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circulated tq the member bodies for voting. Publication as an Internatiohal
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ISO 899-2:1993(E)

Plastics — Determination of creep behaviour —

Part 2:

Flexural creep by three-point loading

1 Scope

1.1 This|part of ISO 899 specifies a method for de-
termining the flexural creep of plastics in the form of
standard fest specimens under specified conditions
such as those of pretreatment, temperature and hu-
midity. It fapplies only 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-reinforced
plastics mpaterials (see ISO 472 for definitions) in:the
form of regtangular bars moulded directly or-¢utfrom
sheets or moulded articles.

NOTE 1 [The method may be unsuitable~for certain fibre-
reinforced rnaterials due to differencesinfibre orientation.

1.3 The |[method is intended~to provide data for
engineering-design and reSearch and development
purposes.

1.4 Flexyral creep_may vary significantly with differ-
ences in specimen-preparation and dimensions and in
the test ehvirenment. The thermal history of the test
specimen [cah,also have profound effects on its creep
behaviour - - t
comparative results are required, these factors must
be carefully controlled.

1.5 |If flexural-creep properties are to be used for
engineering-design purposes, the plastics materials
should be tested over a broad range of stresses,
times and environmental conditions.

1.6 The method may not be suitable for determining
the flexural creep of rigid cellular plastics (attention is
drawn in this respect to I1SO 1209-1:1990, Cellular
plastics, rigid — Flexural tests — Part 1: Bending
test, and I1SO 1209-2:1990, Cellular plastics, rigid —

Flexural tests —<Part 2: Determination of flexural
properties).

2 Normative references

Thezfollowing standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 899. At the time of publication, the
editions indicated were valid. All standargls are subject
to revision, and parties to agreements lbased on this
part of ISO 899 are encouraged to inyestigate the
possibility of applying the most recent editions of the
standards indicated below. Members off IEC and ISO
maintain registers of currently valid | International
Standards.

ISO 178:1993, Plastics — Determinatiqn of flexural
properties.

ISO 291:1977, Plastics — Standard atmospheres for
conditioning and testing.

ISO 472:1988, Plastics — Vocabulary.

3 Definitions

or the purposes of this part o 899, the defi-
nitions given in ISO 472 and the following definitions

apply.

3.1 creep: The increase in strain with time when a
constant stress is applied.

3.2 flexural stress, o: The surface stress in the
mid-span section of the test specimen. It is calculated
from the relationship given in 7.1.2.

3.3 deflection, s: The distance, in millimetres,
through which the top or bottom surface of the test
specimen at mid-span deviates, during flexure, from
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its position before application of the test load to its
position at time ¢.

3.4 flexural-creep strain, ¢: The strain at the sur-
face of the test specimen produced by a stress at any
given time ¢ during a creep test, calculated in accord-
ance with 7.1.3. It is expressed as a dimensionless
ratio or as a percentage.

3.5 flexural-creep modulus, E: The ratio of flexural
stress to flexural-creep strain, calculated as in 7.1.1.

The radius R, of the loading edge and the radius R,
of the supports shall conform to the values given in
table 1.

3.6 isochronous stress-strain curve: A Cartesian
plot of streds versus creep strain, at a specific time

after application of the test

lnad
10aa.

3.7 time fo rupture: The period of time which
eiapses between the point in time at which the
specimen is|fully loaded and the rupture point.

3.8 creep-strength limit: That initial stress which
will just cauge rupture (o ) or will produce a specified

strain (o, ) af a specified time ¢, at a given temperature
and relative humidity.

4 Apparatus

4.1 Test rack, comprising a rigid frame with two
supports, one for each end of the test specimen, the
distance befween the supports being adjustablesto
(16 £ 1) times the thickness (height) of the specimeén
(see figure 1)) for normal specimens or greater) than
17 times the thickness (height) of the specimen for
very thick, tnidirectional specimens (see*6.2). The
test rack shall be level, and sufficient-space shall be
allowed belgw the specimen for the specimen to flex
under dead-\yveight loading at mid-span.

