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FOREWCRD

This report has been prepared by The Glenn L. Martin Company, Materlals
Engineering, covering the work conducted under Air Force Contract No. AF33(616)-
2620. This contract was initiated under Project No. 7340, "Rubber, Plastics,
and Composite Materlals", Task No. 73401, "Structural Adhesives”, It was
administered under the direction of the Materials Laboratory, Directorate of
Research, Wright Air Development Center, with Mr. Floyd Bair acting as proj-
ect engineer. The assistance of Mr. R. J. Rooney, Materials Laboratory,
Directorate of Research, WADC, for conducting fatigue tests is appreciated.

This report covers work conducted from July 1954 to April 1956.
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ABSTRACT

The widespread increased use of adhesive bonded construction in militaxry
aircraft requires that the mechanlcal properties of adhesives be determined
over & wide temperature range in order to determine the useful operating
temperature range.

The mechanical properties of sdhesive bonded aluminum Joints were
determined using standard test procedures over a range of temperatures from
_100° F to +800° F. The effect of exposure at test temperature for various
periods of time was also determined. The effect on the properties of using
a different adherend was determined by duplication of some of the test
cenditions on stainless steel lap joint specimens. Nine general purpose
adhesives, AF-6, PA-101, Plastilock 608, Metlbond 4021, FM-47 Liquid, FM-47
Film, Redux E (Type R), Cycleweld 55.20 and Epon VIII; and two high temperature
adhesives, Shell 422 and HI-20, were tested.

The program was confined to the testing of standard specimens, bonded
in sccordance with exact procedure specified at the beginning of the contract
by .the adhesive manufacturers to obtain the optimum properties over a wide
temperature range. Tensile shear, creep rupture, tensile, impact, bend,
cleavage, fatigue and peel tests were conducted.

Lap specimens of general purpose adhesive decreased in strength after
1/2 hour exposure &t test temperature compered £o test values cbtained
immedistely after reaching test temperatures. Further exposure in general
produced increased strength over the initial values obtained for the bonded
Jjoints.

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER:

M.
Technleal Director
Meterials Leboratory
Directorate of Research
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SUMMARY

The mechanical properties of adhesive bonded aluminum Joints
were determined (See NOTE*) using nine general purpose and two
high temperature structural adhesives and standard test procedures
over a range of temperatures from -100° to +8)C° F. The effect on
these properties of using a different adherend was determined by
duplication of scme of the test conditions on stainless steel lap
Joint specimens.

Shear tests were conducted over the range of temperatures to
determine ultimate strength at temperature and gtrength retention
at temperature after various periods of exposure at the test tem-
perature. Shear tests conducted over a range of temperatures
(without long time exposure) show that all general purpose adhes-
lves drop in strength at -100° F. The nitrile-phenclic types reach
maximum strength at 76° F and suffer a marked loss in properties at
180° F. Three resinous adhesives increased in strength at 180° F
as compared to room temperature data. Further increase in testing
temperature up to 350° F resulted in decreasing strengths for all
general purpose adhesives.

The strength-temperature curves for the high temperature ad-
hesives show comparatively very little change in strength as =a
function of temperature up to 500° F.

Several phenomens are apparent from the data obtained after
heat exposure tests:

1. Joint strengths of the general purpose adhesives decreased
initially after one-half hour exposure at test temperature compared
to values obtained upon testing at stabilization of temperature,

2. Further exposure beyond one-half hour at elevated tempera-~
tures of 180°, 250°, and 350° F in general produced a curing effect
and resulted in increasged strengths over the initial values for
aluminum joints bonded with the general purpose adhesives.

5. Long time exposure at 350° F of steel joints bonded with
the high temperature adhesives resulted in a greater loss in strength
than was found after the same exposure period for aluminum joints.

4, After exposure for 1000 hours, the difference in strength
at 350° F between the high temperature and most of the general
burpose adhesives was slight.

