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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.
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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

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

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

t
in

— thlermosetting moulding materials, including filled and reinforced compounds; thermos

In agy
compq
(lamin

The nj
contai

NOTE |

in ISO

The miethod is performed using speciméns which can be either moulded to the specifie

machi
from f

The m
specin
produ
the sp

NOTE 2

which

The m

ethod is used to investigate the flexural behaviour of the test specimens and t0)(

rmoplastic moulding, extrusion and casting materials, including filled’and reinforcg
addition to unfilled types; rigid thermoplastics sheets;

eement with ISO 10350-1[3] and ISO 10350-2[é], this“document applies to fih
unds with fibre lengths <7,5 mm prior to processing. For long-fibre-reinford
ates) with fibre lengths >7,5 mm, see 1SO 14125[Z,

ethod is not normally suitable for use withirigid cellular materials or sandwi

hing cellular material. In such cases, ISO 1209-1[3] and/or ISO 1209-2[4] can be used.

|4125.

ned from the central section of a standard multipurpose test specimen (see ISO 20753
nished or semi-finished preducts, such as mouldings, laminates, or extruded or cast

ethod specifies the preferred dimensions for the test specimen. Tests which are ¢
pens of different dimensions, or on specimens which are prepared under different c
Ce results which@re not comparable. Other factors, such as the test speed and the ¢
bcimens, can also influence the results.

s dependent on the moulding conditions, also affects the flexural properties.

ethod' is not suitable for the determination of design parameters but can be used

letermine the
hip under the
ading test).

d compounds
etting sheets.
re-reinforced

ed materials

th structures

For certain types of textile-fibre-reinfekced plastic, a four-point bending test is used. This is described

l dimensions,
) or machined
sheet.

arried out on
bnditions, can
bnditioning of

Especially for injection moulded semi-crystalline polymers, the thickness of the oriepted skin layer,

| in materials

testin

F 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.

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

ISO 293, Plastics — Compression moulding of test specimens of thermoplastic materials

ISO 294-1:2017, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 1:
General principles, and moulding of multipurpose and bar test specimens
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ISO 295, Plastics — Compression moulding of test specimens of thermosetting materials
ISO 2602, Statistical interpretation of test results — Estimation of the mean — Confidence interval
ISO 2818, Plastics — Preparation of test specimens by machining

ISO 7500-1, Metallic materials — Calibration and verification of static uniaxial testing machines — Part 1:
Tension/compression testing machines — Calibration and verification of the force-measuring system

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

IS0 10724-1, Plastics — Injection moulding of test specimens of thermosetting powder moulding compounds
(PMCs) — Part 1: General principles and moulding of multipurpaose test specimens

ISO 16012, Plgistics — Determination of linear dimensions of test specimens

ISO 20753, Plgstics — Test specimens

3 Terms, definitions and symbols
For the purpdses of this document, the following terms and definitions apply:

ISO and IEC nmjaintain terminological databases for use in standardizatién)at the following addregses:

— ISO Onlinje browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org

31

test speed
v

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

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

3.2
flexural stress
of
nominal streqs at the outer surface of the test specimen at midspan

Note 1 to entry: It is calculated.from the relationship given in Formula (5).
Note 2 to entry: It is expresséd in megapascals (MPa).

3.3
flexural strefss at break

OfB
flexural stressat breakof the testspecimen

Note 1 to entry: It is expressed in megapascals (MPa).
Note 2 to entry: See Figure 1, curves a and b.

3.4
flexural strength

OfM
maximum flexural stress (3.2) sustained by the test specimen during a bending test

Note 1 to entry: It is expressed in megapascals (MPa).

Note 2 to entry: See Figure 1, curves a and b.
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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
distangeoverwiticirtire top or bottonrsurface of the testSpecCimen at midspanm deviates frgm its original
positign during flexure

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

3.7
convepntional 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 16h, the conventional deflectioncorresponds to a flexural strain (3.8) of 3,5 %.

