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Plastics — Determination of flexural properties

1 Scope

This document specifies a method for determining the flexural properties of rigid and semi-rigid
plastics under defined conditions. A preferred test specimen is defined, but parameters are included for
alternative specimen sizes for use where appropriate. A range of test speeds is included.

The method is used to investigate the flexural behaviour of the test specimens and to determine the
flexural strength, flexural modulus and other aspects of the flexural stress/strain relationship under the
conditions defined. It applies to a freely supported beam, loaded at midspan (three-point loading test).

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

— thermoplastic moulding, extrusion and casting materials, including filled and reinforced compounds
in addition to unfilled types; rigid thermoplastics sheets;

— thermosetting moulding materials, including filled and reinforced compounds; thermosetting sheets.

In agreement with ISO 10350-1[5] and ISO 10350-2[6], this document applies to fibre-reinforced
compounds with fibre lengths <7,5 mm prior to processing. For long-fibre-reinforced materials
(laminates) with fibre lengths >7,5 mm, see ISO 14125(Z].

The method is not normally suitable for use with rigid cellular materials or sandwich structures
containing cellular material. In such cases, 1SO 1209-1[3] and/or ISO 1209-2[4] can be used.

NOTE1 For certain types of textile-fibre-reinforced plastic, a four-point bending test is used. This is described
in ISO 14125.

The method is performed using specimens which can be either moulded to the specified dimensions,
machined from the central section of a standard multipurpose test specimen (see ISO 20753) or machined
from finished or semi-finished products, such as mouldings, laminates, or extruded or cast sheet.

The method specifies the preferred dimensions for the test specimen. Tests which are carried out on
specimens of different dimensions, or on specimens which are prepared under different conditions, can
produce results which are not comparable. Other factors, such as the test speed and the conditioning of
the specimens, can also influence the results.

NOTE2 Especially for injection moulded semi-crystalline polymers, the thickness of the oriented skin layer,
which is dependent on the moulding conditions, also affects the flexural properties.

The method is not suitable for the determination of design parameters but can be used in materials
testing and as a quality control test.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.

1SO 291, Plastics — Standard atmospheres for conditioning and testing

1SO 293, Plastics — Compression moulding of test specimens of thermoplastic materials

1SO 294-1:2017, Plastics — Injection moulding of test specimens of therm oplastic materials — Part 1
General principles, and moulding of multipurpose and bar test specimens
© 1SO 2019 - All rights reserved 1
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3.5

flexural stress at conventional deflection

Ofc

flexural stress at the conventional deflection, sc (3.7)

Note 1 to entry: It is expressed in megapascals (MPa).
Note 2 to entry: See also Figure 1, curve c.

3.6

deflection

s

distance over which the top or bottom surface of the test specimen at midspan deviates from its original
position during flexure

Note 1 to entry: It is expressed in millimetres (mm).

3.7
conventional deflection

Sc

deflection (3.6) equal to 1,5 times the thickness, h, of the test specimen

Note 1 to entry: It is expressed in millimetres (mm).

Note 2 to entry: Using a span, L, of 16k, the conventional deflection corresponds to a flexural strain (3.8) of 3,5 %.

3.8

flexural strain

£f

nominal fractional change in length of an element of the outer surface of the test specimen at midspan

Note 1 to entry: It is expressed as a dimensionless ratio or a percentage (%).

Note 2 to entry: It is calculated in accordance with the relationships given in Formulae (6) and (7).

© IS0 2019 - All rights reserved 3
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5.2 Testspeed

The test machine shall be capable of maintaining the test speed, as specified in Table 1.

Table 1 — Recommended values of the test speed, v

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

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, Ry, of the loading edge and the radius, Ry, of the supports shall be as follows:
R1=5,0mm 0,2 mm;
Ry =2,0 mm £ 0,2 mm for test specimen thicknesses <3 mm:;
Rz =5,0 mm + 0,2 mm for test specimen thicknesses >3 mm.

