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1. Scope

1.1 This practice describes outdoor exposure procedures to
be used as part of a test designed to determine the weather-
ability of building construction, seals and sealants.

Note 1—See Practice G24 for Exposures to Daylight Filtered Through
Glass.

1.2 This practice includes three procedures for outdoor
weathering. Procedure A exposes specimens to outdoor weath-
ering without movement. Procedure B and Procedure C are,
respectively, continuous natural and periodic manual tech-
niques for subjecting specimens to the combination of cyclic
movement and exposure to outdoor weathering.

1.3 This practice is limited to the method by which the
construction seals or sealants are exposed to outdoor weather-
ing as part of a test program. It refers to the types of
evaluations to be performed following the outdoor exposure
but does not describe the test methods.

1.4 Means of evaluation of the effects of weathering will
depend on the intended use of the test material.

1.5 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with the standard.

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 and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*
C717 Terminology of Building Seals and Sealants

! This practice is under the jurisdiction of ASTM Committee C24 on Building
Seals and Sealants and is the direct responsibility of Subcommittee C24.40 on
Weathering.

Current edition approved May 15, 2013. Published June 2013. Originally
approved in 2004. Last previous edition approved in 2005 as C1589-05. DOI:
10.1520/C1589-13.

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.

C718 Test Method for Ultraviolet (UV)-Cold Box Exposure
of One-Part, Elastomeric, Solvent-Release Type Sealants
(Withdrawn 2002)*

C719 Test Method for Adhesion and Cohesion of Elasto-
meric Joint Sealants Under Cyclic Movement (Hockman
Cycle)

C1135 Test Method for Determining Tensile Adhesion Prop-
erties of Structural Sealants

C1257 Test Method for Accelerated Weathering of Solvent-
Release-Type Sealants

C1442 Practice for Conducting Tests on Sealants Using
Artificial Weathering Apparatus

C1735 Test Method for Measuring the Time Dependent
Modulus of Sealants Using Stress Relaxation

E631 Terminology of Building Constructions

E732 Specification for Disposable Pasteur-Type Pipet

E734 Specification for Disposable Glass Blood Sample Cap-
illary Tube (Microhematocrit)

E772 Terminology of Solar Energy Conversion

G7 Practice for Atmospheric Environmental Exposure Test-
ing of Nonmetallic Materials

G24 Practice for Conducting Exposures to Daylight Filtered
Through Glass

G84 Practice for Measurement of Time-of-Wetness on Sur-
faces Exposed to Wetting Conditions as in Atmospheric
Corrosion Testing

G113 Terminology Relating to Natural and Artificial Weath-
ering Tests of Nonmetallic Materials

G147 Practice for Conditioning and Handling of Nonmetal-
lic Materials for Natural and Artificial Weathering Tests

G169 Guide for Application of Basic Statistical Methods to
Weathering Tests

G178 Practice for Determining the Activation Spectrum of a
Material (Wavelength Sensitivity to an Exposure Source)
Using the Sharp Cut-On Filter or Spectrographic Tech-
nique

3. Terminology

3.1 Definitions—Definitions are found in Terminologies
C717, G113, E631, and E772.

3The last approved version of this historical standard is referenced on
www.astm.org.
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4. Significance and Use

4.1 Tests conducted in accordance with this practice are
used to evaluate the weatherability of construction seals and
sealant materials when they are exposed to outdoor weather
conditions. The weatherability of seals and sealants in actual
outdoor use can be very different depending on the location,
because of differences in solar radiation, moisture,
temperature, pollutants, and other factors. Sealant color may
also affect weatherability.

4.2 The type, frequency and amount of movement of
sealants varies with location and may affect weatherability. It
cannot be assumed, therefore, that results from one exposure in
a single location will be useful for determining weatherability
in a different location. Exposures in several locations with
different climates (for example, solar radiation, moisture,
temperature, pollutants, biological and other factors) that
represent a broad range of anticipated service conditions are
recommended.

4.3 It is strongly recommended that control materials of
similar composition and construction to the test specimens and
with known weatherability be exposed along with the test
specimens for the purpose of comparing the performance of
test materials to the controls. It is preferable to use two control
materials, one with relatively good weatherability and one with
relatively poor weatherability.

4.4 The results of short-term exposure tests can provide an
indication of relative outdoor performance, but they shall not
be used to predict the absolute long-term performance of a seal
or sealant material. The results of tests conducted for less than
12 months will depend on the particular season of the year in
which they begin.

4.5 Because of year-to-year climatatological variations, re-
sults from a single exposure test cannot be used to predict the
absolute rate at which a seal or sealant degrades. Several years
of repeat exposures are needed to determine an average test
result for a given location.

4.6 Climatic and construction factors can impose cyclic
movement upon sealed joints in use. This movement can
impact the effects of outdoor weathering and often causes types
of failure that are not produced by weathering without move-
ment. Thus, the ability of building joint sealants to withstand
temperature-induced movements of compression and expan-
sion is an important property.

