METRIC UNITS BS 4618 : Subsection 1.1.1 : 1970,

UDC 001.8: 678.5/.8: 539.4 [Uniaxial Creep]

RECOMMENDATIONS FOR THE PRESENTATION OF
PLASTICS DESIGN DATA

Part 1. Mechanical properties

Subsection 1.1.1 Creep in uniaxial tension or compression
(with particular reference to solid plastics)

IMPORTANT NOTE. Before reading this Recommendation it is essential to read the General Introduction
to this series of Recommendations, issued separately, and also Section 1.1.

INTRODUCTION

Uniaxial creep experiments provide data that can be substituted directly into standard elastic design formulae
provided appropriate values of creep modulus and creep lateral contraction ratio are used*. The experiments
are ideal for the study of non-linear viscoelasticity, as the stress is uniform across the cross section.

NOTE. These methods can also be applied to certain types of rigid foamed materials.
NOTE. The following BSI references relate to the work on this Recommendation:
Committee reference PLC/36. Draft for comment 67/26039

1. APPARATUS AND TEST SPECIMEN

1.1 The applied force should act along the geometrical axis of the specimen. For tensile tests this requires
a long, slender specimen.

For compression tests a circular section is preferred, although other sections may be used; the selection
of the length/diameter ratio is a compromise between resistance to buckling and the effect of frictional
restraints at the specimen ends. For unsupported specimens the values of this ratio are usually within the
range 4 to 8, although this depends on the material under test. If a supported specimen is used the ratio can
be higher, but the restraints imposed by the supports should be both small and calculable.

1.2 The strain should be measured preferably by a method that excludes end effects, for example:

(1) an extensometer connected to the specimen;

(2) a cathetometer and gauge marks on the specimen.

If end effects occur (e.g. in the measurement of overall deformation) it should be shown that, for the
material under test, the necessary corrections are both small and calculable.
1.3 The relatively low creep moduli of plastics require that:

(1) any extraneous frictional forces should be small, and

(2) the mass of any extensometer should be very low.

NOTE. The mass should correspond to less than 10 9 of the smallest force ever applied to a specimen in an isochronous test.
This restriction constitutes a design limitation on the equipment.

1.4 The dominating time-dependent nature of the creep moduli requires that:
(1) the strain can be measured accurately and easily;
(2) the stress is applied rapidly, smoothly and reproducibly;
(3) the course of recovery can be studied when the stress is removed.
* The validity of this procedure in the special conditions pertaining to plastics components has to be considered independently.
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1.5 Measurement sensitivity requirements and the necessary degree of axiality depend on the type of material
under investigation and the class of application. Rigid plastics used in critical engineering applications
require precise measurements whereas a lower precision is acceptable for the more flexible plastics,
e.g. polythenes*, in their usual applications. It is sufficient to stipulate three test classifications as follows:
A. Minimum detectable increment 0-002 % strain.
B. Minimum detectable increment 0-008 %, strain.

C. Minimum detectable increment 0-02 %, strain.

1.6 For work within classification A, high precision machines are essential. The axiality of the test machine
should be such that if the average strain in the specimen is 0-5 %, the strain at any face within the defined
gauge length lies within the range 0-50 + 0-01 9 for tension tests and 0-50 -+ 0-005 % for compression tests.

For work within classifications B and C, lower precision machines are adequate. The test classification
or the minimum detectable strain increment should be indicated on the published creep curves.

The more stringent requirements for compression tests arise because the attainment and retention of
mechanical stability of the specimen is more difficult to achieve in compression and if an unstable situation
develops, as a result of non-axiality of the machine, the specimen will fail prematurely.

1.7 Specimens should be machined to an accuracy commensurate with the axiality specification and the
test machine accuracy.

The stress should be correct to within 1 9; of the value quoted; the accuracy of the creep machine, the
uniformity of the specimen cross section and the precision of the cross section measurement should be
commensurate with this.

When the strains arelikely to be 3 9 or more, corrections for the change of cross sections and for barrelling,
in the case of compression, may be necessary. It should be stated clearly whether constant load or constant
stress is maintained.

2. TEST CONDITIONS

2.1 The test temperature should be controlled to within - 1°C of nominal.

2.2 The test humidity should be controlled to within + 2 9 r.h. of nominal, unless it is known that humidity
has no effect on the creep behaviour of the materials.

3. RECOMMENDED EXPERIMENTAL PROGRAMMES

3.1 Experimental programmes should follow the pattern outlined in Clause 5 of Section I.1.

3.2 One satisfactory experimental programme is as follows:

(1) Determination of an isochronous stress/strain curve, say for 60 s or 100 s, at a constant temperature
for the reference material state.

(2) Creep tests at stress levels chosen on the basis of the isochronous relationship and with subsequent
numerical interpolation for intermediate stresses in mind. Four stress levels should suffice and the duration
of test at lower stresses should be at least 10 9; of the period of expected service.

NOTE. Rather complex criteria that depend on the interpolation programme apply here. It is likely that strain limits rather
than time limits will dominate in the high stress region.

These creep experiments should be accompanied by a control experiment in which any dimensional
changes other than creep strain are detected.

(3) During the creep test programme the isochronous test should be repeated at intervals on further
specimens from the original batch. If no significant and progressive changes are observed, the additional
data should be included with those obtained under 3.2(1) to give a more precise estimate of the relationship,

* 1t should be noted that the name * polythene ’ is equivalent to the name * polyethylene °.
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