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HIGH-RATE TESTING OF ADHESIVELY BONDED 
LAP SHEAR SPECIMENS AT TEMPERATURE 

 
1.0 INTRODUCTION 
 This program was sponsored by Momentive Performance Materials, Inc. The technical 
point of contact was Errol Bull. The University of Dayton Research Institute (UDRI) Structures 
and Materials Evaluation (SME) group principal investigators were Sarah J.H. Kuhlman and 
James T. Coleman, with test technicians John Chumack, David Allen, and Scott Bridwell. 
 
 Two kinds of window glazing sealants were tested in the lap shear configuration at rates 
from 0.033 in/s to 196 in/s and at test temperatures of 190°F and -20°F. 
 
1.1 Background 

UDRI performed lap shear and tensile cross plus tests on three kinds of structural glazing 
sealants in 20121. Product 1 was a two-part silicone sealant, GE SSG4600; Product 2 was a one-
part silicone sealant, GE SCS2000; and Product 3 was an acrylic foam, 3M G23F. Momentive 
bonded and cured all three sealants per the manufacturers’ specifications between anodized alu-
minum plates. Test rates ranged from 0.033 in/s to 196 in/s. Average load and displacement 
values are given in the Tables 1 through 4. The averages represent the results of five replicates 
for each condition. The percent change in value with rate is given in italicized text. NS indicates 
the change between rates was not statistically significant, as determined using the student’s t-test; 
however, the change from lowest to highest rate may still have been significant, as indicated in 
the text below. 
 

Table 1.  Lap Shear Peak Load Results at Room Temperature 

 
Italicized numbers indicate % change with change in rate. 
NS indicates no statistically significant change. 
Changes significant only between lowest and highest rate are noted in text. 

  

                                                 
1 UDR-TR-2012-111: “High-Rate Testing of Silicone Lap Shear and Tensile Cross Plus Specimens,” Kuhlman, S. UDRI, 

July 2012. 

.033 in/s 44 in/s 196  in/s
Product 1 130 100% 260 32% 343
Product 2 117 56% 183 24% 227
Product 3 122 480% 707 37% 971

Average Peak Load [lbf] & Percent Change with Rate
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Table 2.  Lap Shear Displacement at Failure Results at Room Temperature 

 
Italicized numbers indicate % change with change in rate. 
NS indicates no statistically significant change. 
Changes significant only between lowest and highest rate are noted in text. 

 
Table 3.  Tensile Cross Peak Load Results at Room Temperature 

 
Italicized numbers indicate % change with change in rate. 
NS indicates no statistically significant change. 
Changes significant only between lowest and highest rate are noted in text. 

 
Table 4.  Tensile Cross Displacement at Failure Results at Room Temperature 

 
Italicized numbers indicate % change with change in rate. 
NS indicates no statistically significant change. 
Changes significant only between lowest and highest rate are noted in text. 

 
For the lap shear tests, all three products saw a significant increase in load with increasing 

test rate. Product 1 saw an increase in the displacement across rates and Product 2 had an increase 
overall. Product 3 saw a significant decrease in displacement between 0.033 in/s and 196 in/s. 
 

For the tensile cross plus tests, Products 2 and 3 had significant increases in maximum 
load with each increase in rate. Product 1 had a significant increase between 0.033 in/s and 
44 in/s. Between 44 in/s and 196 in/s, the increase in maximum load had only one-sided signifi-
cance, using the student’s t-test. Product 1 had a significant increase in displacement of 16% 
overall. Product 2 had no significant change across rates, whereas, Product 3 had a significant 
decrease across rates. 
 