4.7 Outdoor weathering of specimens in combination with
natural or forced cyclic movement during exposure can provide
a more realistic assessment of the ability of a seal or sealant to
withstand the combined effects of climate and movement
encountered by seals and sealants in building construction
applications.

5. Test Sites and Exposure Racks

5.1 The test site shall conform to the requirements of
Practice G7, and preferably, samples should be tested at a
suitable number of climatologically different sites representing
the variable conditions under which the construction seal or
sealant will be used. Climatological variations within these

areas may include those represented by desert, seashore (salt
air), industrial locations, tropical, and subtropical regions, plus
areas exhibiting a wide range of solar radiant energy. The area
beneath and in the vicinity of the weathering racks shall be
typical of the ground cover in that climatological area. In desert
areas in which sand is the prevailing ground cover, coarse
gravel is required to prevent abrasion and significant dust
accretion due to wind-blown sand (Note 2). The ground cover
shall be low-cut grass in most temperate, tropical, and sub-
tropical areas.

Note 2—Sand as a ground cover may be desirable where the abrasive
effects of exposure to wind-blown sand is a part of the desired exposure.

5.2 Weathering test racks shall be located in cleared areas.
The racks and hardware shall conform to the requirements of
Practice G7 and shall provide for the attachment of specimens
or holders of any appropriate width and length. The structural
members of the test racks shall not constitute a backing to the
specimens under test. Fasteners used to attach specimens to the
test rack shall provide for secure attachment but allow speci-
mens to expand or contract with thermal changes, moisture
absorption or desorption, or plasticizer loss.

5.3 Unless otherwise specified, position the racks at 45°
relative to horizontal, facing the equator. The angle of the
exposure rack, and the orientation relative to the equator can
vary depending upon the in-service application of the material.
Consult Practice G7 for information on other exposure rack
orientations. If other rack orientations are used they must be
reported.

6. Test Specimens

6.1 Follow the manufacturer’s instructions for mixing or
preparing, or both, materials to be tested. As far as practical,
test specimens shall simulate those used in service conditions
of an end-use application. When conditions of use are known,
the specimen exposed will consist of seal or sealant material
being evaluated plus suitable substrate or installation materials
to conform to the projected practice. The effect of substrate or
installation materials is highly significant and contributes to the
degradation due to reflectance, heat absorption, moisture
retention, etc.

6.2 It is recommended that a similar material of known
performance under use conditions (a control) be exposed
simultaneously with the test specimen for evaluation of the
performance of the test materials relative to that of the control.
It is preferable to use two control materials, one with relatively
poor weatherability and the other with good weatherability. It
is strongly recommended that control materials and test mate-
rials be of the same dimensions.

6.3 The use of at least three replicate specimens of each
experimental and control material being tested is recommended
in order to allow for variability. Consult Guide G169 for
performing statistical analysis.

6.4 The total number of specimens will be determined by
the number of exposure periods, number of replicates exposed,
and the number of unexposed file specimens. When destructive
tests are used to evaluate the effect of weathering, ensure that
sufficient unexposed file specimens are retained to be tested
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each time the exposed materials are tested. These unexposed
file specimens shall be retained at conditions of 23.0 = 2°C
and 50 = 20 % relative humidity. They shall be covered with
inert opaque wrapping to exclude light during the storage
period.

6.5 Refer to Practice G147 for procedures on specimen
identification, handling and conditioning.

7. Specimen Holders

7.1 Specimen holders shall be used to support the speci-
mens. In no case shall the specimen holder constitute a backing
for that portion of the material to be evaluated.

7.2 The specimen holders shall be constructed of a material
agreed upon by the mutual parties.

8. Instruments for Measuring Climatological Data

8.1 Instruments Used to Measure Ambient Temperature and
Relative Humidity—Instrument and procedures used for mea-
surement of ambient temperature and relative humidity shall be
in accordance with Practice G7.

8.2 Instruments Used to Measure Solar Radiation—
Instrument and calibration procedures used for measurement of
total solar radiation, total solar ultraviolet radiation, or narrow
band solar ultraviolet radiation shall be in accordance with
Practice G7.

9. General Procedure

9.1 Mark the test specimens to be exposed with an identi-
fying number, letter, or symbol so that they may be identified
readily after exposure. The marking shall be such that there is
no interference with either the exposure or the subsequent
testing. (Preferably, mark both specimen and specimen holder
on the side not exposed to weather, as extended exposure can
obscure even deeply scribed marks.)

9.2 Record the initial appearance and physical-property data
appropriate to the evaluation method used.

9.3 Mount the test specimens in the holder or directly to the
exposure rack. It is convenient to group specimens to be
removed from exposure at the same time in one holder.

9.4 Record a diagram of the test specimen holder layout,
and record the date of installation and length of exposure
planned.

