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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task andards
adopted by the technical committees are circulated to the member bodies for voting. Publication/jas an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 5628 wag prepared by Technical Committee ISO/TC 6, Paper, board and pulps, Subcommittee SC 2, Test
methods and |quality specifications for paper and board.

This second ddition cancels and replaces the first edition (ISO 5628:1990), which has been technically rgvised.
The main diffgrences between this edition and the previous edition are thedfollowing:

— the equations for bending stiffness for two-point and three-point bending have been harmonized;
— geometrifal conditions for test pieces have been added;

— some additional aspects of corrugated board have been‘added for four-point bending.

iv © IS0 2012 — All rights reserved
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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/m? to 500 g/mZ2, 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 imposed upon the
test piece. These limits depend on the dimensions of the test piece and on the test method used.

This International Standard is intended to enable the bending stiffness (as defined here)tolbe measured
and described in a consistent way, despite the variations in material type and instrumend degign. It will be
found|that many commercially available instruments can be regarded as giving resultsqdn accordance with this
Internptional Standard for only part of the range of bending stiffness, or for only some‘af.the materials for which
they were originally designed. It is intended, therefore, that this International Standard will be used as the basis
for preparing detailed methods for determining bending stiffness, using particular instruments.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD ISO 5628:2012(E)

Paper and board — Determination of bending stiffness — General
principles for two-point, three-point and four-point methods

1 Scope

This International Standard specifies three test methods for determining the bending stiffness of paper and
paperboard. The test methods differ in the type of loading mode, thus giving rise to the two-point, three-point
and fqur-point bending test methods.

For pgper and paperboard in a low thickness range, the two-point bending method and the,three{point bending
methqd are suitable.

For cqrrugated fibreboard and board with a higher thickness, the four-point bending method is r¢commended.

The mpeasurement conditions are defined in such a way that the test piece is-hot subjected to any significant
permanent deformation during the test, nor is the range of validity of the eguations for calculating the bending
stiffngss exceeded.

In thepe bending tests, the test pieces of paper and board are regarded as “beams” as defined by the science
of the|strength of materials, see Reference [1].

2 ormative references

The fpllowing referenced documents are indispensable for the application of this documept. For dated
referepces, only the edition cited applies. For undated references, the latest edition of the referen¢ed document
(inclugling any amendments) applies.

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

ISO 187, Paper, board and pulps -+_Standard atmosphere for conditioning and testing and procedure for
monitpring the atmosphere and conditioning of samples

ISO 5B4, Paper and board —— Détermination of thickness, density and specific volume

ISO 334, Corrugated fibreboard — Determination of single sheet thickness

3 Terms and\definitions
For the purpases of this document, the following terms and definitions apply.

31
bending stiffness

Sb

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

NOTE 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 following symbols are used for the equations in this International Standard.

© 1S0O 2012 — All rights reserved 1
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5 Theory

For a beam o
of the paper o
of elasticity, H
as shown in B

E-1
L

From a testin
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b) Applying

Internatia
methods

Table 1 — Symbols and units

Symbol Unit Meaning

b mm test piece width in the direction of the bending axis
E MPa (N/mm2) | modulus of elasticity
I mm linear deflection
F N force

Jfmax mm maximum linear deflection
I mm# second moment of inertia
[ mm bending length
I mm distance in the four-point method
Ip mm bending length in the four-point method
Sb N-mm bending stiffness
t mm test piece thickness
a ° (degree) bending angle

Omax ° (degree) maximum bending angle
g % (mm/mm) | strain

&max % (mm/mm) maximum strain

quation (1):

a homogeneous material, with equal thickness and a constant modulus of elasticity in the|plane
I board, the bending stiffness Sy, (per unit width.#y may be derived from the product of the modulus
, and the second moment of inertia, 7, of the test piece, divided by the width, 5, of the test| piece

™

h point of view, the bending\stiffness, Sy, may be evaluated in three principally different walys:

maximum slope of the cufve achieved from recording force versus linear deflection (F/f), of force
versus amgular deflection (F/g)) see Figure 1121, The rate of testing shall be reported.

a linear deflection or angular deflection and recording the force after a specified timel2). This
nal Standard.gives suggestions for maximum allowable deflections for the various beam-bgnding
The timg of*application shall be reported.

c) Applying| a force and recording the linear deflection or angular deflection after a specifieq time
(Referenges{2], [3], [5]). This International Standard gives suggestions for maximum allowable deflections
for the varfous beam-bending methods. The time of application shall be reported:

NOTE Suggestions for allowable deflections only apply to principles b) and c).

