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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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ISO 899-2

:2024(en)

Plastics — Determination of creep behaviour —

Part 2:
Flexur

al creep by three-point loading

1 Scope

1.1 This
test specin
only applic

Hocument specifies a method for determining the flexural creep of plastics in the form
ens under specified conditions such as those of pre-treatment, temperature ‘and hu
hble to a simple freely supported beam loaded at mid-span (three-point-loading test).

1.2 The method is suitable for use with rigid and semi-rigid non-reinforced, filled and fibre

plastics md
moulded af

NOTE T

1.3 The
developme

1.4 The
(attention i

2 Norm

terials (see ISO 472 for definitions) test specimens moulded direetly or machined fro
ticles.

he method can be unsuitable for certain fibre-reinforced materials due to differences in fibre|

method is intended to provide data for engineering-design, quality control, re
Nt purposes.

method might not be applicable for determining the flexural creep of rigid cellu
s drawn in this respect to ISO 1209-1 and ISO©'1209-2).

ative references

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

requireme
the latest e

ISO 178, Plq

ts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

istics — Determination)of flexural properties

ISO 291, PI
ISO 472, PI
ISO 9513, M
ISO 16012,

|

stics — Standagrdatmospheres for conditioning and testing
stics — Voeabulary
[etallicianaterials — Calibration of extensometer systems used in uniaxial testing

Plastics — Determination of linear dimensions of test specimens

bf standard
midity. It is

-reinforced
m sheets or

orientation.

bearch and

ar plastics

constitutes
references,

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 472 and the following apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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3.1
creep

ISO 899-2:2024(en)

increase in strain with time under constant force, measured from the first moment when the loading of the
specimen started

3.2
load

force applied to the test specimen at mid-span

Note 1 to entry: It is expressed in Newtons

3.3
flexural st

ress

o
surface str

Note 1 to en
Note 2 to en

3.4
deflection
St

distance oy
original po

Note 1 to en

3.5
flexural-cy
&

strain at th|

Note 1 to en

Note 2 to en

3.6

flexural-cy
E
ratio of fley

Note 1 to en
Note 2 to en|

3.7
flexural-ci
Dt

bss in the mid-span section of the test specimen
Lry: It is expressed in megapascals.

fry: It is calculated from the relationship given in 7.1.3

er which the top or bottom surface of the test specimen at mid-span deviates from it
cition during flexure

fry: It is expressed in millimetres.

‘eep strain

e surface of the test specimen produced by a‘stress at any given time t during a creep
fry: It is calculated according to 7.1.4.

Lry: It is expressed as a dimensionless.ratio or as a percentage.

‘eep modulus

ural stress to flexurdl3creep strain
Lry: It is calculated’as in 7.1.1.

Lry: It is expréssed in megapascals.

‘eep compliance

s unloaded

test

ratio of fles

nr:\]-r‘rnnp strain to flexural stress

Note 1 to entry: It is calculated as in 7.1.2.

Note 2 to entry: It is expressed in gigapascals?

3.8

isochronous stress-strain curve
Cartesian plot of stress versus creep strain, at a specific time after application of the load to the specimen

39

time to rupture

period of ti

me the specimen is under full load until rupture

© IS0 2024 - All rights reserved
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creep-strength limit
initial stress which will just cause rupture (og ) or will produce a specified strain (o, ,) at a specified time ¢,

at a given temperature and relative humidity

Note 1 to entry: It is expressed in megapascals.

3.11

initial distance between specimen supports

span
L

initial distance between lines of contact between test specimen and supports (see Figure 1)

Note 1 to en

4 Appal

4.1 Test
distance b
Figure 1) fq
distance (1
levelled, an
loading at 1

Ya : g 111: "
Ty TCIS CAPTCSSTUTIT T ITC T CST

ratus

hid-span.

rack, comprising a rigid frame with two supports, one for each end dbthe test spg
tween the supports being adjustable to (16 + 1) times the thickness (height) of the spg
r normal specimens, or to greater than 17 times the thickness (height] of the specime
00 mm) for rigid unidirectional-fibre-reinforced test specimens (s€e 6.3). The test r3
d sufficient space shall be allowed below the specimen for thé specimen to flex und

L/2

bcimen, the
pcimen (see
n or a fixed
iIck shall be
br constant

Key
1  applied|force, F L  initial distance between specimen support
2 loadingedge I specimen length
3  testspgcimen h  specimen thickness
4  suppor R; radius of the loading edge
Ry, —Tadius of thresupports

Figure 1 — Characteristics of flexural-creep apparatus

The radius R; of the loading edge and the radius R, of the supports shall conform to the values given in

Table 1.

