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Standard Practice for

Determining the Effects of Temperature Cycling on

Fenestration Products’

This standard is issued under the fixed designation E2264; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (g) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice covers the testing of any fenestration
products that are installed with the exterior surface exposed to
weathering conditions. It is intended to measure the response
of the fenestration product to temperature cycles with the
temperature changes being induced by controlling the air
temperature on the exterior (weather side) or by exposing the
product to infrared radiation, or both. When tested using this
practice, fenestration products are exposed to standard cycles
of elevated and depressed ambient air and surface tempera-
tures. Test methods are specified for evaluating changes in
performance that may occur as a result of temperature cycling.
With this practice, seasonal and diurnal temperature conditions
are simulated in a controlled laboratory apparatus.

1.2 In this practice, two test methods, Test Method A and
Test Method B, are described for exposing the exterior surface
of fenestration products to the elevated portion of a standard-
ized temperature cycle. The purpose for providing two test
methods of exposure is to address two distinct needs of the
fenestration industry.

1.2.1 Test Method A uses infrared radiation to increase the
surface temperature of the fenestration product and uses a
black panel temperature sensor placed in front of the speci-
men’s exterior surface to sense the temperature. The surface
temperature of the black panel temperature sensor is raised to
a preset level above the exterior ambient air temperature. This
provides a more realistic test for temperature exposure based
on atmospheric solar radiation and its effect on the temperature
increase of exterior building materials. This method should be
used when the number of cycles can be large and the outcome
is critical for field correlation. Test Method A is intended for
comparative product evaluations.

1.2.2 Test Method B uses elevated temperature produced by
convective hot air to achieve the exterior air temperature
set-point. It provides a more severe test because it elevates the
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exterior air temperature to levels that are not obtainable under
in-service conditions. This provides a more rapid degradation
cycle for accelerating the effects of the temperature exposure
cycling on some materials and fastening methods used in
fenestration products. This method is intended to be used when
the number of temperature cycles must be minimized or the
outcome is not critical for field correlation. Test Method B is
intended for research and development purposes and not for
comparative product evaluations.

1.3 In this practice, three temperature exposure levels are
suggested for each method: Level 1 is a low temperature
exposure, Level 2 is a moderate temperature exposure, and
Level 3 is a high temperature exposure. The purpose of
providing three levels of temperature exposure is to accommo-
date different grades of fenestration products based on their
designs and their potential geographic installation locations.
Other temperature levels may be selected by the specifier.

1.3.1 Performance characteristic measurements are used to
evaluate the effects on the fenestration product caused by
temperature cycling. They are measured by the following tests:

1.3.1.1 Air leakage rates shall be measured in accordance
with Test Method E283/E283M.

1.3.1.2 Water penetration resistance shall be measured in
accordance with Test Method E331 or Test Method E547.

1.3.1.3 Structural strength shall be measured in accordance
with Test Method E330/E330M. This test shall only be
performed when specified and only after temperature cycling is
completed.

1.3.2 The test specifier may also choose additional tests to
characterize fenestration product performance. (See Note 4 for
suggested additional tests.)

1.3.3 For the purposes of product comparison, these tests
are performed at or near standard laboratory conditions, but for
research and development purposes, they may also be per-
formed during an elevated or depressed portion of the tempera-
ture cycle in order to measure the effects of the temperature
extreme on the performance parameter being evaluated. For the
purposes of comparative evaluation, the parameters defined in
11.2 shall be used.

1.4 The values stated in SI units are to be regarded as
standard. The values given in parentheses after SI units are
provided for information only and are not considered standard.
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1.5 Testing organizations using this practice shall have staff
knowledgeable in heat transfer, fluid mechanics, instrumenta-
tion practice, and the specific requirements for the test methods
specified. Testing personnel shall have a general knowledge of
fenestration systems and components being tested.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.
Specific precautionary statements are given in Section 6.

1.7 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

E283/E283M Test Method for Determining Rate of Air
Leakage Through Exterior Windows, Skylights, Curtain
Walls, and Doors Under Specified Pressure Differences
Across the Specimen

E330/E330M Test Method for Structural Performance of
Exterior Windows, Doors, Skylights and Curtain Walls by
Uniform Static Air Pressure Difference

E331 Test Method for Water Penetration of Exterior
Windows, Skylights, Doors, and Curtain Walls by Uni-
form Static Air Pressure Difference

E547 Test Method for Water Penetration of Exterior
Windows, Skylights, Doors, and Curtain Walls by Cyclic
Static Air Pressure Difference

E631 Terminology of Building Constructions

G151 Practice for Exposing Nonmetallic Materials in Accel-
erated Test Devices that Use Laboratory Light Sources

