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Introduction

Bending stiffness is regarded as an important propepry. a
board, and a large number of test methods have been usg
termination. This is a result, in part at least, of the wide rar
obtained. For papers and board in a grammagetrange a
500 g/m2, bending stiffness might vary by a, factor of ove
wide variation is reflected in the design of instruments inte
measurement of this property.

A second factor to be taken into account is that, in ge
bending stiffness (as defined here) cah only be determineg
racy within certain limitations with<regard to the degree of

f paper and
bd for its de-
ge of values
f 50 g/m? to
r 1000. This
nded for the

heral terms,
d with accu-
deformation

imposed upon the test piece. These limitations depend, in ¢ffect, on the

dimensions of the test pieceland on the test method used.

This International Standard is intended to enable the bend
{as defined here) to pe-measured and described in a co
despite the variatiops ih material type and instrument desi
found that many eommercially available instruments can

ing stiffness
sistent way
gn. It will be
be regarded

as giving results\in accordance with this International Standard for only

part of the range of bending stiffness, or for only some of th

for which.they were originally designed. It is intended, th
this International Standard will be used as the basis for p

tailed( methods for determining bending stiffness, using p

struments.

Attention is drawn to 1SO 5629:1983, Paper and board — D
of bending stiffness — Resonance method, which deals wit
(resonance) method of bending stifiness measurement.

e materials,
brefore, that
reparing de-
articular in-

etermination
h a dynamic

jii
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INTERNATIONAL STANDARD

ISO 5628:1990(E)

Paper and board — Determination of bending stiffness by
static methods — General principles

1 Scope

bending stiffness, R: The moment of the resistance,

This Interphational Standard specifies the general
principles [to be observed in the preparation of test
methods for determining the bending stiffness of all
types of ppper and board using static methods, by
applying line loading to which the mass of the test
piece makes negligible contribution.

2 Normative references

per unit width, that a papef_or board o
ing within the limits of-elastic deforma
defined mathematically-as

ffers to bend-
ion. It can be

The following standards contain provisions which,
through reference in this text, constitute provisions

of this Inte
cation, thqg
dards arq

rnational Standard. At the time of public
editions indicated were valid. All stan:
subject to revision, and partig€s" to

agreemenis based on this International Standard
are encoufaged to investigate the possijbility of ap-

plying the
dicated bsg

most recent editions of the«standards in-
low. Members of IEC and )SO maintain

registers df currently valid International Standards.

ISO 186:19B5, Paper and board’=- Sampling to deter-

mine avera

ge quality.

ISO 187:19f7, Paper and board — Conditioning of

samples.

ISO 534:1988, Paper and board — Determination of

thickness

and, apparent bulk density or apparent

EL
b
where

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

/ is the second moment of grea (moment
of inertia) of the cross-sectional area,
about an axis through the gentre of that
area, in its plane, and perpendicular to
the direction of bending;

b is the width of the cross-sgctional area
considered.

NOTE 1 It is noted that, in the case of multi-ply struc-

tures, this definition lacks precision, but fq
of this International Standard, it is suffic

r the purpose
ent to enable

measurements to be made.

4 Principle

The bending stifiness of a material, Wwhich is pro-
portional to the product of its elastic modulus ([ in
the appropriate direction and its moment of inertia
(1), can, in practice, be more readily dptermined as

sheet dens

ity

ISO 2493:1973, Paper and board — Determination of

stiffness —

Static bending method.

3 Definition

For the purposes of this International Standard, the
following definition applies.

threratiooftheforceperunit-width—applied at right
angles to the test piece to the linear deflection that
results from the application of this force. Three dif-
ferent loading methods can be considered and these
are shown diagrammatically in figure 1 to figure 3.
Two point loading is suitable for light materials and
three point or four point loading is recommended for
heavier materials.

Very flexible paper should be tested with the plane
of the test piece vertical.
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4.1 Two point loading

4.3 Four point loading

The force is applied by movement of the outer pair of supports
relative to the inner pair of supports.

L, is the distance between each outer support and its nearest in-

[aT=Y A TETaYaYaVad)
Lt g y

The force is applied tp the test piece by movement of the deflecting
probe.

L is the test lengtl (bending length), i.e. the distance between
the top of the clamp|and the deflecting probe;

F is the bending forlce applied through the deflecting probe to the
test piece;

d is the deflection and the movement of the deflecting probe;
@ is the arctan (d/1}), i.e. the angular deflection.

Figure 1

4.2 Three point loading

L, is the distance between the two inner supports;
F is the force at each of the supports in a direction norr:Ll to the
undeflected test piece (on most instruments, the force measured
will be 2 F);
d is the deflection of the test piece midway between the inner
supports, measured from the line throughthe contact poin{s of the
inner supports and the test piece¢

Figure 3

5 Apparatus

Any apparatus in accordance with this International
Standard shall meet the following requirements.

NOTE 2 The apparatus may consist of an insfrument
specifically designed to measure bending stiffneds or of
an attachment or cradle used in conjunction with|a suit-
able tensile tester or compression tester.