  

.033 in/s 44 in/s 196  in/s
Product 1 1.11 19% 1.32 27% 1.68
Product 2 1.22 NS 1.37 NS 1.62
Product 3 0.61 NS 0.267 NS 0.349

Average Displacement at Failure [in]
 & Percent Change with Rate

.033 in/s 44 in/s 196  in/s
Product 1 182 59% 289 11% 320
Product 2 131 29% 169 32% 223
Product 3 138 454% 764 64% 1255

Average Peak Load [lbf] & Percent Change with Rate

.033 in/s 44 in/s 196  in/s
Product 1 0.805 NS 1.17 NS 1.27
Product 2 1.21 NS 1.16 NS 1.42
Product 3 0.418 -66% 0.141 -21% 0.112

Average Displacement at Failure [in] 
& Percent Change with Rate
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These sealants are commonly used as structural adhesives to bond glass on skyscrapers 
and, as such, may be subjected to extreme temperatures (-20°F to 190°F) and sudden loads, such 
as seismic events. In order to provide a more complete comparison the different materials’ 
behavior in field conditions, Momentive decided to further test two competing types of sealants 
in the lap shear configuration at temperatures measured in the field. It was decided that the most 
pertinent indicator of a sealant’s performance during a seismic event was the energy absorbed. 
 
2.0 TEST MATRIX AND MATERIALS 

The materials tested were GE SSG4600, a two-part structural silicone (SS-2P), and 
3M G23F, an acrylic foam tape (AFT) consisting of an acrylic foam core with layers of acrylic 
adhesive on either side. The test matrix is summarized in Table 5. 
 

Table 5.  Lap Shear Test Matrix 
 Temp (°F) 0.033 in/s 43 in/s 197 in/s Total 

SS-2P 190 5 5 5 15 
SS-2P -20 5 5 5 15 
AFT 190 5 5 5 15 
AFT -20 5 5 5 15 
Total  20 20 20 60 

 
The specimens were assembled by Momentive and delivered to UDRI. Anodized aluminum 

plates with dimensions of 3 × 1 × 0.12 inches were used for the lap shear specimens (Figure 1). 
The area of the bond between the plates was nominally 1 × 1 inch for all specimens. The sealant 
was approximately 0.25 inch thick for the silicone sealant and approximately 0.09 inch thick for 
the acrylic tape; these thicknesses corresponded to the product use in window glazings. Both 
products were applied in accordance with the manufacturers’ specifications. The aluminum 
plates were primed prior to the application of the AFT and were not primed prior to the appli-
cation of the SS-2P. Half-inch diameter holes were drilled through the aluminum plates to allow 
for bolts to clamp the specimens in place. 
 

 
Figure 1.  Lap shear specimens  
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3.0 TEST PROCEDURES 
3.1 Equipment 
 A bolt through the tabs of the lap shear specimens clamped the specimens in place and 
spacers ensured that the centerline of the load train ran through the centerline of the specimen. A 
typical test setup can be seen in Figure 2. 
 

MTS and BEMCO environment chambers were used to chill or heat the specimens for 
testing. The chamber was brought to temperature with the specimen inside. The specimen then 
soaked at temperature for a minimum of 15 minutes prior to loading. 
 

Low-rate tests were performed on an Instrumet® screw-driven test station with a 20,000 lbf 
actuator. Data capture was accomplished with Instrumet® data acquisition hardware and data 
were recorded on a PC. The load was measured using a load cell calibrated to 2,000 lbf full-scale. 
Actuator displacement was measured using a linear variable differential transformer (LVDT). 
 

The higher-rate tests were performed on an MTS servo-hydraulic station with a 3,300 lbf 
actuator. The station had a minimum resonant frequency of 7000 Hz. Data were captured with a 
computer equipped with a National Instruments PCI 6110 high-speed data acquisition card. Load 
was measured using a dynamically calibrated load washer. The full-scale calibration of the load 
washer for the lap shear specimens was 500 lbf for the 190°F tests and 1,000 lbf for the -20°F 
tests. Actuator displacement was measured using a LVDT. 
 

A slack adapter was used at the two higher rates, which consisted of a cup/cone rod 
assembly which allowed the actuator to attain a constant test speed before engaging the fixture 
and applying load to the specimen. 
 

 
Figure 2.  Typical setup for lap shear specimen clamped in place through tabs  
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4.0 DATA ANALYSIS 
Raw and final data were provided for each specimen on the program CD. The raw data 

includes the time, stroke, and load as recorded by the data acquisition system. The final data 
were examined and adjusted based on the following parameters: 

1. The load was zeroed, as needed, at 44 in/s and 196 in/s to adjust for preloading from 
the weight of the fixtures and the slack adapter. The post-test load signal was 
examined to determine the correct shift in the load data. 

