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RECOMMENDATIONS FOR THE PRESENTATION OF
PLASTICS DESIGN DATA

Part 1. Mechanical properties
Section 1.1 Creep

IMPORTANT NOTE. Before reading this Recommendation it is essential to read the General Introduction
to this series of Recommendations, issued separately.

INTRODUCTION

Plastics, when stressed, will exhibit to varying degrees a continuously changing deformation with increasing
time. This phenomenon is termed  creep’. Creep behaviour can be characterized by a stress/strain/time
relationship which is strongly affected by temperature, by other environmental conditions (e.g. humidity) and
by processing.

Engineers and designers require a knowledge of such a stress/strain/time relationship to predict the
time-dependent deformation or deflection of a component when subjected to a system of known stresses.

Plastics recover to varying degrees over a period of time when the load is removed after even the longest
periods of creep, and it is advantageous to allow for this phenomenon in the design of components operating
under conditions of intermittent stress. In many cases the recovery can ultimately be complete, but where
visible defects (e.g. necking, crazing) have occurred the recovery may be incomplete.

Section 1.1 deals with the general principles of creep testing and the presentation of data;
further sections deal with the details of specific cases. The general approach and presentation
methods described are applicable to all plastics materials (including reinforced, filled and foamed systems).
The experimental details in the various subsidiary Recommendations are limited as indicated. These
Recommendations do not cover creep rupture.

NOTE. The following BSI references relate to the work on this Recommendation:
Committee reference PL.C/36 Draft for comment 67/26039

1. DEFINITIONS

For the purposes of this Recommendation the following definitions apply:

Creep strain. The total strain, which is time-dependent, resulting from an applied stress or system of stresses.
Creep modulus. The ratio of applied stress to creep strain.

Creep lateral contraction ratio. The ratio of lateral strain to longitudinal strain measured simultaneously
in a creep experiment.

2. GENERAL CONSIDERATIONS

If the material is isotropic, its behaviour under complex stresses can be fully characterized by tensile creep
and creep lateral contraction ratio (Poisson’s ratio). If the material is anisotropic or if the properties in
tension and compression differ, such information is essential but is insufficient for full characterization
of the material.

Practical requirements may demand tests under more complex systems. There is no objection to this, but
they should be regarded as complementary to, and not substitutes for, the standard recommended tests.
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Creep tests at several stress levels will normally be necessary because of the non-linear nature of
viscoelasticity in plastics.

Creep curves generally show a regular trend and it is often possible to interpolate and provide curves
for any particular stress level within the experimental limits, although interpolation becomes more difficult
at high stresses and high temperatures, where the creep curves may show a less regular pattern of behaviour.
This work can be expedited by the use of suitable computer programmes and offers the advantage that
experimental work can be conducted at any convenient stress levels, whilst the data can be presented at
standard stress levels to permit interlaboratory comparisons.

3. TEST CONDITIONS

Temperature and humidity should be controlled. The first variable always, and the second variable sometimes,
affects the creep in two ways:

(1) a change in resistance to deformation,

(2) a change in specimen dimensions (which appears as a hidden component in the recorded creep
strain and may be corrected by simultaneous measurements on a control specimen at zero stress).

With the exception of materials in their transition region, the creep moduli of plastics materials change
by a factor of up to 4 % for each 1°C change in temperature, depending on the material. Therefore the
temperature should be held constant during a test, to as close a tolerance as possible, but in any case not
exceeding 4-1°C.

Humidity has no effect on the modulus of some materials, but a 1 9, change in relative humidity can
affect the modulus of others by as much as 4 %. Therefore for humidity-sensitive materials, e.g. nylon
(polyamide), humidity should be held constant during a test, i.e. to 4= 2 % r.h. In such cases it may be appro-
priate to present creep curves at a range of relative humidities. If it is known that humidity has no influence
on the creep behaviour of a particular material it is unnecessary to maintain the -+ 2 9, r.h. limit.

Temperature-dependent changes in dimensions are small unless the temperature fluctuates widely.
Humidity-dependent changes may be unimportant but may be as large as 0-02 %, for 1 7 change in relative
humidity. For materials in the latter class, control specimens are essential. The degree of control thus depends
on the type of material under test.

Other sources of dimensional change in the specimen arise from processing stresses and crystallinity,
and also require control specimens.