It should preferably be of a type that permitls con-
tinuous recording of the force-deflection curve.

In some two point loading instruments, the bgnding
angle may be measured rather than the lindar de-
flection of the test piece, or a constant bendipg an-
gle may be used.

In some two point loading instruments, the moment
of force (M = FL) rather than the force (I) is |meas-
ured.

5.1 Bending force measurement

The force is applied by movement of the supports—relative—to—a

probe located centrally between them.
L is the distance between the two supports;

F is the bending force applied at right angles to the test piece and
measured by the probe;

d is the deflection of the test piece midway between the sup-
ports.

Figure 2

The bending force applied shall be measurable to
an accuracy of + 2 % of the reading.

5.2 Deflection measurement

The deflection obtained shall be measurable to an
accuracy of + 2% and shall not include any dis-
tortion of the force applicator.

The deflection indicator, where this is separate from
the force applicator, shall not impart to the test
piece an additional bending force greater than 1%
of the total bending force.
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5.3 Measurement of test lengths

The test lengths L, L4 and I, shall be known to an
accuracy of + 1% or better because this dimension
appears to the third power in calculating the results.

5.4 Deflecting force application rate

The rate of application of the deflecting force (rate
of loading) shall not vary by more than 25 % of its
maximum during a test.

ISO 5628:1990(E)

5.5 Tesf piece clamps

Clamps (two point loading) shall grip the test piece
firmly, byt without excessively compressing it, over
its full width and shall be at right angles to the
length ofthe test piece.

5.6 Tesf piece supports and probes

Supports| and probes should preferably give effec-
tive line gontact with the test piece over its full width
and shal| be at right angles to the test piece. The
area in cpntact with the test piece shall be rounded
off to a |radius that is appreciably less than the
minimum| radius of curvature of the test piece during
a test. In|the case of supports, the radius of curva-
ture of thie contacting surface shall be such that the
test length does not change by more than 1% of the
undeflectpd length of the test piece during a test.

NOTE 3 |With some instruments the deflecting-probe
does not dontact the test piece over its full width:

6 Limitations on use of instruments

Stiffness [measurements should )be made over the
limited rpnge of deflection”for which the load-
extension relationship of-“the material is substan-
tially lindar. In those jinstruments which provide a
plot of applied force, against deflection, the initial
slope of| the curge’ may be used to give the
term I'/d used inztheé calculation of results. When the
test is pefformed either by application of a set force
and measuring deflection or by measuring the force
to produc on,

to exceed the limits of linearity. These limits will
vary from material to material. The following limits
have been evaluated assuming that linearity may be
assumed up to 0,2% strain. The limit on d,, the
maximum allowable deflection, is directly propor-
tional to this value of limiting strain and so may
easily be adjusted for materials where a different
value is known.

a) Two point loading

1,3L%
.

_76L
L

d, = @

b) Three point loading
0,3312
d, = 7
c) Four point loading
0,512
h="7"
where
d, is the maximum allowable deflection, in
millimetres;
L is the test length, in millimetres;
t is the test piece, 'thickngss, in micro-
metres;

is the maximum allowab
flection, in degrees.

D,

e angular de-

Two further limitations need to be considered in the

cases of two point and three point
are

a)

b)

Further

Simple bending theory used in theg
results assumes that the first de
flection by position is zero at all p¢
piece. This is not strictly true and
ing errors to less than 5%, the
tations need to apply:

1) Two point loading
d, $ 0132/, d, % 75°
2) Three point loading

d, $ 00671

The effect of shear in the test pig
date the simple bending theory. 1
due to this effect below 5% for
and three point loading, the b
should be at least 40 times the thi
test piece.

oading. These

calculation of
rivative of de-
bints in the test
to keep ensu-
following limi-

ce may invali-
[0 keep errors
both two point
ending length
Ckness ¢ of the

uidance on limits for defle

ction, rates of

deflection and test piece dimensions will be in-
cluded in the standards for specific tests.

NOTE 4

The origin of the limiting values given above is

contained in the Handbook of physical and mechanical
testing of paper and paperboard, vol.
pp. 323-347, ed. R.E. Mark (Dekker).

7

Sampling

Sample in accordance with ISO 186.

1, chapter 7,
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8 Conditioning

Condition the samples in accordance with ISO 187.

9 Preparation of test pieces

Carry out the test piece preparation in the standard
atmospheric conditions used for conditioning the
sample.

10.2 Two point loading

Select the most appropriate' test length (bending
length) and adjust the instrument accordingly.

Clamp the test piece and adjust the instrument so
that the deflecting probe is just in contact with the
test piece. No bending force should then be present.

10.3 Three point loading

Select the most appropriate test length and adjust

Prepare test pieces in accordance with clause 6
from samples taken at random from those selected.
No creases, obyious flaws, or watermarks shall be
included in the ftest area and test pieces shall not
include any par{ of the sample within 15 mm of the
edge of any shget or roll. If it proves necessary to
include watermarks, this fact shall be noted in the
test report.

