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Predicting the service life of building joint sealants exposed to service environ-
ments in less than real time has been a need of the sealant community for many
decades. Despite extensive research efforts to design laboratory accelerated
tests to duplicate the failure modes occurring in field exposures, little success
has been achieved using conventional durability methodologies. In response to
this urgent need, we have designed a laboratory-based test methodology that
used a systematic approach to study, both independently and in combination,
the major environmental factors that cause aging in building joint sealants.
Changes in modulus, stiffness, and stress relaxation behavior were assessed.
Field exposure was conducted in Gaithersburg, MD, using a thermally-driven
exposure device with capabilities for monitoring changes in the sealant load
and displacement. The results of both field and laboratory exposures are pre-
sented and discussed.

INTRODUCTION

Building joint sealants are filled elastomers that are an essential component of mod-
ern construction. They serve in weatherproofing of structures by preventing unwanted
moisture intrusion and subsequent water damage. Over the past two decades, rapid tech-
nological advances and tremendous market growth in the building joint sealant industry
have introduced a multitude of novel sealant products into the marketplace. In service,
building joint sealants are exposed to various aging factors, including temperature,
humidity, solar radiation, cyclic fatigue loading, etc. The interaction of these aging fac-
tors with sealants inevitably affects their properties and determines their long-term dura-
bility.!* Hence, to reduce the risk of introducing poorly performing products into the
marketplace, information on long-term performance of new products is needed.
However, unlike existing building joint sealant products, new sealants lack long-term
performance data. Various laboratory accelerated tests have been adopted to generate
durability data, and to predict the long-term performance data in less than real time.
However, building joint sealants have been reported to fail prematurely in the field even
though they may have performed satisfactorily using these laboratory evaluations.
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Studies in the construction

Sealant__| 7 industry have shown a
\\ —r— B=127mm 50% failure rate within 10
H=127mm| | W =50.8 mm years and a 95% failure
. rate within 20 years after
Aluminum . .
Block — T installation.>”” 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
occurred. In the housing market alone, premature failure of sealants and subsequent mois-
ture intrusion damage is a significant contributor to the $65 billion—$80 billion spent annu-
ally on repair.® The aim of the present research, therefore, was to design a laboratory accel-
erated testing protocol that provides a platform for screening the relative importance of four
different aging factors—temperature, humidity, radiation, and cyclic fatigue—acting inde-
pendently and in combination on the degradation of building joint sealants. Since field
exposure results have been designated as the standard of performance, outdoor field expo-
sure was also carried out. This exposure was conducted in Gaithersburg, MD, using a
polyvinyl chloride thermally-driven exposure device, which relies on changes in outdoor
air temperature to induce cyclic fatigue deformation on sealant joints.

Figure 1—Schematic illustration of the test geometry used
(not to scale).

EXPERIMENTAL CONSIDERATIONS*

Materials and Specimen Preparation

A commercial sealant was provided by a member of a NIST/industry consortium, and
formed into sealant joints conforming to the ASTM C719° specimen geometry shown in
Figure 1. Specimens were prepared by extruding the sealant from a cartridge into a spec-
imen cavity (50.8 mm X 12.7 mm x 12.7 mm) composed of aluminum supports (76.2 mm
X 12.7 mm X 12.7 mm) on opposite sides with a polytetrafluoroethylene (PTFE) film on
the back and PTFE spacers (12.7 mm X 12.7 mm) on each end. The specimens were cured
in this fixture for 5 h at room temperature, and then removed from the fixture, keeping the
PTFE spacers and the aluminum blocks intact. The samples were then allowed to cure for
an additional three weeks as specified in the ASTM C719 test method.