2.2 ASHRAE Handbook:*
ASHRAE Handbook of Fundamentals

3. Terminology

3.1 Definitions—Definitions are in accordance with Termi-
nology E631 unless otherwise indicated.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 exterior temperature exposure level—the increased
exterior (weather-side) specimen surface temperature above
ambient temperature resulting from the amount of energy
absorbed from a radiant source. The following temperature
levels apply:

3.2.1.1 Level I—for products that have limited exposure to
direct solar radiation.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American Society of Heating, Refrigerating, and Air-
Conditioning Engineers, Inc. (ASHRAE), 1791 Tullie Circle, NE, Atlanta, GA
30329, http://www.ashrae.org.
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3.2.1.2 Level 2—for products that have moderate exposure
to direct solar radiation.

3.2.1.3 Level 3—for products that have high exposure to
direct solar radiation.

Note 1—These levels are used only to differentiate general levels of
temperature exposure on fenestration products. There are many different
criteria that are cited for each level and the specifier is permitted to select
other levels if appropriate to the product being tested.

4. Summary of Practice

4.1 This practice requires installing a test specimen in an
apparatus that holds the interior (room-side) of the product
specimen at a constant temperature and relative humidity. The
exterior (weather-side) of the product specimen is subjected to
specific differential infrared radiation (Test Method A) or air
temperature (Test Method B) extremes (temperature cycling),
or both.

4.2 The specimen(s) shall have its exterior surface exposed
to elevated ambient air temperature or infrared radiation, or
both, at one of the three pre-specified temperature exposure
levels.

4.3 The specimen(s) shall have its interior surface exposed
to ambient air temperature and relative humidity levels that are
consistent with typical room conditions.

4.4 The specimen(s) shall be subjected to performance
characterization tests before, during, or after temperature
cycling, or combinations thereof, to evaluate performance
changes or structural damage that may occur as a result of
exposure to the temperature extremes or cycling. Destructive
testing is only done after temperature cycling and non-
destructive testing are completed.

5. Significance and Use

5.1 Fenestration products, when exposed to differential
temperatures (constant higher or lower temperatures on the
exterior and room temperature on the interior), or temperature
cycling (relatively constant room temperature on the interior
and repeated cycling of higher and lower temperatures on the
exterior), will have stresses induced on components that may
cause failure or changes in overall system performance. Some
of these changes may be temporary, with their effects on
system performance lasting only during the cyclical tempera-
ture exposure. Other changes may be more permanent because
of the failure of critical components or irreversible changes in
those critical components that control overall system perfor-
mance.

5.2 In this practice, a procedure is provided for evaluating
the effects of exposure to temperature cycling at standardized
conditions on fenestration products. It is useful for product
evaluation and development. Interrelationships between win-
dow components can be studied under laboratory conditions
simulating in-service temperature extremes.

5.3 Laboratory approximation of in-service temperature cy-
cling and temperature extremes is a useful tool for the
fenestration designer. These conditions help in evaluating
designs and components for absolute and relative interactions
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on overall performance when these products are installed and
functioning in residential and commercial buildings.

5.4 This practice is limited to temperature exposure and
temperature cycling only. Temperature is only one of many
environmental factors that affect field performance of fenestra-
tion products. Products made with different materials or
construction methods may show specific sensitivity to different
environmental factors, such as humidity, ultraviolet radiation,
or airborne chemicals.

5.5 Because of the complexity and cost of a single apparatus
capable of measuring window performance, providing tem-
perature cycling, and providing infrared radiation exposure,
more than one test apparatus may be required to complete this
practice. If multiple test apparatus are used, care shall be taken
when moving the specimen from one apparatus to another to
protect them from damage by racking, twisting, dropping, or
other causes of distortion.

5.6 In this practice, specimens are subjected to one of a
variety of possible variations of ambient air temperature or
surface temperature cycling conditions by using either convec-
tive hot air or exposure to infrared radiation. Therefore, the
results are valid only for the test method and conditions used.

5.7 At present, no correlation data exists that relates this
practice to field performance.

6. Safety Precautions

6.1 Extreme elevated and depressed temperatures will be
encountered when using this practice. Operator access to
variable temperature weather-side chambers shall be restricted
during the exposure cycles.

7. Apparatus

7.1 The description of the apparatus in this section is
general. Any suitable arrangement capable of maintaining the
required test conditions and tolerances is permitted.

7.1.1 The test chamber is an apparatus in which the speci-
men can be mounted so that a differential temperature can be
applied between the ambient room-side air temperature and the
exterior weather-side surface temperature of the specimen(s)
for extended periods.

