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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.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document has been prepared because users of plastics sometimes find that available data cannot
be used readily to compare the properties of similar materials, especially when the data have been
supplied by different sources. Even when the same standard tests have been used, they often allow
the adoption of a wide range of alternative test conditions, and the data obtained are not necessarily
comparable. The purpose of this document is to identify specific methods and conditions of test to be
used for the acquisition and presentation of data in order that valid comparisons between materials
can be made.

The ISO 10350 seriesl! is concerned with single-point data. Such data represent the most pajsic method
for fharacterizing materials and are useful for the initial stages of material selection. Thi{ document
identifies test conditions and procedures for the measurement and presentation of amere fubstantial
quimtity of data. Each property here is characterized by multipoint data which.demongtrate how
that property depends upon important variables such as time, temperaturéyand environmental
effdcts. Additional properties are also considered in this document. These data-therefore ehable more
dis¢riminating decisions to be made regarding a material’s suitability forva particular gpplication.
Sonpe data are also considered adequate for undertaking predictions of performance in serice and of
optjmum processing conditions for moulding a component, althoughdt should be recognized that, for
purposes of design, additional data are often needed. One reason for'this is that some properties are
strgngly dependent upon the physical structure of the material,/The test procedures referred to in this
document employ, where possible, the multipurpose tensile bar,'and the polymer structurefin this test
spefimen can be significantly different from that in specifi¢ regions of a moulded comporjent. Under
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be circumstances, therefore, the data are not suitablefor accurate design calculations
formance. The material supplier should be consulted\for specific information on the app
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10350 and the ISO 11403 series together define the means for acquiring and presen
of comparable data for use in material.selection. Use of these International Standa

thermore, reference to these International Standards simplifies the development of data
computerized storage and exchange-of data concerning material properties.

ere appropriate, values for test variables have been specified by this document. For
rever, owing to the wide range of conditions over which different plastics perform, thig

'mer. Because, in general, the properties and performance specifications for differen
br widely, there isCho” obligation to generate data under all the test conditions specif
ument.
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Plastics — Acquisition and presentation of comparable
multipoint data —

Part 1:
Mechanical properties
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Scope

5 document specifies test procedures for the acquisition and presentation of multipoint
wing mechanical properties of plastics:

dynamic modulus;

tensile properties at constant test speed;
ultimate stress and strain;

tensile stress-strain curves;

tensile creep;

Charpy impact strength;

puncture impact behaviour.

test methods and test conditions applyypredominantly to those plastics that can be i

Normative references

following documents_are referred to in the text in such a way that some or all of th
Ktitutes requirements/of this document. For dated references, only the edition cited 4
ated references, thelatest edition of the referenced document (including any amendmen

179-1, Plastics.>* Determination of Charpy impact properties — Part 1: Non-instrumented
179-2, Plastics — Determination of Charpy impact properties — Part 2: Instrumented impd

293, Rlastics — Compression moulding of test specimens of thermoplastic materials

lata on the

jection- or

pression-moulded or prepared as.gheets of specified thickness from which specimlens of the
appjropriate size can be machined.

bir content
pplies. For
[s) applies.

mpact test

ct test

2044 D

ISO

L el Lo i Ll et = .- yaln ) L e o gl D
7771, TIUSTICS — ITHECLIUTE TTToutulrty Uy tesl SPCCUTICTLS U LICTTTTUPTUSTIC TTIULCT TULS — 1'Uur

principles, and moulding of multipurpose and bar test specimens

1: General

[SO 294-3, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 3: Small
plates

ISO
ISO

295, Plastics — Compression moulding of test specimens of thermosetting materials

527-1, Plastics — Determination of tensile properties — Part 1: General principles

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

ISO

899-1, Plastics — Determination of creep behaviour — Part 1: Tensile creep

© IS0 2021 - All rights reserved
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[SO 2818, Plastics — Preparation of test specimens by machining

