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Setting Up a Weathering Test 

 
General Information 
Understanding the important parameters of weather, the natural weathering methods, the laboratory weathering 
instruments, and the inherent strengths and weaknesses of each of these are important steps in developing a 
weathering test program. However, sending specimens to an independent testing service, or placing specimens in 
an artificial cabinet without careful thought and planning will lead to insufficient data collected, incorrect evaluation 
of the exposed specimens, and ultimately, poor decisions as result of this analysis. There are many publications and 
educational courses available that deal with experimental design, but most of this information lacks a connection 
with an actual weathering test. ASTM E632, Standard Practice for Developing Accelerated Tests to Aid Prediction of 
the Service Life of Building Components and Materials, is a beneficial tool for proper weathering test development. 
Although additional information is presented here, this guide is roughly based on the ASTM E632 standard. 

The first step in test development is defining the objective for the test. Is the testing to meet a standard or 
specification in order to sell the material? This may be one of the easier objectives because the tests to be 
performed are often specifically directed by an industry or proprietary company standard. Many times, these 
standards go so far as to define exact information pertaining to the test. This objective is often true in the 
automotive industry, where the auto manufacturers (OEM) has referenced a common automotive test specification 
that defines the test and or instrument, the amount of time or radiant exposure, the evaluations to be performed, 
and the minimum acceptable property change of the material tested. 

Sometimes the objectives are to compare a material with an older formulation, compare a new manufacturing 
process, or to compare a competitor’s material. These types of objectives require much more thought because the 
parameters for testing may not be defined. Many variables may be analyzed that may relate to the material, the 
process, the stresses of weathering, or some combination of all these variables. For example, testing the material 
formulation may include analyzing the addition of specific stabilizers: how much stabilizer is most cost-efficient, or 
which vendor has the superior stabilizer for your application or material? Processing questions may deal with the 
effects of increased extruder speeds, new thickness specification of a coating, or examining different surface 
preparation methods. Sophisticated research and development questions will attempt to collect information on 
these formulations or processing questions and to determine which particular weathering stresses cause 
degradation. This leads to truer service life prediction tests. 

 
Problem Definition 
For service life prediction tests, it is first important to define the in-service performance requirements and criteria. 
Identifying the critical performance characteristics and properties are the first steps. Our appearance properties 
important, such as color, gloss, haze or biological contamination? Are physical properties important, such as tensile 
strength, cracking, brittleness, impact strength, or abrasion resistance? Are there other properties, such as 
washability, electrical properties, dimensional stability, or adhesion? Once the proper performance criteria have 
been established, one must understand the evaluation methods available, and how the results of these evaluations 
can be related to your customers’ expectations. 
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The next step in this characterization procedure is to understand the type and range of weathering degradation. 
Factors that may influence the property change that has been established to be important. We have already 
discussed the most common degradation factors, such as radiation, temperature, moisture, and corrosion in other 
technical guides. Understanding which of these are important may also lead to other degradation factors, such as 
chemical incompatibilities, wind load, installation procedures, or typical in-use wear and abuse. During the later 
phases of test development, it is also important to understand the extreme levels of these factors that will be 
experienced by the material in its final service environment. Computer programs are available that model these 
factors and their effects on materials. 

  

Pre-testing 
Pre-testing is the next step in service life prediction. These tests demonstrate that rapid changes in properties of 
the material can in fact be induced by exposure to extreme levels of the degradation factors. These changes support 
(or exclude) the determinations made during the problem-solving steps. Information from pre-tests may include 
property changes that are likely to be used as degradation indicators, the order of importance of these factors, 

Figure 1. Common factors which lead to poor correlation to outdoor performance in accelerated artificial 
weathering tests. 
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mechanisms by which properties change, and the intensities of degradation factors needed to induce rapid property 
changes. Of course, the intensities of these factors should never go beyond the extremes that your material will 
experience in service, which are typically determined during the problem definition phase (refer to Figure 1). 

 
Testing 
The purposes of this step are to: 

1. Design and perform new or improved predictive, accelerated service life tests 
2. Design and perform in-service tests that serve as a baseline for comparison. 
3. Measure the rates at which properties change in service 
4. Compare measured changes that occur during the in-service methods to the accelerated tests 

Long-term in-service tests should emphasize the important degradation factors for the material. These may include 
actual in-service tests of the complete system or exposure of selected materials at benchmark outdoor weathering 
sites. It is essential to design the tests so that all important factors are considered. The intensity or magnitude of 
the degradation factors should be measured during the test. 