EXPOSURE CONDITIONS AND CHARACTERIZATION

Laboratory Exposure and Characterization

Specimens were exposed to both field and laboratory accelerated conditions. The
accelerated tests were conducted using a custom-made in-situ device with independent
and precise control of temperature, humidity, radiation, and cyclic strain movement, and

*Certain commercial products or equipment are described in this paper in order to specify adequately the experimen-

tal procedure. In no case does such identification imply recommendation or endorsement by the National Institute of
Standards and Technology, nor does it imply that it is necessarily the best available for the purpose.
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built-in characterization functionality (see Figure 2). A full description of the hybrid
device is documented elsewhere.!” Temperature control was achieved via a precision
temperature regulator; humidity control was accomplished via the proportional mixing of
dry and saturated air. Highly uniform UV radiation was attained through the use of an
integrating sphere-based weathering chamber, referred to as the Simulated

Photodegradation via High
Energy Radiant  Exposure
(SPHERE)." Six high intensity
light sources were used in the
SPHERE to produce a collimat-
ed and highly uniform ultraviolet
flux of approximately 480 W/m?.
A computer-controlled stepper
motor and a precision transmis-
sion system were used to provide
precise movement control that
imposed mechanical deforma-
tions on the sealant specimens.
There was a total of eight speci-
men holders, each of which was
attached to a hermetically sealed
load cell (Model SSM-AJ-250,
Interface, Scottsdale, AZ) with a
capacity of = 113.4 kg. To pre-
cisely measure device move-
ment, two linear variable differ-
ential transformers (LVDT)
(Model  HSD-750,  Macro
Sensors, Pennsauken, NJ) with a
deflection range of £ 6.35 mm
were used.

During the exposure, half of
the specimens were subjected to
cyclic fatigue loading while the
other half remained unloaded to
provide a comparison. The
fatigue  deformation  cycle
involved varying the tensile
strain between 25% and 50%. A
total of 1460 cycles were
imposed on the specimens (38
min/cycle). Prior to and after the
exposure experiment, a character-
ization test was run, which con-
sisted of two loading-unloading

L1 E' Spectralon® lined Sphere

Specimen holders

Voltmeter

(b)

Figure 2—(a) An integrating sphere-based weathering
chamber; referred to as the Simulated Photodegradation via
High Energy Radiant Exposure (SPHERE), and (b) an in-
situ device.
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cycles (0% to 25% strain) and one
stress relaxation measurement at
15% strain. After characterization,
the specimens were allowed to recov-
er before starting the fatigue cycling.
The loading and unloading during
|} !t ‘ characterization were performed at 2
foo 100 fo 100 f cm/min which meant that the speci-
Time (s) men was under load for a time period

Figure 3—Strain history used for Mullins cycles and denoted as t.. The time under load in
stress relaxation tests. 0

Strain (%)

the stress relaxation test was denoted
as t.. To ensure that the viscoelastic
recovery from one loading was complete before the next loading was initiated, the spec-
imen was allowed to rest for 10t; or 10t, between loadings (Figure 3). For these tests, the
values for t; and t, were 20 s and 3 h, respectively. The motivation for the two loading-
unloading cycles was to see if any Mullins Effect was present and to mitigate any Mullins
Effect in the subsequent stress relaxation test. This Mullins Effect is a phenomenon
observed in filled elastomers: the stress at a given strain is higher the first time the spec-
imen is deformed than it is for subsequent deformations. As long as the maximum strain
achieved during the first deformation is not exceeded, all subsequent loadings follow the
same stress-strain curve. As a result, it is common to pre-strain a sample to high values
so that the results are reproducible in subsequent testing.

For the stress relaxation measurements, specimens were loaded rapidly at 100
cm/min up to 15% strain and held at that value while load was monitored as a function
of time. The time required to load a specimen was less than 1 s and the first data point
was not taken until after 10 s to avoid transient effects associated with uploading. An
apparent modulus, E,, was calculated using a relationship based on the statistical theory
of rubber-like elasticity'>4:

Ea(t,).):% 6]
WB(2.—27%)

where W and B are the width and breadth of the sealant (see Figure 1), L is the load, t is
the time, and A is the extension ratio, which is given by:

).:1+A @
H

where A is the cross-head displacement. Equation (1) assumes that the sealant is incom-
pressible, which should be a good assumption for elastomers.

