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Plastics — Determination of creep behaviour —

Part(T:
Tensile creep

1 Scqgpe

1.1 This part of ISO 899 specifies a method for de-
termining the tensile creep of plastics in the form of
standarq test specimens under specified conditions
such as|those of pretreatment, temperature and hu-
midity.

1.2 The method is suitable for use with rigid and
semi-rigild non-reinforced, filled and fibre-reinforced
plastics [materials (see ISO 472 for definitions) in(the
form of| dumb-bell-shaped test specimens meoulded
directly pr machined from sheets or moulded.articles.

1.3 The method is intended to provide data for
engineefing-design and research (and development
purposes.

1.4 Tepsile creep may vary_significantly with differ-
ences in specimen preparation and dimensions and in
the test|environment~The thermal history of the test
specimgn can also have profound effects on its creep
behaviolr (see anhex A). Consequently, when precise
compardtive results are required, these factors must
be carefullycontrolled.

possibility of applying the most recen
standards indi¢ated below. Members
maintain _registers of currently val
Standards:

1IS@.291:1977, Plastics — Standard &
cenditioning and testing.

ISO 472:1988, Plastics — Vocabulary.

ISO 527-1:1993, Plastics — Determir
properties — Part 1: General principle

ISO 527-2:1993, Plastics — Determir

properties — Part 2: Test conditions f
extrusion plastics.

3 Definitions

For the purposes of this part of 1SC
nitions given in ISO 472 and the follo
apply.

3.1 creep: The increase in strain wi
constant force is applied.

3.2 initial stress, o: The tensile for

editions of the
of IEC and ISO
d International

tmospheres for

ation of tensile
S.

ation of tensile
br moulding and

899, the defi-
wing definitions

th time when a

1.5 If tensile-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.

2 Normative references

The following 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 standards are subject
to revision, and parties to agreements based on this
part of ISO 899 are encouraged to investigate the

Le per unit area

of the initial cross-section within the gauge length.

It is given by the equation
F

o=

A
where

F is the force, in newtons;

A is the
specimen, in square millimet

initial cross-sectional area of the

res.

The stress is expressed in megapascals.
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3.3 extension, (AL);: The increase in the distance
between the gauge marks, expressed in millimetres,
at time .

It is given by the equation
(AL)t =L- LO
where

L, is the gauge length, in millimetres, at any
given time r during the test;

stresses in the loaded section of the specimen may
be assumed to be uniformly distributed over cross-
sections perpendicular to the direction of the applied
load.

NOTE 1 It is recommended that grips be used that will
allow the specimen to be fixed in place, correctly aligned,
prior to applying the load. Self-locking grips which allow the
specimen to move as the load increases are not suitable for
this test.

4.2 Loading system, capable of ensuring that the

Ly is the priginal-gauge—tength—n—rillimetres;
of the gpecimen after application of a preload
but prigr to application of the test load.

3.4 tensile-crdep strain, ¢: The change in length
per unit original|length of the gauge length produced
by the applied Ipad at any given time during a creep
test. It is expregsed as a dimensionless ratio or as a
percentage.

It is given by th¢ equation
(AL),
L,

& =

or
. _ (D),
L

x{ 100 (%)

3.5 tensile-crgep modulus, E: The ratio of initial
stress to creep ptrain, calculated as in 7.1.

3.6 isochronous stress-strain curve: A Cartesian
plot of stress versus creep strain, at a specific time
after application|of the test load.

3.7 time to nupture: The period (of time which

6ad 1S applied smoothly, without causing, fransient
overloading, and that the load is maintained-tp within
+ 1 % of the desired load. In creep-to-rdpture tests,
provision shall be made to prevent any, shocks which
occur at the moment of rupture being transnjitted to
adjacent loading systems. TheDloading meghanism
shall allow rapid, smooth and reproducible loading.

4.3 Extension-measuring device, comprisjng any
contactless or contact-device capable of measuring
the extension of¢/the specimen gauge length under
load without influencing the specimen behayiour by
mechanical effects (e.g. undesirable deformations,
notches), othér physical effects (e.g. heating of the
specimen), or chemical effects. In the dase of
contactless (optical) measurement of the strpin, the
longitudinal axis of the specimen shall be [perpen-
dictlar to the optical axis of the measuring devjce. The
accuracy of the extension-measuring device ghall be
within + 0,01 mm.