4. PROCEDURES

4.1 Creep test. The load should be applied as smoothly and as quickly as possible. The strain response
immediately afterwards is affected by the loading path, and in the absence of complex evaluation procedures
the earliest strain measurements should be ignored. If the period required to apply the load lasts for a time ¢,
any strain measurements taken before 10¢, (measured from the start of loading) should be ignored.

If automatic and continuous recording facilities are not available, the times at which the strain is observed
can be a matter of convenience, but approximately uniform logarithmic spacing is desirable.

Unless automatic recording is employed, tests should be started early in the day to avoid a large gap
in the data during the first night. After the first few hours each plotted datum point should be the average of
several values taken at short intervals. This procedure becomes more important as the experimental time
increases and the creep rate decreases. ‘

At the termination of a creep test, recovery should be studied. The stress is removed and the reversal
in strain is measured for at least 10 9 of the period under stress and preferably for a longer time.

4.2 Isochronous stress/strain test. The isochronous stress/strain relationship is a cross section at constant
time across a family of creep curves.

If a material is linear viscoelastic the isochronous stress/strain relationship is a straight line and therefore
a creep curve at only one stress is necessary to characterize the material (all materials are approximately
linear viscoelastic at small strains).
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There is an experimental procedure that enables an isochronous section, for a short time, to be obtained
in one experiment on one specimen (in some types of test this technique may not be necessary).
Supposing the section-time to be f,, the procedure is as follows:

(1) A small stress is applied for time #,, at which the strain is measured.

(2) Immediately after the strain measurement at time 1, the stress is removed and strain decreases.

At time 5t, (i.e. after recovery for 4t,) the residual strain is noted; this will be negligible for most plastics
materials if the applied stress was small.

(3) At time 51, a higher stress is applied for a further period of #,. The strain is again measured.

(4) The process of creep for period #, and recovery for period 4t, is repeated with progressively increasing
stresses.

The graph of applied stress against strain arising during the period #, under stress constitutes the
isochronous stress/strain relationship. This will normally be a curve. In simple tension or compression the
curvature is an indication of non-linear viscoelasticity, but in less simple tests, such as in flexure, it may be
due to a geometrical effect.

After the application of the higher stresses the 41, recovery period is usually inadequate and some residual
strain remains when the next stress is applied. The total residual strain increases as the applied stress increases
but, provided its magnitude remains reasonably small* and provided the recovery rate is also insignificant,
the next stress can be applied and the additional strain after a further time #, used as a datum point. These
criteria are inapplicable as yielding is approached but if 7, is small (100 s is convenient) recovery may be
excellent right up to, and in some cases beyond, the point where visible signs of defects (e.g. necking, crazing)
occur.

S. TEST PROGRAMME

5.1 A comprehensive evaluation to provide data on deformation that will be suitable for use in engineering
design will require a large sample from which between 50 and 100 specimens can be prepared. Immediately
after the processing, which may be by any of the usual procedures, a major portion of the sample should be
given whatever thermal or storage treatment is necessary to produce a stable reference state. This reference
state need not always be one often encountered in service; it is sometimes better that it should be an extreme
state if that leads to experimental convenience or superior accuracy.

Some specimens should be treated differently so that an estimate can be made of the range of variation
of deformation properties with conditioning treatment.

5.2 To characterize a non-linear viscoelastic material, a minimum programme requires the following:

(1) For a particular standardized material state, experiments to provide an isochronous stress/strain
curve at a particular temperature within the range 19°C to 24°C and at some specified short time such as
60 s or 100 s.

(2) For the same temperature and material state as in 5.2(1), at least four creep curves at different stress
levelst, preferably of duration at least one year. At the end of any creep test the course of recovery should be
studied for at least 10 % of the period under stress and preferably for a longer period.

(3) For the same material state as 5.2(1) the effect of temperature should be indicated by:
isochronous stress/strain curves at various temperatures, and
creep curves at selected stress levels and temperatures.

(4) The effects of factors such as fabrication variables, environment and humidity may conveniently be
studied by isochronous stress/strain tests (see 4.2).
5.3 For conditions where the material behaves in a linear viscoelastic manner, the above test programme
can be curtailed.

* Precise guidance cannot be given because the criteria vary from material to material. New specimens can be substituted or a
longer period of recovery allowed where necessary. The rate at which strain is changing should be so small as to be of negligible
magnitude compared with the creep during the next creep period.

+ The specific stress levels are not important if interpolation is possible. The lowest stress level should be such that total strain
does not exceed approximately 0-5 7.
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