The goal of accelerated aging tests is to provide a relatively rapid means of measuring the rate of property changes 
typical of those that occur in the long-term tests. These tests are commonly designed from information obtained 
during the pre-tests. The intensity levels of the degradation factors during accelerated aging tests will normally be 
at or near worst-case conditions as in the end-use environment. These levels are below those used during 
pretesting. As with the long term tests the degradation factors should be measured. The material properties 
deemed important during the problem definition phase should be evaluated using standard, qualitative methods. 

If the initial accelerated methods do not induce mechanisms, representative of in-service degradation, or if 
mechanisms are included that are not seen in the long-term tests, the accelerated tests should be altered after 
reassessing the information obtained during the problem definition and pre-testing analyses. 

Unfortunately, altering the levels of the degradation factors in the accelerated tests may not directly impact the 
property change of the material as expected. Even if proper analysis has been done in the problem definition step, 
changing the level of a particular degradation factor may or may not affect the property change. The synergy of 
degradation factors should always be considered when developing these accelerated tests. This leads to more 
difficult interpretation of the results of the tests, especially when comparing the results of the long-term tests with 
the results of the accelerated tests. 

A graphical representation of this step-by-step process is shown in Figure 2. 

 
Testing Examples 
Rather than speaking generically about test design, it may be easier to understand how to properly set up a 
weathering test by using a few specific examples. Of course, there are so many different types of materials and 
applications that we cannot begin to cover all of them. Also, the types of decisions or problems that may be solved 
by a weathering test program are infinite. We will use an automotive instrument panel, a dyed cotton used for T-
shirts, and an exterior house paint, which represent not only different types of materials but also different 
applications. Real-world applications will ultimately be much more complex, but this is a good introduction to 
weathering test development. 
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Figure 2. Process flow for setting up a weathering test. 
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The Automotive Instrument Panel 
Following the steps above, we must first define the objective and/or problem to be solved. In this case, we will 
assume that our company is an approved supplier to an automotive manufacturer. For this test, we are going to 
attempt the following objectives: 

1. Validate a material for use in a new car design 
2. Use an accelerated aging test that we hope can quickly predict the in-service performance of the material. 
3. Determine correlation between long-term tests and accelerated aging tests 

Our material contains a new plasticizer that will have been pre-tested, and indications show that this new 
formulation will not volatize out of the plastic skin of the instrument panel following exposure. 

Because this is an automotive application. It is very likely that there is a defined  test which must be performed to 
be able to sell our instrument panel to our automotive manufacturer. This may include a specified duration of 
exposure following an automotive interior cycle using a qualified xenon arc instrument. For our long-term baseline 
test, we would consider using a device such as the azimuth tracking IP/DP Box® (Instrument Panel/Door Panel, 
Figure 3) in a desert environment. Preferably, we would already have had data correlating this technique to in-
service vehicle exposure.  

Our criteria for evaluation would include color, gloss, and 
physical properties, such as cracking, blistering, etc. We 
would follow our recognized test specification to properly 
measure these criteria, which may include both instrumental 
and visual assessments. We would examine the glass 
covering the IP/DP Box® and the windshield of the vehicle in 
our environmental testing to examine plasticizer migration. 
For all of these evaluations, we would perform 
measurements initially, at specified intervals of exposure, 
and at the end of our exposure testing. Whether we perform 
the tests ourselves or send our specimens to an independent 
weathering testing laboratory, we will measure the 
degradation factors and compare the levels of these factors in each test. 

After testing and evaluation, we would examine our results across all methods of exposure. We would report the 
data for all exposures and evaluations in accordance with the test specifications required. We should be able to 
decide our first objective after all testing is complete. Using recognized statistical methods, we could determine the 
correlation of the accelerated tests to the long-term tests, satisfying our 2nd objective. Results of this correlation 
comparison will tell us whether or not we have met objective number 3, or if further testing will be required, altering 
some of the levels of the degradation stress factors. 

 
Dyed Cotton Material 
The primary objective is to determine the color stability of the dye after exposure. This property, sometimes 
referred to as color fastness or lightfastness, is going to be most affected by radiation. While other degradation 
factors may exist in-service, our pre-testing has determined that factors such as moisture and temperature are less 
important than radiant UV and light exposure. 