To examine the change in the specimen produced by exposure, the apparent modulus,
E,, from the characterizations before and after were compared. This was done by calcu-
lating the fractional change in apparent modulus, F. If exposure time is designated as t_,
then F is given by:

_ E,(att, =1 month) 3)
~ E,(att,=0)

F
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A second way to monitor the changes during exposure was to calculate stiffness index
based on loading curve in each cycle of the fatigue deformation experiment. This stiff-
ness index was given by the slope of the linear regression curve fit to a plot of the volt-
age output for a load cell versus the voltage output for a LVDT. This produced 1460
points over the one month period. Unlike the stress relaxation experiments in which
changes before and after exposure were only obtained, the use of stiffness index offered
the advantage of monitoring changes during exposure. Squared correlation coefficients,
12, for fitted curves were also obtained to measure goodness-of-fit of linear regression,
and hence the reliability of the indexes. A custom-written LabVIEW (National
Instruments, Columbia, MD) program was developed for signal generation, analysis, and
data acquisition. More information can be found elsewhere in this literature. !

In addition to the presence or absence of fatigue deformation cycle during exposure,
specimens were subjected to one of four different environments involving combinations
of temperature and RH, i.e., (a) 30°C and 0% RH, (b) 30°C and 80% RH, (c) 60°C and
0% RH, and (d) 60°C and 80% RH. In this chapter, 60°C will hereafter be denoted as
“hot,” and 30°C as “cold.” Also, 80% RH will hereafter be denoted at “wet,” and 0% RH
as “dry.” As a result, there were eight different exposure conditions for the sealant mate-
rial, and with four replicates of each, a total of 32 specimens were examined in each test.

Field Exposure and Characterization

Field exposure was performed in Gaithersburg, using custom-made thermally driven
outdoor exposure engines, as shown in Figure 4. Each engine was composed of a mov-
ing frame and a fixed support frame. The moving frame consisted of two 101.6 mm diam-
eter polyvinyl chloride (PVC) pipes (Schedule 40), a stainless steel crosspiece, six stain-
less steel rods, and six specimen holders; while the fixed support frame was comprised
of a wood support frame, and a fixed stainless steel crosspiece. The strain on the sealant
samples was generated by thermal changes in the exposure environment combined with
the relative difference in the coefficient of thermal expansion between the PVC pipe and
the end grain wood frames. A full description of the devices is reported elsewhere.!
Specimens were placed into the device at a time when the temperature was approximate-
ly 13°C (55°F), so they were under no load at that temperature. At high temperatures
PVC pipes expand, causing the specimens to be loaded in tension; conversely, the spec-
imens are loaded in compression when the pipes contract at low temperatures, as shown
schematically in Figure 4b and c. Consequently, the engines are also known as
“winter/compression” or “summer/tension” engines. The engines were mounted facing
south towards the equator at an angle of 90° from the horizontal plane.

To monitor the force on each specimen, each specimen holder was attached to a her-
metically sealed load cell (Model SSM-AJ-250, Interface, Scottsdale, AZ) attached with
a capacity of + 113.4 kg. The displacement was monitored with LVDTs (Model HSD-
750, Macro Sensors, Pennsauken, NJ) with a deflection range of + 6.35 mm. The LVDTs
were bolted between both fixed and moving stainless steel crosspieces. These electro-
mechanical transducers were instrumented to monitor continuously forces and deflec-
tions. Also, each engine was attached to a series of six thermocouples to record the tem-
peratures of PVC pipes. Data from load cells, LVDTs, and thermocouples were directly
fed into a Keithley 2701 Ethernet-based Data Acquisition System (Keithley Instruments,
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Moving stainless
steel crosspiece

Load cell

Specimen holder
Stainless steel rod
LvDT

Fixed stainless steel
crosspiece bored with
two 127 mm diameter
holes so that the
movement of the PVC
pipe is not disrupted

101.6 mmI

2300 mm

Wood support
Connecting (doubled)
flangeg Stainless steel
brcket for rigid
wood support
attachment

731.8 mm |

(a)

Moving Stainless—»

Steel Crosspiece

Load Cell —» PVC Pipe

Expansion of PVC Pipe
at a High Temperature

Fixed Stainless Steel

Crosspiece

Specimen In
Tension

Support

(b)

Contraction of PVC Pipe

Specimen in—,
at a Low Temperature

Compression

(c)

Figure 4—Schematic illustrations of (a) the thermally driven PVC engine, and
the mechanism of the engine: (b) at a high temperature, the PVC pipe expands
causing the specimen to be loaded in tension, and (c) at a low temperature,
the pipe contracts causing the specimen to be loaded in compression.”
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Cleveland, OH). A custom-written LabVIEW program was used to collect the voltage
measurements from the Keithley system every 15 seconds, 24 hours a day. After one-
minute worth of data was collected, the program averaged the values and appended the
result to a tab-delimited database on a remote server. The engines allow changes in stift-
ness to be monitored as a function of exposure time.

