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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
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Plastics — Determination of flexural properties

1

Scope

11
and s
includg

1.2
flexura
conditi

1.3

th
ad

th

In agrg
compo
with fib

The m
cellula

NOTE
ISO 14

14
machir

from finished or semi-finished products, such as mouldings, laminates, or extruded or cast sheel.

1.5
specini
produg
specim

mi-rigid plastics under defined conditions. A standard test specimen is defined, butp
d for alternative specimen sizes for use where appropriate. A range of test speeds)is‘incl

The method is used to investigate the flexural behaviour of the test specimens and to

strength, flexural modulus and other aspects of the flexural stress/strain relations
bns defined. It applies to a freely supported beam, loaded at midspan (three-point loading

The method is suitable for use with the following range of materials:

brmoplastic moulding, extrusion and casting materials, including filled and reinforced
dition to unfilled types; rigid thermoplastics sheets;

brmosetting moulding materials, including filled and reifforced compounds; thermosetting

This International Standard specifies a method for determining the flexural properties of rligid (see 3.12)

arameters are
ided.

determine the
hip under the
test).

compounds in

sheets.

ement with ISO 10350-1[5] and 1SO 10350-2[¢);-this International Standard applies to
unds with fibre lengths < 7,5 mm prior to pfocessing. For long-fibre-reinforced materi
re lengths > 7,5 mm, see 1SO 1412571,

ethod is not normally suitable for_use’with rigid cellular materials or sandwich structu
material. In such cases, ISO 1209-[3] and/or ISO 1209-2[4] can be used.

For certain types of textile<fibre-reinforced plastic, a four-point bending test is preferred. Thig
25.

The method is performed using specimens which may be either moulded to the specifie

ed from the cenfralksection of a standard multipurpose test specimen (see ISO 20753

The methoed\specifies the preferred dimensions for the test specimen. Tests which are

ens of_different dimensions, or on specimens which are prepared under different g
e results which are not comparable. Other factors, such as the test speed and the con
ens,'can also influence the results.

bre-reinforced
Is (laminates)

res containing

is described in

d dimensions,
) or machined

carried out on
onditions, can
litioning of the

NOTE

Especially for semi-crystalline polymers, the thickness of the oriented skin layer, which is dependent on the
moulding conditions, also affects the flexural properties.

1.6 The method is not suitable for the determination of design parameters but can be used in materials

testing

1.7

and as a quality control test.

For materials exhibiting non-linear stress/strain behaviour, the flexural properties are only nominal. The

equations given have been derived assuming linear elastic behaviour and are valid for deflections of the
specimen that are small compared to its thickness. With the preferred specimen (which measures
80 mm x 10 mm x 4 mm) at the conventional flexural strain of 3,5 % and a span-to-thickness ratio, L/A, of 16,
the deflection is 1,54. Flexural tests are more appropriate for stiff and brittle materials showing small
deflections at break than for very soft and ductile ones.

© 1SO 2010 — All rights reserved
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1.8 Contrary to the previous editions of this International Standard, this edition specifies two methods,
method A and method B. Method A is identical to the method in previous editions of this International
Standard, i.e. it uses a strain rate of 1 %/min throughout the test. Method B uses two different strain rates:
1 %/min for the determination of the flexural modulus and 5 %/min or 50 %/min, depending on the ductility of
the material, for the determination of the remainder of the flexural stress-strain curve.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies

ISO 291, Plastics — Standard atmospheres for conditioning and testing
ISO 293, Plasiics — Compression moulding of test specimens of thermoplastic materials

ISO 294-1:1996, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 1: General
principles, and moulding of multipurpose and bar test specimens

ISO 295, Plasiics — Compression moulding of test specimens of thermosetting,materials
ISO 2602, Stalistical interpretation of test results — Estimation of the mean >—/Confidence interval
ISO 2818, Plagtics — Preparation of test specimens by machining

ISO 7500-1, |Metallic materials — Verification of static* uniaxial testing machines — |Part1:
Tension/complession testing machines — Verification and calibtation of the force-measuring system