Creep-rupture tests were performed and stress versus time to
rupture curves developed for each adhesive at three elevated
temperatures for a life of one to 200 hours. Tests on steel joints
were performed only on the two high temperature adhesives. Since

WADC TR 56-320 xii



the creep characteristic of strucltural adhesives is an important
property for conslderation in selecting materials for aircraft
applications of bonding, further teste should be run to relate
stress~rupture life to various curing c¢cycles; to determine accurate
creep time/deformation curves; and to establish design criteria.

Impact tests conducted at 76° F and ~100° F show that a marked
reduction in impact strength occurs at the lower temperature, the
relative loss 1n strength being greater for nitrile-phenolic type
adhesives. The impact specimen and test method specified by WADC
gave more reproducible results than the test formerly specified in
USAF Specification No. 14164 (now superseded by MIL-A-5090B with
impact test deleted),

Tmpact strength is a measuré of energy required to fracture a
given material and is roughly indicative of the ability of the
material to withstand shock loading or sudden blows. However, it
18 not a fundamental material property; it represents a complex of
interrelated factors such as tensile strength, shear strength,
elongation, plasticity and testing conditions. It may not be used
quantitatively in design (11).

Cleavage tests were run on all adhesives at T¢° F. Results
cbtained from this test show considerable scatter in spite of
tests repeated in an effort to obtain more reproducible values.
Efforts to relate these data to values obtained from other tests
were of slight success; no relation between cleavage and peel
gtrength was found. The data, however, show a rough relationship
?hen plo?ted agalinst the values obtained from the tensile tests

Fig. 67).

Tension tests were performed at 76° F only. The data obtained
from this test do not represent the true tensile strength of the
adhesives since a peeling force was present during the loading
of the specimen. However, the tensile data may be compared roughly
with tensile shear data on lap Joints since peeling forces are
present in both of these tests. For the resinous types of adheslves
the tensile data are equivalent to the tensile shear data on lap
Joints. For the nitrile-phenclic class the tensile data are lower
than the tensile shear test data, with the ratio of the two test
values at approximately 70 per cent. The data for both types of
adhesives plot as straight line ratios (Fig. 68). Specimens for
the determination of the tensile strength property should consist
of straight cylinders threaded for attachment to pull rods (or
equivalent) rather than the specimen configuration used in this
investigation (12).

Bend strength values were obtained on lap Joints by loading
the specimens as s simple beam. The three adhesives which failed
to pass the MIL-A-5090B specification requirement of 150 pounds
alsc have low peel strength; however, a direct correlation of
bend strength with peel strength can not be made.
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Peel tests were run on all adhesives at 76° ¥F. Attempts to
relate the peel strength of an adhesive to bend strength were
unsuccessful. Peel strength 18 not a fundamental material property
btut, similar to impact strength, represents a complex of interrelated
facters such as notch tensile strength, modulus of elasticity of
the adhesive, flexural rigidity of the adherend, thickness, the
surface preparation method used on the adherend, and testing condi-
tions (13). However, empirical peel tests are useful as quality
control tools for production cleanlng systems, studies of the effects
of contaminants on metal, and evaluation of new cleaning methods.
Peel test values will vary as a function of changes in surface
condition of the adherend more than any other test parameter.

Fatigue tests were conducted on lap Jjoints at three tempera-
tures. ©Btress levels were selected in order to establish S-N

curves in the range of_lO5 to lO7 cycles for each adhesive at the
various test temperatures. Multliple-curve graphs were prepared for
comparative evaluation of fatigue life of the adhesives at the
various test temperatures. In considering fatigue properties of
bonded Jjolnts in general, it should be pointed cut that in normal
practice the ratio of depth of lap to the thickness of the metal

i1s considerably greater than was uged in these test Jolnts.
Therefore, the primary concern ls often the fatigue characteristics
of the metal rather than of the adhesive (6){1k).

* NOTE: Test data presented in this report are not to be construed
as design criteria.

