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INTERNATIONAL STANDARD

1SO 2493-1973 (E)

Paper and board — Determination of stiffness — Static

bending method

0 INTRODUCTION

There are a number of different methods of measuring
stiffness of paper and board using static bending. Of these,
the most Wwidely used one is that described in this

Internationdl Standard, although some other methods may
be equall] satisfactory. The publication of this
Internationdl Standard does not preclude the publication of

other recommended methods of measuring stiffness based
either on stgtic bending or on alternative principles.

1 SCOPE AND FIELD OF APPLICATION

This Interrjational Standard specifies a static bending
method for Hetermining the stiffness of paper and board.

This Interngtional Standard applies to the measurement of
the stiffnesy of paper and board, most commonly within
the range 20 to 10 000 mN {corresponding to a range of
grammage ¢f approximately 150 to 1 500 g/m?) but, of
some instryments, down to about 2 mN (approximately
60 g/m?2 grgmmage}.. The method may also be applied to
some stiffer|materials.

The method does not apply to corrugated boards but may
be applied tp the components of such boards.

2 REFERENCES

ISO/R 186,| Method of sampling paper and board for
testing. .
ISO/R 187,| Method for' the conditioning of paper and

board test sgmples.

3.2 bending force : The force in newtons
deflect a rectangular test piece, clamped
through a bending angle of 15° when\the fo
near to the free end of the test piece, ‘normal
which includes the near edge of the test pie
the point or line of application of the force.

3.3 bending length : The-constant radial dist
the clamp and the pesition on the test piece

force is applied.

3.4 bending angle : The angle between the i

necessary to
at one end,
ce is applied
to the plane
te clamp and

ince between
at which the

itial ptane of

the test, piece and the plane passing througl; the line of

clamping“and the line of application of force
the test:

35 free length : The initial length of the t4
projects from the clamps.

4 PRINCIPLE

Measurement of the force required to bend
clamped at one end through a given angle;
applied at a constant distance from the line of

5 APPARATUS

Any system may be used that is capable of
test piece to measure the bending force as def
a degree of precision in accordance with the
for instrument accuracy.

t the end of

st piece that

a test piece
the force is
clamping.

bcting on the
ned in 3.2 to
specification

its full width

The clamp should grip the test piece across

3 DEFINITTONS

For the purpose of this International Standard the

following definitions apply :

3.1 stiffness : The degree of resistance offered by paper or
board when it is bent under the conditions specified in this
International Standard. This is measured as the bending
force.

NOTE — Certain instruments give readings in terms of bending
moment (see section 11).

and along its length for a distance of not less than 12,7 mm
when test pieces are inserted. The test piece should not be
restrained at the free end except by the friction imposed by
the surface of the free end of the test piece on the
indicating or recording mechanism.

The nominal bending length is 50 mm. This bending length
allows the use of several types of instrument that have been
found satisfactory ' . For the most accurate work, however,
the results shall be corrected for differences in the nominal
bending length (see sections 6 and 11).

1} These include the Taber stiffness tester, the Kenley stiffness tester and the Lorentzen and Wettres stiffness tester No. 188.
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The instrument employed shall comply with the following
requirements, within the given limits of accuracy :

— bending a

ngle 15+ 0,1° (or 7,5 *+ 0,1°);

— bending length 50:L (2)? mm;

— test piece

width 38 £ 0,2 mm;

— rate of bending such that a bending angle of 15° is
reached in not less than 3 s and not more than 20 s. It is
essential that bending during the test is continuous and

the rate of

bending should be reasonably constant;

Insert the test piece in the clamp in such a manner that the
length that projects from the clamp (the free length) is
57 + 3 mm and the test piece is correctly aligned.

The standard bending angle is 15°. For many materials such
as wax laminated boards and boards thicker than about
0,5 mm the standard bending angle of 15° is excessively
high and leads to ‘‘creep” or to cracking of the materiai
during test. Consequently tests may also be carried out
using a bending angle of 7,5°, results so obtained being
multiplied by 2 to give the stiffness as defined. Such results
are normally higher than results obtained using a bending

— scale readings accurate to * 2 % on the appropriate

range.

Equipment for the cutting of the test piece to the required

accuracy is also
template, a guill

6 CALIBRATI

The instrument

required. This may consist of a knife and
btine or a punch.