ISO 9513, Metallic materials — Calibration of extensometers used in uniaxial testing

ISO 10724-1, Plastics — Injection moulding of test specimens of thermosetting powder moulding compounds
(PMCs) — Pait 1: General principles, and moulding of multipurpose test specimens

ISO 16012, Plastics — Determination of linear dimensions of test specimens
ISO 20753, Plastics — Test specimens

ISO 23529, Rubber — General~procedures for preparing and conditioning test pieces for physidal test
methods

3 Terms and definitions

For the purpoges.oftthis document, the following terms and definitions apply.

31

test speed

\4

rate of relative movement between the specimen supports and the loading edge

NOTE It is expressed in millimetres per minute (mm/min).
3.2

flexural stress

Of

nominal stress at the outer surface of the test specimen at midspan

NOTE It is calculated from the relationship given in 9.1, Equation (5), and is expressed in megapascals (MPa).

2 © 1SO 2010 — All rights reserved
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flexural stress at break

%]
flexura

NOTE

3.4

| stress at break of the test specimen (see Figure 1, curves a and b)

It is expressed in megapascals (MPa).

flexural strength

Ofm

maximum flexural stress sustained by the test specimen during a bending test (see Figure 1, curves a and b)

NOTE

3.5

IT1S expressed in megapascals (MpPa).

flexural stress at conventional deflection

Ofc
flexura

NOTE
3.6
deflec
S
distang
positio
NOTE

3.7
conve

Sc
deflect
NOTE
NOTE

3.8

stress at the conventional deflection, s¢, defined in 3.7 (see also Figure 1, curve c)

It is expressed in megapascals (MPa).

ion

e over which the top or bottom surface of the test specimen at midspan deviates fr
n during flexure

It is expressed in millimetres (mm).

htional deflection
on equal to 1,5 times the thickness; A, of the test specimen
It is expressed in millimetres.(inm).

Using a span, L, of 164} .the conventional deflection corresponds to a flexural strain (see 3.8) o

flexural strain

&

nomingl fractional change in length of an element of the outer surface of the test specimen at m

NOTE

NOTE ?

It.isexpressed as a dimensionless ratio or a percentage (%).

It is calculated in accordance with the relationships given in 9.2, Equations (6) and (7).

bm its original

f 3,5 %.

dspan

© 1SO 2010 — All rights reserved
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Ok

O = OB

Sc = 1,5/7

T

|l A

a ~
b /
C
&m Em & &f
Curve a Specimen that breaks before yielding.
Curve b Specimen that gives a maximum and then breaks before the conventional deflection, sc.
Curve c Sgecimen that neither gives a maximum nor breaks before the.conventional deflection, s¢.

Figure|1 — Typical curves of flexural stress, o;, vefsus flexural strain, g, and deflection, s

3.9
flexural strair] at break

éB
flexural strain @t which the test specimen breaks (see Figure 1, curves a and b)
NOTE It is lexpressed as a dimensionless’ratio or a percentage (%).

3.10
flexural strair at flexural strength

&M
flexural strain at maximum flexural stress (see Figure 1, curves a and b)

NOTE It is lexpressed as a dimensionless ratio or a percentage (%).

3.1
modulus of elasticity in flexure

flexural modulus

£

ratio of the stress difference, o}, — ot4, to the corresponding strain difference, &, (= 0,002 5) — &, (= 0,000 5)
[see 9.3, Equation (9)]

NOTE 1 It is expressed in megapascals (MPa).

NOTE 2  The flexural modulus is only an approximate value of Young's modulus of elasticity.