WADC TR 56£-320 xiv



I+ INTRODUCTION*

The expanding application of adhesive bonded construction in aireraft
wings, fuselage, and empennage requires that mechanical properties be
acceptable and consistent over a wide temperature range. It ig necessary
that the mechanical properties of adhesives be determined over a wide
temperature range in order to evaluate the adhesives comparatively and
determine thelr useful temperature range. The following adhesives were
investigated over a temperature range from -100° F to +800° F:

Type I Nitrile rubber - phenolic
Scotchweld AF-6 . . . . . . . . . . Minnesota Mining and Mfg. Co.
PA-101l. ¢« + « « ¢« ¢« « « s o« + + « « Bloomingdale Rubber Co.
Plastilock 608. . . . . . . . . . . B. F. Goodrich Co.
Metlbond %021 . . . . . . . . . . . Narmeco, Inc.

Type II Vinyl - phenolic

FM-47 Ligudd. . . « . . + . . « . . Bloomingdale Rubber Co.
PM-47 Film, . . « « « « « + « « « . Bloomingdale Rubber Co.
Redux E -~ Type R. + . . « + « +. . » Clbae Company, Inc.
Cycleweld 55~20 . . . . . « + « + . Cycleweld Cement Products

Type ITI Epoxide
Fpon VIII . &« « + « =« & &« « o +« « « Shell Chemical Corp.

Type IV Epoxide - phenolic

k22  (Formulation 607-317). . . . . Shell Development Co.
Type V Acrylate
262-A « + + + 4+ s « « s « « « + « « Bjorksten Laboratories

Type VI Modified phenolic
HI'-20 . « « « « v v v « « &« + « « . Bloomingdale Rubber Co.

This program did not involve the development of new or improved
structural adhesives, or bonding procedures. It wae confined primarily
to the testing of standard lsp-joint specimens, bonded 1n accordance
with one exact procedure specified at the beginning of the contract by
the adhesive manufacturers to-obtain the optimum properties over a wide
temperature range. C(reep-rupture, tensile, impact, bend, cleavage,
fatigue and peel tests were alsc conducted. Due to the scope of the
work involved, no changes were made in the composition of the adhes~
ives or the processes used throughout the duration of the investigation.

* Manuscript released by the author 1 March 1957 for publication as =
WADC Technical Report.
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The co-operation of the adhesive manufacturers was solicited to
obtain the preferred bonding procedure for each material in order to
ensure optimum properties over the widest possible range of operating
temperatures. The manufacturers and The Glenn L. Mertin Company each
bonded two similar standard-lap shear panels using the specified bonding
technique for each of the adhesives. The cleaning procedure used was
specified by WADC. Comparative shear tests on these panels were made
st room temperature to ensure that the properties of the contractor's
gpeclmens duplicated those of the manufacturer at this temperature. It
was then assumed that the contractor's bonding procedures were in
accordance with the manufacturer 's recommendations.

Type V adhesive, acrylate 262-A, Bjorksten Leboratories, was
not evaluated under this program since the material was still under-
going further improvement under &a separate development program in-
volving formuidation changes.

All of the adhesives evaluated under this program are not
approved adhesives under MIL-A-5090B specification. The fact that
these materials have been tested and reported under an Al Force con-
tract does not imply endorsement for Alr Force use. However some of
the adhesives are gpproved for use under MIL-A-5090B specification.
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I1.  TEST METHODS

A. SPECIMEN PREPARATION

The metals used for this investigatlion were 0.064 inch 2024-T3
aleled aluminum and 0,064 inch type 301, }/2-hard, 2D finish stain-
less steel conforming to specification MIL-5-5053(ASG). The aluminum
was cleaned according to specification MIL-A-Q0€7 using sodlum di-
chromate-sulfuric acid, except the aluminum for Epon VIII adhesive
whiech was cleaned with an acid etch consisting of 109 parts by
weight sulfuric acid, 30 parts by weight sodium dichromate, 261 parts
by weight distilled water.