IS0 6603-2, Plastics — Determination of puncture impact behaviour of rigid plastics — Part 2: Instrumented

impact testing

ISO 6721-2, Plastics — Determination of dynamic mechanical properties — Part 2: Torsion-pendulum

method

ISO 6721-4, Plastics — Determination of dynamic mechanical properties — Part 4: Tensile vibration —

Non-resonance method

ISO 10724 —Plast Liodeati I £ract 4 £l ) ] 11
[ 1T 1a5CICS Tiectiortmouratitg o teSTsSpeCtHteits o trretrmosetting-powacrrouratitgconmpoy

(PMCs) — Part 1: General principles and moulding of multipurpose test specimens

ISO 1072412, Plastics — Injection moulding of test specimens of thermosetting powder moulding.compol
(PMCs) — Part 2: Small plates

[SO 20753,|Plastics — Test specimens

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and [E€ maintain terminological databases for use in standardization at the following addresse

— ISO Online browsing platform: available at https://www.isp.exrg/obp

— IEC Elgctropedia: available at http://www.electropediafg/

31
multipoint data

data characterizing the behaviour of a plastics niaterial by means of a number of test results fi
property npeasured over a range of test conditiens

4 Specimen preparation

In the preparation of specimens by\injection or compression moulding, the procedures describe
ISO 293, IS0 294-1 and 1SO 294-3,"ISO 295 or ISO 10724-1 and I1SO 10724-2 shall be used. The met]
of mouldirlg and the conditiens“depends upon the material being moulded. If these conditions
specified in the Internatiopal\Standard appropriate to the material, then they shall be adopted, w}
possible, for the preparatioft of every specimen on which data are obtained using this document.
those plastics for whichdmoulding conditions have not yet been standardized, the conditions empld
shall be wjithin the~range recommended by the polymer manufacturer and shall, for each of
processing metheds,’be the same for every specimen. Where moulding conditions are not stipuld
in any Intefnational Standard, the values used for the parameters in Table 1 shall be recorded with
data for thatimaterial.

nds

nds

122}

DI' a

1 in
hod
are
lere
For
yed
the
ted
the

Where specimens are prepared by machining from sheet, the machining shall be performed in

accordance with ISO 2818.
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Table 1 — Moulding parameters

Type of moulding material Standard Moulding parameters
and moulding method (where applicable) gp
Melt temperature
Thermoplastic injection ISO 294-1 and ISO 294-3 Mould temperature
Injection velocity?
Mould-temperatyre
] ] Moulding'timse
Thermoplastic compression IS0 293 ]
Coolingrate
Demoulding tempefature
Injection temperaIure
Mould temperatfire
Thermosetting injection ISO 10724-1 and ISO 10724-2 o )
Injection velocity
Cure time
Mould temperatjire
Thermosetting compression ISO 295 Moulding pressyre
Cure time
a  |Values specified in materials standards refer to the preparation of the multipurpose test specimen only (see ISO 294-
1). For the preparation of small plate specimens (see ISO 294:3)values for the injection velocity shall be chosgn to give an
injefction time comparable to that achieved with the multipurpose test specimen.

5 |Conditioning

Aftér moulding, specimens shall be conditioned for (28 + 2) d at (23 £ 2) °C and (50 * 10)|% relative
humidity prior to testing (see NOTE) unless special conditioning is required by the relevaht material
stamdards. For those materials whose properties are known to be insensitive to moisture, thg control of
relgtive humidity is not necegsary. Where it can be demonstrated that the use of a shorter c¢nditioning
perjod has no significant irflitence on the measured properties, then this shorter period may be used
and| shall be recorded with the property data in the tables in Clause 7.

NOTE Changes in”the molecular structure of a test specimen occur following cooling from the moulding
temperature. At elévated temperatures, changes in the size and structure of crystalline regions| take place.
In gmorphous regions, molecular rearrangements also occur (physical ageing) and, whereas|changes in
cryqtallinity are(inhibited at temperatures below the glass transition temperature, physical ageirlg continues
i P on certain

established
nperatures.
However, when measurements are made over a wider and increasing temperature range, or at a constant elevated
temperature, further structural changes can take place during the test. Subsequent cooling establishes different
structural states and, if the test is non-destructive, repeat measurements will not reproduce previous values.