For creep-to-rupture tests, it is recommended that the
extension be measured by means of a contactless
optical system operating on the cathetometfer prin-
ciple. Automatic indication of time to rupture is highly
desirable. The gauge length shall be marked| on the
specimen, either by attaching (metal) cligs with

elapses betwegd
specimen is full

3.8 creep-stre
will just cause ry
strain (o, ) atas
and relative hun

n the point in tine,-at which the
loaded and the ruptire point.

hgth limit:_That initial stress which
pture (ag)\or will produce a specified
becified-time 1, at a given temperature
idity.

scratched-on gauge marks, or by gauge mar
with an inert, thermally stable paint.

Electrical-resistance strain gauges are suitablg
the material tested is of such a nature as to
such strain gauges to be attached to the sp
by means of adhesive and only if the adhesior
is constant during the duration of the test.

s ruled

only if
permit
ecimen
quality

3.9 recovery from-creep:The-decrease—in-strainat
any given time after completely unloading the speci-

men, expressed as a percentage of the strain just
prior to the removal of the load.

4 Apparatus

4.1 Gripping device, capable of ensuring that the
direction of the load applied to the test specimen co-
incides as closely as possible with the longitudinal
axis of the specimen. This ensures that the test
specimen is subjected to simple stress and that the

4.4 Time-measurement device, accurate t0 0,1 %.

45 Micrometer, reading to 0,01 mm or closer, for
measuring the thickness and width of the test speci-
men.

5 Test specimens

Use test specimens of the same shape and dimen-
sions as specified for the determination of tensile
properties (see ISO 527-2).
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6 Procedure 6.5.2 Loading
Load the test specimen progressively so that fuli
6.1 Conditioning and test atmosphere loading of the test specimen is reached between 1s
and 5 s after the beginning of the application of the
Condition the test specimens as specified in the In- load. Use the same rate of loading for each of a series
ternational Standard for the material under test. In the of tests on one material.

absence of any information on conditioning, use the

A / . g Lo Take the total load (including the preload) to be the
most appropriate set of conditions specified in o ~

ISO 291, unless otherwise agreed upon by the inter- test load.
ested parties.
6.6 Extension-measurement schedule

NOTE 2 F*WWWWWMWMWV—
the thernpal history of the specimen under test, but also by

\ b . Record the point in time at which-the specimen is
the temperature and (where applicable) humidity used in fully loaded as ¢ = 0. Unless the exfension is auto-
conditionjng. )

matically andfor continuously recorded, choose the
times for making individual measurements as a func-
tion of the creep curveCobtained from the particular
material under test. It i® preferable to| use the follow-

ing measurement_schedule:

Conduct the test in the same atmosphere as used for
conditioping, unless otherwise agreed upon by the
interestgd parties, e.g. for testing at eievated or iow
temper%lures. Ensure that the variation in tempera-
ture duiing the duration of the test remains within

+2°C 1 min, 3 MiA,. 6 min, 12 min and 30 min;

1h, 2h' 5h, 10h, 20h, 50 h] 100 h, 200 h,
5004, 1 000 h, etc.

6.2 Mfasurement of test-specimen
i

dimengions If discontinuities are suspected or engountered in the
. . creep-strain versus time plot, take regdings more fre-
Measurg the dimensions of the conditioned test quently than recommended above.
specimens in accordance with ISO 527-1:1993, sub-
clause 92. .
6.7 Time measurement
6.3 Mpunting the test specimens Measure, to within + 0,1 % or + 2 s (Whichever is the
less severe tolerance), the total time which has
Mount g conditioned and measured specirden in the elapsed up to each creep measuremept.
grips and set up the extension-measuring device as
required 6.8 Temperature and humidity [control

Unless temperature and relative humjdity (where ap-
plicable) are recorded automatically, [record them at
the beginning of the test and then at I%ast three times

6.4 Selection of stressvalue

Select g stress value @ppropriate to the application
envisaged for the material under test, and calculate,
using the equation, 'given in 3.2, the test load to be
applied {o the test.specimen.

a day initially. When it has become ¢vident that the
conditions are stable within the specified limits, they
may be checked less frequently.