Applied force F

Table 1
Values in millimetres
] Radius of Radius of
Thickness of loading edge supports
test specimen
Ry R,
e 5+01 2+02
>3 5+0,1 5|+ 0,2

4.2 Loading system, capable .of ensurihg that the
load is applied smoothly, without causing transient
overloading, and that the |0ad is maintaingd to within
+ 1 % of the desired Idad. In creep-to-rupture tests,
provision shall be madeto prevent any shpcks which
occur at the moment of rupture being trapsmitted to
adjacent loading, systems. The loading mechanism
shall allow rapid, smooth and reproducible|loading.

brising any
measuring
without in-
fluencing the specimen behaviour by meghanical ef-
fects (e.g. undesirable deformations, notdhes), other
physical effects (e.g. heating of the spgcimen) or
chemical effects. The accuracy of the |deflection-
measuring device shall be within + 1 % ¢f the final
deflection.

4.3 Deflection-measuring device, com
contactless or contact device capable of

4.4 Time-measurement device, accurat¢ to 0,1 %.

closer, for
test speci-

4.5 Micrometer, reading to 0,01 mm or|
measuring the thickness and width of the
men.

Loading edge T | TesT specimen
PR | St
A /A %’3 Sk\%
/2
| Support

Figure 1 — Characteristics of flexural-creep apparatus
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4.6 Vernier calipers, accurate to 0,1 % of thé span
between the test supports or better, for determining
the span.

5 Test specimens
Use test specimens of the same shape and dimen-

sions as specified for the determination of flexural
properties (see I1SO 178).

ISO 899-2:1993(E)

6.4 Selection of stress value

Select a stress value appropriate to the application
envisaged for the material under test, and calculate,
using the equation given in 7.1.2, the test load to be
applied to the test specimen.

Choose the stress such that the deflection is not
greater than 0,1 times the distance between the
supports at any time during the test.

6.5 Loading procedure

6 Progedure

6.1 Conditioning and test atmosphere

Condition| the_test specimens as specified in the In-
ternationgl Standard for the material under test. In the
absence pf any information on conditioning, use the
most appropriate set of conditions specified in
ISO 291, lunless otherwise agreed upon by the inter-
ested parties.

NOTE 2 |The creep behaviour will be affected not only by
the thermgl history of the specimen under test, but also by
the tempdrature and (where applicable) humidity used in
conditioning.

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
temperatlres. Ensure that the variation in tempera-
ture during the duration of the test remains within
+2°C.

6.2 Measurement of test-specimen
dimensipns and distance between supports

Measure | the dimensions of (the conditioned test
specimens.

For normII test specimens,-adjust the distance L be-
tween the test-specimen-Supports to

(64 NHa

where # is the thickness of the specimen.

In the cask_of very thick, unidirectional fibre-reinforced

6.5.1 Preloading

When it is necessary to preload the test specimen
prior to increasing the load €0 the test Ipad, take care
to ensure that the preload does not infl§ience the test
results. Do not apply the preload until the temperature
and humidity of the_test specimen (positioned in the
test apparatus) correSpond to the test gonditions.

Set the deflection-measuring device [to zero after
application‘of) the preload; the preload shall act during
the whole{duration of the test.

6.5.2 ' Loading

Load the test specimen progressively so that full
loading of the test specimen is reached between 1's
and 5 s after the beginning of the application of the
load. Use the same rate of loading for each of a series
of tests on one material.

Take the total load (including the preldad) to be the
test load.

6.6 Deflection-measurement schedule

Record the point in time at which the
fully loaded as t=0. Unless the deflg
matically and/or continuously recorded
times for making individual measureme
tion of the creep curve obtained from
material under test. It is preferable to u
ing measurement schedule:

specimen is
ction is auto-
, choose the
nts as a func-
the particular
se the follow-

1 min, 3 min' 8 min' 12 min-and-30

in;

test specimens, a distance between the supports
may be adjusted to a value > 17h if necessary to avoid
delamination in shear.

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

6.3 Mounting the test specimens

Mount a conditioned and measured specimen sym-
metrically with its long axis at right angles to the
supports and set up the deflection-measuring device
as required.

1Th, 2h, 5h, 10h, 20 h, 50 h, 100 h, 200 h,

500 h, 1 000 h, etc.

If discontinuities are suspected or encountered in the

creep-strain versus time plot, take readi
quently than recommended above.