4 © 1SO 2010 — All rights reserved
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rigid p

ISO

lastic
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plastic that has a modulus of elasticity in flexure or, if that is not applicable, then in tension, greater than
700 MPa

[1ISO 47201

3.13

span between specimen supports

L

distance between the points of contact between the test specimen and the test specimen supports (see

Figure

2)

NOTE

3.14

flexural strain rate

r
rate at

NOTE

4 P

A test
acting
consta
5% (s
the reg

5 Test machine

51 ¢

The m

5.2 1

The te

It is expressed in millimetres (mm).

which the flexural strain (see 3.8) increases during a test

It is expressed in reciprocal seconds (s~) or percent per second (%-s™ ).

finciple

Epecimen of rectangular cross-section, resting on two supports, is deflected by means of
on the specimen midway between the supports. The test specimen is deflected in
nt rate at midspan until rupture occurs at the outer surface of the specimen or until a max
be 3.8) is reached, whichever occurs first. Duringtthis procedure, the force applied to the
ulting deflection of the specimen at midspan are‘measured.

Table 1 — Recommended values of the test speed, v

Seneral

hchine shall comply with ISO-7500-1 and ISO 9513 and the requirements given in 5.2 to §.4.
[est speed

5t machine shall\be capable of maintaining the test speed (see 3.1), as specified in Table

h loading edge
this way at a
imum strain of
specimen and

[N

Test speed, v Tolerance
mm/min %
12 +20
2 +20
5 +20
10 +20
20 +10
50 +10
100 +10
200 +10
500 +10
8  The lowest speed is used for specimens with thicknesses between 1 mm
and 3,5 mm (see also 8.5).

© 1SO 2010 — All rights reserved
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5.3 Supports and loading edge

Two supports and a central loading edge shall be arranged as shown in Figure 2. The supports and the
loading edge shall be parallel to within +0,2 mm over the width of the test specimen.

The radius, R4, of the loading edge and the radius, R,, of the supports shall be as follows:
Ry =5,0mm + 0,2 mm;
R, =2,0 mm £ 0,2 mm for test specimen thicknesses < 3 mm;

R, =5,0 mm £ 0,2 mm for test specimen thicknesses > 3 mm.

The span, L, shall be adjustable.

|
\ ’

3
: v | N\ =
I )
Wi | 7
W
Jo
L/2
|
L
[
Key
1 test specimegn k= thickness of specimen
F  applied forcg ! length of specimen
R4 radius of logding edge L length of span between supports

R, radius of supports

Figure 2 — Position of test specimen at start of test

5.4 Force- and deflection-measuring systems

5.4.1 Force-measuring system

The force-measuring system shall comply with the requirements of class 1 as defined in ISO 7500-1.

5.4.2 Deflection-measuring system

The deflection-measuring system shall comply with the requirements of class 1 as defined in ISO 9513. This
shall be valid over the whole range of deflections to be measured. Non-contact systems may be used
provided they meet the accuracy requirements stated above. The measurement system shall not be
influenced by machine compliance.

6 © 1SO 2010 — All rights reserved
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When determining the flexural modulus, the deflection-measuring system shall be capable of measuring the
change in deflection to an accuracy of 1 % of the relevant value or better, corresponding to +3,4 ym for a
support span, L, of 64 mm and a specimen thickness, 4, of 4,0 mm (see Figure 3). Other support spans and
specimen thicknesses will lead to different requirements for the accuracy of the deflection-measuring system.

Any deflection indicator capable of measuring deflection to the accuracy specified above is suitable.

NOTE The crosshead displacement includes not only the specimen deflection but also the indentation of the loading
edge and the supports into the specimen and deformation of the machine. The last of these is machine-dependent as well
as load-dependent. Results determined on different types of machine are therefore not comparable.

In general, measurement of crosshead displacement is not suitable for modulus determination unless a
compligmcecorrection s apptied:

(e
g
o)
<
Ae _A_G
RE Ae
0,05 % 0,25 % &
341 ym £ 3,444M
0,085 mm 0,426 mm s

Key
o flepural stress
¢ flexqural strain
s corfesponding deflection for a specimen thickness of 4 mm and a span between supports of 64 mm

Figure 3 — Accuracy requirements for determination of flexural modulus

5.5 Equipment for measuring the width and thickness of the test specimens
5.5.1 |Rigid materials

5.5.1.1 Specimen thickness

Measure~the thickness using a micrometer, at points lying within £2 mm of the centre of th¢ specimen, in
accordance with 1ISO 16012, but using a micrometer that has an accuracy of 0,01 mm as opposed to the
accuracy of £0,02 mm specified in ISO 16012. The presser foot shall have a flat, circular contact face with a
diameter of > 4 mm and the anvil shall have a spherical contact face of radius 50 mm to avoid errors caused
by misalignment with the test piece.