6.9 Measurement of recovery rlate (optional)
6.5 Lqgading procedure

Upon completion of non-rupture tests, remove the
load rapidly and smoothly and measure the recovery
rate using, for instance, the same schedule as was
used for creep measurement.

6.5.1 Preloading

When it is necessary to preload the test specimen
prior to increasing the load to the test load, for ex-
ample in order to eliminate backlash by the test gear, 7 Expression of results
take care to ensure that the preload does not influ-
ence the test results. Do not apply the preload until

the temperature and humidity of the test specimen 7.1 Method of calculation

(gripped in the test apparatus) correspond to the test

conditions. Measure the gauge length after appli- Calculate the tensile-creep modulus E, by dividing the
cation of the preload. Maintain the preload during the initial stress o by the strain ¢, at each of the selected
whole duration of the test. measurement times.
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It is given, in megapascals, by the equation

g-o_ o
g & A-(AL),

where
F is the applied force, in newtons;
Ly is the initial gauge length, in millimetres;

A is the initial cross-sectional area, in square
millimetres, of the specimen;

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, it is 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

(AL), is the pxtension, in millimetres, at time .

7.2 Presentation 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
tensile strain plptted against the logarithm of time,
one curve being plotted for each initial stress used
(see figure 1).

The data may a|so be presented in other ways, e.g.
as described in 7.2.2 and 7.2.3, to provide information
required for partjcular applications.

7.2.2 Creep-mjppdulus/time curves

For each initial ptress used, the tensile-creep modus:
lus, calculated il accordance with 7.1, may be plotted
against the logafithm of the time under load (See’ fig-
ure 2).

If testing is carried out at different temperatures, plot
a series of curvgs for each temperature:

Creep'stpain, &;

particular time under load (say 10 h) from a)sgries of
creep curves as shown in figure 1, read off,/frdm each
creep curve, the strain at 10 h, and plot“thesk strain
values (x-axis) against the corresponding stress values
(y-axis). Repeat the process for other times t¢ obtain
a series of isochronous curvessee figure 3).

If testing is carried out at different temperatures, plot
a series of curves for each-temperature.

7.2.4 Three-dimensional representation

A relationship_of the form & = f{t, 6) exists bptween
the different types of curve (see figures 1 to| 3) that
can be derived from the raw creep-test data. [This re-
lationship<ean be represented as a surface in & three-
dimensional space (see reference [1], annex B).

Alléthe curves that can be derived from the raw
creep-test data form part of this surface. Becpuse of
the experimental error inherent in each measufement,
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 generpted by
deriving a number of the curves which form it, but a
number of sophisticated smoothing operatipns are
usually necessary. Computer techniques permit this
to be done rapidly and reliably.

Increasing stress

t

logq, time #

Figure 1 — Creep curves
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7.25 Creep-to-rupture curves

Creep-to-rupture curves allow the prediction of the
time to failure at any stress. They may be plotted as c)
stress against log time (see figure4) or log stress

ISO 899-1:1993(E)

ber, date of manufacture, type of moulding and

the dimensions of each test specimen;

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,

against log time. d)
7.3 Precision e
The precision of this test method is not known be-
cause interlaboratory data are not available. When
interlaboratory data are obtained, a precision state- N
ment will be added at the next revision. '
8 Test report 9)
The test|report shall include the following particulars:
a) a refgrence to this part of iSO 899;

h)

b) a complete description of the material tested, in-
g all pertinent information on composition,
ration, manufacturer, tradename, code num-

cludi
prepd

Creep modulus, £;

detaits—of the—atmosphere—used—for conditioning
and testing;

the creep-test data for eachtempgrature at which
testing was carried out, presented in one or more
of the graphical forms;described il 7.2, or in tabu-

lar form;

if recovery-rate) measurements are made, the
time-dependent strain after unloading the test
specimen (see 6.9).

g
P1 oo !
s 7, Increasing stress
Py
P3 o
‘ Py’ :
t f2 log,, time

Figure 2 — Creep-modulus/time curves
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Stress, o

Increasing time

ta

03
Py’

a2

F2

P4

a4
Py’

Creep strain, €,

Figure 3 — Isochronous stress-strain curves

\ 61
8, Increasing temperature

Llog,, time

Stress, o

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

Figure 4 — 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

during storage at the lower temperatur

Physical
from an
mobility

bgeing takes place when a polymer is cooled
blevated temperature at which the molecular
s high to a lower temperature at which re-

laxation fimes for molecular motions are long in com-

parison

Under th
will take
rearrangg
as the p
state for
ageing p
molecula

vith the storage time at that temperature.
Bse circumstances, changes in the structure
place over a long period of time, involving
ment in the shape and packing of molecules
blymer approaches the equilibrium structural
the lower temperature. Associated with this
ocess, there is a progressive decrease in the
I mobility of the polymer, even when the

temperature remains constant. As a direct conse-

quence d
applied

polymer,
material.