3.8
flexurnal strain
&f
nominfal fractional change in length of an element6f 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 accordancewith the relationships given in Formulae (6) and (7))

© IS0 2019 - All rights reserved 3
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S —
O-fM = GfB
SC = 1,5h
Ogm
A
/ /
Ofc / //
d b /
C
EM =& & & &
Key

curvea specimen that breaks before yielding
curve b specimen that gives a maximum and then breaks before thecconventional deflection, sc
curve ¢ specimen that neither gives a maximum nor breaks befor'e the conventional deflection, s¢

Figure 1 — Typical curves of flexural stress, g versus flexural strain, ¢;, and deflection, s

3.9
flexural strafin at break

EfB
flexural strain at which the test specimen breaks

Note 1 to entry: It is expressed as a dimensionless ratio or a percentage (%).
Note 2 to entry: See Figure 1, cufves a and b.

3.10
flexural stralin at flexural strength

EfM
flexural straih atimaximum flexural stress

Note 1 to entry—ttisexpressedasadimensiontessratioorapercentaget963:
Note 2 to entry: See Figure 1, curves a and b.

3.11

modulus of elasticity in flexure

flexural modulus

Ef

ratio of the stress difference, of; - o, to the corresponding strain difference,
er2 (=0,0025) - ¢p1 (=0,0005)

Note 1 to entry: It is expressed in megapascals (MPa).

Note 2 to entry: The flexural modulus is only an approximate value of Young's modulus.

Note 3 to entry: See Formula (9).

4 © IS0 2019 - All rights reserved
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3.12

rigid plastic

plastic that has a modulus of elasticity in flexure (3.11) or, if that is not applicable, then in tension, greater
than 700 MPa under a given set of conditions

[SOURCE: ISO 472:2013, 2.884, modified — Note to entry has been omitted.]

3.13

semi rigid plastic

plastic that has a modulus of elasticity in flexure (3.11) or, if that is not applicable, then in tension,
between 70 MPa and 700 MPa under a given set of conditions

[SOURCE:

3.14
span between specimen supports
L
distanice between the points of contact between the test specimen and the test'specimen $upports

Note 1|to entry: It is expressed in millimetres (mm).
Note 2[to entry: See Figure 2.

3.15
flexunal strain rate
r
rate aff which the flexural strain (3.8) increases during a-test

Note 1[to entry: It is expressed in percent per minute (%-Smin-1).

4 Principle

A test| specimen of rectangular cross=section, resting on two supports, is deflected by means of a
loading edge acting on the specimen-midway between the supports. The test specimen is deflected in
this why at a constant rate at midspan until rupture occurs at the outer surface of the spegimen or until
a max|{mum strain of 5 % (see-3.8) is reached, whichever occurs first. During this procedure, the force
appliefl to the specimen and the'resulting deflection of the specimen at midspan are meaqured.

This dpcument specifiesstwo methods: method A and method B. Method A uses a strain rdte of

1 %/njin throughoutthe’test. Method B uses two different strain rates: 1 %/min for the determination
of the flexural moduilivs and 5 %/min or 50 %/min, depending on the ductility of the matejrial, for the
deterrhination of the remainder of the flexural stress-strain curve.

NOTE1 The\strain rates mentioned above are to be interpreted as nominal ones. Nominal tlest speeds are
calculatedusing Formula (4). For the machine settings the best fitting ones are selected from Table 1.

NOTE For materials exhibiting nonlinear stress/strain behaviour, the flexural properties are only
nominal. The formulae 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/h, of 16, the
deflection is 1,5h. Flexural tests are more appropriate for stiff and brittle materials showing small deflections at
break than for very soft and ductile ones.

5 Test machine

5.1 General
The machine shall comply with ISO 7500-1 and ISO 9513 and the requirements given in 5.2 to 5.4.

© IS0 2019 - All rights reserved 5
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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
2 +20
+20
10 +20
20 +10
50 +10
100 10
200 =10
500 *10
a  The lowest speed is used for specimens with thicknessesbetween
1 mm and 3,5 mm (see also 8.5).

5.3 Supports and loading edge

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

The radius, R{, of the loading edge and the radius, Ry, of-the supports shall be as follows:
R1=5,0mm + 0,2 mm;
Rp =2,0 mm + 0,2 mm for test specimen thicknesses <3 mm;
R7 =5,0 mm # 0,2 mm for test specimen thicknesses >3 mm.

The span, L, shall be adjustable.
5.4 Force-|and deflection=meéasuring systems

5.4.1 Introductory remarks

Flexural testq, according to the specific requirements on the data to be obtained, can be differentifited in
several classds, comprising different complexity and requirements on accuracy. This starts with gimple
tests for obta|ring 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 [V-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.