The steel wag First cleaned by vapor degreasing and then alkaline
cleaned in Sprex AN-9., It was then etched for ten minutes at 150° F
in a solution of:

H,S0), (95%)(Fed. Spec. OA-115) 10% By Volume
Activol 57X* 0.5% By Volume
B0 89.54 By Volume

The parts were then rinsed in cold water and immersed for ten
minutes at room temperature in & solution of:

HNO5 (70%)(Fed. Spec. 0A-88) 10% By Volume
gF (4B8%)(Fed. Spec. C-H-795) 2% By Volume
H,0 884 By Volume

The parts were rinsed in cold water and allowed to air dry at room
temperature.

The adhesive was applied and the panels were bonded according to the
manufacturer's recommendations. The details of the bonding process used
for each of the adhesives tested are shown in Table 1.

B. TENSILE SHEAR TESTS

The shear and creep-rupture tests were conducted in accordance with
specification MIL-A-8331 (USAF), which was subsequently superseded by
MIL~A-5090B. Accurate glue-line temperatures were measured for every

% Manufactured by Haas Miller Corporation.
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specimen at the time of testing by means of a shielded thermocouple attached
to the specimen at the flash line of the joint. A Brown Instrument Company
potentiometer was used with the thermocouple.

The shear-tests were conducted on a Baldwin-Southwark Universal
testing machine with the loads being read to the nearest five pounds.
The rate of loading was 500 lb/min. Elevated temperature tests were
conducted in a Marshall furnace equipped with a Foxboro temperature
controller. Figure 1 shows the elevated temperature tensile shear
test set-up.

Low temperature tensile shear tests were performed in a Baldwin
Universal elevated and reduced temperature cabinet with sublimastor for
testing at -100° F. Figure 2 shows & test specimen mounted in the low
temperature cabinet.

The effect of long time exposures at various temperatures of
~100° F to 800° F upon the shear strength of the adhesives was deter-
mined. The exposure periods to elevated temperatures were carried
out in a Lydon oven. The exposure to -100° F was conducted in a
low temperature cabinet., All specimens were tested at the temperature
to which they had been exposed for 1/2 to 1000 hours.

C. CREEP RUPTURE

The creep-rupture tests were cohducted in Baldwin lever-arm creep
machines using Marshall furnaces. Temperatures were controlled to 72° F
with a Leeds and Northrup automatic temperature controlling and recording
instrument. Glue line temperatures were measured by shielded thermocouples
on the specimens. Maximum glue line temperature variation was +5° F.

See Fig. 3 for creep fixture and test set-up. The specimens were

stressed by applying dead weight loads using a cantilever loading apparatus
capable of applying loads within 1 per cent accuracy. The specimens were
suspended by means of pins passed through the ends of the long pull rods
and through 0,.250-inch holes in the ends of the specimens. Specimens
stressed above 1800 Psl required doublers at the ends in order to prevent
bearing failures in the metsl. After installation of the specimen in the
test fixture, the load wes spplied in increments.

Time to rupture curves were developed for each adhesive at .three
temperatures., Stress levels were selected in order to produce failures
with regular spacing over a range of at least 200 hours to less than one
hour.,
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Each specimen was brought to the desired temperature and the leoad
applied after the glue line temperature was stable. An automatic time
recorder measured the time under load and the hours to rupture.

For thoege specimens which 414 not fail in 200 hours, measurements
were made of the total deformation (including that due to initial losd-
ing) at regular intervals throughout the test. Measurements were made
using 2-inch gage length 0.S. Peters extensometers spanning the bonded
Jjoint. Control tests were alsc run on the metals used in order to deter=
mine the amcunt of deformation due to the metal as distinct from that
of the adhesive.

D. IMPACT

The impact tests were conducted at room tempersture and -100° F ai
a speed of 12.75 feet per second in a Riehle impact fester having a
capaclty of 110 and 220 foot-pounds, Tests were conducted on shear
lap jolnts loaded in tension. Speclmens conslsted of 0.125~1nch alclad
2024-T3 bonded with an overlap of 0.75-inch. Figure L shows the
impact test machine. Figure 5 shows a test specimen and an exploded
view of the loading grips. Figure 6 shows the test specimen in the
test machine at the simulated moment of impact.