RESULTS
Indoor Exposure

Figure 5 shows typical results for the two loading-unloading curves in the first char-
acterization test on a specimen. The Mullins Effect is clearly present with higher stress
levels during the first loading curve versus the second. Note that the unloading curves are
the same in both cases. All subsequent loading-unloading curves will fall on top of the
data in the second cycle.

Figure 6 shows a representative plot of changes in apparent moduli as a function of
relaxation time for specimens under “static/hot/wet” conditions prior to exposure and
after completion of fatigue deformation
cycle. There were up to four replicates in

each test, and the vertical bars indicate 600 e Firet Loading

experimental uncertainty. Consequently, 5001 | —+— second Loading

the difference seen between the two T 400

curves is significant. Note that thereisno = 300 4

change in the curve shape, implying that %

time dependency of the apparent modu- @ 2001

lus is very similar before and after expo- 1001

sure. The magnitude of the apparent 09

modulus, however, decreased signifi- 000 005 010 015 020 025 03
cantly after exposure. Similar curves can Strain

be generated for all eight exposure con-
ditions, but a plot with all 16 curves and
their uncertainty is much cluttered. To

Figure 5—Loading-unloading curve for Mullins
cycle.

facilitate comparison between different 2.5

exposure conditions, stress relaxation T 20

data are presented as a fractional change % '

in apparent modulus, F, as a function of 1—;: 1.5

relaxation time (see equation (3)). In 8 o

such a graph, no change would be repre- 'g, ’

sented as a horizontal straight line at § 0.5 |—e— Before Exposure

F=1.0. A horizontal line above or below < T After Exposure

F=1.0 indicates that exposure caused a D 10° 102 10° 10*
vertical shift in the stress relaxation Time(s)

curve but no change in shape, i.e., the
. 4 d g did pe, h ’ Figure 6—Variation of apparent modulus as a func-
time dependence did not change. tion of relaxation time for specimens under “stat-

Something other than a horizontal ic/hot/wet” conditions before and after
straight line indicates a change in the — exposures.
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Figure 7—Stress relaxation curve for both static and
cycle fatigue tests.

time dependence. The experimental
uncertainty can be shown as a
hashed region on each side of F=1.0
so if the point for a given curve falls
within this region, there is no
changes outside the experimental
uncertainty. Stress relaxation data at
different combinations of tempera-
ture and RH for static tests are
shown in Figure 7. The lines at very
low values of F indicate the samples
have failed. The near straight lines
parallel to the abscissa show that
there is no change in the curve
shape for all conditions.

The effect of temperature on the static performance of joints can be assessed by exam-
ining the conditions at the same RH, namely by comparing “static/cold/wet” with “stat-

ic/ hot/wet,” or “static/cold/

(a) dry” with “static/hot/dry.” It
is apparent that the tempera-
0.0028 .
0.0024 ture effect, either under a rel-
g 0.0020 ___— Moving Samples atively dryior a n.101s.t envi-
£ 00016 ronment, is insignificant.
@ 00012 Al stureinduced
£ 0.0008 so,  moisture-induce
£ 0.0004 - deterioration in the static
& 0.0000 performance at a low tem-
-0.0004 = .
00008 ] s samptes perature similarly seems
L : unimportant, as revealed by
0 2 4 6 8 1012 14 16 18 20 22 24 26 comparing the “static/cold/
Time (Days) dry” and “static/cold/wet”
(b) results. However, as shown in
1.00 H e Figure 8, the combination of
0.96 ™ 4 J high temperature and RH
g 092 produced a slight reduction in
S 088 apparent modulus. All joints
T sl under static  conditions
0.80 remained intact and no joint
0.76 ] failure was observed.