Cut test pieces
pieces shall be
undamaged. Ma

bne at a time. The edges of the test
straight, parallel, cleanly cut and
Ik the test pieces to indicate the di-

rection of test afd appropriate surface (see 10.5).

Care should be
damaged durin
handling. Machi
when dimension
least 10 test piec

taken that the test pieces are not
test piece preparation or later
e direction stiffness is measured
L is in the machine direction. At
es should be cut in each direction.

10 Procedure

10.1 General

The procedure used depends to some-extent on the
design of the tesft instrument and eh.whether a con-
tinuous record o¢f force and deflection is obtained
during the test. [Carry out the-tést in the standard

atmosphere at which the sample was conditioned.

Measure the thigkness of the test piece using an in-
strument in accordafnce with ISO 534.

Take care to ensuré-thattherest 3
by curling of the test piece, particularly when the
axis of curvature of the test strip is in the direction
in which the stiffness is to be measured.

NOTE 5 When adjustment of the instrument will not
compensate for test piece curling and there are no flat
samples available it may still sometimes be necessary to
obtain a stiffness test result even at the cost of reduced
accuracy. In such cases, draw the sample gently over a
smooth edge, applied to the outside of the curved sheet,
preferably prior to cutting and conditioning the test
pieces. This operation can, however, result in a loss of
stiffness and, if it has been performed, this should be
clearly stated in the test report.

the instrument accordingly.

Rest the test piece on the supports anhd adjust the
instrument so that the stationary (probe is|just in
contact with the test piece. No benhding force should
then be present.

10.4 Four point loading

Select the most appropriate test length and adjust
the instrument @ccordingly. The application points
are normally @rranged such that 214 and [L,|will be
approximately'equal.

Rest the. 'test piece on the lower pair of slipports
and, where possible, adjust the upper (inn¢r) pair
of . supports to just touch the test piece. No hending
force should then be present.

10.5 All methods

If the instrument has the means to obtain a dontinu-
ous record of force and deflection, carry on the test
until there is a marked divergence from linejarity in
the relationship between these two quantitigs. If no
recording device is available, carry on the tdst until
the required value of force or deflection is obtained
and record the final force and deflection.

Carry out five tests, with each surface of the material
forming the outside of the bend, and record |the re-
sults separately. If the difference between th¢ mean
values for each surface is significant, repprt the

ien iation ch sur-

face separately.

Verify that the limits on deflection and test length
given in clause 6 and the elastic limits have not
been exceeded. For this purpose, the amount of de-
flection shall be the sum of the deflection of the test
piece under its own weight and that induced during
the test.

For the calculation of results, the deflection induced
during the test shall be used.

Carry out the tests with test pieces cut in both prin-
cipal directions of the sample if this is required.
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11 Expression of results

11.1 Force-deflection diagram

If during the test a force-deflection diagram is re-
corded, determine the slope of the straight portion
of the relationship and thus determine F/d, F|/® or
M@, as appropriate.

11.2 Two point loading

11.21 Where the deflection d of the test piece is

ISO 5628:1990(E)

where
14 is the distance, in millimetres, between
the outer support and its nearer inner
support;
Lo is the distance, in millimetres, between
the inner supports.
NOTE 7 Care should be taken to ensure that the value

of force, I, inserted in this equation is as defined in 4.3.
On many instruments, I is one-half the indicated force.

11.5 Values to be used

measure

o AL’
R 7
where

S is the bending stiffness, in millinewton
metres;

F is the bending force, in newtons:

L is the test length (bending length), in
millimetres;

b is the test width, in millimetres;

d is the deflection, in millimetres.

11.2.2 Wlere the angular deflection, @, of the test

piece is cpnstant and known or is measured
o pATL
T ob

where @ i the angular deflection, in degrees.

NOTE 6 For instruments in which the moment of the
force (M) Tout the clamp is measuréd,) I should be cal-
culated fromn

M|

F=-

proper atteption being given-to units.

11.3 Thilee pointloading

=
S=-

Values should be expressed in miefonewton metres
(LN-m), millinewton metres (mN:m), newton metres
(N-m), or kilonewton metres (klN-m), a§ appropriate.

12 Precision
No general statement is possible with|regard to the
precision of thisdest as it will vary with|the particular

type of instrUment used and the pdper or board
tested.

13 Jest report
The test report shall include the followling:
a) reference to this International Stanflard;
b) the date and place of testing;
c) the principle of the method used (|.e. two point,
three point, or four point loading) and, for instru-
ments that are commercially availaple, the name
of the instrument manufacturer and the type of
instrument;
d) the conditioning atmosphere used;
e) the test length (1) and the test piede width used;
f) the deflection obtained during thg test; values

corresponding to each principal direction being
reported separately;

g) the maximum deflection permitted in accordance

11.4 Four point loading

FLL2
. 1Ly
8db

with clause 6;

h) the mean value of the bending stiffness in each
direction tested;

i) the coefficients of variation of the measurements;

j) any divergencies from the specified test method.


https://standardsiso.com/api/?name=e614c985aa149675512d04009530a072