© IS0 2024 - All rights reserved
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Table 1 — Radii of the loading edge and the supports

Values in millimetres

Thickness of test speci- Radius of loading edge Radius of supports
men R, R,
<3 50,1 2%0,2
>3 50,1 5+0,2

4.2 Loading system, capable of ensuring that the load is applied smoothly, without causing transient
overloading, and that the load is maintained to within +1 % of the desired load. In creep-to-rupture tests,
provision shall be made to prevent any shocks which occur at the moment of rupture being transmitted to
adjacent loading systems. The loading mechanism shall allow rapid, smooth and reproducible loading.

4.3 Defl¢
the deflect]
(e.g. undes
effects.

The deflect]

bction-measuring device, comprising any contactless or contact device capable|of
on of the specimen under load without influencing the specimen behaviour by fiiechar

ion measurement device shall conform to class 1 of ISO 9513. At its calibration, the init

measuring
ical effects

rable deformations, notches), other physical effects (e.g. heating of the specimen) ¢r chemical

ial position

of the deflection measurement device shall conform to its position at the unlgaded specimen bef¢re test.
Data for enfgineering-design purposes requires the use of a deflectometefr-to measure the deflegtion of the
specimen. Pata for research or quality-control purposes may use the‘displacement between the loading
edge and tlje supports.

4.4 Timéd¢-measurement device, accurate to 0,1 %.

4.5 Micrpmeter, reading to 0,01 mm or closer, for measuring the initial thickness and width of the test
specimen.

4.6 Vernjer callipers, accurate to 0,1 % of the.span between the test supports or better, for determining
the span.

5 Test §pecimens

5.1 Shay

The dimen
with 5.2 or

5.2 Pref
The dimen;

length, I:
width, b:

thickness, h:

e and dimensions

sions of the test'specimens shall comply with the relevant material standard and, as

applicable,

5.3. Otherwise;the type of specimen shall be agreed between the interested parties.
erred specimen type
bions, in millimetres, of the preferred test specimen are:

802

10,0 £0,2

4,0+0,2

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 should preferably be rectangular, with no rounded edges.

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

© IS0 2024 - All rights reserved
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5.3 Other test specimens

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

in Table 2.

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

Dimensions in millimetres
Nominal thickness width
h b2 (+0,5)
1<h<3 25,0
3<hs<5 10,0
5<h<10 15,0
10<h<20 20,0
20<h<35 350
35<h<50 50,0

For materials with very coarse fillers, the minimum specimen width-shall be 30 mm.

6 Proce

6.1 Geng

Flexural c1
the test en
behaviour
carefully b

If flexural-
tested overn

6.2 Conditioning and test atmosphere

Condition {
absence of
unless othe

The creep
also by the

dure

bral

Fironment. The thermal history of the.tést specimen can also have profound effects
[see Annex A). Consequently, when precise comparative results are required, these f:
e controlled.

freep properties are to be used for engineering-design purposes, the plastics material
a broad range of stresses,times and environmental conditions.

he test specimefs) as specified in the International Standard for the material under
hny information/on conditioning, use the most appropriate set of conditions specified|
rwise agreed by the interested parties.

behaviour will be affected not only by the thermal history of the specimen und
temperature and (where applicable) humidity used in conditioning. It is recommet

eep may vary significantly with differences in specimen preparation and dimensjons and in

n its creep
hctors shall

s should be

test. In the
in ISO 291,

br test, but
hded that a

conditionin

g-time 2 tq, be used.

Conduct the test in the same atmosphere as used for conditioning, unless otherwise agreed upon by the
interested parties, e.g. for testing at elevated or low temperatures. Ensure that the variation in temperature

during the

duration of the test remains within +2 °C.

6.3 Measurement of test-specimen dimensions and distance between supports

Measure the dimensions of the conditioned test specimens in accordance with ISO 16012 and ISO 178.

© IS0 2024 - All rights reserved
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When using the preferred specimen type, adjust the initial distance between the test specimen supports, L, to

(16+1)h

where h is the thickness of the specimen.

In the case of rigid unidirectional-fibre-reinforced test specimens, the distance between the supports may
be adjusted to a value > 17h or to a fixed distance of 100 mm, if necessary, to avoid delamination by shearing
or delamination in the compression zone.

Measure the distance between the supports to within +0,5 %.

6.4 Mou

Mounta co
and set up

6.5 Sele

Select a st}
using the f¢

Choose the

any time dyiring the test.

tino the test cpnrimnhc
(=]

he deflection-measuring device as required.