E. CLEAVAGE

The cleavage tests were conducted in accordance with ASTM tenta-
tive standard D1062-49T. Specimens consisted of 5/8 x 1-1/4 x 1-inch
pleces of 2024-T3 bonded to give a one sqQuare inch bond area. Figure 7
shows the specimen in the test machine. Figure 8 shows a sketch of the
test specimen, The load was applied at TOO pounds per minute. Tests
were conducted at room temperature.

F. TENSILE

The tensile tests were conducted in accordance with Method 1011 of
Federal Specification MMM~A-175, The speclmens consisted of two 1.129-
inch diameter aluminum discs bonded together to produce a one square-
inch bond area for the tensile test., Figure 9 shows the specimen and
loading mechanisms in the test machine. Tests were conducted at
room temperature.
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G. BEND

The bend tests were conducted on 1/2 inch lap Joint specimens loaded
at the center as a simple beam with a 1- 1/2 inch span. The specimens were
tested at a loading rate of 200 pounds per minute. Flgure 10 shows the
bend specimen in the test machine,

H. PEEL

The peel tests were conducted on specimens prepared by bonding a
1 x 1lh-inch piece of 0.020-inch 2024-T3 to a 1- 1/2 x 12~inch piece of
0.064-inch 2024-T3 alclad aluminum as shown in Fig. 1k,

The peel tests were conducted at room temperature in a climbing
peel test apparatus developed by the Forest Products Laboratory, Madison,
Wisconsin, and in accordance with the following method as dlsclosed by
Forest Products Laboratory Report "Preliminary Observations from Tests
with Climbing Peel Apparatus'", This peel test apparatus consists essen-
tially of a drum having two end collars with larger diameters than the
center section of the spool. See Figs. 11, 12, and 13. One end of the
over-hanging 0.020-inch 2024-T3 alclad metal is clamped to the drum so
that the clamped part is tangent to the drum. The other end of the
0.020-inch strip 1s fastened toc the top head of the testing machine.

A thin stalnless steel strap 1s attached to each collar. The other
ends of the straps are pin-connected to a loading bar to assure uni-
form tension in each strap when lcoad is applied. The specimen and
peeling apparatus are placed in the testing machine which is then
readjusted to indicate zero load. A tensile load is applied to the
0.020-inch strip and steel straps. The load Pl (Fig. 11) produces

a clockwise torque, P r,, on the drum; the strap lcad, PE’ results

1
in a counterclockwise torque. At some loads, the torque, Pgro, will

be large enough to overcome both the clockwise torque and the peel-
ing resistance of the panel, and the drum will rotate counterclock-
wise. As 1t does, the drum will peel the 0.020-inch part from the
0.064-inch part of the specimen and progressively climb upward., If
load and head travel are recorded autographically, a relatively
uniform curve will result, once peeling has started. Peeling torque
observed from this method will include that required to bend the
0.020-inch strip as well as to peel the two pleces of metal apart.

The torque required to overcome the weight of the drum must be
considered in the calculations. If the drum is balanced (that is, if
the center of gravity is at the center of the cirecle as shown in Fig. 11},
Pc’ the load in the straps required to counteract the weight of
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Wr

i .
the drum, will be equal to r;;-tf;IT . The load required tc cause peel-
- Pé; also P

ing, Pp, will be equal to P = PQ, gince the machine was

2 i
get at zero with drum and specimen in place.

The peeling tofque, T, equals the peeling load times the moment
arm, Or

H
li

PP (rO - ri)

(P, - P )z, -1y

1t

Pz(ro - ri) - Wr,

The torque, T, as given above includes the torque required to bend the
metal strip.