Figure 3. IP/DP Box®. 
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Exposure testing will most likely follow the AATCC Test Methods TM 16.1 
Colorfastness to Light: Outdoor and TM 16.3 Colorfastness to Light: Xenon-
Arc, or, alternatively, ISO 105-B03 Textiles - Tests for colour fastness - Part 
B03: Colour fastness to weathering: Outdoor exposure and ISO 105-B02 
Textiles - Tests for colour fastness - Part B02: Colour fastness to artificial light: 
Xenon arc fading lamp testing methods. Long-term baseline tests, as well as 
the accelerated methods used, will follow one of the options specified in 
these methods. Our performance criteria will be color stability (Figure 4) , so 
we will perform a visual and/or instrumental color evaluations using 
prescribed methods from AATCC or ISO. Duration of exposure, measurement 
interval, and correlation determination will again be analyzed using industry 
specifications and recognized statistical techniques. 

There are several other textile tests which may need to be performed for 
washing, dimensional stability, or color transfer, however these evaluations fall outside this specific objective, not 
to mention the content of this guide. 

 
Exterior House Paint 
Our objectives for this test may be to determine the viability of using our house paint on several different wood 
substrates. Our primary properties of concern are color, gloss, physical effects that will be evaluated visually, 
mildew growth, and chalking. Because this application is subject to all degradation factors inherent in outdoor 
weathering, there are several weathering tests we can use to maximize these stresses. For example, we would want 
to expose our material to the benchmark subtropical and desert climates to examine how moisture (or a lack 
thereof) plays a role in the change in properties. Our outdoor exposure orientation would be 45° facing the equator. 
We might also choose to expose specimens vertically, which most closely matches the end use. By doing this, we 
could evaluate the acceleration obtained with the 45° orientation. Additionally, we would expose specimens at 90° 
facing away from the equator to evaluate the paints’ resistance to mildew growth when not exposed to direct solar 
radiation. 

We recognize that the outdoor exposures would be long-
term, such as 5 years or more (Figure 5), and accelerated 
tests would be useful, such as to rule out unlikely 
candidates. We could consider natural accelerated 
exposures such as one of the natural accelerated 
EMMAQUA® solar tracking and concentration techniques 
or one of the methods. Note that the fluorescent-
condensation technique using fluorescent sun lamps, 
ASTM G154 Standard Practice for Operating Fluorescent 
Ultraviolet (UV) Lamp Apparatus for Exposure of 
Nonmetallic Materials and ISO 4892-3 Plastics - Methods 
of exposure to laboratory light sources - Part 3: 
Fluorescent UV lamps may be used for the pre-testing of 
paint binders for UV and hydrolysis resistance, but is not 
recommended for color and appearance determination as a weathering test. 

Figure 4. Example of xenon-
tested textile. 

Figure 5. Paint samples on Miami  
outdoor vertical exposure. 
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The proper specimen preparation will have a great impact on the results we obtain from our exposures. We want 
to ensure that our specimens have been prepared in a way similar to what exists in the end-use application, 
although testing for misapplication tolerance can also be useful. Paint film thickness may be an important variable 
we would want to examine, so we might apply our coating  system at a variety of thicknesses on each substrate and 
develop a full factorial matrix that addresses these variables. Because our substrate, as a natural variable product, 
introduces an uncontrolled variable, we would want to submit several replicate test specimens and examine the 
variability between substrates, film thickness, exposure conditions, etc. As always, our evaluations and statistical 
techniques will be performed in accordance with industry standards, using pictorial references for our visual 
assessments. 

 
Summary 
While the combinations of material and exposure environment for in-service use are infinite, the process for 
designing and setting up a test is universal. First, there must be a definition of the problem to be solved by testing. 
This may be phrased as” Will paint formulation B 6793 survive equivalent of 5 years of south facing Miami 
weathering exposure and retain a CIE L*a*b*color change of less than Delta E = 3”. In some cases, it is not known 
whether certain environmental stresses, such as a particular combination of UV, temperature and moisture is 
required to properly test the product. In this case some pretesting can yield important information regarding the 
necessary test conditions. Also, in this phase, the proper analytical measurement techniques as well as the pass-
fail criteria. Also, at this time, the property measurement intervals will be determined in order to understand the 
shape of the degradation curve. 

Lastly, once the data is accumulated, it will be analyzed in relation to any existing data from other tests, such as 
outdoor exposure or field history of similar products. With this data, or modeling data is lacking, we can determine 
the degree of correlation of the accelerated test to field conditions in an attempt to understand actual service life. 
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