@
Y

.
o

T
N
\)

4 L/2 h

bt

Key

te$t specimen h  thickness of specimen

support base plate F  applied force

deflectometer position I length of specimen

supports L length of span between supports
Ry raflius of loading edge Ry radius of supports

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

© IS0 2019 - All rights reserved 7
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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 | 11 111 IV

OfB X X X X

OfM X X X %

ofC X X X

SC X X X

EfB X X X

EfM X X X

Ef X X

Calibration requirement

Force ISO 7500-1, class 1

Deflection mepsure- — IS0 9513, Class 2 |IS0*9513, Class 2 plus|ISO 9513, Class|1 plus

ment condition setin 5.4.3 | condition set i 5.4.3

Type of deflecfion — Crosshead displaces [“Crosshead displace- | Direct measurgment

measurement ment ment with compli- |using a deflect¢meter
ance correction

5.4.3 Deflection measurement

The machine [shall be capable of continuously~recording the crosshead displacement with an acguracy
conforming tp the class of ISO 9513 indjcated in Table 2. This shall be valid over the whole rdnge of
deflections t¢ be measured. Non-contact systems may be used provided they meet the acguracy
requirementq stated above. The measurement system shall not be influenced by machine compliance.

When deternjining the flexural@nodulus as indicated in type IV, the deflection-measuring sysflem, in
accordance wjith ISO 9513 Classy1, shall be capable of measuring the change in deflection to an acguracy
of 1 % of the felevant value‘or better, corresponding to + 3,4 um for a support span, L, of 64 mnj and a
specimen thigkness, h, 0f450 mm (see Figure 3).

For type III tests thesdeflection-measuring system, in accordance with ISO 9513 Class 2, shall be
capable of m¢asuring the change in deflection to an accuracy of 2 % of the relevant value or petter,
correspondinF £e,£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 built in
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.

8 © IS0 2019 - All rights reserved
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6.1.1

O
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o)
<
As Ao
E=7e
0,05 % 025% &
341pm + 34 um
0, 085 mm 0,426 mm §

kural stress
xural strain
responding deflection for a specimen thickness of 4 mm and a span between-supports of 64

Equipment for measuring the width and thickness of the test specimens
crometres with an accuracy of +0,01 mm.

pasuring tips that allow to determine the thickness centrally within the measuring
at half height as indicated in Figure 5.

ent geometry of the contact faces of the ‘measuring tips, i.e. circular, rectangular o1
ceptable. Spherical tip faces shallhiave a radius 250 mm. Flat tips are recommen
fer of cylindrical measuring tips/shall be between 1,5 mm and 6,4 mm. Rectan
ring tips shall have a long side of 4 mm to 6,4 mm length.

commended to use sucha’configuration that allows determining the width and
he same instrument.

pst specimens
bhape and dimensions

General

Figure 3 — Accuracy requirements for determination of flexural modulys

mm

range and the

sharp edges,
ded. The face
rular faces of

the thickness

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 80+2

— width, b: 10,0 £ 0,2

— thickness, h: 4,0+0,2

©IS0 2
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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 wi

th ISO 20753.

6.1.3 Other test specimens

If it is not possible or desirable to use the preferred test specimen, use a specimen with the dimensions

given in Table 3

NOTE Cer
upper limit be
practice to plq
supports and t

6.2 Anisot

6.2.1 In thd
shall be chosq
experienced i
end product ¢

NOTE The
significant inf]|

10

fain specifications require that test specimens from sheets of thickness greater than'a.sp
reduced to a standard thickness by machining one face only. In such cases, it isyconve|
ce the test specimen such that the original surface of the specimen is in contact. with t
he 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 (£0,5)
1<h<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
a  For materials with very coapse fillers, the minimum width shall be 30 mm.

ropic materials

case of materials having flexural properties that depend on direction, the test spe(
n so that the flexufal stress will be applied in the same manner and direction as wd
I the end-use application, if known. The relationship between the test specimen a
nvisaged will-determine the feasibility of using standard test specimens.

position/or orientation and the dimensions of the test specimens sometimes have
lience on-the test results.

ecified
ntional
he two

imens
uld be
Ind the

a very
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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).

N

WN
< |
|
I
NN we \
< N\ i <
Lo
Lo
N | LP
> LN k\
\ N
)
=
9
b h
-— W
Key
L  prpductlength direction b * width of test specimen
W prpduct width direction f"  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 6ftest specimen in relation to product direction and directign 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 specificationl 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.