Weight of drum, W = 6.1 1b

r, = 2-1/2 in.

ry = 2 in.

ro - ri = 0.5 in.
Wr, = 12.2 in.-1b

I. FATIGUE TESTS

The fatigue tests were conducted in accordance with specification
MIL-A-5090B. In order to provide maximum correlation with data presently
available from qualification tests for the above specification, all fatigue
tests were performed using Schenck constant deflection fatlgue machines
at the WADC Materials Laboratory, Wright-Patterscn Air Force Base, Ohlo.

All specimens were bonded at 3/8-inch depth of lap with the exception of
PA~101 adhesive which was bonded at 5/16-inch depth of lap. TFatigue tests
were made in shear by applying alternating tensile loads to the shear lap
joint. The ratioc of minimum to maximum tensile load was 0.1. Stress versus

number of cycles to failure curves were established from lO5 to 107 cycles
at three temperatures. Cyclic axial loads were applied at a frequency of
approximately 3600 cycles per minute.
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ITT. RESULTS

The mechanical properties of adhesive bonded sluminum alloy lap
Joints, made with a number of available structural adhesives, using
standard test procedures over a range of temperatures from -100° F to
+800° F, have been determined. The effects of using a different adherend
(stainless steel) on these properties also have been determined. The
differences in initial bond strength, as well as the differences in
elevated temperature properties of the metals and adhesives involved
are comparatively evaluated in the following discussion of test results.

Quantities of adheslve and bonded control test panels were received
from each of the adhesive manufacturers. Control test panels of the
adheslves were prepared and comparative shear tests conducted st room
temperature on both sets of panels to ensure that the bonding procedures
used were in accordance with manufacturer recommendstions. The couputed
results of this phase of the work are given in Table 2. In all cases
data obtained from tests on control specimens were equal to or slightly
above those obtalned from tests on panels bonded by the adhesive
manufacturers. Thus, the bonding procedures used were considered satis-~
factory.

Nine of the adhesives tested are grouped as general purpose adhesives.
These are: AF-6, PA-101, Plastilock 608, Metlbond Lo21, M-LT Liquid,
FM-47 Film, Redux E (Type R), Cycleweld 55-20, and Epon VIII. The re-
maining two adhesives tested, Shell 422 and HT-20, are high temperature
adhesives.

A. OSHEAR STRENGTH VS TESTING TEMPERATURE - ALUMINUM JOINTS

Table 3 presents tensile shear data at 76° F, 180° F, 250° F, 350° F,
500° F, 650° F, and 800° F. Figure 18 presents graphically the five spec-
imen average values plotted for tensile shear at the various test temper -
atures. These tests on 2024-T3 aleclsd aluminum Joints were performed when
the thermocouple at the glue line had stabilized at the desired temperature
without further exposure or aging at the test temperature (conveniently
called "O-exposure').

Tests conducted at -67° F and -100° F differ from the remaining
data in the table in that the specimens were exposed for 1/2-hour
at the test temperature before the application of load (Table 4). All
general purpose adhesives tested exhibit a loss in strength at -67° F
and -100° F, compared to their strengths at room temperature, with
average strengths of 1500 to 3100 pei cobtained at the low temperatures.
However, all adhesives tested, except PA-10l exceed the MIL-A-5090B
specification requirement of 2500 psi at -67° F.
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A11 general purpose adhesives tested exceed the specification
strength requirement at room temperature. Average strengths at 76° F
range from 3100 to 4600 psi.

At 180° F, six of the nine general purpose adhesives exhibit a
marked loss of shear strength as compared to the values obtained at
room temperature. However, three adhesives show an increase in strength
at 180° F, as follows: Epon VIII, 104 per cent; FM-47 Liquid, 1i0L.5
per cent; and FM-47 Film, 106 per cent of rcom temperature values.

At 250° F, the average strength of seven adhesives fell in the range
of 500 to 1750 psi. The remalning two adheslves, FM-47 Liquid and
FM-47 Film, exhibit good strength retention at this temperature, giv-
ing 3570 psi and 2940 psi respectively.