The span, L, shall be adjustable.
5.4 Force- and deflection-measuring systems

5.4.1 Introductory remarks

Flexural tests, according to the specific requirements on the data to be obtained, can be differentiated in
several classes, comprising different complexity and requirements on accuracy. This starts with simple
tests for obtaining flexural strength only on the one hand and on the other hand necessitates the use of
a deflectometer to obtain the deflection accurately and free of compliance effects of the machine. The
compliance of flexural testing machines has several possible sources (play and deformations in fixtures,
deformations in the load train, and deformations of the load cell). Precise and true determination of
deflection is especially important for the determination of the flexural modulus, for which the use of
uncorrected crosshead displacement is not suitable. For a repeatable determination of flexural modulus
results a compliance correction shall be applied or, preferably, a deflectometer shall be used.

5.4.2 Definition of precision and accuracy requirements

Table 2 defines objectives of testing in increasing order of test complexity and appertaining need for
accuracy. A good precision without absolute accuracy as indicated in type Ill-tests can be sufficient in
many quality control environments when properties are to be supervised over periods of time only.
Accurate, meaning true and precise, results as indicated in type IV-tests are needed if the results are to
be compared between laboratories. Different types of deflection measurement and different accuracy

6 © IS0 2019 - All rights reserved
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requirements for the deflection measurement are therefore defined, based on the needs on precision
and trueness of the test results.
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Key
test specimen thickness of specimen
support base plate

deflectometer position
supports
Ri radius of loading edge

h

F  applied force

I length of specimen
L

length of span between supports
R, radius of supports

Figure 2 — Position of test specimen and deflectometer at start of test

© IS0 2019 - All rights reserved
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Table 2 — Types of tests and calibration requirements

Types (I-1V)
of tests in increasing order of complexity and requirements for accuracy

Required objective | Stress/strength only Stress/strength/ Stress/strength/ Stress/strength/
of testing strains > 1% strains/repeat- strains/true and
able and precise precise = accurate
modulus modulus

Property I 11 III 10"

OfB x x X x

OfM x X X X

ofC x x x

Sc x x X

EfB x X X

EfM X x X

E¢ x x

Calibration requirement
Force ISO 7500-1, class 1

Deflection measure-
ment

IS0 9513, Class 2

IS0 9513, Class 2 plus
condition setin 5.4.3

IS0 9513, Class 1 plus
condition setin 5.4.3

Type of deflection
measurement

Crosshead displace-
ment

Crosshead displace-
ment with compli-

Direct measurement
using a deflectometer

ance correction

5.4.3 Deflection measurement

The machine shall be capable of continuously recording the crosshead displacement with an accuracy
conforming to the class of 1SO 9513 indicated in Table 2. 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.

When determining the flexural modulus as indicated in type IV, the deflection-measuring system, in
accordance with IS0 9513 Class 1, shall be capable of measuring the change in deflection to an accuracy
of 1 % of the relevant value or better, corresponding to + 3,4 um for a support span, L, of 64 mm and a
specimen thickness, h, of 4,0 mm (see Figure 3).

For type III tests the deflection-measuring system, in accordance with 1SO 9513 Class 2, shall be
capable of measuring the change in deflection to an accuracy of 2 % of the relevant value or better,
corresponding to £6,8 um for a support span, L, of 64 mm and a specimen thickness, h, of 4,0 mm.

Other support spans and specimen thicknesses will lead to different requirements for the accuracy of
the deflection-measuring system.

For the determination of the flexural modulus using the crosshead displacement as indicated in Type III,
the latter shall be corrected for the compliance of the machine. If the machine is equipped with builtin
routines for compliance correction these shall preferably be applied. If such routines are not available,
the procedure given in Annex C shall be used.

NOTE Annex C also gives some explanation of the possible sources of machine compliance.

The use of a deflectometer further reduces errors introduced by the test setup and is therefore
preferred.

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

=}
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s corresponding 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
Use micrometres with an accuracy of 0,01 mm.

Use measuring tips that allow to determine the thickness centrally within the measuring range and the
width at half height as indicated in Figure 5.

Different geometry of the contact faces of the measuring tips, i.e. circular, rectangular or sharp edges,
are acceptable. Spherical tip faces shall have a radius >50 mm. Flat tips are recommended. The face
diameter of cylindrical measuring tips shall be between 1,5 mm and 6,4 mm. Rectangular faces of
measuring tips shall have a long side of 4 mm to 6,4 mm length.