6.7 Time measurement

ngs more fre-

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.
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6.8 Temp

erature and humidity control

Unless temperature and relative humidity (where ap-

plicable) 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.

7 Expression of resuits

where

F is the applied force, in newtons;

L is the distance, in millimetres, between the

test-specimen supports;

b is the width, in millimetres, of the test

specimen;

h is the thickness (height), in milli
the test specimen.

7.1 Meth

7.1.1 Calcu
pressed in
measureme

E=-L

4b

where

L ist
tes

F ist

is
spe

bd of calculation

late the flexural-creep modulus E, ex-
megapascals, at each of the selected
ht times using the following equation:

F
h3-s,

he distance, in millimetres, between the
-specimen supports;

ne applied force, in newtons;

the width, in millimetres, of the test
cimen;

h is the thickness (height), in millimetres, of

the

s st

test specimen,;

he deflection, in millimetres, at midsspan

at ime ¢.

7.1.2 Calcd
megapascals

3F
2b*

late the flexural stress (o,)€xpressed in
5, using the following gguation:

L

"12

7.1.3 Calculate the flexural creep strain
following equation:

_ Bssh

g 5 as a dimensjonless r|
L
or
600s,h
g =——— gs’a percentage
L
where

metres, of

, using the

Btio

s, is the deflection, in millimetres, 3t mid-span

at'time ¢,

k< is the thickness (height), in mill
the test specimen;

metres, of

L is the distance, in millimetres, b¢tween the

test-specimen supports.

7.2 Presentation of results

7.2.1 Creep curves

If testing is carried out at different tempe

atures, the

raw data should preferably be presented, for each

temperature, as a series of creep curves s
flexural strain plotted against the logarith

03

howing the
m of time,

‘ Increasing stress

Creep|strain, &;

v2

t

logyg time £

Figure 2 — Creep curves
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The data may aiso be presented in other ways, e.g.
as described in 7.2.2 and 7.2.3, to provide information
required for particular applications.

7.2.2 Creep-modulus/time curves

For each initial stress used, the flexural-creep modu-

ISO 899-2:1993(E)

7.2.4 Three-dimensionai representation

A relationship of the form ¢ =f, 0) exists between
the different types of curve (see figures 2 to 4) that
can be derived from the raw creep-test data. This re-
lationship can be represented as a surface in a three-
dimensional space (see reference [1], annex B).

All the curves that can be derived from the raw
creep-test data form part of this surface. Because of
the experimental errors inherent in each measure-
ment, the points corresponding to the actual

lus, calcylated in accordance with 7.1.T, may be plot-
ted against the logarithm of the time under load (see
figure 3).

is carried out at different temperatures, plot
f curves for each temperature.

If testing
a series (¢

7.2.3 lIspchronous stress-strain curves

An isochonous stress-strain curve is a Cartesian plot
showing how the strain depends on the applied load,
at a specffic 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 ¢urve, it is necessary to carry out the test at
at least three different stresses, and preferably more,
to obtainjan isochronous curve.

To obtain an isochronous stress-strain curve for a
particular[time under load (say 10 h) from & series of
creep curnves as shown in figure 1, read off, ffom each
creep cuive, the strain at 10 h, and plot-these strain
values (x-pxis) against the corresponding stress values
(y-axis). Repeat the process for other times to obtain
a series df isochronous curves (see figure 4).

If testing
a series @

is carried out at different temperatures, plot
f curves for each temperature.

measurements normally do not lie on the curves but
just off them.

The surface ¢ = fit, o) can therefore bg
deriving a number of the curves which form it, but a
number of sophisticated smoothing ¢perations are
usually necessary. Computer techniques permit this
to be done rapidly and reliably.

generated by

7.2.5 Crteep-to-rupture curves

Creep-to-rupture curves permit the prediction of the
timie to failure at any stress. They may be
stress against log time (see figure5)| or log stress
against log time.

