INTERNATIONAL ISO
STANDARD 114031

Second edition
2001-12-15

Plastics — Acquisition and:presentatjon of
comparable multipoint data —

Part 1:
Mechanical properties

Plastiques — Acquisition et\presentation de données multiples
comparables —

Partie 1: Propriétés meéecaniques

—_— Reference number
=, — ISO 11403-1:2001(E)

©1S0 2001


https://standardsiso.com/api/?name=5404d6bd28509bcc6c6b1b479c4fe0d5

ISO 11403-1:2001(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this

area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event

that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© IS0 2001

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO's member body
in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20
Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=5404d6bd28509bcc6c6b1b479c4fe0d5

Contents

FOIr@WON . ... ..ttt ee e e e eeeeeeeeeeeeeeeeeeeeeeneeeeessssssSSSSSRSSSRRRRRRSRRSSRRRSRRRRRRRSSSREERenennnnnnnnnnnnnnnnnnnnnnnns
INErOAUCTION ... . ee e eeeeeeeeeeeeeeessesssssmsmsmsmsmsessssssssssssseesesenennmenennnennnnnnnnnns
1 85 o o o - PR
2 OrMAtiVe FEfEreNCES .....cciiiicerre i re s s s mssn e e s e s sss s s smmnneeeeesenssssnmnnnnenesnsnslue
3 erm and definition ... s e s s dT e b anne
4 [0 X< o3 14 0= 4 T 0 (=Y o F= T 1 oY o P SR
5 Lo 1o 13 4o 4 T ' PR, G S
6 L3 =T L] =T 4 0 T=Y LY S S
6.1 =Y 4 =Y - | s R
6.2 ynamic modulus: ISO 6721-2 or ISO 6721-4........c.coocvviriiiiinnniniinene B s
6.3 ensile properties at constant test speed: ISO 527-1 and ISO 527z2...........ccccceiriiiriiririincnenan,
6.4 ensile creep: 1ISO 899-1 ... . e e S e
6.5 harpy impact strength: ISO 179-1 or ISO 179-2 ........coiviiefmbi s
6.6 uncture impact behaviour: ISO 6603-2..............ccccoiimmne e Y s
7 resentation of data ........cccoe s e e an
8 = o7 1= 1o o T
Annex A (informative) Other Properties.......ccccuccceeeeeerrideniessserreresssssssssssereeesssssssssmsrssssessssssssnnssssssssassss
A1 = oY o Y
A2 racture-mechaniCs PAramMeters .........ccccccce s
A3 = 1o | -0 S
A4 =TT o T
Bibliography ....cccceiiiiiiiirirrrier e e ——————

ISO 11403-1:2001(E)

© ISO 2001 — All rights reserved


https://standardsiso.com/api/?name=5404d6bd28509bcc6c6b1b479c4fe0d5

ISO 11403-

1:2001(E)

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
liasison with 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical
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Introduction

This International Standard has been prepared because users of plastics find sometimes 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
International Standard is to identify specific methods and conditions of test to be used for the acquisition and

dependept upon the physical structure of the material. The test procedures referred to in this standard employ,
where pgssible, the multipurpose tensile bar, and the polymer structure‘jn this test specimen may be significantly
different from that in specific regions of a moulded component. Underthese circumstances, therefore, the data will
not be syitable for accurate design calculations for product performahce. The material supplier should be consulted
for specific information on the applicability of data.

ISO 103%0 and the various parts of this International Standard together define the means for acguiring and
presenting a core set of comparable data for use in material selection. Use of these standards should result in a
rationalization of effort and a reduction of cost associated with provision of these data. Furthermore, feference to
these stgndards will simplify the development of data models for the computerized storage and exchange of data
concerning material properties.

Where appropriate, values for test variables_have been specified by this standard. For some tests however, owing
to the wigle range of conditions over whigch different plastics perform, the standard gives guidance in the|selection of
certain tgst conditions so that they cover the operating range for that polymer. Because, in general, the properties
and perfgrmance specifications fordifferent polymers differ widely, there is no obligation to generate dgta under all
the test donditions specified in this .Standard.