2
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Two-point bending method

vo-point method is suitable for paper and low-thickness board. For corrugated board,
d is not recommendeéd:

bnding accordingyto the two-point bending method can be performed in two ways.

ire 2, the beam-shaped test piece is clamped at one end and subjected to a force, F, acting
surface\of the test piece at the start of the test, at a bending length, /, from the clan
tion, f>of the test piece is the shift in the point of application of the force in the direction in

re 1 — Schematic curve of force versus lineardeflection or force versus angular defflection of a

the two-point

perpendicular
p. The linear
which it acts.

In Fig

ire 3, the beam-shaped test piece is clamped at one end in a clamp that rotates and is {

ubjected to a

force, F, acting perpendicular to the surface of the test piece at the start of the test, at a bending length, /, 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 ngwtons)

f linear deflgction (in millimetres)
! bending lepgth (in millimetres)

Key

F  force (in newtons)

! bending length (in millimetres)
o bending angle (in degrees)

Fi 2 — Two-point method
'gure o-point metho Figure 3 — Two-point method

6.2 Three-spoint bending method

The three-point method is suitable for paper and low-thickness board. Fob corrugated board, the threg-point
method is noffrecommended.

NOTE 1 Itig possible to use the three-point bending method for corrugated board, if very long test pieces are usgd. The
test method is ot suitable for test pieces of recommended dimensions<tsed for paper and board, due to the sheaf strain
of the corrugated board[2]l. The suitable dimensions depend on the miaterial to be tested and no absolute values fan be
stated in this Infternational Standard.

The beam-shiaped test piece is supported close to each end and is subjected to a force, 2F, in the gentre
perpendiculal to the test-piece surface at the start ofithe test, see Figure 4.

2F

Key
F  force (in ngwtons)

f linear defldction (in_millimetres)
[ bending lepgth(inmillimetres)

Figure 4 — Three-point method
The distance between the two supporting anvils is now twice the bending length, /. The linear deflection, f, is
the shift in the point of application of the force in the direction in which it acts.
NOTE 2  The definitions of the force and bending length in the three-point test make the three-point test equal to two

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

4 © 1S0 2012 — All rights reserved
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6.3 Calculation of bending stiffness using the two-point and three-point methods

6.3.1

Bending stiffness determination

If the linear deflection, f, and the force F are measured during the bending test, the bending stiffness, Sy, is
calculated according to Equation (2):

b

P
f 3b

()

If the bending angle, a, and force F are measured during the bending test, the bending stiffness, Sp, is calculated

accor

Sy

6.3.2

ltis a
strain
ratio g
result
board

In this
width

6.3.3

ing to Equation (3):

60
x

T

F 12
a b
Geometrical requirement

ssumed in Equations (2) and (3) that the bending occurs with negligible”influence of inter-

f the thickness to the bending length. In order to minimize the impact of inter-laminar shea
the length / shall not be less than approximately 40 times the‘thickness of the test piece
see Reference [2].

International Standard, no particular requirement is stipulated for the width of the test piece.
has to be selected by the user and be suited for a particular testing equipment. The width shg

Allowable deflections and angles

The test piece shall not suffer any significant permanent deformation during the bending test.

there
these

Expern
layers

When
accor

Jr

I

are requirements for the maximum défléction according to the beam-bending theoryl2l. T
requirements, Equations (4) to (7)(apply.

ence has shown that the in-plane strain, ¢, should not exceed approximately 0,2 % (&ma
of the test piece, see Reference [1].

linear deflections aré_recorded, Equations (4) and (5) apply. The deflection f shall no
jing to either Equation’ (4) or Equation (5), whichever gives the lowest value.

2
2 ¢ !
L tmax(t

3 t

nax

o = 0:432/

(3)

aminar shear

This strain depends theoretically on the ratio of inter-laminar sheat _stiffness to tensile stiffness and the

I strain on the
for paper and

The choice of
Il be reported.

Furthermore,
b comply with

) in the outer

exceed fmax

4)

()

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

Omax =

120 emax !
100 ¢

Qmax = 1,9°

NOTE

(6)

(7)

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.
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6.4 Four-point bending method

6.4.1

Geometry

The four-point method is suitable for corrugated board and thick board (References [1], [3], [4], [5]).

The test piece is subjected to forces according to Figure 5. The outer forces act close to each end of the test piece.

Key
force (in n4g
linear deflg
I1
l2

distance in

The distance,
of the neighb

The bending
inner anvils.