DN

shall be calibrated and the accuracy of the

apparatus checked at regular intervals. The method of

calibration depe
calibration usi
recommended,

may be used for

7 SAMPLING

hds on the type of instrument. An absolute
g weights to measure the force is
ut in certain cases spring steel test pieces
checking of calibration and accuracy.

Select units ang sheets and take specimens according te

ISO/R 186.

8 CONDITIOI\ING
s

The samples
1ISO/R 187, and
carried out in th|

all be conditioned in acCordance with
sample preparation and\ testing shall be
e conditioning atmosphere’specified.

9 PREPARATION OF TEST PIECES

Cut test pieces
wide by 755

of the foliowing dimensions : 38 £ 0,2 mm
mm long->A minimum number of ten test

pieces is requirgd in-each test direction (twenty if tests to

one side only ar

e possible, see section 10).

angle of 15°. Where this procedure is carried_put, the
bending angle used shall be clearly stated in the tegt report.

Deflect each test piece through an angle.of 15° {or] 7.5°) to
one side of the unstressed position and-then imnpediately
return the test piece through the zero«position angl defiect
it through an angle of 15° (or 7,5°) ito the other sigle of the
unstressed position. In each direction take the rdading as
soon as the 15° (or 7,5 )\deflection has been [reached.
Should the instrument beso designed that deflpction is
possible to one side dnly of the unstressed position, then
equal numbers of test pieces with opposing [surfaces
towards the direction of deflection should be tepted. No
test piece shall'\be re-used after it has been remoyed from
the instrument clamp.

When each test piece is deflected to both sidep of the
unstressed position, ten test pieces and twenty reatiings are
required. For instruments in which each test |piece is
deflected to only one side of the unstressed positiop twenty
test pieces. and twenty readings are required. Where a
distinct partial fracture or considerable pdrmanent
deformation of the test piece occurs during a fest, the
results of this test shall be ignored.
NOTE — When adjustment of the instrument will not cqmpensate
for test piece curl and there are no flat samples available it may still
sometimes be necessary to obtain a stiffness test result eyen at the
cost of reduced accuracy. In such cases draw the sample ggntly over
a smooth edge, applied to the outside of the curvpd sheet,
preferably prior to cutting and conditioning the test pieces. This
operation can, however, result in a serious loss of stiffnesf and, if it
is necessary, it should be clearly stated in the test report.

11 CALCULATION AND EXPRESSION OF RESULTS

Calculate the arithmetic mean of the twenty readings and

express the stiffness in newtons to three significank figures.

There shall be no folds, creases, visible cracks or other
defects on the area to be tested and the test piece shall not
include any part of the sample that is less than 15 mm from
the edge of the sheet or reel. |f watermarks are present, this
should be stated in the test report.

NOTE — When testing the machine direction or cross direction

stiffness of the paper, the appropriate direction is perpendicular to
the width of the test piece.

10 PROCEDURE

Carry out the operations involved in the measurement of
stiffness of each test piece in the manner recommended for
the type of instrument in use.

2

For instruments giving readings of stiffness in grams-force
the result may be expressed as stiffness in newtons by
multiplying the reading in grams-force by 9,81 X 1073,

For instruments giving readings as values of bending
moment in gram-force centimetres (sometimes called
“units’”’ or “Taber units’’) the result may be expressed as
stiffness in newtons by multiplying the units figure by
9,81 x 103 and dividing by the bending length in
centimetres. This is normally 51,8 mm on such instruments.

For the most accurate work the effect of the precise
bending length used on the stiffness shall be taken into
account. Over the narrow range of bending lengths
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permitted {60 to 52,56 mm) the bending force (F) is
inversely proportional to the square of the bending length
(L):

,,
il
N

Consequently, where L is the bending length in millimetres,

2
Stiffness =

x measured bending force

ISO 2493-1973 (E)

results being given separately for machine direction and
cross direction tests :

a) reference to this International Standard;

b) the date and place of testing;

c) description and identification of the material tested;
d) the type of instrument used;

e} the direction of the test;

Z OUU

When the force or bending moment is determined using a
bending angle of 7.5° the results obtained should be
multiplied by 2 to give the stiffness as defined.

12 TEST REPORT

The test report shall include the following particulars,

f}—the—number—of—replicate—tests—carried out if other

than ten (or twenty);

g) the mean stiffness in millinewtons dr newtons to
three significant figures. The coefficient ¢f variation or
the 95 % confidence limits may)also be givien if required;

h) the bending angle used if other than 1§°;

i} any deviations from this International |[Standard, and
details of any features that are optional.
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