Ction of stress value

'ess value appropriate to the application envisaged for the materiallunder test, an
rmula given in 7.1.3, the load to be applied to the test specimen,

stress such that the deflection is not greater than 0,1 times the distance between the

nditioned and measured specimen symmetrically with its long axis at right angles.to'the supports

1 calculate,

supports at

6.6 Loading procedure

6.6.1 Pre¢loading

When it is hecessary to preload the test specimen prior to increasing the load to the test load, thke care to
ensure thaf the preload does not influence the testresults. Do not apply the preload until the t¢gmperature
and humidity of the test specimen (positioned in-the test apparatus) correspond to the test conditions.

Set the load measurement system to zero béfore any contact with the specimen. The force applied by preload
weights adds to the applied force, in case such preload weights are used.

Directly after application of the preload, set the deflection-measuring device to zero.

6.6.2 Loading

Load the test specimen _progressively so that full loading of the specimen is reached between [l s and 5 s
after the bgginning of the-application of the load. Use the same rate of loading for each of a serieq of tests on
one materigl.

Take the tofal load-(including the preload) to be the test load.

6.7 Defl

sction-measurement schedule

Record the point in time at which the specimen is fully loaded as ¢t = 0. Unless the deflection is automatically
and/or continuously recorded, choose the times for making individual measurements as a function
of the creep curve obtained from the particular material under test. It is preferable to use the following
measurement schedule:

1 min, 3 min, 6 min, 12 min and 30 min;

1h,2h,5h,10h,20h,50h, 100 h, 200 h, 500 h, 1 000 h, etc.

If discontinuities are suspected or observed in the creep-strain versus time plot, take readings more
frequently.

© IS0 2024 - All rights reserved
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6.8 Time measurement

Measure, to within +0,1 % or +2 s (whichever is the less severe tolerance), the total time which has elapsed

up to each creep measurement.

6.9 Temperature and humidity control

Unless temperature and relative humidity (where applicable) are recorded automatically, record them at
the beginning of the test and then at least three times a day initially. When it has become evident that the
conditions are stable within the specified limits, they may be checked less frequently (but at least once a day).

6.10 Measurement of recovery rate (optional)

Upon com

7 Expre

7.1 Method of calculation

7.1.1 Fle

Calculate t
times using

3
E = I 3F
4b-h” -,
where
L is|the initial distance, in millimetres, between the test specimen supports;
F  is|the applied force, in newtons;
b is|the width, in millimetres{of‘the test specimen;
h  is|the thickness (height);in millimetres, of the test specimen;
s;  is|the deflection, iGanillimetres, at mid-span at time, t.
7.1.2 Flexural-creep-compliance

Calculate the flextiral-creep compliance, D, expressed in 1/gigapascals, at each of the selected mg

times using

1

using, for instance, the same schedule as was used for creep measurement.

etion of non-rupture tests, remove the load rapidly and smoothly and measure the be

ssion of results

xural-creep modulus

he flexural-creep modulus, E;, expressed in megapascals, dt each of the selected mg

Formula (1):

Fofnmiulae (2) and (3):

covery rate

asurement

e8]

asurement

1000

Dy

Ey

or

t

p, _4000-b-h* s,

F-I3

© IS0 2024 - All rights reserved
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where
E, isthe flexural creep modulus, in megapascals, at the selected measurement time, ¢;
L isthe initial distance, in millimetres, between the test specimen supports;
F  isthe applied force, in newtons;
b  isthe width, in millimetres, of the test specimen;
h  is the thickness (height), in millimetres, of the test specimen;

s, is the deflection, in millimetres, at mid-span at time, ¢;

7.1.3 Flexural stress

Calculate the flexural stress, g, expressed in megapascals, using Formula (4):

o= SAL (4)
2b{h*
where
F  is|the applied force, in newtons;
L is|the distance, in millimetres, between the test specimeh supports;
b is|the width, in millimetres, of the test specimen;
h  is|the thickness (height), in millimetres, of the test specimen.

7.1.4 Flexural-creep strain
Calculate the flexural-creep strain, &, using Fofmula (5):

64, -h
gy =l (5)

s  is|the deflection, if-millimetres, at mid-span at time, t.
h is|the thickness (height), in millimetres, of the test specimen;

L  is|[the distance, in millimetres, between the test specimen supports.

7.1.5 Timpeto rupture

If break of the specimen was observed during the selected deflection measurement schedule, determine the
period of time from the moment the specimen is under full load until rupture occurs.

