10 tests to be made in each direction of inferest

(machine direction, cross direction).

eOf the specimens as the upper side.

Define one sild

9 Procedure

Prior to testing, determine the thickness of the test pieces in accordance with ISO 534 (for paper and
board) or ISO 3034 (for corrugated board).

NOTE Bulking thickness and single sheet thickness give different results. Consequently, this will result in a
difference in the calculation of the allowable deflection or bending angle.

Test one test piece according to the requirements of the type of test being conducted. Test the remaining
test pieces to obtain at least five tests with the test piece deflected towards the upper side and five with
the test piece deflected towards the lower side.

The test pieces shall be as flat as possible. Even slight pre-curvatures in the test pieces may cause force
versus deflection or force versus angle, when bending towards the upper and lower sides, to differ. For
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