Technical Guide 108
Service Use Stresses in Weathering
Introduction
In the weather testing of materials and products we intentionally focus on the three main weathering stresses of
heat, light, and moisture and their cycles as these are typically the most important for polymer degradation.
Additionally, we also pay attention to key secondary stress factors such as atmospheric pollutants, agricultural
chemicals, cleaning agents, and biological/microbiological agents. However, one often neglected area is service use
stresses; that is, stresses, usually physical in nature, that can hasten the effects of natural weathering or act as
stress concentration points for damage.

Freeze/Thaw Cycles
Freeze/thaw cycles commonly occur in nature and may be considered one of the primary stress factors, however
they are rarely included in outdoor or laboratory accelerated artificial weathering tests. In fact, most tests are
conducted at above ambient temperatures due either to
heating from the infrared solar radiation or artificially
manipulated in laboratory tests. This is due to the fact
that lower temperatures typically slow the rate of
photo-oxidation, the primary mechanism for most
polymer degradation, and higher temperatures often
provide an additional layer of test acceleration over that
provided by actinic solar radiation alone. This is why
south Florida is typically a more severe test environment
for polymers than temperate climates. However,
moisture uptake into a polymeric material such as
polyamide, or moisture ingress or condensation in a
Figure 1. Typical ship‘s compass subject to freeze/
product can cause mechanical stress when subjected to
thaw conditions.
freezing temperatures. This added mechanical stress
can cause physical damage, particularly on materials
already weakened by the primary or secondary stress
factors during the aging process. Moisture ingress and
freezing was one of several failure mechanisms that
caused the marine compass, similar to that shown in
Figure 1, to be redesigned following failure.

Mechanical Constraint

Figure 2. Mechanically constrained windows on
Arizona exposure.
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Building products, in particular, are frequently subject to
mechanical constraint due to their fixed mounting. In
cases of thermal expansion or contraction this can place
compressive or tensile stresses on the product leading
to distortion, seal disbondment and other failures,
particularly with fenestration products. Products may
behave differently when tested freestanding as opposed
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to mechanically constrained. Figure 2 shows typical fenestration products on test exposure in the Arizona desert.

Mechanical Loading
Bent cables such as shown in Figure 3 places compressive forces on the inside and tensile stresses on the outside
of the bend and this is often where degradation begins. Figure 4 shows unattached cables placing mechanical load
on an electrical junction box adhered to the back of a photovoltaic solar module which may cause it to detach.

Figure 3. Bent cable stress concentration point.

Figure 4. Mechanical load from unsecured cables.

Guidance Document
A military standard used by the United States and NATO is MIL-STD-810H Environmental Engineering Considerations
and Laboratory Tests issued 2019-01-31 and available for free on the Internet (check for updated revisions).
Although specifically geared with military considerations in mind, this document stresses and provides guidance on
custom tailoring environmental tests as suitable for the service use conditions of a product throughout its lifecycle,
including storage and transport as well as the targeted in-use conditions. Figure 5 describes some of the natural
and induced stress conditions to consider. While it targets military applications, the process as general guidance is
suitable for commercial materials and products. Figure 6 continues from Figure 5 to in-use service conditions. A
significant focus of the document is custom test tailoring, that is, when even standard tests may need to be
customized to make them relevant for the in-use conditions. Often these cannot be included in standard weathering
tests but may need to be worked into an overall test program, such as alternating with weathering exposures.