Figure 8—(a) Changes in stiffness index for samples with

T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time (Days)

Under cyclic fatigue defor-
mation, the durability behav-
ior differs considerably from
that of static tests. The frac-

movement and no movement. (b) Corresponding squared corre-

lation coefficients, r*, as a function of exposure times in days
for specimens under ‘‘fatigue/cold/dry” conditions. No visible
failure is evident in the samples during the entire exposure.

tional changes in apparent
modulus as a function of
relaxation time for cyclic
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fatigue tests are included in @
Figure 7. In a “cold” and 0.0020
“dry” environment, the _ 0.0016 - —— Moving Samples
effect of fluctuating loads on & 0.0012 -
. [< 1 Visable

the cyclic performance of < 0.0008 1 Failure —™
sealant joints is insignificant. § 0.0004 |
Furthermore, changes in the £ 0.0000

. . . ) }
stiffness index of specimens, -0.0004
which were measured by the -0.0008 | .
slopes of loading curves in | S ?"" ‘Sam‘p'es‘ ——
the ]oad_disp]acement p]ot 0 2 4 6 8 10 12 14 16 18 20 22 24 26
for fatigue deformation cycle, Time (Days)
were examined. The corre- (b)
sponding squared correlation 1.00

coefficients, 12, for the fitted
slopes were also obtained to 0.75
assess the goodness-of-fit of 0.50

y —
%

in Figure 8. The results for ]

“static/cold/dry” are also 0.00-

the slopes. The results for
T

“fatigue/cold/ dry” are shown 0.95
T T T T T T T T T T 1

included for comparison, but 0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time (Days)
Figure 9—(a) Changes in stiffness index for both samples with
. movement and no movement. (b) Corresponding squared correla-
deformation  cycle. In  ipp coefficients, 1%, as a function of exposure times in days for
Figure 8a, the stiffness  specimens under ‘fatigue/hot/dry” conditions. Visible failure is
index of specimens under evident in the three samples experiencing movement starting at
eight days to 25 days.

r2 Value

the slopes are always zero
because there was no fatigue

“fatigue/cold/dry” remained
unchanged over a month of
exposure, which agreed with the comparable stress relaxation data. The relative high val-
ues of corresponding squared correlation coefficients confirmed the reliability of the data
obtained (see Figure 8b).

However, as shown in Figure 7, the combination of cyclic fatigue with a high temper-
ature, or with a high RH, or the combination of three aging factors, resulted in substan-
tial changes in moduli. All joints tested under these conditions failed; thereby, the curves
were plotted with ordinate magnitudes equal to zero. Changes in stiffness index and lin-
ear regression coefficients as a function of exposure time for “fatigue/ hot/dry” are shown
in Figure 9. It can be seen that there was no change in stiffness index in early stages of
exposure. With increasing exposure, the stiffness index decreased and was eventually fol-
lowed by specimen failures. The stiffness index plots for “fatigue/cold/wet” and
“fatigue/hot/wet” are shown in Figures 10 and 11, respectively. The stiffness for these
specimens decreased drastically upon exposure, and then failures followed.

The loci of failure for all joints were visually observed as being cohesive within the
sealant layers, indicating that the sealant itself was weak, while the interfacial adhesion
between the sealant and the substrate was relatively robust. Further examination revealed
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Figure 10—(a) Changes in stiff-
ness index for both samples with
movement and no movement. (b)
Corresponding squared correla-
tion coefficients, 1%, as a func-
tion of exposure time in days for
specimens under “fatigue/cold/
wet” conditions. Visible failure
is evident in the samples at times
less than six days.

Figure 11—(a) Changes in stiff-
ness index for both samples with
movement and no movement. (b)
Corresponding squared correla-
tion coefficients, 1%, as a func-
tion of exposure times in days
for specimens under
“fatigue/hot/wet” conditions.
Visible failure is evident in the
samples at times less than two
days.
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extensive embrittlement. Therefore,
it is highly likely that extensive
crosslinking had taken place in the
specimens, rendering them brittle
and leading to premature failures. It
is also clear that cyclic fatigue alone
is not the critical factor leading to
environmental failure of this sealant,
but it is the combination of cyclic
fatigue with other environmental fac-
tors (i.e., temperature or moisture)
that is deleterious.

Field Exposure

Temperature (°C)

20
Time (h)
Figure 12—Variation of temperature of PVC pipe and

the resulting displacement as a function of time.
Measurements were made on July 1, 2004.