9.5 Ensure that the pyranometer is mounted at a tilt and
azimuth angle that is identical to that of the test specimens.

9.6 Mount the specimens on racks for the prescribed time,
solar radiant energy, or total UV radiant energy or narrow band
UV radiant energy.

9.7 Establish a fixed procedure of cleaning, visual
examination, conditioning, and testing of the specimens. This
procedure will vary with materials, but it must be uniform in a
series of tests on one material to provide comparative results.

9.8 The face of the specimen shall not be masked for the
purpose of showing the effects of various exposure times on
one panel. Misleading results can be obtained by this method

since the masked portion of the specimen is still exposed to
temperature and humidity that will affect the results in many
cases.

9.9 Unexposed file specimens shall be used for visual
comparison to exposed specimens and for destructive tests
compared with those of exposed specimens at various exposure
stages.

9.10 Exposures and evaluations shall be planned to permit
reporting one of the following for the test material(s) and
control(s), if used:

9.10.1 Change after a specified exposure,

9.10.2 Amount of time for a specified change in properties
to occur, and

9.10.3 A record of measurements after various exposure
periods.

10. Exposure Procedures With and Without Movement

10.1 Procedure A—Outdoor Weathering Without Movement

10.1.1 Test Specimens:

10.1.1.1 Test specimens may be of any size or shape that
can be mounted in a fixture, a holder or applied directly to the
racks. The specimen dimensions can either be suited to the
methods of evaluating the effects of weathering on specific
properties, or larger from which smaller specimens for evalu-
ation are cut. The exposure test specimens shall be large
enough to allow for removal of the mounting edges, which
would affect the evaluation test results.

10.1.1.2 Test specimens can be made with any substrate.
Standard substrates are glass, aluminum and concrete.

10.1.2 Apparatus:

10.1.2.1 Test racks and hardware shall conform to the
requirements of Practice G7 and shall provide for the attach-
ment of specimens or holders of any convenient width and
length. The structural members of the test racks shall not
constitute a backing to the specimens under test.

10.1.2.2 Specimen holders shall be used to support the
many sizes of specimens involved in this testing. The specimen
holders shall be constructed of a material agreed upon by the
mutual parties. Aluminum panels, glass, and marble shapes
have been found suitable for static exposures. In no case shall
the specimen holder constitute a backing for that portion of the
material to be evaluated.

10.1.2.3 Fasteners used to attach specimens to the test rack
shall provide for secure attachment but allow specimens to
expand or contract with thermal changes, moisture absorption
or desorption, or plasticizer loss.

10.2 Procedure B—Outdoor Weathering of Building Joint
Sealants With Continuous Movement

10.2.1 Significance and Use:

10.2.1.1 The ability of building joint sealants to withstand
daily and annual cycles of extension (tension) and compression
caused by variations in the temperature of the sealants is an
important property. This procedure defines a means of impos-
ing temperature-induced cyclic movement of varying strain
levels to specimens during exposure to outdoor weathering
elements. The procedure applies to specimens whose size
complies with the dimensions described in Test Method C719.
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10.2.1.2 The extensions and compressions due to the pipe-
induced movements will vary because of the daily and seasonal
variations in ambient temperature and, most of the time, the
extensions and compressions will be less than that of the full
rated movement. However, the pipe-induced movement can
produce weathering effects that more closely simulate in-
service weathering than tests without movement.

Note 3—The device can be modified to obtain various levels of cyclic
movement by changing the length of the pipe in consideration of the local
weather conditions. The strain level will depend on the rated movement of
the sealant tested.

10.2.1.3 The loss of sealant properties caused by this
procedure depends on the season of the exposure and geo-
graphical location. Therefore, it cannot be assumed that a
single exposure test can be used to predict the absolute rate at
which loss of sealant properties occurs at one exposure site or
to predict sealant property loss in a different location.

10.2.2 Apparatus—For additional details on description of
equipment, see C. C. White, et. al, Review of Scientific
Instruments, 82, 025112 (2011).* A description of this appara-
tus is included in an annex. Note that the apparatus described
is only for 25 % movement in Gaithersburg, MD. The length of
the pipe will differ for different movement classes or a different
location.

10.2.2.1 Exposure Rack—The exposure rack shall consist of
specimen holders, a fixed supporting frame, a movable frame
and polyvinyl chloride (PVC) pipes, see Fig. la. It employs the
difference in the coefficients of thermal expansion between the
fixed supporting frame and PVC pipes to induce strain on
sealant specimens.