7.1.6 Creep-strength limit

If required, determine initial stress which will just cause rupture (og,) or will produce a specified strain
(o, J) at specified time ¢, at a given temperature and relative humidity

© IS0 2024 - All rights reserved
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entation of results

7.2.1 Creep curves

If testing is carried out at different temperatures, the raw data should preferably be presented, for each
temperature, as a series of creep curves showing the flexural strain plotted against the logarithm of time,
one curve being plotted for each initial stress used (see Figure 2).

Y

Key
X
Y
1

creep s
increas

The data n
informatio

7.2.2 Cre¢

For each initial stress used, the flexural-creep modulus, calculated in accordance with 7.1.1]

plotted agd

logy, tijne, t

rain, €
ng stress, o

Figure 2 — Creep-curves

nay also be presented in other ways, foryexample as described in 7.2.3 and 7.2.4,
h required for particular applications.

tep-modulus/time curves

inst the logarithm of the time under load (see Figure 3).
Y

Key
X
Y
1

log,, time, t
creep modulus, E,
increasing stress, o

Figure 3 — Creep-modulus/time curves

© IS0 2024 - All rights reserved
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If testing is carried out at different temperatures, plot a series of curves for each temperature.

7.2.3 Isochronous stress-strain curves

An isochronous stress-strain curve is a Cartesian plot showing how the strain depends on the applied load,
at a specific point in time after application of the load. Several curves are normally plotted, corresponding to
times under load of 1 h, 10 h, 100 h, 1 000 h and 10 000 h. Since each creep test gives only one point on each
curve, itis necessary to carry out the test at, at least, three different stresses, and preferably more, to obtain
an isochronous curve.

To obtain an isochronous stress-strain curve for a particular time under load (say 10 h) from a series of
creep curves as shown in Figure 2, read off, from each creep curve, the strain at 10 h, and plot these strain
values (x-axis) against the corresponding stress values (y-axis). Repeat the process for other times to obtain
a series of isochronous curves (see Figure 4).

Y ty
1
ty
P3
o
3 Py
P,
o
2 P,
Py
01
I
X

Key
X  creep sfrain, g
Y stress, ¢
1 increasjng time, t

Figuré 4 — Isochronous stress-strain curves

If testing ig carried out at différent temperatures, plot a series of curves for each temperature.

7.2.4 Three-dimensional representation

A relationship of the form € = f (t,0) exists between the different types of curve (see Figures 2 to 4) that
can be derjved from the raw creep-test data. This relationship can be represented as a surface|in a three-
dimensiondl space (see Reference [9]).

All the curvesthat can be derived from the raw creep-test data form part of this surtace. Because of the
experimental error inherent in each measurement, the points corresponding to the actual measurements
normally do not lie on the curves but just off them.

The surface € = f (t,0) can therefore be generated by deriving a number of the curves which form it, but a
number of sophisticated smoothing operations are usually necessary. Computer techniques permit this to
be done rapidly and reliably.

7.2.5 Creep-to-rupture curves

Creep-to-rupture curves allow the prediction of the time to failure at any stress. They should be plotted as
stress against log time to rupture (see Figure 5) or log stress against log time to break.

© IS0 2024 - All rights reserved
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0,

6, | 1

65

X
Key
X logyg ti]lne to rupture, t
Y stress, ¢
1 increasing temperature, ©
NOTE The stress, o, can also be plotted on a logarithmic scale.
Figure 5 — Creep-to-rupture curves

7.3 Predision
Interlaborgtory data are not available at the time of publication,"Once interlaboratory data are

precision s

Fatement will be added at the following revision.

obtained, a

mation on
e, type of

n supports,

he product

8 Testreport

The test report shall at least include the following:

a) arefergnce to this document, i.e. ISO 899:2:2024;

b) a complete description of the material tested, if available including all pertinent info
compogition, preparation, manufacturer, tradename, code number, date of manufactuj
moulding and any annealing;

¢) thedinpensions of each testspecimen and the span-to-thickness ratio, L/h, or distance betweeg
if other than 16 (see 6.3);

d) the mefhod of preparation of the test specimens;

e) the dirpctionsof the principal axes of the test specimens with respect to the dimensions of {
or some known or inferred orientation in the material;

f) details|ofthe atmosphere used for conditioning and testing;

g) the creep-test data for each temperature at which testing was carried out, presented in one or more of
the graphical forms described in 7.2, or in tabular form;

h) thetime-dependent strain after unloading the test specimen, in case recovery-rates are measured (see 6.10);

i) any deviations from the procedure;

j) any unusual features observed;

k) the date when the test was completed.
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Annex A
(informative)