2. The stroke signal, which was used for displacement, was also shifted. For the low-rate 
tests, this shift was typically made so that the linear part of the load-versus-displacement 
curve went through the origin of the load-displacement plot. At the higher rates, initial 
load behavior was masked by test setup phenomena, such as the slack adapter loading 
and compliance in the load train. These higher-rate tests were zeroed in such a way as 
to truncate the pre-test events and to align individual test results with one another. 

 
Data collected included the maximum load, displacement at the maximum load, and 

stroke rate. The displacement at failure was not always clear because some of the specimens 
failed more gradually or seemed to fail in steps. These step failures presumably resulted from a 
small ligament of the bond holding longer than the bulk of the material. For the sake of 
consistency, failure was defined as the point when the load had decreased to 5% of the maximum 
load, and the displacement was recorded at this point. 

 
Energy absorption was calculated by finding the area under the load-versus-displacement 

curve after any necessary shifts in load or displacement had been made. The energy absorption 
calculation was calculated between zero displacement and the displacement at failure. A macro 
in the Kaleidagraph® software was used to perform the area calculation. 

 
4.1 Statistical Analysis 

Test data are often compared by determining whether there is a significant difference in 
the responses under the assumption that the population standard deviation is known and the 
population has a normal distribution. In practice, the standard deviation is unknown and the 
sample sizes are limited. The K-Sample Anderson Darling (ADK) test can be used to determine 
statistically significant differences between data when the distribution is not known. 

 
The ADK test accounts for limited data sets and calculates a distribution for each data set, 

so it is not limited to populations with a standard distribution. This study compared the data sets 
on the basis of the ADK test, determining whether there was either an increase or decrease from 
the baseline due to the different test conditions. Software developed in-house was used for the 
statistical analysis assuming unequal variances and an alpha of 0.05. The probability that the 
datum line was within the expected distribution of values was 95% and the datum had to fall out-
side of this range for the difference to be statistically significant. Comments regarding the sig-
nificance of the results are based on this type of ADK test analysis. The previous study prepared 
for Momentive by UDRI used the student’s t-test to compare data; thus, for this program, the ADK 
results were compared to one-sided and two-sided t-tests and found to have equivalent results. 
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5.0 RESULTS AND DISCUSSION 
The program CD contains electronic copies of the individual specimen data files, test data, 

summary, test setup photographs, calibration records, and other relevant documents. 
 
5.1 SS-2P Results 

Tables 6 and 7 summarize the SS-2P test results at 20°F and 190°F, respectively. All of 
the SS-2P tests had a cohesive failure mode, meaning that the sealant failed through the middle 
of the thickness. Images of typical failures can be found in Figure 3. Strength decreased 30% to 
50% with each increase in temperature (including room temperature). There was a high degree of 
scatter in the displacement results, up to 36%. 
 

Table 6.  Data Summary for Structural Silicone – 2-Part Lap Shear Tests at -20°F 
(Bond size approximately 1 × 1 × 0.25 in) 

 
*Failure defined as load dropping to 5% of peak load 

SS-2P
Lap Shear
-20°F Specimen ID

Peak 
Load
[lbf]

Displacement 
at Peak Load

[in]

Displacement 
at Failure*

[in]

Energy 
Absorbed

[ft-lbf]
Test Rate

[in/s]
Failure 
Mode

STL341-5 253 0.97 1.29 189 0.0330 cohesive
STL341-10 306 1.05 1.20 185 0.0330 cohesive
STL341-12 246 1.09 1.19 167 0.0330 cohesive
STL341-19 269 1.15 1.23 178 0.0330 cohesive
STL341-20 261 1.05 1.15 157 0.0330 cohesive

Average 267 1.06 1.21 175
Std. Dev. 23.3 0.0641 0.0524 13.2
Coeff. Of Var [%] 8.73 6.04 4.32 7.51

STL341-2 421 0.82 1.13 298 45.7 cohesive
STL341-21 283 0.33 0.79 151 45.3 cohesive
STL341-22 431 0.82 1.15 335 45.4 cohesive
STL341-25 435 0.81 1.19 374 45.4 cohesive
STL341-34 318 0.46 0.72 145 45.7 cohesive