“# Available from http://rsi.aip.org/
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Tumbuckle

Flange
Fixed frame

PVC pipe

Specimen holder
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10.2.2.2 Specimen Holder—The specimen holders shall be
used to support the specimen geometry conforming to Test
Method C719. They shall be constructed of a material agreed
upon by mutual parties (aluminum alloy and stainless steel
have been found suitable for this application) and consist of
two U-shaped metal holders (Fig. 1b). The specimens of a
material are placed inside the U-shaped holders, and two
thumbscrews at the bottom of each U-shaped holder are used to
hold the specimens in place. The specimen holders are attached
to the stainless steel fixed supporting and movable frames
using stainless steel rods so that at a high temperature, the PVC
pipe expands causing specimen to be loaded in compression;
while at a low temperature, the specimen will be loaded in
extension (tension) (Fig. 2). The ends of the stainless steel rods
are all threaded (M6 x 1 — this specifies the screw size and
thread). In the middle of one of the rods between frame and
specimen holders is a turnbuckle barrel for adjusting the length
of the rod, and hence the extension (tension) of the specimen.
All the connections are tightened using locking nuts (M6 x 1).

10.2.2.3 Fixed Supporting and Movable Frames—The sup-
port of the fixed frame shall be made of a material that is
dimensionally insensitive to thermal variation. Hardwood
(with cellulose fibers placed in the longitudinal directions)
have been shown to be an effective, dimensionally temperature
insensitive, material.

10.2.2.4 PVC Pipes—(These specifications only apply to
materials rated for maximum strain of =25 % and tested in the
Gaithersburg, MD area) — Two 101.6 mm [4 in.] diameter PVC
pipes are used and their coefficient of thermal expansion, CTE,
must be known or measured. Toilet flanges are used to attach
the PVC pipes at the bottom to the fixed supporting frame and
at the top to the movable frame. The length of the PVC pipe,

(1b)

Stainless steel rod

-+——— Stainless steel rod

g Ed— Thumbscrew
u

4

U-shaped specimen
holders

il il T -+ I
T
Locking nut

u

=

FIG. 1 (a) Schematic of Exposure Rack and (b) Specimen Holder (not to scale)
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(a) at the intermediate temperature, the specimen is stress-free, (b) at a temperature below the intermediate temperature, the PVC pipes contract putting the specimen
in extension (tension) and (c) at a temperature above the intermediate temperature, the PVC pipes expand causing the specimens to be in compression.

FIG. 2 Schematic of the Effect of Temperature on Movement of the Specimens (not to scale)

L, which meets the requirement of imposing =25 % cyclic
movement on specimens, is calculated as follows:

AL
L=erex @, -1, (1)
where:
L = length of PVC pipe, m [in.],
AL = total of movement of pipe between 7,,,, and T,;,, m
[in.]: AL = 6.35 x 10”°m or [AL = 0.25 in.],
CTE = coefficient of thermal expansion, °C'[F'],
T,.x = maximum temperature extreme expected in the ex-
posure site, °C [F],
T, = minimum temperature extreme expected in the expo-

sure site, °C [F].

10.2.3 Specimen Thickness Change—In implementing the
requirement of the =25 % strain limit for the 12.7 mm [0.5 in.]
Test Method C719 specimen, note first that specimen thickness
needs to change from 9.525 mm [0.375 in.] at the maximum
temperature extreme (7,,,,) expected at the exposure site to
15.875 mm [0.625 in.] at the corresponding minimum tempera-
ture extreme (7,,;,), spanning a total movement of 6.35 mm
[0.25 in.].

10.2.4 Test Procedure:

10.2.4.1 Ensure that the specimens are inscribed or other-
wise labeled with an identifying number, letter or symbol.
Specimen marking shall be in accordance with Practice G147
and shall be such that there is no interference with either the
exposure or the subsequent testing.

10.2.4.2 Measure the initial physical properties of unex-
posed specimens. Typical properties measured are time-
dependent moduli (in accordance with Test Method C1735)
and visual appearance for any abnormalities, such as cracks,
crazing, tears, and adhesion flaws.

10.2.4.3 Mount the specimens to be exposed to the speci-
men holders at the intermediate temperature, 7, between the
maximum and minimum temperature extremes expected in the
exposure site. Exercise precautions to minimize axial misalign-
ment. This intermediate temperature corresponds to the tem-
perature at which the specimens are stress-free.

in

T = Tmax+ Tmin 2
= ) (2)
where:

T = intermediate temperature between 7T,,,, and T,

10.2.5 Evaluation of Exposure of Specimens:

10.2.5.1 After specimens are exposed for the desired
amount of time, solar radiant energy, total ultraviolet radiant
energy, or narrow band ultraviolet radiant energy, inspect the
specimen to note the locus of joint failure, if any failure occurs.

10.2.5.2 Measure the properties of exposed specimens using
the test methods as specified in 10.2.4.2.

10.3 Procedure C—Outdoor Weathering of Building Joint
Sealants with Periodic Manual Extension and Compression

10.3.1 Test Specimens:

10.3.1.1 The procedures for making test specimens, includ-
ing their cures, shall conform to the descriptions in Test
Method C719. (See C719 for exact dimensions and procedures
for making specimens.)

10.3.1.2 Test specimens can be made with any substrate.
Standard substrates are glass, aluminum and concrete as per
Test Method C719.