Data on p wide range of praperties are needed to enable plastics to be selected and used in the large variety of
applicatigns to which they)are suited. ISO standards describe experimental procedures which are suifable for the
acquisitign of relevant‘iiformation on many of these properties. For other properties, however, ISO stanflards either
do not eNist or exhibit shortcomings that complicate their use at present for the generation of comparable data (see
annex A). The standard has therefore been divided into parts so that each part can be developed independently. In
this way,|additional properties can be included as new or revised standards become available.
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Plastics — Acquisition and presentation of comparable multipoint
data —

Part 1

Mechanical properties
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of 1ISO 11403 specifies test procedures for the acquisition and presentation ‘ofy'multipoint ¢
mechanical properties of plastics:

ile properties at constant test speed

ile creep

py impact strength

methods and test conditions apply predominantly to those plastics that can be injection- or cq

ata on the

mpression-

or prepared as sheets of specified thickness from which specimens of the appropriate dize can be
machined.

ving normative dectiments contain provisions which, through reference in this text, constitute gdrovisions of
bf ISO 11403. For,dated references, subsequent amendments to, or revisions of, any of these publications
bply. However;/-parties to agreements based on this part of ISO 11403 are encouraged to investigate the
of applying the most recent editions of the normative documents indicated below. FHor undated

referencgs, the Jatest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers

of cufrently valid International Standards.

ISO 179

1 '?ﬂﬂﬂ, Plastics — Deotermination of f‘hnr'ny im,nnr'f ’nrn’nnrfine — Part 1:- Non-instrumented. im'r

act test

ISO 179-2:1997, Plastics — Determination of Charpy impact properties — Part 2: Instrumented impact test

ISO 293:

1986, Plastics — Compression moulding 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
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ISO 294-3:—1), Plastics — Injection moulding of test specimens of thermoplastic materials — Part 3: Small plates

ISO 295:—2), Plastics — Compression moulding of test specimens of thermosetting materials

ISO 527-1:1

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

ISO 527-2:1993, Plastics — Determination of tensile properties — Part 2: Test conditions for moulding and
extrusion plastics

ISO 899-1:—

3), Plastics — Determination of creep behaviour — Part 1: Tensile creep

ISO 2818:1
ISO 3167:

ISO 6603-2
impact testi

ISO 6721-2

ISO 6721-4
resonance

ISO 10724-
(PMCs) —

ISO 10724-
(PMCs) —

3 Term

For the purposes of this part of ISO 11403, the follewing term and definition apply.

3.1

multipoint
data chara
measured g

4 Specimen preparation

In the prep
1ISO 294-1
conditions
Standard a

specimen ¢n Mmhich data are obtained using this part of 1SO 11403. For those plastics for which

conditions

D94, Plastics — Preparation of test specimens by machining
L4), Plastics — Multipurpose test specimens

2000, Plastics — Determination of puncture impact behaviour of rigid plastics —£'Rart 2: Inst
g

1994, Plastics — Determination of dynamic mechanical properties — Part-2: Torsion-pendulun

1994, Plastics — Determination of dynamic mechanical properties < Part 4: Tensile vibratiof]
method

1:1998, Plastics — Injection moulding of test specimens of thermosetting powder moulding co
Part 1. General principles and moulding of multipurpose test specimens

P:1998, Plastics — Injection moulding of test specimens of thermosetting powder moulding co
Part 2: Small plates

and definition

data
Cterizing the behaviour of a.plastics material by means of a number of test results for a
ver a range of test conditions

aration of specimens by injection or compression moulding, the procedures described in
Bnd 294-3, ¢SO 295 or 1ISO 10724-1 and 10724-2 shall be used. The method of moulding
ill depend) 'upon the material being moulded. If these conditions are specified in the Intg
bpropriate to the material, then they shall be adopted, where possible, for the preparation

ave not yet been standardized, the conditions employed shall be within the range recommend

r'umented

n method

— Non-

mpounds

mpounds

property

ISO 293,
and the
rnational
of every
moulding
ed by the

polymer manuracturer and shall, Tor each or the processing methods, be the same Tor every specime

1. Where

moulding conditions are not stipulated in any International Standard, the values used for the parameters in Table 1

shall be rec

orded with the data for that material.