Average 378 0.648 1.00 261
Std. Dev. 72 0.236 0.22 106.3
Coeff. Of Var [%] 19.0 36.4 22.3 40.78

STL341-3 535 0.68 1.20 429 194 cohesive
STL341-7 491 0.86 1.23 412 202 cohesive
STL341-13 458 0.78 1.15 366 199 cohesive
STL341-26 599 0.94 1.24 490 199 cohesive
STL341-33 403 0.504 0.78 210 205 cohesive

Average 497 0.750 1.12 381
Std. Dev. 74 0.168 0.20 105.6
Coeff. Of Var [%] 15.0 22.4 17.5 27.69

0.033 in/s
(2 in/min)

44 in/s
(1.1 m/s)

196 in/s
(5 m/s)
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Table 7.  Data Summary for Structural Silicone – 2-Part Lap Shear Tests at 190°F 
(Bond Size Approximately 1 × 1 × 0.25 in) 

 
*Failure defined as load dropping to 5% of peak load 

 

 
Figure 3.  Typical cohesive failures for SS-2P  

SS-2P
Lap Shear
190°F Specimen ID

Peak 
Load
[lbf]

Displacement 
at Peak Load

[in]

Displacement 
at Failure*

[in]

Energy 
Absorbed

[ft-lbf]
Test Rate

[in/s]
Failure 
Mode

STL341-6 100 0.752 0.933 57 0.0330 cohesive
STL341-8 94.7 0.729 1.15 69 0.0330 cohesive
STL341-14 91.2 0.758 1.06 60 0.0330 cohesive
STL341-15 71.2 0.565 0.704 31 0.0330 cohesive
STL341-18 50.5 0.345 0.532 17 0.0330 cohesive

Average 81.5 0.630 0.877 47
Std. Dev. 20.4 0.178 0.256 22
Coeff. Of Var [%] 25.0 28.3 29.2 46.7

STL341-1 177 0.98 1.21 136 45.8 cohesive
STL341-11 167 1.00 1.30 140 45.8 cohesive
STL341-16 87.6 0.872 1.19 69 45.7 cohesive
STL341-29 209 1.00 1.33 175 45.7 cohesive
STL341-31 145 0.660 0.950 79 45.7 cohesive

Average 157 0.902 1.20 120
Std. Dev. 45.1 0.145 0.15 45
Coeff. Of Var [%] 28.7 16.1 12.5 37.2

STL341-4 220 0.93 1.52 226 198 cohesive
STL341-17 215 1.04 1.46 218 201 cohesive
STL341-24 201 0.918 1.37 193 204 cohesive
STL341-27 143 0.408 0.827 81 203 cohesive
STL341-32 212 0.928 1.55 227 199 cohesive

Average 198 0.846 1.34 189
Std. Dev. 31.5 0.250 0.30 62
Coeff. Of Var [%] 15.9 29.6 22.1 32.8

0.033 in/s
(2 in/min)

44 in/s
(1.1 m/s)

196 in/s
(5 m/s)
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Figures 4 through 7 show that the SS-2P had increasing strength with increasing test rate. 
Room-temperature test results from the previous program are included for completeness. Table 8 
details which of these changes are statistically significant. At 190°F, the strength followed the 
trend of increasing with increasing test rate, even though the increase was not statistically significant. 
 

 
Figure 4.  Load versus displacement graph of SS-2P at -20°F 

 
 

 
Figure 5.  Load versus displacement graph of SS-2P at ambient conditions 
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Figure 6.  Load versus displacement graph of SS-2P at 190°F 

 
 

 
Figure 7.  Peak load versus test rate and temperature of SS-2P 
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Table 8.  SS-2P Average Peak Load and Statistical Significance 

 
Significance determined with ADK test 
<, >, ^, or v indicate significant changes 
NS indicates change was not significant 

 
Figures 4 through 6 and Figure 8 illustrate that displacement at peak load of the SS-2P 

increased 20% to 27% with each increase in rate at ambient temperatures. The displacement at 
peak load did not follow a clear trend with respect to temperature or with respect to test rate at 
the high or low temperature. Table 9 illustrates which changes in displacement were statistically 
significant. 
 