Note 4—Variations in joint geometry are permitted, with the most
common being joints that have a 2:1 width-to-depth ratio (such as 12 mm
[0.47 in.] wide and 6 mm [0.23 in.] deep). This default design conforms
to most of the manufacturer’s recommendations for joint design.

10.3.1.3 The design of the specimen holders intended to
allow for cyclic movement (for example, testing rigs and
manually adjusted vices) shall be agreed upon by the mutual
parties.

10.3.2 Apparatus—Any clamping device can be used to
hold specimens. An example of such a device is shown in Fig.
3 and Fig. 4 for holding the specimen in compression and
extension, respectively. Use 114.3 mm [4'% in.] aluminum (or
stainless steel) bars drilled with holes near ends, near the top,
with 101.6 mm [4 in.] bolts and nuts to secure them. Use a bead
of sealant 50.8 mm by 0.15 m by 6.35 mm [2 in. by Y ft by V4
in.] placed in between and appropriate spacer blocks to ensure
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FIG. 4 Clamping Device Holding the Specimen in Extension (tension)

the test specimen is held at the desired extension or compres-
sion or neutral position.

10.3.2.1 Specimens are attached to the exposure rack by any
convenient method. An example of specimens attached to a
south facing test track is shown in Fig. 5.

10.3.3 Test Procedure:

10.3.3.1 There are a variety of movement cycles that can be
used. The most common is a yearly cycle in which the
dimension is changed seasonally. After specimens are cured,
they are placed on the exposure rack with the dimension
dependent on the season. Specimens are placed in compression
in the summer, in extension in the winter, and in the as-cured

dimension (neutral) in the spring and fall. Change the dimen-
sion at the start of each season.

10.3.3.2 Cycles other than the yearly cycle are sometimes
useful. Alternative movement cycles consist of change in
position every week, every 2 weeks or every month. When
these shorter cycles are used, the specimens are put on the rack
after cure, first in extension, then neutral (as-cured position),
followed by compression and then neutral. The result is
accelerated damage, particularly that of adhesion and cohesion.

10.3.3.3 When changing specimen dimensions, the rate of
movement should be relatively slow, moving no faster than 3
mm [0.118 in.] per minute.
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10.3.3.4 The cycles are repeated as often as desired. For
durable sealants, five yearly cycles is most commonly used.

10.3.4 Evaluation of Weathering:

10.3.4.1 After each cycle the specimens are visually exam-
ined for crack, crazing, tears, adhesive and cohesive flaws and
other anomalies. This is done after extending the specimen to
the maximum recommended extension.

10.3.4.2 Following the visual examination, any restraints
are removed from the specimens, which are allowed to be in an
unstressed state for at least 24 h. The specimens are then tested
for change in a physical property. The most common test is the
25 % modulus, as described in Test Method C1135. If modulus
is measured, the value after the initial cure should be deter-
mined for a base line.

11. Exposure Stages for Procedures A, B and C

11.1 Use one of the following methods to specify the
exposure stages at which changes in properties of test speci-
mens are determined:

Norte 5—The same exposure stage (by whichever method is used) will
not necessarily give the same changes in properties of the test specimen at
different exposure sites. The exposure stages must be regarded as
providing only a general indication of the degree of exposure, and the
results shall always be considered in terms of characteristics of the
exposure site as well. The use of control materials exposed along with the
test materials can aid in evaluating performance although test results may
vary at different exposure sites.

11.1.1 Exposure Time—Specify the duration of the exposure
in terms of months (1, 3, 6, 12, 15, etc.) or-years (1, 1.5, 2, 3,
4, 5, etc.), unless otherwise instructed.

Note 6—The results for exposure stages of less than one year will
depend on the season of the year in which the exposure was made. For
instance, summer exposures are generally more severe than winter
exposures. Seasonal effects are reduced in exposures of several years, but
the results may still depend on the particular season in which exposure
was started (for example, exposures started in spring may exhibit more

FIG. 5 Specimens Attached to Test Rack

20M/10/25

degradation than exposures started in autumn).

11.1.1.1 If available, record the total full spectrum solar
radiant exposure and total solar UV radiant exposure that has
been measured by radiometers positioned at the same tilt and
azimuth angle as the test specimens.

11.1.2 Solar-Radiation Measurements—Since solar radia-
tion is one of the most important factors in the deterioration of
seals or sealants during weathering, exposure stages may be
defined in terms of the amount of radiation received by the
specimens. Total solar radiation, total solar ultraviolet radiation
or narrow band solar ultraviolet radiation, are measured by
radiometers positioned at the same tilt and azimuth angle as the
test specimens. An inherent limitation to timing exposures
based on solar radiation is that it does not reflect the variations
in temperature and moisture, which are important weathering
factors in conjunction with solar radiation.

11.1.2.1 Total Full Spectrum Solar Radiation—Measure
total full spectrum solar (nominally 300 to 2500 nm) radiant
exposure using the instrumentation described in Practice G7.
The radiant energy measured shall be expressed in MJ/m?.