5.5.1.2 Specimen width

Measure the width in accordance with ISO 16012, using a micrometer that has an accuracy of £0,02 mm as
specified in ISO 16012. The presser foot shall have either a flat contact face which is circular with a diameter
of 1 mm or a rectangular contact face with the side which will be parallel to the specimen thickness direction
1 mm long.

© 1SO 2010 — All rights reserved 7
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5.5.2 Flexibl

Measure the d

e materials

imensions of the test specimens in accordance with ISO 23529.

6 Test specimens

6.1

6.1.1

Shape and dimensions

General

The dimensions of the test specimens shall comply with the relevant material standard and, as app|

with 6.1.2 or 6

6.1.2 Prefer

The dimensior]
length, [
width, b:
thickness

In any one teg

2 % from its m
more than 3 %

as noted in 6.4.

The preferred
with ISO 2075

6.1.3 Other

When it is not
given in Table

NOTE Cerf
be reduced to a
specimen such

central loading 4

1.3. Otherwise, the type of specimen shall be agreed between the interested parties.

ed specimen type

s, in millimetres, of the preferred test specimen are:
80+2
10,0+ 0,2

h: 40+0,2

t specimen, the thickness within the central third of the length shall not deviate by mo

icable,

e than

ean value. The width shall not deviate from its mean value within this part of the speciien by

. The specimen cross section should preferably,be rectangular, with no rounded edges,

specimen may be machined from the>¢entral part of a multipurpose test specimen cor
B.

est specimens

possible or desirable to use the preferred test specimen, use a specimen with the dime
2.

ain specificationsrequire that test specimens from sheets of thickness greater than a specified up
standard thickness’by machining one face only. In such cases, it is conventional practice to place

except

hplying

nsions

Der limit
the test

hat the original‘surface of the specimen is in contact with the two supports and the force is applied by the

dge to the’machined surface of the specimen.

Table 2 — Values of specimen width, b, in relation to thickness, /

Bimernsionsimmittimetres
Nominal Width, »2
thickness, & (£0,5)
1<h<3 25,0
3<h<b 10,0
5<h<10 15,0
10<h <20 20,0
20<h <35 35,0
35<h <50 50,0
@  For materials with very coarse fillers, the minimum width shall be 30 mm.

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=8f3f0eba44e0c8ab78022639a16a38c4

ISO 178:2010(E)

6.2 Anisotropic materials

6.2.1 In the case of materials having flexural properties that depend on direction, the test specimens shall
be chosen so that the flexural stress will be applied in the same manner and direction as would be
experienced in the end-use application, if known. The relationship between the test specimen and the end-
product envisaged will determine the feasibility of using standard test specimens.

NOTE The position or orientation and the dimensions of the test specimens sometimes have a very significant
influence on the test results.

6.2.2 When the material shows a significant difference (> 20 %) in flexural properties in two principal
directions, it shall be tested in these two directions. The orientation of the test specimen relative to the
princippl directions shall be recorded (se€ Figure 4).

"<

WN
< |
|
\ —
R\ SN NS
Lo
2 _JI Ik LP
0\ CANEN
b h

Key
L  profduct length direction
W progduct width direction

Position/of specimen Direction of product Direction of force|
LN Length
Normal
WN Width
LP Length
Parattet——
WP Width

Figure 4 — Position of test specimen in relation to product direction and direction of force

6.3 Preparation of test specimens

6.3.1 From moulding, extrusion and casting compounds
Specimens shall be prepared in accordance with the relevant material specification. When none exists, and

unless otherwise specified, specimens shall be either directly compression-moulded in accordance with
ISO 293 or ISO 295 or injection-moulded in accordance with ISO 294-1 or ISO 10724-1, as appropriate.