 
Figure 8.  Displacement at peak load versus test rate and temperature of SS-2P 

 
  

-20°F RT 190°F
0.033 (in/s) 267 > 130 > 81

^ ^ ^
40 (in/s) 378 > 260 > 157

^ ^ NS
196 (in/s) 497 > 343 > 198
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Table 9.  SS-2P Average Displacement at Maximum Load and Statistical Significance 

 
Significance determined with ADK test 
<, >, ^, or v indicate significant changes 
NS indicates change was not significant 

 
Figure 9 shows the calculated energy absorbed versus test rate for the three temperatures. 

While scatter often precluded statistically significant changes, there are clear trends of increasing 
energy absorbed with increasing test rate and decreasing temperature. The statistical significance 
of the changes can be found in Table 10. 

 

 
Figure 9.  Energy absorbed versus test rate and temperature of SS-2P 

 

Table 10.  SS-2P Average Energy Absorbed at Failure and Statistical Significance 

 
Significance determined with ADK test 
<, >, ^, or v indicate significant changes 
NS indicates change was not significant  

-20°F RT 190°F
0.033 (in/s) 1.06 > 0.861 > 0.63

v ^ ^
40 (in/s) 0.648 < 1.03 > 0.902

NS ^ NS
196 (in/s) 0.75 < 1.31 > 0.846

-20°F RT 190°F
0.033 (in/s) 175 > 94 > 46.9

NS ^ ^
40 (in/s) 261 NS 205 > 120

NS ^ ^
196 (in/s) 381 NS 341 > 189
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5.2 AFT Results 
Summaries of the AFT test results can be found in Tables 11 and 12 at 20°F and 190°F, 

respectively. The peak loads, displacement, and energy absorbed by the AFT at low temperature 
were unexpectedly low. The foam core of the AFT is a viscoelastic material and it had been 
expected that the peak load would rise, rather than fall, with the lower temperature at all rates. 
The lap shear configuration, however, tested the AFT as a system, rather than just testing the 
material properties of the foam core and, as such, the interaction of the foam core and acrylic 
adhesive were important. Inspection of tested specimens at both -20°F and 190°F showed that 
the acrylic adhesive appeared to separate from the acrylic foam when loaded, as illustrated in 
Figures 10 and 11. The failure mode at -20°F consisted primarily of adhesive (between the adhe-
sive and the substrate) and debonding (between the adhesive and the foam core.) These failure 
modes help to explain: 1) the lack of a trend of increasing strength with test rate at -20°F, 2) the 
lack of a trend of increasing strength with decreasing temperature, and 3) the very small dis-
placements at peak load at -20°F. Of the five specimens tested, one (340-29) exhibited a mode of 
failure including cohesive tearing (through the thickness of the foam) and, consequently, had 
higher energy absorbed than the rest. Failure modes typical of AFT at -20°F can be found in 
Figure 11. 

 
The AFT test results at 190°F were more as one would expect of a viscoelastic material, 

with strength increasing with rate. At low rates, the AFT had ample time to debond, slide, and 
bend, resulting in very low peak loads. As the rate increased, there was less time for debonding. 
It can be seen from the failure modes (Table 12) that, as the rate increased, the amount of cohe-
sive tearing in the failure mode increased; thereby, increasing the strength and energy absorbed. 
Photographs of typical failure modes for 190°F tests of AFT at low and high rate are found in 
Figure 12. 

 
 

  
Figure 10.  Adhesive film observed on substrate after -20°F lap shear test of AFT 
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Table 11.  Data Summary for Acrylic Foam Tape Lap Shear Tests at -20°F (Bond Size Approximately 1 × 1 × 0.06 in) 

  
*Failure defined as load dropping to 5% of peak load 

AFT
Lap Shear
-20°F Specimen ID

Peak 
Load
[lbf]

Displacement 
at Peak Load

[in]

Displacemen
t at Failure*

[in]

Energy 
Absorbed

[ft-lbf]
Test Rate

[in/s] Failure Mode

STL340-3 482 0.0133 0.0137 4 0.0313 primarily adhesive + 20% debond
STL340-12 682 0.0503 0.0508 19 0.0329 adhesive + 20% debond
STL340-26 576 0.0182 0.0188 6 0.0330 primarily adhesive + 30% debond
STL340-17 580 0.0159 0.0162 5 0.0327 primarily adhesive + 20% debond
STL340-29 421 0.0148 0.109 26 0.0329 mixed adhesive/cohesive

