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mination of flexural modulus by the three-point method

De
of 1ISO 11093 specifies a method for the determination of the flexuralCmodulus of cylindrica
es, which meet the following criteria:
al diameter: 50 mm to 350 mm;
hum wall thickness: 0,02 x internal diameter or not less than 2,0 mm;
num length of core: 8 x internal diameter or not less than 1000 mm.
For the determination of the natural frequency and“flexural modulus by experimental modal 8

B-8.

native references

ving standards contains provisions which, through reference in this text, constitute provisions o
3. At the time of publication; the editions indicated were valid. All standards are subject to r
agreements based on this,part of ISO 11093 are encouraged to investigate the possibility of

bnt editions of the standards indicated below. Members of IEC and ISO maintain registers of cu
nal Standards.

3-1:1994, Papér and board — Testing of cores — Part 1: Sampling.

3-2:1994; Raper and board — Testing of cores — Part 2: Conditioning of test samples.

3-3:11994, Paper and board — Testing of cores — Part 3: Determination of moisture conte

oven dry

paper and

nalysis, see

f this part of
bvision, and
hpplying the
rrently valid

ht using the

ng-method.

ISO 11093-8:1997, Paper and board — Testing of cores — Part 8: Determination of natural frequency and flexural

modulus

by experimental modal analysis.

3 Definition

For the p

3.1 flexural modulus,

urposes of this part of ISO 11093, the following definition applies.

core to bending deflection.

E: Material property which, together with core dimensions, describes the resistance of the


https://standardsiso.com/api/?name=ae35df16b81957217e8fd2b84e976d63

ISO 11093-7:1997(E) ©1S0

4  Principle

In the bending test, the test piece is considered a “beam” and Timoshenko's beam theory is applied in evaluating
bending deflections. In this theory, the influence of shear deformations on deflections is also included. During the
test, the test piece is supported at its ends and loaded transversally by a load applied by a hanging weight. Special
measures are undertaken to avoid permanent deformation of the test piece and to ensure the validity of the
calculation formulae. The flexural modulus is calculated as described in clause 8.

5 Apparatus

5.1 Test-piece support

The test pigce is supported at each end by an arrangement of two-roller support prisms as shown“in figure 1. The
angle between the two rolls shall be (120 = 2)°. The diameter (&) of the rolls shall be (30 = 1) mm. The[width (b)
shall be large enough to allow the test piece to rest on the cylindrical surfaces of the rolls.

Figure 1 — Schematic drawing of the supports
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5.2 Measuring device

The deflection change f of the test piece is measured in the direction of the applied force with a measuring feeler
supported on the top of the test piece (see figure 2). The measuring feeler shall have a 0,01 mm resolution. The
measuring device has two support prisms, a support bar and a measuring feeler. The prisms are the same shape
as the test-piece support prisms. The distance between the prisms should be easily adjustable.

Key

1 Support bar

24, Support prism

3. Test piece

4 Measuring feeler

5 Two-roller support prism

L, | and F are defined in clause 8

Figure 2 — Schematic drawing of the measuring device
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5.3 Load

The magnitude of the load to be used in the test depends on the measuring length | and is calculated using formula
(5). The load is applied to the test piece loaded by hanging weights. The width of the belt shall be approximately
50 mm (see figure 3).

Figure 3 £ Schematic drawing of the loading system

6 Test plece

6.1 Sampling

Samples shall be taken in accordance with ISO 11093-1.

6.2 Test-piece-size

The minimum length of the test piece shall be 8 times the internal diameter of the core and not less than 1000 mm.

6.3 Conditioning

The test piece shall be conditioned in accordance with ISO 11093-2. Measure the moisture content of the test piece
in accordance with ISO 11093-3.

In practice, the test piece shall be conditioned and dried so that the moisture content shall be equal to that specified
for the lot.
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7 Procedure

7.1 Ge

neral

Carry out the test under the same atmospheric conditions as those used to condition the test piece.

7.2 Positioning of supports and test piece

Position the two-roller support prisms symmetrically with respect to the applied load F, so that the distance between
their midpoints is (300 £ 2) mm less than the total length of the test piece.

The dist
of £ 2 mn

Place thq
Position

Position
total leng

The dista

shall be gefined to an accuracy of £ 2 mm.

7.3 Po

Mount th

test piece, to within = 2 mm, so that the transverse deflection.is\measured from the upper surface of the

7.4 Ap
Apply the
length I d
7.5 De

Within 2
for f and

8 Cald

The flexu
formula
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test piece centrally on the supports to within =5 mm.
Eupport prisms of the measuring device symmetrically with respect to the applied Joad F.

he inside faces of these support prisms so that the distance between them,is\(600 + 2) mm le
th of the test piece.

nce between the midpoints of the support prisms of the measuring, device is the measuring

Sitioning of the measuring feeler

b measuring feeler vertically on the support bar and placeit at the midpoint of the measuring le

plication of loading

b load by hanging an appropriate weight.en the belt which is placed at the midpoint of thg
f the test piece (see figure 3).

ermination

5 after the load has been applied, read the deflection recorded by the measuring feeler. The va
the applied load F are substituted in formula (1) to calculate the flexural modulus for each test p

ulation of theflexural modulus

ral modulus'E, or Young's modulus in bending, is calculated, in newtons per square millimetr

n accuracy

ss than the

ength | and

ngth | of the

lest piece.

measuring

ue obtained
ece.

B, using the

where
F
|
|

f

FE(1+Co +C,)
48f

is the applied transversal load, in newtons;

(1)

is the distance between the centres of the support prisms of the measuring device, in millimetres;

is the second moment of area of the core cross-section, in millimetres to the power four;

is the difference in deflection between the loaded and unloaded condition measured in the direction of the

applied load, in millimetres;
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Ce is adimensionless coefficient which takes into account the difference in span length;

Cs is a dimensionless shear coefficient which takes into account the influence of shear deformation on
bending deflection.

| is calculated according to the formula

|=6£4(D4—d4) 2
where

D ig the outer diameter of the core, in millimetres;

d ig the internal diameter of the core, in millimetres.

The coefficient Cg is calculated using the formula
ce=15§|5—1§ )
where L is the distance between the centres of the two-roller support prisms,in millimetres.

The coefficient Cg is calculated using the formula

155 (D4 + d4) + 7250202

® |2(D2 * d2)
9 Conditions of measurements
The required load F can be calculated approximately, in newtons, using the formula
D
F = _3—4 (Eass U . (5)
191+ Ce +G)

where

Eass is\an assumed value for the flexural modulus, in newtons per square millimetre;

I, 1, Cdand Cq are defined after formula (1).

NOTE — The-deflection of the core should be 0,2 mm to 0,7 mm.

10 Testreport

The test report shall include the following particulars:
a) reference to this part of ISO 11093;

b) type and designation of the cores tested;

c) place and date of sampling;

d) place and date of testing;
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