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.

© IS0 2019 - All rights reserved 11
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The specimens shall be checked for conformity with these requirements by visual observation against
a straight edge, carpenter's square or flat plate, and by measuring with micrometre calipers.

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

NOTE Injection-moulded test specimens usually have draft angles of between 1° and 2° to facilitate
demoulding. Therefore, the side faces in injection-moulded specimens will generally not be parallel. In addition,
injection-moulded specimens are never absolutely free of sink marks. Furthermore, due to differences in
the cooling history, the thickness at the centre of the specimen is generally smaller than at the edge. See
ISO 294-1:2017, Annex D for guidance on how to adjust the hold pressure to minimize sink marks in injection-
moulded specimens.

6.5 Number of test specimens

umber
ible to

6.5.1 Atlea
of specimens
evaluate this |

st five test specimens shall be tested in each direction of test (see Figure 4).-The n|
may be more than five if greater precision of the mean value is required.‘It is posS
by means of the confidence interval (95 % probability, see ISO 2602).

NOTE If sik specimens are used the standard deviation is identical to the 95 % corifidence interval of th¢ mean.

6.5.2 In the|case of directly injection-moulded test specimens, at least£ive shall be tested.

which
4-1 or
of any

Itisrecomme
was in contad
ISO 10724-1,

asymmetry g

hded that specimens always be tested oriented in the saime way, i.e. with the surface
t with the cavity plate or that which was in contact with the fixed plate (see ISO 29
hs appropriate) always in contact with the supports, in order to exclude the effects
bnerated by the moulding process.

6.5.3 Ther h shall

be discarded

bsults from test specimens that rupture outside the central third of their span lengt
ind new test specimens tested in their place.

7 Atmosphere for conditioning and testing

ted. In
brwise
s. The

The test spedimens shall be conditionéd)as specified in the standard for the material being tes
the absence of this information, select the most appropriate conditions from ISO 291, unless oth

agreed upon
preferred set
properties of

by the interested parties, for example, for testing at high or low temperature
of conditions in ISO.291 is standard atmosphere 23/50 class 2, except when the fl
the material are kKnown to be insensitive to moisture, in which case humidity cor

exural
trol is

unnecessary.

8 Procedtire

8.1 Measur p owing
the general guidance of ISO 16012 within the measurement ranges indicated in Figure 5, to the nearest
0,1 mm for the width and to the nearest 0,01 mm for the thickness.

Avoid measuring the thickness at the edge of the specimen and directly in the centre (see NOTE 1).
With rectangular or sharp tip faces the long side of the tip shall be parallel to the width direction when
measuring thickness, and parallel to the thickness direction when measuring width.

NOTE1 This excludes the maximum and minimum thickness, which for injection moulded test specimens
usually is found at the edge and in the centre, respectively. Injection moulded test specimens prepared according
[SO 294-1 will generally have thickness differences due to sink marks of Ah = hypax = hiin < 0,1 mm (see Figure 5).

NOTE 2  In athree-point flexural test the cross section at the loading nose position carries the maximum load
and determines the test results. Width and thickness are therefore only needed for this position.
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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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5

Key
1 measuring range for width determinatieh + 0,5 mm
2 measuring range for thickness determination *+ 3,25 mm
3 mijnimum thickness hpin
4 maximum thickness hpmax.
5 mijcrometre tip

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

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

L=(16+1)h 6]
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.
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b) For very thin specimens with an expected modulus below 700 MPa (the limit between rigid and
semi-rigid plastics), use a span length based on a lower value of the ratio L/h if necessary to enable
measurements to be made within the working range of the test machine.

NOTE 2

A value of L/h of 8 is suitable in such cases.

c) For flexible materials with an expected modulus below 700 MPa (the limit between rigid and semi-
rigid plastics), 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.

NOTE 3

A value of L/h of 32 is suitable in such cases.

8.3 Do not
avoid a curve
stress in the s
range shown

0<Gf0 <

which corresj
or ofp, it shall

0<Gf0 <]

pecimen at the start of a test, ofp (see Figure 6), shall be positive and shall die-wit
n Formula (2):

—4
X107 E;

ponds to a prestrain of egg < 0,05 %, and, when measuring chanacteristics such as o
lie within the range shown in Formula (3):

O_ZO'fX

where X standgls for M, B or C.