Average 548 0.0225 0.0417 12
Std. Dev. 100 0.0156 0.0405 10
Coeff. Of Var [%] 18.3 69.5 97.2 82.7

STL340-20 394 0.0434 0.0508 12 45.7 adhesive + 50% debond
STL340-21 405 0.0543 0.0572 14 45.8 adhesive + 15% debond
STL340-22 522 0.0473 0.0540 17 45.7 primarily adhesive + 50% debond
STL340-36 485 0.0497 0.0558 15 45.6 primarily adhesive + 10% debond
STL340-30 442 0.0523 0.0578 15 45.7 adhesive + 60% debond

Average 450 0.0494 0.0551 15
Std. Dev. 54 0.004 0.0028 2
Coeff. Of Var [%] 12.0 8.7 5.1 12.4

STL340-13 439 0.0453 0.0518 16 209 adhesive + 10% debond
STL340-14 603 0.0859 0.0918 30 200 primarily adhesive + 15% debond
STL340-16 647 0.0519 0.0573 21 202 adhesive + 50% debond
STL340-23 531 0.0461 0.0556 19 199 primarily adhesive + 25% debond
STL340-31 544 0.0449 0.0556 17 200 primarily adhesive + 20% debond

Average 553 0.0548 0.0624 21
Std. Dev. 79 0.0176 0.0166 6
Coeff. Of Var [%] 14.3 32.1 26.5 27.2

0.033 in/s
(2 in/min)

44 in/s
(1.1 m/s)

196 in/s
(5 m/s)

13 
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Table 12.  Data Summary for Acrylic Foam Tape Lap Shear Tests at 190°F 
(Bond Size Approximately 1 × 1 × 0.06 in) 

 
*Failure defined as load dropping to 5% of peak load 

AFT
Lap Shear
190°F Specimen ID

Peak 
Load
[lbf]

Displacement 
at Peak Load

[in]

Displacement 
at Failure*

[in]

Energy 
Absorbed

[ft-lbf]
Test Rate

[in/s] Failure Mode

STL340-9 23.3 0.677 0.960 13 0.033 adhesive + 50% debond
STL340-11 18.0 0.525 0.840 9 0.033 adhesive + 80% debond
STL340-18 13.4 0.483 1.270 7 0.033 adhesive + 90% debond
STL340-32 21.5 0.560 1.000 12 0.033 adhesive + 90% debond
STL340-33 18.6 0.580 1.060 10 0.033 debond

Average 19.0 0.565 1.026 10
Std. Dev. 4 0.073 0.158 2
Coeff. Of Var [%] 20.0 12.8 15.4 23.4

STL340-6 132 0.416 0.689 50 45.681 cohesive + 60% debond
STL340-7 93 0.386 0.761 39 45.665 cohesive + 60% debond
STL340-8 133 0.408 0.687 48 45.675 cohesive + 50% debond
STL340-24 108 0.418 0.876 43 45.668 cohesive + 50% debond
STL340-34 138 0.401 0.701 52 45.658 cohesive + 50% debond

Average 121 0.406 0.743 46
Std. Dev. 19 0.013 0.080 5
Coeff. Of Var [%] 16.1 3.2 10.8 11.5

STL340-4 215 0.284 0.494 73 198 cohesive + 30% debond
STL340-5 161 0.136 0.419 42 198 mixed cohesive/adhesive
STL340-10 223 0.145 0.446 68 199 cohesive + 20% debond
STL340-27 198 0.271 0.500 63 198 cohesive + 70% debond

STL340-28 171 0.272 0.482 49 198
mixed cohesive/adhesive 

+ 25% debond
Average 194 0.222 0.468 59
Std. Dev. 27 0.074 0.035 13
Coeff. Of Var [%] 13.8 33.5 7.4 22.1

0.033 in/s
(2 in/min)

44 in/s
(1.1 m/s)

196 in/s
(5 m/s)

14 
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Figure 11.  Photo of failure modes for AFT at -20°F 

 

 
 (a) (b) 