To be published. (Revision of ISO 294-3:1996)
To be published. (Revision of ISO 295:1991)

To be published. (Revision of ISO 899-1:1993)
To be published. (Revision of ISO 3167:1993)
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Where specimens are prepared by machining from sheet, the machining shall be performed in accordance with
ISO 2818.

Table 1 — Moulding parameters

Moulding method and standard
Type of moulding material Moulding parameters

(where applicable)

Thermoplastic Injection, ISO 294-1 and 294-3 Melt temperature
Mould temperature
Injection velocity @

Thermoplastic Compression, 1ISO 293 Moulding temperature
Moulding time

Cooling rate
Demoulding temperature

Thermosetting Injection, ISO 10724-1 and 10724-2 | Injection temperature
Mould temperature
Injection-velocity
Cure\time

Thermosetting Compression, 1ISO 295 Mould temperature
Moulding pressure
Cure time

p Values specified in materials standards refer to the preparation of the multipurpose test specimen only (ISO 294-1).
For the preparation of small plate specimens (ISO 294-3), values<for the injection velocity shall be chosen to giveg an
njection time comparable to that achieved with the multipurpose test specimen.

5 Conditioning

After maulding, specimens shall be conditioned for 28 days + 2 days at 23°C +2°C and (50 £ 10) % relative
humidity |prior to testing (see note) unless special conditioning is required by the relevant material standards. For
those materials whose properties are.known to be insensitive to moisture, the control of relative hunidity is not
necessaly. Where it can be demonsirated that the use of a shorter conditioning period has no significant influence
on the measured properties, then'this shorter period may be used and shall be recorded with the progerty 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
elevated temperatures, changes in the size and structure of crystalline regions will take place. In amorphous regions, molecular
rearrangements will also occur (physical ageing) and, whereas changes in crystallinity are inhibited at temperatures below the

temperature further structural changes can take place during the test Subsequent coollng will establlsh 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 for a period of 20 min and subsequently cooled in still air at 23 °C prior to
conditioning for 28 days + 2 days at 23 °C + 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.

© ISO 2001 — 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 Test requirements
6.1 General

In acquiring data for the properties included in this part of ISO 11403, the test procedures described in the
corresponding ISO test standard for each property shall be followed.

Where data are recorded at selected temperatures, values shall be chosen from the series of integral multiples of
10 °C, start 2 i 2 2

For materigls whose properties are sensitive to the water content, the results of tests on the polymer’after it has
been conditioned may change progressively with time when tested at elevated temperatures|becalise of a
continual decrease in water content. The relevance of the data generated is therefore uncertain. Whether such
data are wdrth presenting in accordance with this part of ISO 11403 should be decided by the.data supplief.

6.2 Dynamic modulus: ISO 6721-2 or ISO 6721-4

Use a spegimen of thickness 1 mm prepared by compression moulding if feasible) If an alternative thigkness or
method of moulding is necessary, these shall be stated.

Record the[real part of the dynamic shear or Young’s modulus, G’ or E' réspectively, and the respective Igss factor
tandg or tgnog measured at a frequency of 1 Hz £ 0,5 Hz and at intervals of 10 °C between —40 °C{ and the
maximum working temperature, as shown by Figure 1 and Table 2 in-clause 7. The measurement at 20 °¢ shall be
replaced byl one at 23 °C.

Begin meagurements at the lowest temperature and proceed.to-higher values. Care shall be taken in selecting the
heating rat¢ or the dwell time at each temperature to ensure that there is no significant difference betveen the
recorded temperature and the actual temperature of the-specimen.

6.3 Tensgile properties at constant test speed: ISO 527-1 and ISO 527-2

NOTE ata on the tensile properties of materials other than those covered in ISO 527-2 will be covered in this part of
ISO 11403 when additional parts to ISO 527 have been prepared.