This is i
complian

f this, the creep deformation produced by an
stress will depend upon the age of the
creep rates being lower in more highly aged

lustrated in figure A.1 which shows creep
ce curves for PVC specimens of differént

reversed when the specimen is hea
temperature. The rate at which this™1
pends on the size of the temperature

age of the specimen when the tempe
Following the reduction inCthe appare
age of the specimen, physical ageing
at the higher temperature. Again, the
which this happens.depends on the

One consequence~of these change;s
caused by the-temperature increase

is temporarily
ed to the test
akes place de-
change and the
ature is raised.
nt (or effective)
is reactivated
timescale over
est conditions.
in age state
is thus a de-

pendence of the creep behaviour a
temperatare on the dwell time at t
prior to l6ad application.

Typieal ways in which this type of th
fluences creep compliance are illustr]
A.2 and A3. In figure A.2, specimens
a period t,; of 200 h at a temperatur
to heating to the test temperature
curves were then obtained after diffe

the elevated
is temperature

rmal history in-
ted in figures
ere stored for
of 23 °C prior
44 °C. Creep
ent periods f,,

ages. Edch of these specimens has been «apidly
cooled frpm a temperature of 85 °C (close t07,) and
stored af the test temperature of 23 °C for)different

at 44 °C prior to load application. Despite the relatively
long storage period t,; at ambient temperature, the
creep behaviour shows a strong depgndence on the

times ¢,
a specim
be seen
creep cu

A2 C

The influ
is more
at elevat
at a low

brior to load application. The physical age of
en is then defined by the time's, and it can
that the older the specimen the further its
've is shifted on the time-axis.

reep at elevated temperatures

ence of physical ageing on creep behaviour
complicated\when measurements are made
bd temperatures following a storage period
er (afpbient) temperature. Under these cir-

dwell time t,,.

In figure A.3, creep tests were carrie
same conditions but following a stora
greater than 1 year at 23 °C prior to he
temperature. The progressive reductid
tive age of the specimens is actually
as a shift in the curves to shorter cr
results from the more extensive stry
that have taken place in the spec
physical ageing before heating.

out under the
e period t,; of
ting to the test
n in the effec-
observed here
bep times, and
ctural changes
mens through



https://standardsiso.com/api/?name=6544b8b1181e48eab218f43e4e78e9fe

ISO 899-1:1993(E)

0.45 T T T | T
240 h
" <
L]
- .' -
72h
- te=3h 7h 24h 0 7
] LJ c°
0,40 |= . o ¢ -
. o° .
- ° o —
- [} o o '.‘ .....
:f i " ° ’ ..f ° o‘. 7
L] o L]
g .. L] ... (-3
g, - ..0 ° -
. ) .
. v o f .
- . o . & . .
° °°° o °°0
. ° o°
0,35 = ° ° . -
ﬁ." ° ° ? ot* ° ’ 0"
o R 2 ° oe®
. «®
- o L[] 0°°°wp . . . # . . [ —
L] L]
o X °°°° .
- . . . :::°°° ....“./ y 0 0® ...“ -
(-] L] "
I d © ...... . °°°°°°°M . ® P i
4. 0 009%° ¢ ...".._pd
B o o ° eonete ¢ .
0,30 ] | ] | ]
100 10" 102 103 104 108 108
t(s)
Figure A.1 |— Creep-curves for PVC at 23 °C obtained at different times 1, after rapid cooling of the
specimen from 85 °C to 23 °C
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Figure A.2 — Creep curves for PVC at 44 °C obtained by application of the load at different times 1., after
heating from 23 °C (the specimen had been stored for 200 h at 23 °C prior to heating)
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Figure A.3 |— As for figure A.2 but following storage for more than 1 year at 23 °C prior to heating
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