Figure 12.  Photo of failure modes for AFT at 190°F for (a) 0.033 in/s and (b) 197 in/s 
 
Figures 13 through 16 illustrate that the AFT had increasing strength with test rate for 

ambient- and high-temperature conditions. Room-temperature test results from the previous 
program are included for completeness. The low-temperature tests did not show a significant 
overall change in strength with test rate. At the lowest test rate (0.033in/s), the strength increased 
78% to 84% with each decrease in temperature. Table 13 shows which changes were statistically 
significant. 
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Figure 13.  Load versus displacement graph of AFT at -20°F 

 

 
Figure 14.  Load versus displacement graph of AFT at ambient conditions 

 

 
Figure 15.  Load versus displacement graph of AFT at 190°F 
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Figure 16.  Peak load versus test rate and temperature of AFT 

 
Figures 13 through 15 and Figure 17 illustrate that the AFT exhibited increasing displace-

ment at peak load with increasing temperature for the lower two rates as expected. Displacement 
at peak load decreased with test rate for the high- and ambient-temperature tests followed a similar 
trend. Displacement at peak load tended to increase with rate at the low temperature. The low-
temperature tests had displacements more than 300 times smaller than those at ambient conditions 
for similar test rates, probably due to debonding. Table 14 shows which changes in displacement 
were statistically significant. 

 
Table 13.  AFT Average Peak Load and Statistical Significance 

 
Significance determined with ADK test 
<, >, ^, or v indicate significant changes 
NS indicates change was not significant 

 

-20°F RT 190°F
0.033 (in/s) 548 > 122 > 19

NS ^ ^
40 (in/s) 450 < 707 > 121

^ ^ ^
196 (in/s) 553 < 971 > 194
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Figure 17.  Displacement at peak load versus test rate and temperature of AFT 

 
Table 14.  AFT Average Displacement at Maximum Load and Statistical Significance 

 
Significance determined with ADK test 
<, >, ^, or v indicate significant changes 
NS indicates change was not significant 

 
Figure 18 shows the energy absorbed during the shear test as calculated by finding the 

area under the load-displacement curves. At each test rate, the ambient-temperature tests had 
higher energy absorption than the high- or low-temperature tests, presumably due to the debonding 
component of the failure mode at the extreme temperatures. The ambient tests had increasing 
energy absorbed with increasing strain rate and the hot and cold tests followed a similar trend. 
Table 15 shows where the trends are statistically significant. 

 

-20°F RT 190°F
0.033 (in/s) 0.0225 < 0.471 < 0.565

^ v v
40 (in/s) 0.0494 < 0.202 < 0.406

NS ^ v
196 (in/s) 0.0548 < 0.272 NS 0.222
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Figure 18.  Energy absorbed versus test rate and temperature of AFT 

 
Table 15.  AFT Average Energy Absorbed (in-lb) and Statistical Significance 

 
Significance determined with ADK test 
<, >, ^, or v indicate significant changes 
NS indicates change was not significant 

 
5.3 Product Comparison 

Of particular interest in this program was how the SS-2P, an elastomeric rubber, com-
pared to the AFT, a viscoelastic polymer. In room-temperature tests, the AFT had comparable 
peak loads at the low rate, and greater peak loads (over 2.5 times greater) at high rates. However, 
as could be predicted for a viscoelastic material, the displacement of the AFT decreased more 
than that of the SS-2P with test rate. Summary graphs of peak load, displacement at peak load, 
and energy absorbed for the different materials are provided side by side with like axes for easier 
comparison in Appendix A. As a result, the energy absorbed by the SS-2P was significantly 
greater than that of the AFT at every condition tested (Table 16). At room temperature, the SS-2P 
absorbed at least 1.5 times as much energy as the AFT for a bond of the same area and same test 
rate. At the temperature extremes, the energy absorption of the SS-2P was 2.5 up to 19 times 
greater than the AFT. The extremity of the difference in energy absorbed can be explained in 
large part due to the fact that the SS-2P consistently had a cohesive failure mode, and the failure 
mode of the AFT included adhesive failure and debonding. 
 