If special conditioning procedures are specified in material standards which involve heating, to prepare
specimens in their dry state or with a more stable structure, then, after conditioning, specimens shall
be heated to the glass transition temperature of the polymer and held at that temperature for a period
of 20 min and subsequently cooled in still air at 23 °C prior to conditioning for (28 = 2) d at (23 £ 2) °C.
Where data on materials whose properties are sensitive to water content are to be presented for the
polymer in its dry state, conditioning shall be carried out at 0 % relative humidity.

Where specimens have been subject to a thermal history under conditions other than 23 °C and 50 %
relative humidity, details of this history shall be recorded with the associated property data in the
tables in Clause 7.

© IS0 2021 - All rights reserved 3
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Subsequent thermal conditioning is required for certain tests and is specified with test requirements
in Clause 6.

6 Testrequirements

6.1 General

In acquiring data for the properties included in this document, the test procedures described in the
corresponding ISO test standard for each property shall be followed.

Where dat
multiples @

For materi
after it has
because off
uncertain.
decided by

6.2 Dyn
Dynamic ny

Use a sped
thickness ¢

Record the
loss factor
-40 °C and
20 °C shall

Begin mea
selecting t
difference

6.3 Tens

6.3.1 Ge
Tensile pra

NOTE 1
this documg

Use the tyq

h are recorded at selected temperatures, values shall be chosen from the series of inte
f 10 °C, starting at -40 °C and replacing 20 °C by 23 °C.

hls whose properties are sensitive to the water content, the results of tests on'the poly

a continual decrease in water content. The relevance of the data generated is there
Whether such data are worth presenting in accordance with this document should
the data supplier.

hmic modulus

yodules shall be in accordance with ISO 6721-2 or ISO 67214,

r method of moulding is necessary, these shall be stated.

real part of the dynamic shear or tensile modulus, G'or E' respectively, and the respec

tan 6, or tan 6y measured at a frequency of 33Hz + 0,5 Hz and at intervals of 10 °C betw
the maximum working temperature, as shown by Figure 1 and Table 2. The measuremer
be replaced by one at 23 °C.

surements at the lowest temperature and proceed to higher values. Care shall be take
e heating rate or the dwell time at each temperature to ensure that there is no signifi
between the recorded temperature and the actual temperature of the specimen.

ile properties at constant test speed

neral

perties at constant test speed shall be in accordance with ISO 527-1 and ISO 527-2.

IData on the tensile properties of materials other than those covered in ISO 527-2 will be covers

nt whenadditional parts to ISO 527 have been prepared.

bral

mer

been conditioned may change progressively with time when tested at elevatedfemperatures

fore
be

imen of thickness 1 mm prepared by compression tieulding if feasible. If an alternafive

tive
een
It at

h in
ant

d in

min

e’Al specified in ISO 20753. Conduct two tensile tests, the first at a test speed of 1 mm/

up to a stra

0

)

\m/

min to failure (see NOTE 2). For this second test, the specimen used to determine the modulus may
be used after removing the stress and allowing an appropriate period of time to elapse to permit the
specimen to recover from its previous loading.

NOTE 2  The criterion used in the single-point data standard ISO 10350 for selecting the test speed according
to the mode of failure of the specimen is not appropriate here because it can lead to the need to change the test
speed at different temperatures.

At a constant temperature, T}, measure the stress-strain curve up to the ultimate values of stress o,;
and strain &,; which represent the yield point Y or, if no yield is observed, the breaking point B. If no
yield or break is observed up to 50 % elongation, then this elongation shall represent the ultimate point
on the curve. Repeat the measurements at up to seven temperatures T;, one of which shall be 23 °C and

the others selected between -40 °C and the maximum working temperature of the polymer.
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6.3.2 Ultimate stress and strain

At each temperature T}, record the ultimate values of stress o,; and strain ¢; as shown by Figure 2 and
Table 3.

6.3.3 Tensile stress-strain curves

At each temperature T}, record the tensile modulus E| and the stress at nine values of strain g;; given by
£; = €4i * k/10, where k takes all integer values from 1 to 9, as shown by Figure 2 and Table 4.