Physical-ageing effects on the creep of polymers

A.1 General

Physical ageing takes place when a polymer is cooled from an elevated temperature at which the molecular

mobility is| high to a lower temperature at which relaxation times for molecular motions

compariso
will take p
as the poly
this ageing
the temper
applied str

This is illug
Each of thd
the test ten
is then def
shifted on {

A.2 Cred

The influer]
elevated te
in tempera
addition to
in the phys
temperatut
time, physi
shift in cre
dwell time
in physical
temperatui

[llustration
temperatui
prior to he
times ¢, a
the reactiv|

ture leads to an increase in molecular mobility and thus a higher rate of creep defo

with the storage time at that temperature. Under these circumstances, changes-in th|
ace over a long period of time, involving rearrangement in the shape and packing o
mer approaches the equilibrium structural state for the lower temperature: Asso
process, there is a progressive decrease in the molecular mobility of thé)polymer,
Qture remains constant. As a direct consequence of this, the creep defgrmation prod
bss will depend upon the age of the polymer, creep rates being lower in'more highly agg

trated in Figure A.1, which shows creep compliance curves for‘PVC specimens of dif

hperature of 23 °C for different times ¢, prior to load application. The physical age of
ned by the time ¢, and it can be seen that the older theispécimen the further its cre
he time axis.

p at elevated temperatures

ce of physical ageing on creep behaviour_issmore complicated when measurements 3
mperatures following a storage period at a lower temperature. It is well known that

this, changes in molecular structute take place on heating that are associated with
cal age of the polymer and lead toJa further increase in mobility. Creep deformation a
e is therefore more rapid than-expected from the temperature increase alone. With
cal ageing is reactivated,and the associated progressive decrease in mobility thus
ep behaviour to longer time, as described in A.1, and thus to a dependence of creep bsg
at the high temperature prior to load application. The timescales associated with t
age depend on thefage of the polymer prior to the temperature increase, the magnit
e increase and the glass-transition temperature.

s of the tranSient changes in creep behaviour that can occur with dwell time at t}
e are shown in Figures A.2 and A.3. In Figure A.2, PVC specimens were stored at 23 1
hting to-the test temperature of 44 °C. Creep curves were then measured after diff
F 44 °C prior to load application. The shift in creep behaviour to longer times is int{
ption of physical ageing at 44 °C before loading following the reduction in age stat

ire long in
e structure
[ molecules
tiated with
even when
uced by an
d material.

ferent ages.

se specimens has been rapidly cooled from a temperatureof\85 °C (close to Tg) and stored at

A specimen
ep curve is

re made at
N increase
rmation. In
h reduction
f the higher
increasing
leads to a
haviour on
he changes
udes of the

he elevated
C for 200 h
brent dwell
brpreted as
b from that

at 23 °C resulting from the INCrease in temperature. In FIgure A.3, CTEEp LeSts WEre carried ou

under the

same conditions but following a storage period of greater than 1 year at 23 °C prior to heating to the test
temperature. The progressive reduction in the structural age of the specimens is observed here as a shift
in the curves to shorter creep times and arises because of the more extensive structural changes that have
taken place through physical ageing at 23 °C before heating that are not fully overcome by the relatively
short times t, at temperature prior to loading.

A further issue needs to be considered in the analysis of creep data at elevated temperatures. The shape of a
creep curve at the elevated temperature will change if, during the reactivation of physical ageing, significant
changes in age take place in the duration of the creep test. Any attempt to construct creep master curves
using procedures based on time-temperature equivalence shall take account of these transient changes in
molecular mobility linked to physical ageing for predictions of long-term behaviour to have any validity.
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The changes in creep behaviour with time shown in these figures following cooling or heating are associated
with changes in the non-equilibrium structure of the amorphous phase established when the polymer is
cooled below its glass-transition temperature. Similar effects are observed in the creep behaviour of semi-
crystalline polymers even if the glass transition temperature is below ambient. These effects are believed to
be caused by physical ageing in the amorphous phase associated with a relaxation process (the a-process)
involving coupled motions of molecules spanning both the crystal and amorphous phases.

Y
0,45
L 240 h
L te=3h 24 h ?2 h .: i
04 - . . -
. . o 8 1
o {' [} ..'
| .‘.o o ... o ..0 |
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Figure A.1 — Creep/compliance curves for PVC at 23 °C obtained at different times ¢, after rapid
cooling of the specimen from 85 °C to 23 °C
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