7.3 Precision

The precision of this test method is fot known be-
cause interlaboratory data are not available. When
interlaboratory data are obtained, a pfecision state-
ment will be added at the next revision

[Py
)
2
2
[=]
E
a
@ P —es o
(= 1 Pq’
o
2 A Increasing stress
P2’
P3 o
Py 3
h t2 Log, time ¢+

Figure 3 — Creep-modulus/time curves
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8 Test report d

The test report shall include the following particulars: e)
a) a reference to this part of ISO 899;

b) a complete description of the material tested, in-
cluding all pertinent information on composition, f)
preparation, manufacturer, tradename, code num-
ber, date of manufacture, type of moulding and
any annealing; g

the method of preparation of the test specimens;

the directions of the principal axes of .the test
specimens with respect to the dimensions of the
product or some known or inferred orientation in
the material;

details of the atmosphere used for conditioning
and testing;

the creep-test data for each temperature at which
testing was carried out, presented in one or more

c) the dimepsions of each test specimen and the
span-to-thickness ratio L/h, if other than 16 (see
6.2);

of The graphical forms described in 7.Z,]or in tabu-
lar form.

Incredsing time

®
" tq
(%]
4]
£
(7]
t2
P3
o3 -
3
P2
7, -~
2
P4
o
2%

Figure 4 — Isochronous stress-strain curves

Creep strain, &,
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Stress, o

\ g, | Increasing temperature

~—.

log, time #

NOTE — The stress o may also be plotted on a logarithmic scale.

Figure 5 — Creep-to-rupture curves
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Annex A
(informative)

Physical-ageing effects on the creep of polymers

A.1 General

cumstances, the physical ageing that takes place

Physical ag

ing takes place when a polymer is cooled

from an eleyated temperature at which the molecular

mobility is-

igh to a lower temperature at which re-

laxation timgs for molecular motions are long in com-

during stor. temporarily
reversed when the specimen is heated |to the test
temperature. The rate at which this-takes place de-
pends on the size of the temperature-change and the
age of the specimen when the témperatufe is raised.

parison wit
Under thes
will take pl
rearrangem
as the poly
state for th

the storage time at that temperature.
circumstances, changes in the structure
ce over a long period of time, involving
nt in the shape and packing of molecules
er approaches the equilibrium structural
lower temperature. Associated with this

ageing procgss, there is a progressive decrease in the

molecular
temperatur:
quence of t
applied str
polymer, cr
material.

This is illu
compliance
ages. Each
cooled from
stored at th
times ¢, prig
a specimen
be seen th3
creep curve

obility of the polymer, even when the
remains constant. As a direct conse-
is, the creep deformation produced by an
ss will depend upon the age of the
ep rates being lower in more highly aged

rated in figure A.1 which shows creep
curves for PVC specimens of different
of these specimens has been rapidly
a temperature of 85 °C (close to Ty)'and
e test temperature of 23 °C for different
r to load application. The physical age of
is then defined by the timeSiand it can
t the older the specimen ‘the further its
is shifted on the time axis:

A.2 Creep at elevated temperatures

The influend
is more con
at elevated
at a lower

e of physicalcageing on creep behaviour
hplicated when measurements are made
temperatures following a storage period
ambient) temperature. Under these cir-

—

Following the reduction in théapparent
age of the specimen, physical ageing is
at the higher temperature, ‘Again, the tim
which this happens depends on the test
One consequenceof."these changes in
caused by the temperature increase is
pendence of the creep behaviour at th

r effective)
reactivated
escale over
conditions.
age state
thus a de-
e elevated

temperature~en the dwell time at this

mperature

prior to load<application.

Typical"'ways in which this type of thermdl history in-
fluenceés creep compliance are illustrated in figures
A.2-and A3. In figure A.2, specimens werg stored for
a period 2,4 of 200 h at a temperature of|23 °C prior
to heating to the test temperature of 44 °C. Creep
curves were then obtained after differeny periods i,
at 44 °C prior to load application. Despite the relatively
long storage period 1,; at ambient temperature, the
creep behaviour shows a strong dependgnce on the
dwell time ;.

In figure A.3, creep tests were carried ouf 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 i
tive age of the specimens is actually obs
as a shift in the curves to shorter creep
results from the more extensive structu
that have taken place in the specime
physical ageing before heating.

the effec-
erved here
times, and
al changes
s through
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heating.from 23 °C (the specimen had been stored for 200 h at 23 °C prior to heating)
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