  

-20°F RT 190°F
0.033 (in/s) 11.8 < 41.9 > 10.2

NS ^ ^
40 (in/s) 14.5 < 128 > 46.3

^ ^ NS
196 (in/s) 20.5 < 179 > 59
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Table 16.  Comparison of Energy Absorbed 

 
 
6.0 CONCLUSIONS 

Lap shear tests were performed on two structural glazing sealants at -20°F and 190°F. 
Test rates ranged from 0.033 in/s to 196 in/s. The materials tested were GE SSG4600, a two-part 
structural silicone (SS-2P), and 3M G23F, an acrylic foam tape. The sealants were tested with 
bonds having a nominal area of 1 inch by 1 inch. The SS-2P was tested with a 0.25 inch 
thickness and the AFT was tested with a .09 in thickness per the manufacturers’ specifications. 

 
Summary load-versus-displacement curves at each rate for each material were generated. 

Tabular results for the stress-strain curves were provided. Room-temperature lap shear test 
results from a previous program were included for comparison. 

 
The SS-2P had increasing strength with increasing test rate. Strength decreased 30% to 

50% with each increase in temperature (including room-temperature results). The displacement 
at peak load increased 20% to 27% with each increase in rate at ambient temperatures. The dis-
placement did not follow a clear trend with respect to test rate at high or low temperature. The 
displacement had a high degree of variability (up to 36%) and did not exhibit a clear trend with 
respect to temperature. Scatter in the calculated energy absorbed often masked statistically 
significant changes, but there were clear trends of increasing energy absorbed with increasing 
test rate and decreasing temperature. 

 
The AFT specimens appeared to have had debonding of the acrylic adhesive from the 

foam at -20°F and 190°F. The debonding of the adhesive resulted in: 1) a lack of a trend of 
increasing strength with test rate at -20°F; 2) a lack of a trend of increasing strength with 
decreasing temperature; and 3) the extremity of the change in displacements at peak load 
between -20°F and room temperature. 

 
The AFT had increasing strength with test rate for ambient- and high-temperature condi-

tions. The low-temperature tests did not show a significant overall change in strength with test 
rate. At the lowest test rate (.033in/s), the strength increased 78% to 84% with each decrease in 
temperature. The AFT exhibited increasing displacement at peak load with increasing temperature 
for the lower two rates. The high-temperature tests had decreasing displacement with test rate 

Temperature
(°F)

Test Rate 
(in/s) SS-2P AFT
0.033 175 > 11.8

40 261 > 14.5
196 381 > 20.5

0.033 94 > 41.9
40 205 > 128
196 341 > 179

0.033 46.9 > 10.2
40 120 > 46.3
196 189 > 59

-20

RT

190

Average Energy Absorbed
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and the ambient tests followed a similar trend. The low-temperature tests had displacements more 
than 300 times smaller than those at ambient conditions for similar test rates, presumably due to the 
change in failure mode from cohesive to debonding. At each test rate, the ambient-temperature 
tests had higher energy absorption than the high- or low-temperature tests, which again, is 
attributable to the difference between the room-temperature cohesive failure mode and the failure 
mode of debonding at the high and low temperatures. The ambient- and high-temperature tests 
had trends of increasing energy absorbed with increasing strain rate. 

 
In room-temperature tests, the AFT had comparable peak loads at the low rate and greater 

peak loads than the SS-2P (over 2.5 times greater) at high rates. However, the displacement of 
the AFT was reduced with test rate. As a result, the energy absorbed by the SS-2P was signifi-
cantly greater than that of the AFT at every condition tested. 
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APPENDIX 
SUMMARY GRAPHS OF MATERIAL PROPERTIES VERSUS RATE AND TEMPERATURE 
(Graphs repeated from text to facilitate side-by-side material comparison on graphs with the same-scale axes) 

 

 
Figure A1.  Peak load versus test rate and temperature of SS-2P 

 

 
Figure A2.  Peak load versus test rate and temperature of AFT  
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Figure A3.  Displacement at peak load versus test rate and temperature of SS-2P 

 

 
Figure A4.  Displacement at peak load versus test rate and temperature of AFT 
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Figure A5.  Energy absorbed versus test rate and temperature of SS-2P 

 

 
Figure A6.  Energy absorbed versus test rate and temperature of AFT 
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