© 1SO 2010 — All rights reserved 9
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6.3.2 From sheets

Specimens shall be machined from sheets or from finished or semi-finished products in accordance with
ISO 2818.

6.4 Specimen inspection

The specimens shall be free of twist and preferably have mutually perpendicular surfaces (see, however, the
Note). All surfaces and edges shall be free from sink marks, scratches, pits and flash (see ISO 294-1:1996,
Amendment 2:2005, Annex D).

The specime ainst a

straight edge, farpenter's square or flat plate, and by measuring with micrometer calipers.

Specimens shiowing measurable or observable departure from one or more of these requirements shall be
rejected or magchined to proper size and shape before testing.

NOTE Injegtion-moulded test specimens usually have draft angles of between 1° and 2°(to facilitate dempulding.
Therefore the qide faces in injection-moulded specimens will generally not be parallel. In (addition, injection-moulded
specimens are fever absolutely free of sink marks. Furthermore, due to differences in the cooling history, the thichness at
the centre of thg specimen is generally smaller than at the edge.

6.5 Number of test specimens

6.5.1 At leapt five test specimens shall be tested in each direction \of test (see Figure 4). The number of
specimens mgy be more than five if greater precision of the mean~value is required. It is possible to eyaluate
this by means [of the confidence interval (95 % probability, see 1ISO-2602).

6.5.2 In the [case of directly injection-moulded test specimens, at least five shall be tested.

It is recommended that specimens always be tested efiented in the same way, i.e. with the surface whigh was
in contact with|the cavity plate or that which was in.eontact with the fixed plate (see ISO 294-1 or ISO 1p724-1,
as appropriatg) always in contact with the supports, in order to exclude the effects of any asyfmnmetry
generated by the moulding process.

6.5.3 The r¢gsults from test specimens,that rupture outside the central third of their span length shall be
discarded and|new test specimens tested in their place.

7 Atmosphere for conditioning and testing

The test specimens shiall be conditioned as specified in the standard for the material being tested.| In the
absence of th|s information, select the most appropriate conditions from ISO 291, unless otherwise pgreed
upon by the interested parties, e.g. for testing at high or low temperatures. The preferred set of condifions in
ISO 291 is stgndard atmosphere 23/50, except when the flexural properties of the material are knowl\ to be
insensitive to moisture, in which case humidity control'is unnecessary.

8 Procedure

8.1 Measure the width, b, of the test specimens to the nearest 0,1 mm and the thickness, #, to the nearest
0,01 mm at the centre of the test specimens (see Note 1 and Figure 5). Calculate the mean thickness, #, for
the set of specimens.

NOTE 1 Injection-moulded test specimens are never exactly flat or rectangular in cross section. Measuring the
thickness at the centre of the specimen gives the smallest value of the thickness.

10 © 1SO 2010 — All rights reserved
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Discard any specimens with a thickness exceeding the tolerance of +2 % of the mean value and replace them
by other specimens chosen at random.

A thickness difference, A4, of up to 0,1 mm due to sink marks (see Figure 5) is acceptable. ISO 294-1:1996,
Amendment 2:2005, D.1.2, gives guidance on how to adjust the hold pressure to minimize sink marks in
injection-moulded specimens.

NOTE 2  For the purposes of this International Standard, the test specimen dimensions used to calculate flexural

properties are measured at room temperature only. For the measurement of properties at other temperatures, therefore,
the effects of thermal expansion are not taken into account.

\ I

Key
hy largest thickness of test specimen in this cross section
h  smallest thickness of test specimen in this cross section

Requirgment: Ak (= Ay, — h) < 0,1 mm
Figure 5 — Cross section of injection-moulded test specimen showing sink marks

and draft angle (exaggerated)

8.2 Adjust the span, L, to comply with the following-equation:
LE(16£1) A (1)

and measure the resulting span to the nearest 0,5 %. For the preferred test specimen (see 6.12), the span is
64 mm.