7.1.1.1 In the apparatus, the temperature and relative hu-
midity of the room-side of the chamber and ambient air
temperature on the weather side shall be controllable.
Temperature-controlling equipment shall be capable of main-
taining the specified temperature set-point £3 °C (%5 °F).

7.1.1.2 An infrared radiation source shall be positioned in
the weather-side of the chamber so that the specimen surface
can be exposed to radiation if directed by the specifier.

7.1.1.3 The duration of any portion of the test cycle shall be
controllable to the specified length of time *5 min.

7.1.1.4 All temperature measuring systems are required to
be accurate to =1 °C (=1.8 °F).

7.1.1.5 Air circulation equipment shall be used in both the
room-side and weather-side compartments to prevent still air
stratification on either side of the test specimen.

7.1.2 Measurement of specified performance characteristics
is best accomplished by incorporating the appropriate test
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apparatus or equipment into the temperature cycling apparatus.
The elements of the test equipment shall not interfere with the
test specimen(s) or the ability of the apparatus to maintain the
specified temperature between the room-side ambient air
temperature and the exterior surface of the specimen(s) during
the test.

7.1.3 Alternately, the specimen(s) may be removed from the
temperature cycling apparatus and installed in the appropriate
equipment, such as an air/water test chamber for the testing.

8. Test Specimen(s)

8.1 The type, size, and installation method of the test
specimen(s) shall be determined by the test specifier.

8.2 The specimen(s) surface finish shall be consistent with
normal manufacturing practice or manufacturers suggested
finishing instructions.

8.2.1 Disassembly of anchorage or other elements of the test
assembly is not allowed during any portion of the procedures
required by this practice.

Note 2—It is important to include full size members, expansion joints,
and other control elements in multiple product installations to obtain
results representative of installed product conditions.

9. Calibration

9.1 Calibration of a performance characteristic measure-
ment test apparatus shall be in accordance with the applicable
test method chosen by the test specifier.

9.2 Calibration shall be performed on each performance
characteristic measuring system at least once every 6 months or
as required by the applicable test method.

9.3 Calibration of the Infrared (IR) Source:

9.3.1 See Practice G151 and Appendix X1 for descriptions
of and information on black panel temperature sensors. There
are two types of black panel temperature sensors: insulated and
uninsulated. The temperatures measured by the two types
differ, being somewhat higher for the insulated type. The
uninsulated type shall be used for measurements using this
standard practice.

9.3.2 Place a black panel temperature sensor on the exterior
surface of the test specimen(s) 75 mm (3 in.) from the outer
horizontal and vertical edges of the frame in each corner of
each specimen in the test chamber. Also locate one sensor at
the intersection of the horizontal and vertical centerline of each
specimen. Adjust the ambient air temperature in the weather-
side compartment to 52 °C (125 °F). Turn on the IR radiation
device and adjust the energy input level to achieve the specified
black panel temperature. Record the temperature of each black
panel temperature sensor at 5 min intervals for 60 min. The IR
irradiance to the weather-side of the specimen(s) shall be
considered uniform if the 13 temperature readings for each
black panel temperature sensor are within =3 °C (%5 °F) of
the average reading for all the panels for the 60 min period.

9.3.3 Repeat 9.3.2 at all air temperature levels and black
panel sensor temperature levels specified for the test.

10. Required Operating Information

10.1 The test specifier shall choose the method of tempera-
ture cycling: Test Method A or Test Method B.
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10.1.1 Test Method A—Exposure to Elevated Temperatures
Using Infrared Radiation (IR) (Use this method for compara-
tive testing.)

10.1.1.1 Room-side Compartment Air Temperature
Level—If not specified, 23 °C = 3 °C (73 °F %= 5 °F) shall be
used throughout the test.

10.1.1.2 Room-side Relative Humidity—If not specified,
40 % relative humidity shall be used.

10.1.1.3 Exterior Temperature Exposure Level—If not
specified, Level 2, as shown below, shall be used.

66 °C = 3 °C (150 °F = 5 °F)
82 °C = 3 °C (180 °F = 5 °F)

Level 2

Level 3

10.1.1.4 Exterior Low Ambient Air Temperature Level—If
not specified, =30 °C = 3 °C (=22 °F = 5 °F) shall be used
during the low temperature portion of the test cycle.

10.1.1.5 Exterior High Ambient Air Temperature Level—If
not specified, 52 °C = 3 °C (125 °F = 5 °F) shall be used
during the high temperature portion of the test cycle.

Norte 3—Level 1 for Test Method A was eliminated because the exterior
high ambient air temperature is higher than the exterior temperature
exposure level, not requiring the infrared radiation to heat the sample.