It is recommended to use such a configuration that allows determining the width and the thickness
with the same instrument.

6 Testspecimens
6.1 Shape and dimensions

6.1.1 General

The dimensions of the test specimens shall comply with the relevant material standard and, as
applicable, with 6.1.2 or 6.1.3. Otherwise, the type of specimen shall be agreed between the interested
parties.

6.1.2 Preferred specimen type

The dimensions, in millimetres, of the preferred test specimen are:

— length, I 802
— width, b: 10,0+ 0,2
— thickness, h: 4,0+0,2

© 1S0 2019 - All rights reserved 9
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In any one test specimen, the thickness within the central one third of the length shall not deviate by
more than 2 % from its mean value. The width shall not deviate from its mean value within this part
of the specimen by more than 3 %. The specimen cross section shall preferably be rectangular, with no
rounded edges, except as explained in the NOTE in 6.4.

The preferred specimen can be machined from the central part of a multipurpose test specimen
complying with ISO 20753.

6.1.3 Other test specimens

Ifitis not possible or desirable to use the preferred test specimen, use a specimen with the dimensions

given in Table 3.

NOTE Certain specifications require that test specimens from sheets of thickness greater than a specified
upper limit be reduced to a standard thickness by machining one face only. In such cases, it is conventional
practice to place the test specimen such that the original surface of the specimen is in contact with the two
supports and the force is applied by the central loading edge to the machined surface of the specimen.

Table 3 — Values of specimen width, b, in relation to thickness, h

Dimensions in millimetres

Nominal thickness Width
h ba (x0,5)
1<hs<3 25,0
3<h<5 10,0
5<h<10 15,0
10<h<20 20,0
20<h<35 35,0
35<h<50 50,0
2  For materials with very coarse fillers, the minimum width shall be 30 mm.

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.

-
(=]
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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
principal directions shall be recorded (see Figure 4).

NS

WN

k \,\ _____ WP\ \

- \ ; <
: N\ b
b
1 LP
< \ LN K\
\ N
=
B
b h
-— W
Key
L  productlength direction b width of test specimen
W product width direction h  thickness of test specimen
Position of specimen Direction of product Direction of force
LN Length
- Normal
WN Width
LP Length
- Parallel
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 1SO 295 or injection-moulded in accordance with ISO 294-1 or 1SO 10724-1,
as appropriate.

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 twistand preferably have mutually perpendicular surfaces (see, however,
the NOTE). All surfaces and edges shall be free from sink marks, scratches, pits and flash.

© 1SO 2019 - All rights reserved 11
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Calculate the mean values of the thickness h and the width b for the set of test specimens. Discard
any specimen(s) with a thickness exceeding the tolerance of + 2 % of the mean value and replace it by
another specimen chosen at random.

NOTE3  For the purposes of this document, the test specimen dimensions used for calculating 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.
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measuring range for width determination + 0,5 mm
measuring range for thickness determination + 3,25 mm
minimum thickness Amin

maximum thickness hmax

Ul W

micrometre tip

Figure 5 — Cross section of injection-moulded test specimen showing sink marks and draft
angle (exaggerated) and micrometre tips

8.2 Adjust the span, L, to comply with the following formula:

L=(16%1)h 1

and measure the resulting span to the nearest 0,5 %. For the preferred test specimen (see 6.1.2), the
span is 64 mm.

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

a) For 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.

NOTE1 Values of L/h of up to 60 might be necessary in such cases.

© IS0 2019 - All rights reserved 13
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Calculate the flexural modulus, Ef, expressed in megapascals, using Formula (9):

Oy —0O
Ep=212798 )

€2 €11
where
of1 is the flexural stress, in megapascals, measured at deflection s1;
oy is the flexural stress, in megapascals, measured at deflection s3.

All formulae referring to flexural properties hold exactly for linear stress/strain behaviour only (see
NOTE 2 in Clause 4); thus, for most plastics, they are accurate at small deflections only. The formulae
given can, however, be used for comparison purposes.