Equatipn (1) shall be used except in the following cases:

a) Faqr very thick and unidirectional fibre-reinforced specimens, use a span length based on a higher value of
the ratio L/h if necessary to avoid delamination in shear.

NOTE Values of L/Z of up to 60 might be necessary in such cases.

b) Far very thin“specimens with an expected modulus below 700 MPa (the limit between rigid and non-rigid
plastics =='see 3.12), use a span length based on a lower value of the ratio L/h if necegsary to enable
measurements to be made within the working range of the test machine.

A value of L/Z of 8 is recommended in such cases.

c) For soft thermoplastics with an expected modulus below 700 MPa (the limit between rigid and non-rigid
plastics — see 3.12), use a span length based on a higher value of the ratio L/h if necessary to prevent
indentation of the supports into the test specimen.

A value of L/Z of 32 is recommended in such cases.
8.3 Do not load the specimen substantially prior to testing. A small load shall be applied, however, to avoid
a curved region at the start of the stress/strain diagram. For modulus measurement, the flexural stress in the
specimen at the start of a test, oy, (see Figure 6), shall be positive and shall lie within the range

0 < oy < 5 x 1074E; ()
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which corresponds to a prestrain of g, < 0,05 %, and, when measuring characteristics such as oy, ojc or ofg,
it shall lie within the range

0 < g < 1020 @)
where X stands for M, B or C.

NOTE The measured flexural modulus of strongly viscoelastic, ductile materials like polyethylene, polypropylene and
polyamides containing a certain level of moisture depends markedly on the preload.

oA /

3 <5x10*H or < 102¢;.

Fighre 6 — Example of a stress/strain curve.obtained after application of a preload

8.4 Place the test specimen symmetrically onithe'two supports, at right angles to the loading edge and the
supports, and|apply the preload (see 8.3) at-midspan as shown in Figure 2. For preloading, a crogshead
speed of 1 mm/min is recommended. When.the preload has been reached, set the deflection measufement
system to zerq.

8.5 For modulus determination, set the test speed in accordance with the standard for the materia] being
tested. In the @bsence of this information, select a value from Table 1 that gives a flexural-strain rate gs near
as possible to[1 %/min. This gives a test speed of 2 mm/min for the preferred test specimen specified in 6.1.2.
The test speed required to give-a specified flexural strain rate can be calculated using Equation (4).

2
- rL 4)
600/

where
v is the test speed, in millimetres per minute;
r  is the flexural strain rate, in percent per minute;
L is the span, in millimetres;
h is the thickness, in millimetres, of the test specimen.
8.6 Start the test within 1 min of reaching the preload, using the test speed specified/selected for modulus

determination (see 8.5). After reaching the end of the modulus determination region (0,05 % < ¢ < 0,25 %),
continue the test as specified in method A (see 8.7) or method B (see 8.8).
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8.7 Method A (determination of the flexural-stress/flexural-strain curve using only one test speed):
Continue to record the force and the specimen deflection without interruption, using the same test speed as
that used over the modulus determination region (see 8.5).

8.8 Method B (determination of the flexural-stress/flexural-strain curve using two test speeds): After
recording the data in the modulus determination region (see 8.6), either unload the specimen and restart using
a higher speed appropriate to the material or change to the higher speed directly (without unloading the
specimen). Use as the higher speed the speed specified in the standard for the material being tested. In the
absence of this information, select a value from Table 1 that gives a flexural-strain rate as near as possible to
5 %/min or 50 %/min. This gives a test speed of 10 mm/min or 100 mm/min for the preferred test specimen
specified in 6.1.2. Use 10 mm/min for materials that break without giving a pronounced stress maximum and
100 mm/min for all other materials.

