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Creep & Stress Relaxation

The major difference between plastics and more traditional materials is the time-
dependent viscoelastic behavior of polymers. Plastic parts under load relax with time if
they are maintained at a controlled deformation (stress relaxation), or they continue to
deform if they are held under a constant load (creep).

Traditional materials like steel, concrete, or glass, usually exhibit a certain “strength” as
measured under short-term conditions. Engineers can design a part below the short-term
strength limitation and expect the part to perform continuously without failure. Plastic
parts, on the other hand, can fail in service at stresses which are as low as 30% to 50% of
their short-term values (creep rupture).

With the properties of a polymer changing with time, how can one design a plastic part
for long-term service, or expect to estimate its long-term performance --- by monitoring
the change in the material’s properties over time and projecting that performance to the
expected service life.

Creep is probably the most widely studied long-term property, as a result there is an
abundance of data available in the literature and from resin manufacturers. Creep data is
usually expressed as “apparent creep modulus” as a function of the logarithm of time
under constant load (assumed to be constant stress). Remember that modulus is the ratio
of stress over strain; therefore, apparent creep modulus is the constant stress divided by
the actual measured strain (the deformation which changes with time).

Creep measurements are probably the easiest long-term tests to perform --- one simply
sets up the specimen, hangs a weight on it, and periodically measures and records the
change in deflection. Tensile creep is probably the “purest” data, but it isn’t the most
common creep data available, most likely due to gripping and slippage difficulties.
Compressive creep is reserved primarily for rubbers and elastomers where stress
relaxation and compressive flow are important performance parameters for long-term
service.

Flexural creep taken in a 3-point bend arrangement is most widely performed, generally
because it is the easiest to set up and monitor. A rectangular bar is supported horizontally
by two steel pins and a weight is placed at the midpoint of the two supports. A dial
indicator at the location of the weight monitors the deflection with time.



One limitation with flex creep is that it is not a “pure” stressed state. The constant stress
is calculated as the maximum “fiber” stress that occurs directly under the load on the
underside surface of the bar --- this is the only point at which that maximum fiber stress
exists. Actually, the stress distribution through the bar varies from tensile on the
underside surface to compressive stress on the topside surface. The compressive stress
tends to inhibit the deflection of the specimen.

Also, as the specimen deflects, the bar must move along the supports to accommodate the
deflection. If the calculated fiber strain on the underside surface exceeds about 5%, a
significant portion of the constant load is consumed as the driving force to “pull” the
specimen through the supports --- rather than merely bend the specimen. Therefore, the
“constant” stress begins to decrease as the experiment continues.

In addition, at some strain level, probably around 5%, the actual strain on the bar at the
point of loading stops increasing --- no further curvature occurs in the central area of the
specimen --- but the specimen continues to bend toward the ends of the bar as it slides
through the supports. Inasmuch as the apparent fiber strain is calculated based on the
amount of deflection from the original horizontal position, the method begins to yield
erroneous data. Therefore, flexural creep experiments, although informative and easy to
perform, can lead to somewhat conservative (optimistic) or even erroneous results. Care
should be taken on the interpretation of these data.

Creep occurs in all plastic parts which are under stress. The higher the stress and the
longer the part is under the stress dictates whether or not creep may be a significant factor
in the performance of a part.

Stress relaxation and creep are the same phenomenon except that one looks at it from a
different perspective. Polymers under constant stress creep because the material is
constantly attempting to relax the stress. In the same vein, plastics stress-relax under
constant strain because the stretched polymer chains are constantly attempting to creep or
flow to relieve the stress caused by the stretching. The ideal way to generate stress
relaxation data is to take a specimen, put it under a particular strain in a tensile machine
and monitor the stress as it decays with time. The problem is that the machine is tied up
for long periods of time --- but, it is by far the best way to develop accurate stress
relaxation data.

An alternative approach is to use the creep modulus data to estimate the stress relaxation
at some point in time. A word of caution, however: compare the apparent creep modulus
to the original short term modulus of the material --- don’t compare the time-dependent
creep modulus to the modulus at 10° hours, the typical origin for a logarithmic curve (this
is not the modulus at zero time, but the creep modulus at 1 hour --- by this time most
polymers will have relaxed about 20% of the initial load). Keep in mind that flexural
creep data may be somewhat conservative, and somewhat misleading at strains
significantly beyond 5%.



In a paper entitled, “Pull-Out Forces on Joints in Polyethylene Pipe Systems”, the
authors, J.L. Husted and D.M. Thompson, listed the following relationship between
apparent modulus and time:

Modulus as % of

Time Initial (Instantaneous)Modulus

6 min 0.1 hour 100%

1 hour 1.0 hour 80%
10 hours 10 hours 67%
4 days 100 hours 51%
6 weeks 1000 hours 39%
1.1years 10,000 hours 30%
11 years 100,000 hours 24%
50 years 438,000 hours 21%

These data were developed for polyethylene, however, interestingly enough, these same
estimated relaxations have worked well for predicting stress relaxation in other plastic
materials including other polyolefins, acetals, and PVC. Even more useful is the fact that
these same apparent relaxations work well as a guideline for estimating the relaxation of
polymers at various temperatures, when given the short-term modulus of the material at
that temperature.

Creep rupture is another time-dependent property that one often needs to estimate for
long-term performance. In this property, one is not so interested in the amount of
deflection over time, rather one is more interested in estimating the time-to-failure
(rupture) under a constant load or stress. This property is commonly used to “predict” the
time-to-failure for plastic piping materials. By using high pressures to generate short
times-to-failure, and successively using reduced pressures on other specimens to produce
respectively longer failure times, one can develop a relationship of the logarithm of time-
to-failure as a function of stress. This same relationship can be developed using tensile
bars at various stresses.

The use of time on a logarithmic scale allows one to utilize short-term data to estimate
performance at much longer times. Usually the limit of realistic extrapolation is confined
to one log decade, i.e., with 1000 hours (6 weeks) of data one can expect reasonable
projections to 10,000 hours (13 months), etc. A number of statistical parameters can also
be applied to the data to establish the “reasonableness” of the model.

It isn’t necessary to develop actual field data to determine how a product will perform in
the long-term, nor is it necessary to design a plastic part by the “guestimating” approach.
Long-term performance can be reasonably estimated using simple testing techniques with
the application of adequate statistical methods.
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