11.1.2.2 Total Solar Ultraviolet Radiation—Measure total
solar ultraviolet (295 to 385 nm) radiant exposure using the
instrumentation described in Practice G7. The radiant energy
measured shall be expressed in MJ/m? This is the recom-
mended method for determining exposure stages.

11.1.2.3 Specified Narrow-Band Solar Ultraviolet
Radiation—The UV radiant exposure in specified narrow
wavelength intervals (or bands) that conform closely to the
wavelengths to which the material is most sensitive may also
be used to follow the exposure stages. In order to identify the
narrow band that conforms closely to the wavelengths to which
the material is most sensitive, it may be necessary to determine
the activation spectrum of the material based on exposure to
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solar radiation. A procedure for this has been described by N.D.
Searle” and is contained in Practice G178.

12. Report

12.1 Report the following information:

12.1.1 Laboratory name and location,

12.1.2 Site latitude,

12.1.3 Complete identification and description of the mate-
rial tested, including type, source, manufacturer code number,
and curing conditions employed,

12.1.4 Name and description of primers used, if any,

12.1.5 Complete identification and description of the sub-
strate used,

12.1.6 Complete identification and description of the con-
trol material(s), if used, and the substrate,

12.1.7 Number of specimens of each material tested and
control(s),

12.1.8 Exposure procedure, with or without movement. If
with movement, specify whether manual or continuous,

12.1.9 Specimen mounting,

12.1.10 Angle of exposure (horizontal, at-latitude, 45° or
90°), and direction of exposure,

12.1.11 Duration of exposure of each specimen at each site,
and dates of exposure.

12.1.12 Solar Radiation:

12.1.12.1 If available, total full spectrum solar radiant
exposure (nominally 300 to 2500 nm) for each exposure level,
expressed in MJ/m?.

12.1.12.2 If available, total UV radiant exposure (295 to 385
nm) for each exposure stage, expressed in MJ/m?.

> Searle N. D., “Activation Spectra of Polymers and Their Application to
Stabilization and Stability Testing,” Handbook of Polymer Degradation, 2nd Ed., S.
H. Hamid, Ed., Marcel Dekker, New York, 2000, Chapter 16.

12.1.12.3 If available, solar UV radiant exposure measured
in a narrow bandpass including the bandpass in which the
radiant exposure was measured.

12.1.13 Optionally, description of the climate at each site
and summary of the pertinent climatological data at each site
for the exposure period involved, as follows:

12.1.13.1 Rainfall,

12.1.13.2 If available, time of wetness (see Practice G8&4),

12.1.13.3 Temperature average and temperature extremes,

12.1.13.4 Humidity average and humidity extremes, and

12.1.13.5 Geographical location of the National Weather
Service relative to the test site if climatological data is not
measured at the test site.

12.1.14 Description of the type of failure, if any,

12.1.14.1 Cohesive failure if separation occurred within the
material,

12.1.14.2 Adhesive failure if separation occurred at the
interface of the substrate and sealant,

12.1.14.3 Mixed failure if both cohesive and adhesive
failure are present,

12.1.14.4 Any cracks, crazing or other anomalies,

12.1.15 Tests of property changes,

12.1.15.1 Complete description or reference to test methods
used to evaluate material properties,

12.1.15.2 Results of tests used to characterize the property
of unexposed file specimens and specimens after exposure.
Report the average and standard deviation from each test used
to measure change in properties of replicate specimens.

Note 7—These data are intended as an indication of the climate at the

test site, and the values reported are not to be used as absolute limits for
any particular specimen on exposure.

13. Keywords

13.1 construction seals; cyclic movement; cyclic fatigue;
outdoor testing; outdoor weathering; sealants; stiffness; weath-
ering; weathering with movement

ANNEX

(Mandatory Information)

Al. DESIGN, FABRICATION AND IMPLEMENTATION OF THERMALLY DRIVEN OUTDOOR TESTING DEVICES FOR
BUILDING JOINT SEALANTS®

INTRODUCTION

Abstract—This annex describes the development, implementation and testing of thermally driven
outdoor exposure instruments. These instruments are unique in the ability to both impose thermally
driven strain and measure the resulting stress on sealant samples in outdoor weathering conditions.
The instruments, built of a fixed wood and steel supporting frame and a moving polyvinyl chloride
(PVC) frame, employ changes in coefficient of thermal expansion between the supporting frame and
moving frame to induce thermally driven strain on the sealant specimens. Two different kinds of
instruments have been fabricated, winter/tension and winter/compression designs. In the winter/
tension design, the thermally induced dimensional change is directly transferred to the specimens;
while in the winter compression the samples are in parallel with the dimensional change. Both designs


https://standards.iteh.ai/catalog/standards/sist/50bc5995-348d-4551-9ac8-0316f6ec0f47/astm-c1589-c1589m-13

Ay c1589/C1589M - 13

are instrumented to monitor forces and extension, and induce strain not exceeding =25 % on sealant
specimens over the range of temperatures expected in Gaithersburg, MD. Additionally, a weather
station is located at the exposure site to record weather elements on a 1 min interval. This combination
of weather data with mechanical property data enables a direct link between weather event and the
corresponding sealant response. The reliability and effectiveness of these instruments are demon-
strated with a sealant material. The results show that the instruments work according to the desired
design criteria, and provide a meaningful quantitative platform to characterize the mechanical

response of sealant exposed to outdoor weathering.

