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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.
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sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting. Publication "as
| Standard requires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this document may be the-subject of ps
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/ was prepared by Technical Committee ISO/TC 6, Paper, board and pulps.

i edition cancels and replaces the first edition (ISO 11093-7:1997), ‘which has been techni
p following amendments have been made compared with ISO 1109337:1997:

lion to editorial rules for International Standards;

bffect of transverse frame on deflection is so low with usual reel core measurements that it ca
ed given the usual variation in materials, the Timoshgnko factor has been deleted along with

consists of the following parts, under the generaltitle Paper and board — Testing of cores:
Sampling

Conditioning of test samples

Determination of moisture content using the oven drying method

Measurement of dimensions

Determination of characteristics of concentric rotation

Determination oftbending strength by the three-point method

Determination of flexural modulus by the three-point method

Determiration of natural frequency and flexural modulus by experimental modal analysis

Determination of flat crush resistance
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Part 7:
Determination of flexural modulus by the three-point method
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Scope

part of ISO 11093 specifies a method for the determination, by the three-point methad, of
ulus of cylindrical paper and board cores which meet the following criteria:

internal diameter: 50 mm to 350 mm;
minimum wall thickness: 0,05 x internal diameter, but not less than 10,0 mm;

minimum length of core: 10 x internal diameter, but not less than 1 000-mm.
e flexural modulus has to be used for the calculation of a papef.core’s natural frequency, 1SC
ies instead of this International Standard.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the reference
uding any amendments) applies.

11093-1, Paper and board — Testing of.cores — Part 1: Sampling

11093-3, Paper and board — Testing of cores — Part 3: Determination of moisture content us
hg method

Terms and definitions

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

ural modulus

brial, property which, together with core dimensions, describes the resistance of the core tg
Hingdeflection

the flexural

11093-812]

For dated

d document

ng the oven

traction or
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Principle

In order to determine the flexural modulus, a static bending test is conducted on the test piece. The test piece
is considered as a “beam” and the classic beam theory for the deflection of “slender beams” is applied. 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 equation, used for calculation.

The

flexural modulus is calculated as described in Clause 8.
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5 Apparatus

5.1 Test-

piece support

The test piece is supported at each end by two rolls arranged like a vee, referred to as the lower bearings (see
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 lateral surface area of the rolls. At an
angle of 120°, the theoretical minimum value of 4 is half the outer diameter D of the core.

Dimensions in millimetres

b>D/2

5.2 Measuring device
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The changg
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Figure 1 — Schematic drawihg of the bearings

ring device consists of two rolls atranged like a vee, referred to as the upper bearings, a sup
h the upper bearings are mountéd, and a displacement gauge. The lower and upper bearingg
th mirror-image symmetry. The'measuring device is placed on the test piece.

in deflection fof the test piece is measured in the direction of the applied force using a displacen
Figure 2).

-testing machine.iS/used to apply the load (see 5.3), it may also be used to measure the defleg
iece. It shall be accurate to £0,01 mm.

ces of thé distances and the force £ are defined in Clause 7.
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Dimensions in millimetres

L/2

L/2

Lo/2

Ly/2

L=Lg- 300

Key
ower bearing

Lpper bearing

est piece

support bar

dial gauge

oad (force)

ength of test piege; length of paper core
Centre-to-centre‘distance of the lower bearings
Centre-to-gentre distance of the upper bearings
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Figure 2 — Schematic drawing of the measuring set-up

5.3 Load

The magnitude of the load to be used in the test can be estimated using Equation (2). The load F is applied to
the test piece by a belt loaded with hanging weights. The width of the belt shall be approximately 50 mm (see
Figure 3). The belt shall have an opening to allow the shaft of the displacement gauge to rest on the test piece.
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Figure 3 — Schematic drawing’of the loading system

Alternatively, the load can be applied by a testing machine capable of applying the load using a displacement
rate of (10 4 0,1) mm/min and measuring the loadté an accuracy of +0,1 N.

6 Test giece

6.1 Sampling

Samples sHall be taken in aceordance with ISO 11093-1.

6.2 Test{piece size

Prepare at |east five test pieces such that their lengths L, are 10 times the internal diameter of the papgr or
board core |If the calculated length is less than 1 000 mm, the test piece length shall be (1 000 + 2) mm.

6.3 Conditioning

In practice, the test piece shall be dried such that the moisture content measured in accordance with ISO 11093-3
shall be equal to that specified for the lot.

7 Procedure

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

The core’s outer and inner diameter, D and d respectively, shall be determined with an accuracy of £0,1 mm.

4 © 1SO 2011 — All rights reserved
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The length of the test piece L shall be determined with an accuracy of 1 mm. The test piece shall be centred
on the lower bearings with a tolerance of £2 mm.

Position the lower bearings such that their centre-to-centre distance L is 300 mm less than the length of the
test piece Ly and the upper bearings such that their centre-to-centre distance / is 600 mm less than the length
of the test piece, each with an accuracy of +2 mm.

The centres of the lower and upper bearings, and the positions of the displacement gauge and the application
of force in the direction of the test piece’s axis shall be centred with respect to the centre of the test piece to
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displacement gauge is positioned centrally on the test piece. The displacement gauge is verticg
support bar. The deflection is measured on the upper side of the test piece.

Application of loading

ly the load F by hanging an appropriate weight on the belt which is placed at the midpoint of the
th L of the test piece (see Figure 3). The hanging weight shall be appligd.slowly.

rnatively, the loading can be applied in a material-testing machine. Fhe loading rate (rate of ad
0 mm/min.

load shall be such that the deflection f'is between 0,20 mm*and 0,70 mm (see Clause 9).

Determination

e |oad is applied by a hanging weight, within 2 s after application of the loading, the deflection
Hdisplacement gauge shall be read. If the load:i§’applied by a material-testing machine, determ

reqlired to produce a deflection /' between 0,20 mm and 0,70 mm. By applying the values F, L, ]

use

Req

8

The
the

whe

H in Equation (1), the flexural modulus for‘each test piece shall be calculated.

eat 7.2 to 7.4 for additional test pieces.

Calculation of the flexural modulus

flexural modulus E, or¥oung’s modulus, is calculated according to Equation (1), which is dev
bending theory for slender beams.

 2F1%(3L1)
_31tf(D4 =a*)
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F2) is the applied transversal load on the test piece, expressed in newtons; the load shall be

in such a way that the deflection f'lies between 0,20 mm and 0,70 mm;
L is the centre-to-centre distance of the lower bearings, expressed in millimetres;

[ is the centre-to-centre distance of the upper bearings, expressed in millimetres;

1 is the difference, expressed in millimetres, between the loaded and unloaded deflection measured in

the direction of the applied load;
D is the external diameter of the core, expressed in millimetres;

is the internal diameter of the core, expressed in millimetres.
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