With computer-aided equipment, the determination of the modulus, Ef, using two distinct stress/strain
points may be replaced by a linear-regression procedure applied to the part of the curve between these
two points.

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.

10 Precision

See Annex A.

11 Testreport
The test report shall include the following information:
a) areference to this document, i.e. SO 178:2019;

b) all the information necessary for identification of the material tested, including type, source,
manufacturer's code-number, form and previous history where these are known;

¢) for sheets, the thickness of the sheet and, if applicable, the direction of the major axes of the
specimens in relation to some feature of the sheet (for anisotropic material, the direction of testing
shall be noted);

d) the shape and dimensions of the test specimens and, if applicable, the dimension of the measuring
tips used;

€) the method of preparing the specimens;

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

h) the nominal span used;

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

i) theaccuracy grading of the force and deflection measurement system (see 5.4);

© ISO 2019 - All rights reserved 17
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k) the surface on which the force was applied;

) theindividual 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.

[y
(=]

© 150 2019 - All rights reserved
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Table A.2 — Precision data for flexural modulus

Values in megapascals

Material Average Sr SR r R
Polycarbonate 2310 45,6 146 128 410
ABS 2470 33,6 157 94,0 439
PE-HD 1110 15,0 94,4 41,9 264
PSU-GF 8510 83,5 578 234 1618

sp= within-laberatory standard deviation.
sg = between-laboratory standard deviation.
r =95 % repeatability limit (= 2,8s;).

R =95 % reproducibility limit (= 2,8sg).

N
(=]
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Annex B
(informative)

Influence of changes in test speed on the measured values of
flexural properties

Due to the viscoelastic nature of plastics their mechanical properties are sensitive to the test speed
applied. Table B.1 gives two examples, for an amorphous and a glass filled semi crystalline plastic, that
show the magnitude of the influence when the test speeds defined in this document are used.

Table B.1 — Influence of changes in test speed on the measured values of flexural properties

Acrylonitrile-styrene-acrylate plastic, ASA
Crosshead speed E o (3,5 %) o (max.) & (max.)
mm/min MPa MPa MPa %
2 2700 83 87 51
10 2730 85 92 52
100 2710 91 102 5.6
Increase (relative to 2 mm/min crosshead speed)

2 100 % 100 % 100 %
10 103 % 105 % 102 %
100 110 % 117 % 110 %

Poly(butylene terephthalate) with 30 % glass fibre, PBT-GF30

Crosshead speed E o (max.) & (max.)
mm,/min MPa MPa %
2 10 061 212 2,57
10 10 104 226 2,69
100 10 086 238 2,75
Increase (relative to 2 mm/min crosshead speed)
2 100 % 100 %
10 107 % 105 %
100 112 % 107 %
© 150 2019 - All rights reserved 21
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Annex C
(normative)

Compliance correction for Type IlI-tests

C.1 Sources of compliance

In the simple example of a perfectly elastic spring compliance is the inverse of the stiffness of the spring.
For a perfectly elastic body the relation between applied force and resulting deformation, or vice versa,
is linear, and stiffness S and compliance C are defined by the relations, in differential form, shown as

Formula (C.1):

S=—d£am:lC=3 (03]
dx dF

where

F  is the applied force measured by the load cell, in newtons;
X is the resulting deflection of the test specimen, in millimetres.

In the most simple model of a perfectly elastic body the compliance is the slope of the straight line x(F)
and as such a constant.

In the case of a flexural testing machine, the situation is more complicated and the simple model of a
linear relationship might no longer be applicable. Compliance, interpreted as the instantaneous slope of
the deflection vs. force curve, becomes itself a function of deformation.

There are numerous sources of compliance in a real testing machine. Compliance results from the
deformation in the load train and from the play in drive elements. Load-cells can show deformations
of up to 0,25 mm at their nominal load. The lead screws, under load, show longitudinal deformation
and also small amounts of torsion. Also, fixtures that are attached to the machine like the loading nose
attached to the load cell and the supports attached to the machine frame, add to the overall compliance.,

Another contribution to measuring deformations that are not present in the deflection of the test
specimen is the indentation of the loading nose and supports into the specimen surface under load.
This is more pronounced in softer material. A rough estimation of this effect can be done by performing
preliminary tests at reduced support spans.