In the case of field exposure, specimens were exposed to cyclic deformation induced
by dimensional changes of PVC engines in which specimens were loaded in tension
when outdoor air temperature was relatively high and in compression when the outdoor
air temperature was relatively low. The evidence showing that changes in outdoor air

temperature directly affect the magnitude

of cyclic deformation imposed on specimens is

shown in Figure 12. Because of temporal variations in outdoor air temperature, cyclic
loading varies with the time of day. Such cyclic loading time series was what would be

expected with sealants used in

building structures. Load and @

. . 100
displacement experienced by

. . 50
specimens were contlnuously

Tension

T

. 0
monitored over one year, and

the results are shown in Figure
13. In this plot, the data points
on the right and left hand sides

-50

Load (N)

-100

-150

-200

i
1
/ [see Figure 13(b)] i

o Dec-03
+June-04
* Sept-04

+ Feb-04
July-04
© Nov-04

Compression

of the zero displacement line
indicate which specimens were
in tension and compression,

respectively. For clarity, only ®)

0 2 4
Displacement (mm)

data points collected over a day 100

in each month were plotted. It 50 1

Tension

I

.

should be noted, however, that
data points for other days in the
same month were very similar.
From Figure 13, hysteresis in

-50

Load (N)

-100

-150 1

the load-displacement plot is

~
¥

July-04
X Sept-04

© Nov-04

Compression

-200
clearly seen, demonstrating the

viscoelastic nature of the
sealant, which is common for
all sealants although their
observed degrees vary. It can

Figure

6.92

6.94 6.96 6.98 7 7.02

Displacement (mm)

13—Load versus displacement recorded over one year

of field exposure for displacement ranges of (a) —4 mm to 8
mm, and (b) 6.92 mm to 7.02 mm.
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Table 1—Tabulation of Stiffness and the also be seen that specimens
h . L 2 ;
Corrgspondlng Squared Correlation Coefficients, r?, underwent both tensile and
for Different Months of Exposure R K R
compressive  loadings  in

Exposure Month Stiffness (N/mm) r2 Coefficient December 2003 and February
Dec. 2003 9.62 0.94 2004, but compressiveiloading
Feb. 2004 6.53 0.95 was found to be predominant. In
June 2004 5.98 0.97 contrary, specimens were most-
July 2004 405.60 0.92 . . .

Sept. 2004 526.24 0.85 ly loaded in tension in Ju?le
Nov. 2004 475.37 0.85 2004, as shown by positive dis-

placement values in the load-
displacement plot. Interestingly, the displacement recorded in July 2004 differed signifi-
cantly from that in June 2004, and the curve for July 2004 was located in the far right end
of the plot, indicating that specimens had undergone a change from a mixture of com-
pressive and tensile loading to a pure tensile loading. In later stages of exposure, speci-
mens remained in tension.

Continuous monitoring of load and displacement allowed changes in stiffness to be
examined, which was measured by the slopes of load-displacement plots (Figure 13). The
values of stiffness are tabulated in Tuble 1, and squared correlation coefficients, 12, for fit-
ted curves are also included. It can be seen that 12 value is relatively high for each month,
signifying that each curve in the load-displacement plot can be fitted by a straight line with
a highly reliable slope. From Table 1, it can be seen that the stiffness for freshly exposed
specimens was 10 N/mm in December 2003. In the next seven months, the stiffness
remained statistically unchanged, but in July 2004 the stiffness increased substantially to
400 N/mm. This significant increase in the stiffness shows that the sealants have under-
gone profound structural changes, and that summer exposure was more severe than win-
ter exposure. Physical examination of the specimens revealed that the specimens had hard-
ened considerably compared to unexposed specimens, indicating that extensive embrittle-
ment had occurred. This observation indeed correlates well with the relatively high stiff-
ness recorded. In later stages of exposure, the stiffness continued to increase to approxi-
mately 500 N/mm, and, eventually, the sealants failed cohesively.