6.4
Ten|

Use
the

NOTI
spe

sign
toa

Selg
pro
sha

At €
rec
and

NO'
larg]
of a
calc

Dat
labé
cald
tha
for

the
cald
and

6.5

Tensitecreep
sile creep shall be in accordance with ISO 899-1.

the type Al specified in ISO 20753. Where creep tests are undertaken at temperatures a
specimen shall be held for a period of 24 h at the test temperature prior to load applicati

E1 The creep behaviour of plastics is particularly dependent upon the state of physical a
imen. If the temperature of the specimen is raised following a period of-storage at ambient t
ificant further changes in age state can take place. These changes become-less with increasing t
dependence of creep behaviour upon the elapsed time at the elevated teniperature prior to load 3

ct and record in Table 5 a value for the maximum stress, g, that the polymer can exp

1 be 23 °C and the others selected to span the useful werking range of the polymer.

ach temperature, identify five creep stresses oy; 750, * k/5 (k = 1 to 5). At each of thes
rd the creep strain at five times ¢ [in hours (h)}given by Igt =0, 1, 2, 3 and 4, as shown |
Table 5.

E2  The procedure stated in this document\for presenting creep properties involves the acq|
e amount of data, and it is common practice-to generate some of the values for certain materialg
material by calculation. It is not possiblé, at the time of publication, to describe in this docume

h obtained by extrapolationishall be restricted to no more than one decade in time a
lled with the letter E in the“appropriate box in Table 5. Interpolation is permitted as

ulated values of strainrrecorded in Table 5 refer to stress and time values which dif
N £20 % from the valuesof stress and time at which strain measurements were made.

\ these data shall‘be labelled with the letter C in the appropriate box in Table 5. For filled
ulated data shall be derived only by interpolation between measured data for material
lower filler.Content.

Charpy impact strength

Charpyimpact strength shall be in accordance with ISO 179-1 or ISO 179-2.

ulations are supposed to be carried out;-implying that each data supplier can use his own method.

pbove 23 °C,
D1,

being of the
Pmperature,
me but lead
pplication.

erience for

onged periods of time at the temperature T;. Repeat foraipto seven temperatures T, ofe of which

e stresses,
by Figure 3

uisition of a
and grades
ht how such

hd shall be
ong as the
fer by less
Vhere data

h polymer have been-derived by calculation using measured values for similar grades of the polymer,

materials,
s of higher

Use the type 1 specimen specified in ISO 179-1 and ISO 179-2, cut from the central part of type Al
specified in ISO 20753. The notched specimen shall have a type A notch (45° V-notch of depth 2 mm and
tip radius 0,25 mm) machined into the edge of the specimen (see ISO 2818).

Use

edgewise impact.

Measure the impact strength of notched and unnotched specimens, a., and a ; respectively, at intervals

of 1

0 °C from -40 °C to 23 °C as shown by Figure 4 and Table 6 in Clause 7.

At each temperature, classify test results according to the three types of failure defined in ISO 179-1
and ISO 179-2:

C: complete break or hinge break;

© IS0 2021 - All rights reserved
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— P: partial break;

— N:no

break.

Select the test result for the type of failure that occurs most frequently, and record in Table 6 the mean

value of the impact strength and the corresponding failure type C, P or N.

6.6 Puncture impact behaviour

Puncture impact behaviour shall be in accordance with ISO 6603-2.

Use a platg

prepared

ISO 10724
its outer rd

Use a stri
Use a stri

NOTE

ker velocity of 4,4 m/s.

ker diameter of 20 mm and lubricate the surface prior to each test.

These test conditions are the same as those used to present single-point.ddta in ISO 10350-1.

specimen of dimensions 60 mm * 2 mm square or diameter by 2 mm thick. If these|are
by injection moulding, then use mould type D2 in ISO 294-3 for thermoplastics pnd
2 for thermosets. Clamp the specimen sufficiently to prevent any out of plane moyemerjt of
gions. A clamping force of 3 kN is recommended (see [SO 6603-2).