NOTE The
polypropylene

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

(2

\

oad the specimen substantially prior to testing. A small load shall be applied, howiver, to

d region at the start of the stress/strain diagram. For modulus measurement, the-flexural

in the

(2)

fM, OfC

(3)

hylene,

a  <5x10-4Efor<10-20f

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

8.4 Place the test specimen symmetrically on the 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
crosshead speed of 1 mm/min is recommended. When the preload has been reached, set the deflection
measurement system to zero.

8.5 For modulus determination, set the test speed in accordance with the standard for the material
being tested. In the absence of this information, select a value from Table 1 that gives a flexural-strain

14
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rate as 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

Formula (4).

2
rL
= 4)
600h

where

v isthe test speed, in millimetres per minute;

r iD t}lC f}CAul Cl]l Dtl Clill 1 CltC, ill lJCl LCllt IJCI uliuutc,

L | isthe span, in millimetres;

h | isthe thickness, in millimetres, of the test specimen.
8.6 bPtart the test within 1 min of reaching the preload, using the test speed spedfied/selected
for m¢dulus determination (see 8.5). After reaching the end of the modulus determipation region
(0,05 % < £< 0,25 %), continue the test as specified in method A (see 8./) or method B (se¢ 8.8).
8.7 ethod A (determination of the flexural-stress/flexuraléstrain curve using only onfe test speed):

Continjue to record the force and the specimen deflection without interruption, using the same test speed

as thaf used over the modulus determination region (see 8.5):

8.8
After 1
restart
unload
being
rate as
for the

a pronounced stress maximum and-1'00 mm/min for all other materials.

If, e.g.
the tes

NOTE 1

min fof
0,25 %

NOTE 2

to lead
flexurd

ethod B (determination of the flexural-stréss/flexural-strain curve using two
ecording the data in the modulus determination region (see 8.6), either unload the
using a higher speed appropriate to the material or change to the higher speed dir
ing the specimen). Use as the higher speed the speed specified in the standard fo
fested. In the absence of this information, select a value from Table 1 that gives a

near as possible to 5 %/min or 50"%/min. This gives a test speed of 10 mm/min or
preferred test specimen specified'in 6.1.2. Use 10 mm/min for materials that break {

for purposes of quality ‘control, the determination of the flexural modulus is not ng
t directly with the higher speed.

This is equivalent to the procedure used in tensile testing, where the test speeds utili
(see ISO 10350-1[2]).
In tensile tests, a tenfold increase in crosshead speed (from 5 mm/min to 50 mm/min) |

to an\ificrease of 8 % in the yield stress measured. The effects of changes in test speed o
| tests are given in Annex B.

test speeds):
kpecimen and
ectly (without
" the material
lexural-strain
100 mm/min
vithout giving

cessary, start

zed are 1 mm/

modulus determination and 5 mm/min or 50 mm/min for other tensile properties at strafins larger than

as been shown
h the results of

8.9 Record the force and the corresponding deflection of the specimen during the test, using, if
practicable, an automatic recording system that yields a complete flexural-stress/deflection curve for
this operation [see Formula (5)]. Determine all relevant stresses, deflections and strains defined in
Clause 3 from a force/deflection or stress/deflection curve or equivalent data.
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9 Calculation and expression of results

9.1 Flexural stress

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

o=t (5)
2bh
where
or is thgfiexural-stress parameter in qUEStTionN, in Megapascats,
F  isthd applied force, in newtons;
L  isthg span, in millimetres;
b isthd width, in millimetres, of the specimen;
h isthd thickness, in millimetres, of the specimen.
9.2 Flexurpl strain
Calculate the [flexural-strain parameters defined in Clause 3 using Formula (6) or Formula (7):
e =2 ©)
L
L (7)
L
where
gr istheflexural strain parameterin'question, expressed as a dimensionless ratio or as a percgntage;
s is thd deflection, in millimetres;
h  is thq thickness, in millimeétres, of the test specimen;
L is thd span, in millimiéetres.
9.3 Flexurpl modulus
To determinelthe, flexural modulus, calculate the deflections s1 and s corresponding to the givenvalues

E 3 FAWAYAYaW puj faWaYate N H I 1 L0
of the flexuratstrain €T — U,00U o aitaErz = U, 0uz o usStig rormtaa (o7

2
s-:%(izlorZ) (8)

1

where

s; is one of the deflections, in millimetres;
gf; is the corresponding flexural strain, whose values €f1 and ¢ are given above;
L  isthe span, in millimetres;

h  isthe thickness, in millimetres, of the specimen.
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Calculate the flexural modulus, Ef, expressed in megapascals, using Formula (9):

E¢

_0f27011
€f2 €11

where

of1 is the flexural stress, in megapascals, measured at deflection s1;

ory is the flexural stress, in megapascals, measured at deflection s3.