6.3.1 General

Use the type A multipurpose specimen specified in ISO 3167. Conduct two tensile tests, the first at a test|speed of
1 mm/min yp to a strain of 0;25 % to obtain a value for the tensile modulus and the second at a test [speed of
5 mm/min tp failure (see note). 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 tp recover
from its preyious loading.

NOTE he criterion used in the single-point data standard ISO 10350 for selecting the test speed according to the mode of
failure of th¢ specimen is not appropriate here because it could lead to the need to change the test speed gt different
temperature

At a constant temperature 7;, measure the stress-strain curve up to the ultimate values of stress ¢;;; 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.

6.3.2 Ultimate stress and strain

At each temperature T}, record the ultimate values of stress g,,; and strain ¢,; as shown by Figure 2 and Table 3 in
clause 7.

4 © ISO 2001 - All rights reserved
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6.3.3 Tensile stress-strain curves

1:2001(E)

At each temperature T, record the tensile modulus E; and the stress at nine values of strain g; given by
&, = &,; x k110, where k takes all integer values between 1 and 9, as shown by Figure 2 and Table 4 in clause 7.

6.4 Te

nsile creep: 1ISO 899-1

Use the type A multipurpose test specimen specified in ISO 3167. Where creep tests are undertaken at
temperatures above 23 °C, the specimen shall be held for a period of 24 h at the test temperature prior to load
application.

NOTE 1

temperaty
state can
elapsed ti

Select an
prolonge
23 °C an

At each
creep str|

NOTE 2
amount of

The creep behaviour of plastics is particularly dependent upon the state of physical ageing of the spe
re of the specimen is raised following a period of storage at ambient temperature, significant furthér\ch
take place. These changes become less with increasing time but lead to a dependence of creepybehav
me at the elevated temperature prior to load application.

d record in Table 5 of clause 7 a value for the maximum stress o,,; that the polymer could ex
 periods of time at the temperature 7,. Repeat for up to seven temperatures’7T;, one of wh
H the others selected to span the useful working range of the polymer.

emperature, identify five creep stresses oy, = o,,,; x /5 (k=1 to 5). At.each of these stresses
hin at five times ¢ (in hours) given by log ¢ = 0, 1, 2, 3 and 4, as shownby Figure 3 and Table 5

The procedure stated in this part of ISO 11403 for presenting créep properties involves the acquisiti
data, and it will be common practice to generate some of the values for certain materials and grades of

calculation. It is not possible at present to describe in this part of ISO1403 how such calculations should bg

implying t

hat each data supplier may use his own method.

Data obtained by extrapolation shall be restricted to no morethan one decade in time and shall be label

letter E

recorded
time at w
measure
appropria
measure

6.5 CHh
Use the

tensile s
2 mm an

n the appropriate box in Table 5. Interpolation~is permitted as long as the calculated valu
in Table 5 refer to stress and time values which differ by less than + 20 % from the values o
hich strain measurements were made. Where data for a polymer have been derived by calcu
H values for similar grades of the polymer, then these data shall be labelled with the lett
te box in Table 5. For filled materials, calculated data shall be derived only by interpolati
d data for materials of higher and lower filler content.

arpy impact strength: ISO:179-1 or ISO 179-2

becimen specified inCKSO 3167. The notched specimen shall have a type A notch (45° V-not
d tip radius 0,25 mm) machined into the edge of the specimen (see ISO 2818).

Use edggwise impact,

Measure
from —4(

the impact strength of notched and unnotched specimens, a5 and a; respectively, at interv
°C40¢23 °C as shown by Figure 4 and Table 6 in clause 7.

cimen. If the
anges in age
our upon the

berience for
ch shall be

record the
n clause 7.

bn of a large
A material by
carried out,

led with the
bs of strain
F stress and
lation using
er C in the
bn between

fype 1 specimen specified in ISO 179-1 and 179-2, cut from the central part of the type A multipurpose

ch of depth

als of 10 °C

At each t

Cc

P

N

:IIIpClatulC, bidbb;fy tht ICbuitb dbbuld;l Y tU ti 1< ti 1nNece tprb Uf faiiwc leﬁllUlj ;II i
complete break or hinge break;
partial break;

no break.

50 179-2:

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.