Measure tlle maximum force, F;,, and the puncture energy, E,,, up to the point where the force has fajllen

to 50 % of
these meas

yImy

7 Presgntation of data

Record thqg

the material.

Tabld

2 — Dynamic modulus and loss factor versus temperature (see 6.2 and Figure 1)

F., at intervals of 10 °C from -40 °C to 23 °C. At each tempexature, record the mean valye of
urements as shown in Table 7 in Clause 7.

results in the formats described in Tables 2to 7 together with information that identifies

7 (°F) - 40 -30 .20

-10

0

10 23

G’ or E’ (MPa) 2

tan 6, or|tan 8

NOTE Ind

icate in the table whetherE"and tan 6, or G’and tan §; have been measured.

Table B — Ultimate valyes of stress and strain and the mode of failure at temperatures T,
(see 6.3.2 and Figure 2)
i 1 2 3 4 6 7
i )
Oui (M Pa)
su
YorB
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Table 4 — Values of the tensile modulus and the stress taken from stress-strain curves at
temperatures T; and strains ¢;; = ¢ ; x k/10 (see 6.3.3 and Figure 2)

i B Stress levels corresponding to the value of k below
(°C) (MPa)
1 2 3 4 5 6 7 8 9
Table 5 — Creep strains at times t and stresses o0;; = 0,,,; /5 corresponding to a fixed
temperature T; (see 6.4 and Figure 3)
T, (°C) | Oni (MPa)
I ¢ (tin hours) Creep strains correspending to the values for k below
1 2 3 4 5

0

1

2

3

4

NOTE o, is selected appropriate to the creep performance at the temperature T;.
Table 6 — Notched and un-notched Charpy impact strength, a., and a_; respectively apd type of
fajlure at different temperatures (see 6.5 and Figure 4)
T (°C) a., (kJ/m?2) Type of failure a.y (kJ/m?) Type of failure
-40
-30
-20
10
0

10
23

Table 7 — Maximum force, F;,, and puncture energy, £,, at different temperatures (see 6.6)

T(°0)

-40

-30

-20 -10

0

10

23

Fr (N)

E, (J)

The following additional information shall be included with each table:

a) The method of preparation of the specimen;

© IS0 2021 - All rights reserved
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b) A reference to the International Standard which gives the processing conditions used to prepare
the specimen, if this was prepared by injection or compression moulding. If these are not given in

any standard, then record the appropriate conditions identified in Table 1;
c) Any special conditioning procedure referred to in Clause 5;

d) The number of specimens tested.

8 Precision

For informmmmmmmﬂmmw)s in
Clause 7, the appropriate ISO test standard should be consulted. However, not all of these Interpdti¢nal

Standards [contain a precision clause and, furthermore, the precision of the data from some tésts
depend on|the test conditions and on the behaviour of the material under those conditions;
Y1
a
Q
QO
Lo oo oesye b o o |
-4D 0 50 100 150 200
X

Key
X  measurementteémperature, expressed in degree Celsius
Y1 dynamjc shearor tensile modulus, G* or E’, respectively, expressed in megapascal
Y2 respectiveloss factor tan o or tan &g

Y2

will

a Frequency =1 Hz + 0,5 Hz.

Figure 1 — Schematic diagram depicting the variation of the real part of the dynamic shear
or tensile modulus, G’ or E’respectively, and the loss factor of a semi-crystalline polymer with
temperature T showing the glass-to-rubber relaxation region and the early stages of melting
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Y1
Ty
T, T3
/ / ;
o /7 7 7 .y
N Ts
O—|~_ .
S~ —_ 6
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Figure 2 — Stress-strain curves at different temperatures T; showing ultimate values of stress
0,;and strain ¢ ; and identifying strains ¢, = ¢ ; x k/10 at which values of stress are to be
recorded
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Figure 3 — Isochronous stress-strain curves at a single temperature T; identifying stresses
Ok = 0; % k/5 and times ¢t (in hours) for recording creep strain in a tensile creep test
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