NOTE This is equivalent to the procedure used in tensile testing, where the test speeds utilized-afe 1 mm/min for
modulup determination and 5 mm/min or 50 mm/min for other tensile properties at strains larger then 0,25 % (see
ISO 10350-1[°)),
NOTE § In tensile tests, a tenfold increase in crosshead speed (from 5 mm/min to 50 mm/min) has begn shown to lead
to an increase of 8 % in the yield stress measured. The effect of changes in test speed (on the results of flexural tests are
given irf Annex B.
8.9 Record the force and the corresponding deflection of the specimen during the test, using| if practicable,
an autpmatic recording system that yields a complete flexural-stress/deflection curve for this pperation [see

9.1, Epuation (5)]. Determine all relevant stresses, deflections<and strains defined in Cldquse 3 from a
force/deflection or stress/deflection curve or equivalent data.

9 Calculation and expression of results

9.1 Flexural stress

Calculate the flexural-stress parameters defined in Clause 3 using the following equation:

o} = —3FL2 (5)
2bh

where
of| is the flexural-stress parameter in question;
F| is the appliedforce, in newtons;

L | isthe-span, in millimetres;

b | ds the width, in millimetres, of the specimen;

h is the thickness, in millimetres, of the specimen.

9.2 Flexural strain

Calculate the flexural-strain parameters defined in Clause 3 using one of the following equations:

Gsh

£ =—5 (6)
L

o =S ™
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where

L

(E)

is the deflection, in millimetres;
is the thickness, in millimetres, of the test specimen;

is the span, in millimetres.

9.3 Flexural modulus

To determine t
flexural strain

el
" 6h
where
s; isong
&; isthe
L isthe
h is the

Calculate the f

Ef = Of2
€2
where
oy is the
oip is the

All equations 1
for most plasti
comparison py

With compute
may be replac

he flexural modulus, calculate the deflections s, and s, corresponding to the given values
;f

- 011
- €11

eferring to flextiral properties hold exactly for linear stress/strain behaviour only (see 1.7
Cs, they are.accurate at small deflections only. The equations given may, however, be u

bd by a linear-regression procedure applied to the part of the curve between these two pg

4 = 0,000 5 and &, = 0,002 5 using the following equation:

(i=1o0r2)

of the deflections, in millimetres;

corresponding flexural strain, whose values &, and s, are given above;
span, in millimetres;

thickness, in millimetres, of the specimen.

exural modulus, E;, expressed in megapascals;-using the following equation:

flexural stress, in megapascals, measured at deflection s;

flexural stress, in megapascals, measured at deflection s,.

rposes.

-aided equipment, the determination of the modulus, E;, using two distinct stress/strain

is the flexural strain parameter in question, expressed as a dimensionless ratio or as a percentage;

of the

(9)

; thus,
sed for

points
ints.

9.4 Statistical parameters

Calculate the arithmetic mean of the test results and, if required, the standard deviation and the 95 %
confidence interval of the mean value using the procedure given in ISO 2602.

9.5 Significant figures

Calculate the stresses and the modulus to three significant figures. Calculate the deflections to two significant

figures.

14
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10 Precision

See Annex A.

11 Test report
The test report shall include the following information:

a) areference to this International Standard;

b) allthe information necessary for identification of the material tested _including type, source,

manufacturer's code-number, form and previous history where these are known;

c) for sheets, the thickness of the sheet and, if applicable, the direction of the major axes of fhe specimens
in [relation to some feature of the sheet (for anisotropic material, the direction of i€sting shal| be noted);

d) the shape and dimensions of the test specimens;

e) the method of preparing the specimens;

f)  the test conditions and conditioning procedures, if applicable;
g) the number of specimens tested;

h) thé nominal span used;

i) the method (A or B) and the test speed(s) used;

j)  the accuracy grading of the test machine (see 5:4);

k) the surface on which the force was applied;

[) the individual test results, if required;

m) the mean values of the individual‘results;

n) the standard deviations and the 95 % confidence intervals of these mean values, if required;

o) the date of the test.
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