The linear de
of action of th

6.4.2 Calcu

The bending

o F
A

!
g

wtons)
ction (in millimetres)
the four-point method (in millimetres)

bending length in the four-point method (in millimetres)

Figure 5 — Four-pointimethod

/1, is the measured distance between one.of the outer supporting anvils and the point of appli
buring force, F.

ength, o, is the distance between_the points of application of the two inner forces and tH

flection, £, is the displacement of the point midway between the two inner forces in the dir
ese forces.

ation of bending stiffness

stiffness, Sp, of the test piece is calculated according to Equation (8).

cation

e two

ection

6.4.3 Measurement conditions

The test pieces shall not suffer any significant permanent deformation during the bending test.

Experience has shown that the strain, &, in the outer layers of the test piece should not exceed 0,05 % (&max)
for corrugated board and 0,2 % (emax) for board, see Reference [1].

To comply with this requirement, care is required to ensure that the linear deflection, f, does not exceed the limit
values fmax, calculated according to Equation (9) (References [1], [2]).

1

Smax :Z

2
Emax 12

100 ¢

X

(9)

© 1SO 2012 — All rights reserved
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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.

6.4.4 Geometrical and practical considerations

Suitable lengths and widths shall be selected. The lengths depend on the material to be tested and no absolute
values can be stated in this International Standard.

Experience has shown that /1 and /2 shall be chosen as large as possible. As a rule of thumb, /1 shall be equal
to or larger than /».

In this International Standard, 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 shdll be reported.

The test equipment shall be constructed in such a way that small warp, twist or curl of,\the board does not
interfgre with the results.

Table 2 — Recommended lengths, I, for corrugated board!'!

Thickness Iz
mm mm
<3 15Q
3-15 200
>15 300

Table 3 — Recommended lengths, I, for paper and board!']

Thickness o
mm mm
<0,3 10

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

NOTE[1 In the four-point method, the result of measurement is not influenced by inter-laminar shear strain.
NOTE|2  The bendinglength is usually dictated by the measuring instrument that is employed.

NOTE|3  Recommendations for suitable lengths, /1 and /2, are given in References [1], [3], [4], [5].

7 A1pparatus

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, use 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 Measuring device, making it possible to measure force, deflection or angle to within 2,5 % of the
maximum value used to obtain the bending stiffness.

7.3 Supporting anvils, designed and constructed in such a way that theirimpact on the result of measurement
is negligible.

© 1S0O 2012 — All rights reserved 7
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8 Sampling and preparation of test pieces

8.1 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 made on another type of sample, make sure that the specimens taken are representative of the
sample received.

8.2 Conditioning

Unless otherwise specified, condition the specimens in accordance with ISO 187 and keep them in the
conditioning gtmosphere throughout the test.

8.3 Preparnation of test pieces

From specim
the recomme
folds and wrir]
the test piece
pieces shall b
to be made in

Define one si

9 Proced

Prior to testin
ISO 3034 (for

NOTE Bu
in the calculati

Test one test

pieces to obtain at least five tests with thettest piece deflected towards the upper side and five with th

piece deflectd

The test piec|
versus deflec]
reason, bend
sets of valueg

Attention sho

ns of undamaged paper and board, cut test pieces with a desired width and length accorg
dations given in 6.3.2 and 6.4.4. Avoid touching the test piece with bare hands/Avoid waterr
kles. Ensure that the test pieces are representative of the sample to betested. The long ed

ing to
narks,
ges of

5 shall be straight, and parallel to within +1 % of the width over the totahctamping length. T
e cleanly cut and undamaged. Cut a sufficient number of test piecés to enable at least te
each direction of interest (machine direction, cross direction).

e of the specimens as the upper side.

Lire

corrugated board).

king thickness and single sheet thickness gite different results. Consequently, this will result in a diffi
n of the allowable deflection or bending angle.

piece according to the requirements of the type of test being conducted. Test the remainir

d towards the lower side;

s shall be as flat as'\possible. Even slight pre-curvatures in the test pieces may cause
lion or force versus.angle, when bending towards the upper and lower sides, to differ. F
ng towards both~the upper and the lower side shall be performed and the results from tk
averaged.

Lld be paid.to ensuring that the conditions cited are fulfilled.

10 Evaluation and calculation

]

e test
tests

j, determine the thickness of the test pieces in accordance with ISO 534 (for paper and board) or

erence

g test
e test

force
Dr this
e two

If a force/deflection or a force/bending angle curve is plotted during the test, the bending stiffness is evaluated
from the linear portion of the curve according to the method used. The numerical values obtained for all test
pieces for bending stiffness are then averaged.

Alternatively, bending stiffness is calculated from the recommended maximum deflection and the force acting
at that deflection or the maximum force and the deflection at that force. The numerical values obtained for all
test pieces for bending stiffness are then averaged.

For each principal direction of interest, use the appropriate equation for the relevant bending method to calculate
the bending stiffness. Report the bending stiffness with three significant figures.
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