Al.1 Introduction

Al.1.1 Background—Sealants are filled elastomers that are
used in structures to prevent moisture penetration through
gaps, joints, and other openings. These structures span a wide
range including things as diverse as transportation vehicles and
medical equipment, but the largest use of sealants is in
construction. Although modern commercial sealants are
durable, eventually they fail. Studies in the construction
industry have shown a 50 % failure rate in less than 10 years
and a 95 % failure rate within 20 years after installation 1-3)7
What makes these failures particularly detrimental is that
sealants are often used in areas where moisture-induced
degradation is difficult to monitor and expensive to repair.
Consequently, sealant failure is frequently detected only after
considerable damage has already occurred. In the homeown-
er’s market alone, premature failure of sealants and subsequent
moisture intrusion damage is a significant contribution to the
$65 to $80 billion spent annually on home repair (4). The
environmental susceptibility issue, therefore, is the most de-
manding requirement of a sealant since it is the property that
ultimately determines the long term service life.

Al.1.2 Motivation—A number of ASTM standards for ac-
celerated weathering and testing of sealants have been devised,
including Practice C1442, Test Methods C718, C1257, and
C1735 and Specifications E732 and E734. Essentially, these
accelerated tests use ultraviolet (UV) radiation and intermittent
water spray to accelerate environmental attack on the sealants.
A standard test method that combines cyclic fatigue movement,
water immersion, and temperature change has also been
introduced (this method is also known as Hockman Cycle [Test
Method C719]). The results of the standards are often difficult
to interpret qualitatively since they rank sealants simply by
visually assessing their physical appearances and their loci of
failure. The underlying mechanisms of failure are implausible
to identify using these standard methods. Further, in some
instances, there is a possible danger of introducing an irrel-
evant mechanism which is never observed during the service
life of sealants. Therefore, the most important challenge facing
the sealant community is to develop meaningful accelerated

©White, C. C., Tan, K. T., O’Brien, E. P, and Hunston, D. L., National Institute
of Standards and Technology, Building and Fire Research Laboratory, Gaithersburg,
MD and WIlliam, R. S., USDA Forest Service, Forest Products Laboratory,
Madison, WI.

7 The boldface numbers in parentheses refer to a list of references at the end of
this standard.

test methods that can quantitatively assess the durability of
sealants and are able to accurately predict the service life of
sealants.

A1.1.2.1 Since sealants are often subjected to cyclic move-
ment in actual service conditions, an accelerated test method
which simulates the cyclic loading effect would tend to readily
reveal the durability of actual sealant joints. In the literature,
methods of cyclic fatigue testing of sealants generally rely on
thermally induced dimensional change in a large monolith to
generate cyclic strain on sealants. These monoliths are placed
in series or parallel with sealants and directly impose cyclic
strain on the sealants by mechanical expansion or contraction
of the monoliths in response to the environmental conditions,
such as humidity and temperature. As the cyclic movement is
achieved from the movement of the monolith as the weather
changes, the monolith is also often known as ‘engine’. For
example, Onuoha (5) used unplasticized polyvinyl chloride
(PVC) engine to produce fatigue movement in one-part poly-
urethane and polyurethane-hybrid sealants. Exposure engines
have also been built using dissimilar materials such as wood
and aluminum (6), concrete and aluminum (7), and steel and
aluminum (8) to develop fatigue stresses. Manually operated
devices have also been used to create cycling effects (9).

Al1.1.2.2 Under such cyclic loading, sealants will usually
fail via the combined stresses of mechanical deformation, UV
radiation, temperature and moisture. However, all of the above
mentioned cyclic devices were incapable of monitoring
changes of these stressors, nor was the actual movement of
sealants recorded during the exposures. This information is
particularly important as the weather varies from day to day,
season to season, year to year and even century to century (10).
Continual monitoring of these stressors may allow a direct link
between changes in weather data and the corresponding sealant
response to be established. Understanding this relationship is
crucial to design accelerated laboratory tests and to develop
quantitative models to predict service life of sealants with
accuracy, precision, and repeatability. Our approach to these
problems is to develop state-of-the-art PVC engines to simulate
commercial buildings that use temperature changes in test
environments to induce fatigue strain on sealants, and are
instrumented to continuously monitor forces and extension
experienced by the sealants during the exposures. In addition,
a weather station is located at the exposure site to continuously
record temperature, precipitation, relative humidity (RH), wind
velocity and the terrestrial sunlight radiation. A very similar
approach, but using woods as the engines to simulate residen-
tial structures, has been reported elsewhere (11). This annex
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describes the design and instrumentation of these new PVC
engines. Also, possible methods for analyzing the data will be
presented.