10.1.1.6 Number of Temperature Cycles—If not specified,
14 cycles shall be used.

10.1.1.7 Cycle Duration—If not specified, 12 h shall be
used. This is total cycle time. It includes the temperature
ramp-up and ramp-down time along with the holding time at
both the high and low temperatures. See Fig. X2.1 in Appendix
X2 for a graphic illustration of the default cycle.

10.1.1.8 Performance Characteristic Measurements—If not
specified, Test Method E283/E283M and Test Method E331, or
Test Method E547 shall be used.

10.1.1.9 Performance Characteristics Measurement
Schedule—If not specified, measurements shall be made before
the exposure period begins with the specimen(s) installed in the
test chamber or a suitable mounting panel once during the
exposure period and after the exposure period with the speci-
men(s) still installed.

10.1.1.10 Wavelength and Intensity of IR Source—If not
specified, the IR source shall simulate near infrared portion of
the solar spectrum from 1500 nm to 2600 nm.

10.1.2 Test Method B—Exposure to Elevated Temperatures
using Convective Hot Air (Use this test method for research
purposes.)

10.1.2.1 Room-side Compartment Air Temperature—If not
specified, 23 °C = 3 °C (73 °F = 5 °F) shall be used through-
out the test.

10.1.2.2 Room-side Relative Humidity—If not specified,
40 % relative humidity shall be used.

10.1.2.3 Exterior Temperature Exposure Level—If not
specified, the exterior ambient air temperature level 2, as
shown below, shall be used.

Level 1 49 °C +3°C (120 °F = 5 °F)
Level 2 66 °C = 3 °C (150 °F + 5 °F)
Level 3 82°C +3°C (180 °F = 5 °F)

10.1.2.4 Exterior Low Ambient Air Temperature Level—If
not specified, —30 °C = 3 °C (=22 °F = 5 °F) shall be used
during the low temperature portion of the test cycle.
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10.1.2.5 Number of Temperature Cycles—If not specified,
14 cycles shall be used.

10.1.2.6 Cycle Duration—If not specified, 12 h shall be
used. This is the total cycle time. It includes the temperature
ramp-up and ramp-down time along with the holding time at
both the high and low temperatures. See Fig. X2.1 in Appendix
X2 for a graphic illustration of the default cycle.

10.1.2.7 Performance Characteristic Measurements—If not
specified, Test Method E283/E283M and Test Method E331, or
Test Method E547 shall be used.

10.1.2.8 Measurement Schedule—If not specified, measure-
ments shall be made before the exposure period begins with the
specimen(s) installed in the test chamber or a suitable mount-
ing panel once during the exposure period and after the
exposure period with the specimen(s) still installed.

Note 4—Examples of additional tests that may provide useful infor-
mation to characterize deterioration of performance of fenestration prod-
ucts during temperature cycling are: thermal transmittance (u-factor),
sound transmission rating, PVC sash, and frame corner-weld tests.
Additional tests are not required for this standard practice and should be
specified only to address specific issues relevant to the purpose of the
testing. Qualitative assessments may also be used to evaluate any changes
resulting from the temperature cycling.

11. Procedure (Select Test Method A or Test Method B)

11.1 Test Method A—Exposure to IR Radiation (Shall be
used for comparative purposes)

11.1.1 Characterize the specimen(s) before exposure by
making the measurements described in Test Method E283/
E283M, Test Method E331, or Test Method E547. Make any
other measurements identified by the test specifier. Character-
ization measurements may be performed in other specialized
apparatus when required. Whenever possible, it is desirable to
conduct characterization measurements in the temperature
cycling apparatus to prevent damage to the specimen(s) result-
ing from excessive handling.

11.1.2 Calibrate the IR radiation source for the specified
black panel temperature sensor in accordance with 9.2 and 9.3.

11.1.3 Install the specimen(s), including the specimen
mounting frame (mounting buck) in the temperature cycling
apparatus (chamber) with the exterior surface facing the
weather side.

11.1.4 Locate the weather-side compartment and room-side
compartment ambient air temperature sensing devices near the
horizontal centerline of the specimen(s). The sensors shall be at
least 150 mm but no more than 300 mm (at least 6 in. but no
more than 12 in.) away from the black panel temperature
sensor and 75 mm (3 in.) away from the outermost weather-
side and room-side planes of the specimen(s). Temperature
sensing device(s) shall be shielded to minimize the effects of
radiation.

11.1.5 Install weather-side and room-side surface tempera-
ture measuring devices on the specimen in all areas where
temperature increases are anticipated and other areas of inter-
est.

11.1.6 Install a black panel temperature sensor 75 mm
(3in.) away from the outermost weather-side plane at the
horizontal and vertical centerline of each specimen.
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