© ISO 2001 — All rights reserved


https://standardsiso.com/api/?name=5404d6bd28509bcc6c6b1b479c4fe0d5

ISO 11403-1:2001(E)

6.6 Puncture impact behaviour: ISO 6603-2

Use a plate specimen of dimensions 60 mm + 2 mm square or diameter by 2 mm thick. If these are prepared by
injection moulding, then use mould type D2 in ISO 294-3 for thermoplastics and ISO 10724-2 for thermosets.
Clamp the specimen sufficiently to prevent any out of plane movement of its outer regions.

Use a striker diameter of 20 mm and lubricate the surface prior to each test.

Use a striker velocity of 4,4 m/s.

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

Measure the maximum force F, and the puncture energy Ep up to the point where the force has fallen t¢ 50 % of
Fy at intervals of 10 °C from — 40 °C to 23 °C. At each temperature, record the mean value of these)measprements
as shown i) Table 7 in clause 7.

7 Presdntation of data

Record the| results in the formats described by the following tables together with(information that identifies the
material.

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

T(°C) -40 -30 -20 -10 0 10 23

G'lor E' (MPa)

tand;; or tanog

NQTE Indicate in the table whether E" and tang or G and tandg have been measured.

Tlable 3 — Ultimate values of stress and strain and the mode of failure at temperatures 7;
(sée 6.3.2 and Figure 2)

i 1 2 3 4 5 6 7
T.(°C)
o,; (MPa)

ui

YorB

6 © ISO 2001 - All rights reserved
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Table 4 — Values of the tensile modulus and the stress taken from stress-strain curves at temperatures 7;
and strains g; = g, x /10 (see 6.3.3 and Figure 2)

(MPa)

o

Stress levels corresponding to the value of k below

3

4

5

6 7

Tablg 5 — Creep strains at times ¢ and stresses o,
(see 6.4 and Figure 3)

= Omi

x kI5 corresponding to a fixed temperature 7,

T, = (°C) Omi = (MPa)
log ¢ (¢ in hours) Creep strains corresponding to the values for i below
1 2 3 4 5
0
1
2
3
4
NOTE o 1 selected~appropriate to the creep performance at the temperature 7;

Table 6|— Notched-and unnotched Charpy impact strength, a., and a., respectively, and type of failure at
different temperatures (see 6.5 and Figure 4)

aca (kJ/m2)

Type of failure

agy (kJim2)

Type of failurg

© ISO 2001 — All rights reserved
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Table 7 — Maximum force F, and puncture energy Ep at different temperatures (see 6.6)

T(°C) -40 -30 -20 -10 0 10 23

The following additional information shall be included with each table:

a) The method-efpreparationofthespeeimep——0——————M8M8¥ MM

ence to the International Standard which gives the processing conditions used to prepare the s
as prepared by injection or compression moulding. If these are not given in any standard, thd
ropriate conditions identified in Table 1.

ecial conditioning procedure referred to in clause 5.

Mmber of specimens tested.

b) A refer
if this
the apq

c) Anysp

d) Thenu

8 Preci

For inform

the approp

clause and

ion

ion on the precision of the test methods used to generate the data recorded in the tables in
iate 1SO test standard should be consulted. However, net ‘all of these standards contain a
furthermore, the precision of the data from some tests.will depend on the test conditions ar

pecimen,
en record

clause 7,
precision
d on the

behaviour df the material under those conditions.
d o
)
= g
iy )
& <
9 s
\
A T T N N TN (NN NN NN N A NN N N NN (NN TN N N A O B
-40 0 50 100 150 200 T (°C)
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 damping factor of a semi-crystalline polymer with temperature 7

showing the glass-to-rubber relaxation region and the early stages of melting
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Figure 2[— Stress-strain curves at different temperatures 7; showing ultimate values of stress ¢, | and strain
&,; and identifying-strains g;; = 5; x k/10 at which values of stress are to be recorded
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8]
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L
3 —
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0
&
Figure 3 +— Isochronous stress-strain curves at a single temperature T, identifying stresses o, = d,,,; x k/5
and_times 7 (in hours) for recording creep strain in a tensile creep test
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