9

All formulae referring to flexural properties hold exactly for linear stress/strain behaviour only (see
NOTE
given

With domputer-aided equipment, the determination of the modulus, Ef, using two-distinct
points

two p

9.4

Calcul

confid

9.5

Calcul

signifi

10 Precision

See Annex A.

11 Test report

The te

a)
b)

A

d)

€)
f)
g)
h)
i)
)

a reference to this\document, i.e. ISO 178:2019;

al
m

fo

SH

2 in Clause 4); thus, for most plastics, they are accurate at small deflections only,
tan, however, be used for comparison purposes.

may be replaced by a linear-regression procedure applied to the part of the curve i
pints.

btatistical parameters

hte the arithmetic mean of the test results and, if required, the standard deviation
ence interval of the mean value using the procedure givén in ISO 2602.

bignificant figures

hte the stresses and the modulus to three significant figures. Calculate the defle
lcant figures.

st report shall includethe following information:

the information necessary for identification of the material tested, including
hnufacturer's code-number, form and previous history where these are known;

' sheets, the thickness of the sheet and, if applicable, the direction of the majo

The formulae

stress/strain
etween these

and the 95 %

ctions to two

type, source,

r axes of the

ecimens in relation to some feature of the sheet (for anisotropic material, the direc

[ion of testing

shall be noted);

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

the method of preparing the specimens;

the test conditions and conditioning procedures, if applicable;

the number of specimens tested;

the nominal span used;

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

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

© IS0 2019 - All rights reserved
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k) the surface on which the force was applied;

1) 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.
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A.1 Tables A.1 and A.2 are based on a round-robin test performed in accordance with ASTM E 691I[8].
All materials were sampled and distributed by one source. Each “test result” was the average of five

individ

A2
based

The fq
consid

be rig
robin

test m|

mater

A3

of data

a)
t

difference between two test results for the-same material, obtained by the same oper

Table A.1 is based on a round robin involving nine laboratories and four materials a

R¢

ual determinations. Each [aboratory obtained and reported two test results for each

on a round robin involving 11 laboratories and four materials.

llowing explanations of r and R (see A.3) are only intended to present a mean
ering the approximate precision of this test method. The data in@ables A.1 and A
brously applied to acceptance or rejection of material, as thogse data are specific
hind might not be representative of other lots, conditions, materials or laboratories
pthod should apply the principles of ASTM E691 to generate)ydata specific to their 14
als, or between specific laboratories. The principles of A\3 would then be valid for 3

Concept of rand R in Tables A.1 and A.2: If s and sghave been calculated from a largg
, and for test results that were averages from testing five specimens for each test reg

ppeatability: Two test results obtained within one laboratory should be judged no
y differ by more than the r-value for that'material, r being the interval representi

material.

d Table A.2 is

Ingful way of
.2 should not
to the round
Users of this
boratory and
uch data.

enough body
ult, then:

F equivalent if
hg the critical
htor using the

same equipment in the same laboratory:

b) Reproducibility: Two test results obtained by different laboratories should bp judged not
eduivalent if they differ by morethan the R-value for that material, R being the interva] representing
thie critical difference between two test results for the same material, obtained by different
oferators using different'equipment in different laboratories.

c) The judgments in a).and b) will have an approximately 95 % (0,95) probability of beirlg correct.

Table A.1>="Precision data for flexural stress at the conventional deflectiop, sc
Values [in megapascals
Material Average Sr SR r R

Polycqrbonate 70,5 0,752 1,99 2,11 5,58

ABS 72,1 0,382 2,67 1,07 7,49
PE-HD 20,4 0,129 0,505 0,36 1,42
PSU-GF 1562 1,65 3,13 4,62 8,75

NOTE For the meanings of the algebraic symbols used, see Table A.2.

a  For PSU-GF, the flexural strength was measured.
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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 94,4 419 264
PSU-GF 8510 83,5 578 234 1618

sr = within-laboratory standard deviation.

sg = between-laboratory standard deviation.

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