All these effects result in an indication of crosshead movement that is in fact not present at the tip of the
loading nose.

The compliance correction is as accurate as the deformation of the machine, load-cell and fixture is
repeatable. With a well-tightened flexure fixture, it is possible to get a crosshead travel signal accurate
to better than +3 micrometres over the whole range from zero load up to the nominal load of the load-
cell being used.

C.2 Procedure for Type III tests

For Type III tests the displacement sc recorded by the travel indication of the test machine shall be
corrected for the compliance Cym of the machine. Cy is determined using a reference bar of highly

22 © IS0 2019 - All rights reserved
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Annex D
(informative)

Relation between tensile and flexural modulus: Theoretical
expectations and experimental observations

Disregarding influences by the measurement process, from a physical point of view moduli obtained
In tension and in tlexure should be identical. In practice, differences can arise from indentation and
especially for fibre reinforced materials, from orientation effects. Short fibre reinforced plastics show
a layered structure after injection moulding with basically two top layers and a layer in the middle of
the specimen with perpendicular main orientations of the glass fibres. In the standard test specimen,
glass fibres are aligned in longitudinal direction close to the specimen surface and perpendicular in
the interior of the specimens. As flexural testing stresses mainly the outer layer of the specimens one
would expect higher flexural modulus compared to tensile modulus in short fibre reinforced plastics.
Indentation effects compensate this orientation effect, so that it has been found that generally correctly
measured flexural moduli are close to tensile moduli obtained at the same specimens.

Table D.1 shows a comparison of tensile and flexural moduli measured periodically over about
18 months with the number of data points between 55 and 78. Flexural moduli were obtained using a

deflectometer measuring the distance hetween lower specimen surface and support frame.

Table D.1 — Comparison of tensile and flexural moduli obtained using deflectometer

Tensile moduius Flexurai modulus
Material MPa MPa
Machine 1 Machine 2 Machine 3
PBT GF30lot1 9749 £ 85 9726 +134 975066
PBT GF30 1ot 2 9888+129 9745 +122 9892+68
ASA 2523+24 2521+31 2705+33
PBT 2582 +35 2522 +31 254227

N
RN

© IS0 2019 - All rights reserved

ClearCorrect Exhibit 1054, Page 28 of 32



BEST BeuthStandardsCollection - Stand 2019-08

IS0 178:2019(E)

Bibliography

[1] 1SO 472, Plastics — Vocabulary

[2] ISO 527-2, Plastics — Determination of tensile properties — Part 2: Test conditions for moulding
and extrusion plastics

[3] 1SO 1209-1, Rigid cellular plastics — Determination of flexural properties — Part 1: Basic bending test

[4] 1SO 1209-2, Rigid cellular plastics — Determination of flexural properties — Part 2: Determination
of flexural strength and apparent flexural modulus of elasticity

[5] ISO 10350-1, Plastics — Acquisition and presentation of comparable single-point data — Part 1:
Moulding materials

[6] ISO 10350-2, Plastics — Acquisition and presentation of comparable single-point data — Part 2:
Long-fibre-reinforced plastics

[7] 1SO 14125, Fibre-reinforced plastic composites — Determination of ‘flexural properties

[8] ASTM E691, Standard Practice for Conducting an Interlaboratory Study to Determine the Precision
of a Test Method

[9] 1SO 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part 1:
General principles and definitions

© IS0 2019 - All rights reserved 25

ClearCorrect Exhibit 1054, Page 29 of 32



BEST BeuthStandardsCollection - Stand 2019-08

This page is intentionally biank.

ClearCorrect Exhibit 1054, Page 30 of 32



BEST BeuthStandardsCollection - Stand 2019-08

This page is intentionally blank.

ClearCorrect Exhibit 1054, Page 31 of 32



BEST BeuthStandardsCollection - Stand 2019-08

ISO 178:2019(E)

ICS 83.080.01

Price based on 25 pages

© IS0 2019 - All rights reserved

ClearCorrect Exhibit 1054, Page 32 of 32