Coupon vs. Product Testing
Test coupons are often useful for testing material durability. Large numbers of relatively small samples can be
screened for suitability for use or comparative differences. For example, in coatings development, large numbers
of paint film binder chemistries or additive formulations need to be screened for UV and hydrolytic stability. The
use of carefully prepared laboratory drawdowns for liquid coatings of different thicknesses is also useful in
determining weathering longevity. However, the very nature of carefully prepared laboratory specimens vs.
production or field applied product eliminates one source of potential failure.
The same is true with injection molded or extruded plastics. Carefully prepared test plaques may fail to reveal
processing factors which can affect durability. For example, “tiger-striping” of injection molded plastics is
sometimes revealed only after weathering; this is a result of flow variability into the injection mold due to gate
position and flow resistance along the side walls of the injection mold leading to built-in stress. This is often
particularly evident at product corners. Secondary processing such as thermal welding at butt joints is another
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source of built-in stress which may not be revealed with coupons. When full product testing is not feasible due to
size or shape, representative sections may be cut from larger pieces. However, cutting can crush the edges,
introducing mechanical or thermal damage, and should be placed as far away from the field of interest as possible.
For products where end grain absorption of moisture may be an issue, sealing the edges may be required to avoid
test artifacts.

Figure 5. Examples of environmental and service uses stresses during shipping and storage.

Laminate Structures and Interfaces
Both natural weathering and is service induced stresses often show up at the interfaces between materials. This
may be due to de-adhesion between layers due to the chemical degradation of one or more of the surfaces, such
as automotive clearcoat delamination from the colored basecoat, migration of additives or degradation products
between layers, or mechanical shear or tensile stress, such as with an adhesive layer. Testing individual component
materials may not reveal the interplay between the individual materials and contributing to the degradation
mechanisms.

Excursions From “Normal Use”
In the ideal world the design FMEA would capture all of the misuse, misapplication, and mis-installation of products,
as well as processing variables, out-of-control processes, vendor or purchasing substitutions, etc. In weathering
studies, while we are often concerned with ensuring the product will meet a particular target value, such as a CIE
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L*a*b* color change ΔE≤ 3, it is often important, or at least useful, to understand how close the product was to
failure, that is understanding the “robustness” of the product. This can only be ascertained by testing the product
to failure rather than to a fixed exposure target. Further, understanding excursions from normal use, and a

Figure 6. Continued from figure 5, examples of in-use service stresses for military applications.
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product’s resistance to failure under these conditions, is also useful, especially for establishing warranty. The
situation is not necessarily abnormal just because you failed to consider it.
One common situation, as outlined in Figure 5, is storage at a jobsite. Often, product is weather exposed for
extended periods due to construction delays, such as the house wrap barrier film shown in Figure 7. Figure 8 shows
shrink-wrapped products being subjected to storage
conditions which allows heat buildup and the potential for
damaging moisture condensation.

Figure 7. Building products may be exposed for
extended periods due to construction delays.

Figure 8. Shrink-wrapped product, subject to
elevated temperature and condensation in storage.

In addition to the primary
weathering environmental stress
factors of heat, light, and moisture,
and the secondary environmental
stresses of atmospheric pollutants,
biological agents, etc., the third
factor which must be considered in
many cases is the in-service use
stresses. While not technically a
“weathering” factor, use stresses
alone or in combination with the
primary and secondary factors can
either
accelerate
or
initiate
degradation. Figure 9 shows the
relationship between product design
Figure 9. Intersection of product design strength vs stress distributions
strength (left) and the stresses that
is where even well-designed products can fail.
will be encountered (right). Note
that design strength is a distribution
due to the normal variability of materials and processes, and the stress the product may be exposed to is also a
distribution and may exceed the design targets Even a product that is normally well designed for its target may
encounter stresses that exceed its design limit. It is this intersection where even well-designed products can fail.

Summary
In testing, the test specimen itself can play a role in the results obtained. This can be a negative when the test
specimen does not represent the material or product as it would actually be used. In many cases a whole product
cannot be tested due to size and shape, therefore representative specimens must be cut from the larger sample,
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taking care that the sample preparation does not induce damage and stress concentration points that may cause
the test sample to prematurely fail.
To determine the overall robustness of a product to failure, it is sometimes necessary to consider service conditions
outside of the anticipated norm. This may include both the primary and secondary environmental stress factors as
well as in use service stress factors and misapplication, mis-installation and other abnormal conditions. such as
storage, in order to anticipate risk. A comprehensive weatherability/durability risk assessment and test program
can help mitigate premature product failures and unanticipated warranty risk.
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