DISCUSSION

Accurate prediction of in-service performance of sealants in less than real time has
remained a modern unresolved scientific issue. At present, the generation of reliable per-
formance data still requires long-term field exposure. Longer field exposure times are
thought to reduce the risk of introducing a poorly performing product into the marketplace.
However, the cost of developing new products is directly related to the product develop-
ment time and the time-to-market. The more time in the pipeline, the more investment
required and the smaller the eventual profit. Over the years, extensive efforts have been
made to design a laboratory short-term test which provides an accurate indication of how
well a building joint sealant will perform when exposed outdoors. However, these efforts
have largely been unsuccessful, which arises mainly from the lack of success in relating
field and laboratory results. From the results presented in this chapter, it is clearly seen that
the current laboratory accelerated tests provide an excellent platform for evaluating the
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service life of building joint 40

sealants. Furthermore, the present 20l

tests were successful in duplicat- g

ing the same failure mode that E,’ 207

occurred in field exposure. £ 4|

Specifically, extensive crosslink- g

ing was found to occur in speci- E or

mens under both field and labora- 10 f

tory accelerated exposures, which 2 . . . .
was eventually followed by brittle Oct-03 Feb-04 May-04 Aug-04 Dec-04
fracture. The current test method Time of Exposure

therefore Cllrcumvlems the pl‘?b- Figure 14—Changes in air temperature from December
lems associated with accelerating 2003 to November 2004.

the environmental attack with the
use of unrealistically extreme doses of aging factors well above any likely seen in-service.
Such tests often lead to unnatural failure mechanisms.

It is evident from the above discussion that the indoor laboratory accelerated test
allows not only the individual effects of cyclic fatigue, temperature, and RH to be inves-
tigated independently, but also the synergistic effect of combining two or more factors.
By using this test method, it has been shown that specimens were able to resist the indi-
vidual influence of cyclic fatigue, high temperature, and RH, but degraded substantially
when exposed to the combination of cyclic fatigue with a high temperature or RH, or the
combination of these three factors. Fatigue, high temperature, and RH collectively pro-
vide strong synergism, thus accelerating the degradation mechanism and rapidly deterio-
rating sealant properties. Such observations correlated well with observations made
under field exposure in that summer exposure was found to more aggressive in terms of
environmental attack than winter exposure. This is because air temperature was general-
ly higher in summer, as shown in Figure 14.

It is noteworthy that threshold type tests such as ASTM C719 have been widely adopt-
ed by the industry for selecting appropriate sealant formulations for specific applications.
For example, ASTM C719 establishes the performance of sealants through the following
protocol: a one-month period of static cure followed by a sequential stress regime includ-
ing immersion in water (7 d), baking in an oven (7 d), exposure to UV, and, finally,
mechanical cycling.® The samples are then visually evaluated for defects. Obviously,
such a protocol assumes that no strong synergistic effect exists between the different
aging factors. However, as shown by the present study, the effect of an individual factor
acting alone may be different from the combined effect of two or more factors. The
sealant material studied here will therefore pass ASTM C719, and, as such, will be mis-
takenly approved for installation on buildings, where it may fail prematurely. The exis-
tence of such synergistic effects raises serious concerns as to whether viewing the envi-
ronmental effects of these factors independently is meaningful, highlighting the prime
importance of accounting for such synergism in the development of scientifically mean-
ingful accelerated durability tests.
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CONCLUSIONS

A test methodology has been designed to duplicate the same failure modes occurring in
in-service exposures. Such methodology employs a systematic approach in which both
independent and synergistic effects of various aging factors on the durability of building
joint sealants were evaluated in terms of changes in modulus, stiffness, and stress relaxation
behaviors. Indoor accelerated exposures were carried out using an integrating sphere-based
weathering chamber; while one-year field exposures were carried out in Gaithersburg,
using a polyvinyl chloride (PVC) device, which relied on thermal response of PVC to out-
door air temperature to induce cyclic fatigue deformation on sealants. Indoor test results
revealed that cyclic fatigue, high temperature, or moisture, on sealant mechanical proper-
ties acting alone did not degrade this sealant, in combination, however (e.g., cyclic fatigue
deformation with temperature and/or moisture) was detrimental, resulting in extensive
embrittlement and leading to premature failure. Sealants exposed to field conditions exhib-
ited the same behavior, indicating that the accelerated test methodology provided an accu-
rate indication of the durability of sealants exposed outdoors. The present study has clear-
ly shown the importance of designing experiments that enable effects of various aging fac-
tors to be systematically evaluated, with test results correlating to field performance if
accelerated conditions more accurately reflect the balance of field exposure conditions.
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