A1.2 Design Requirements

Al1.2.1 There were several important design requirements to
take into consideration. First, the maximum and minimum
cyclic strain imposed on specimens in response to temperature
change must be realistic. The strain limit of =25 % was chosen
for the present design because it is widely deemed as a realistic
cyclic strain for sealants installed in fagade joints of commer-
cial buildings (11,12). Second, the weathering engines were
designed to be cost-effective and for highest data productivity,
thereby it must be capable of accommodating multiple speci-
mens. However, a large number of specimens significantly
increases the total force required for the engine since the total
force is equal to the maximum force required to deform one
specimen multiplied by the total number of specimens. The
balance of these considerations led to the use of six Test
Method C719 specimens as the number and type included in
this design. This specimen is a rectangular block of sealant
materials 50.8 by 12.7 by 12.7 mm [2 by 0.5 by 0.5 in.] molded
between two aluminum beams 76 by 12.7 by 12.7 mm [3 by
0.5 by 0.5 in.], and is schematically shown in Fig. Al.1. Third,
the change in material properties are deduced from the move-
ment and force experienced by specimens. Therefore, in order
to produce repeatable and reliable data, high precision move-
ment and force measurement capabilities are required. Finally,
since this device will generate a multitude of data, we need an
informatics system to automatically handle the data.

A1.3 Development and Implementation

Al1.3.1 Overview—A schematic illustration for a weathering
engine is shown in Fig. Al.2. The engine is composed of a
moving frame and a fixed support frame. The former com-
prised two 101.6-mm [4-in.] diameter Schedule 40 PVC pipes,
a moving stainless steel crosspiece, six stainless steel rods and
specimens holders; while the latter consisted of wood support,
and a fixed stainless steel crosspiece. The moving frame was
driven by the thermally induced expansion and contraction of
the PVC pipes, and the relative motion of this frame to the
stationary support frame is the amount of strain imposed on
sealant specimens. Fig. Al.5 schematically illustrates the
working mechanism of this engine. As shown in Fig. A1.5, at
a relatively high temperature, the PVC pipe expands causing
specimen loaded in tension; while at relatively low
temperature, the specimen will be in compression (Fig. A1.6).

Sealant 7
- 12.7 mm
12.7 mm
A
Aluminum
block
FIG. A1.1 Schematic lllustration of the Test Geometry Used (not

to scale)
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FIG. A1.2 lllustration of the Thermally Driven ‘Winter/
Compression’ PVC Engine: A Global View

For this reason, this exposure rack will be hereinafter known as
a ‘winter/compression’ engine.

A1.3.2 Determination of PVC Pipe Length—In implement-
ing the requirement of *25 % strain limit for the 12.7-mm
[0.5-in.] thick Test Method C719 specimen, it is noted that the
specimen will move from 9.525 mm [0.375 in.] at one
temperature extreme to 15.875 mm [0.625 in.] at the other
temperature extreme, which spans a total movement of 6.35
mm [0.5 in.]. Also, the representative maximum and minimum
outdoor temperature to be expected in the exposure site are
40.56°C [105°F] and -21.67°C [-7 °F], which is a temperature
range of 62.23°C [112°F] (13). Therefore, a degree of tempera-
ture increase will produce an extension of 0.102 mm [0.004 in.]
of the PVC pipe and vice versa. In order to determine the
length of the PVC pipe that met the above design requirement,
the coefficient of linear thermal expansion (CTE) for the pipe
must be known, and was determined using a temperature
controlled water bath test, as shown in Fig. A1.7. In this test,
nearly two thirds of the total length of both PVC pipes were
thermally insulated with pipe insulation wraps. The tempera-
tures of the PVC pipes were continuously monitored using
thermocouples, which data were directly fed into an ethernet-
based data acquisition system using a custom-written Lab-
VIEW program. The temperature of the water bath could be
controlled with a precision of *£0.1°C. A hermetically sealed
linear variable differential transformer (LVDT) was attached
between a fixed and a moving stainless steel crosspieces of the
engine. Four repeated tests were conducted and the results
were found to be highly reproducible. A representative plot of
displacement versus temperature is shown in Fig. A1.8, and the
CTE for the pipe was determined to be 0.0000625/°C [32°F].
With this value of CTE and by taking into account a *25 %
strain limit, a PVC pipe with a length of 2.3 m [7.5 ft] was
used. The PVC pipes were connected to the moving stainless-
steel crosspiece using toilet flanges.

A1.3.3 Specimen Attachment—The specimens are attached
to the weathering engine by stainless steel rods extending from
the moving and fixed stainless steel crosspieces. The rods were
all threaded (Y4, 28 — this specifies the screw size and thread).
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