At 350° F, none of the general purpcse adhesives display substantial
shear strength. Average strengths vary from 250 psi to 1000 psi with
Metlbond 4021 retaining the highest shear strength at this temperature.

o tests were conducted on these adhesives above 350° F an 2024 -T3 aluminum
Joints.

In general the shear strength-temperature curves for the two high
temperature adhesives show less variation in strength for a given change
in temperature than do the general purpose adhesives. The initial
portion of both curves, from -100* F to 180° F, is essentiaslly independent
of temperature. At 180° F, Shell 422 exhibits considerably higher strength
than HT-20 adhesive. At 18C° F the curve for HT-20 increases slightly in
strength and Shell 422 begins to decrease. The strengths of the two
adhesives are the same at 250° F and, thereafter, maintain essentially
the same strength retention with a gradual decrease to an average of
1750 psi at 500° F. The primsry difference in the strength of the two
adhesives occurs at 76° F where Shell 422 had an average strength of 324C
psi, compared to 2160 psi for HT-20.

If the data are considered from the standpoint of design requirements,
an interesting contrast can be shown. All structures, particularly air-
craft, are required to operate at two extremes in temperature; for this
discussion, assume that the lower limit 1s -100° F. With the inevitable
growth of a particular aircraft, the low temperature requirement will
probably continue to the meximum capabilities of the material - the ad-
hesive, in this case. Let the trends shown here for the 1/2-inch laps
be indictative of the behavior of lap lengths designed to carry structural
loads. Then the following chart indicates the strength at -100° F and
the temperature span over which the adhesive shear strength is greater
than its value at -100° F.
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SHEAR STRENGTH AT -100° F AND RANGE OVER WHICH STRENGTE IS EQUAL TO OR
GREATER THAN -100° F STRENGTH

Elevated Temperature at

Shear Stress Which Strength Equals
Adhesive (psi), at -100° F Strength at -100° F
PA-101 1500 240
Metlbond LO21 2000 225
Plastilock 608 2200 , 150
AF-6 2500 110
Epon VIIT 2750 205
Redux E, Type R 2970 110
Cycleweld 55-20 2960 108
FM-47 Film 3080 2hs
FM-47 Liquid 3100 262

The designer might expect to compromise his selection of a parti-
cular adhesive so that, to get high strength, there would necessarily be
& sacrifice of latltude for cperation at the upper temperature. This
trend 1s evident in the first four adhesives in the tabulation (PA-101,
Metlbond 4021, Plastilock 608 and AF-6, all the same chemical type-
nitrile phenolic). For example, to use a design strength of 2200 psi
shear stress in the adhesive, the maximum operating temperature is
150° F. However, if the design is such that a 1500 psi adhesive can be
used, the upper temperature limit is 240° F.

The trend of the first four adhesives 1s not continued in the re-
maining adhesives; Redux E and Cycleweld 55-20 appear as one type with
relatively high strength and a smail temperature range. The trend of
Epon VIII, FM-47 Fllm and FM-47 Liquid is the reverse of the Tirst four
adhesives; with an increase in shear strength of the adhesive, there is
an increasing temperature range. This feature, of course, makes it un-
necessary for tne deslgner to compromise his requirements for high strength
and a broad temperature range.

B, OSHEAR STRENGTH AT TEMPERATURE AS A FUNCTION OF AGING
TIME AT TEMPERATURE - ALUMINUM JOINTS

The effect of aging at various temperatures upon the strength re-
tention of the adhesives at the same test temperatures was determined.
Tensile shear test data obtalned after one-half hour exposure time at
-100° F to 800° F are listed in Table 4 for aluminum joints. Table 5 gives
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the data obtained after 18 hours exposure at 500° F to 800° F on aluminum
Joints. All specimens exposed at 650° F and 800° F fell apart during

the exposure period. Table 6 lists the data obtained after 192 hours
exposure at 350° F to 650° F. All specimens exposed at 650° F delaminated.
Table 7 contains the data obtained after 1000 hours exposure at 180°

to 500° F. All specimens exposed at 500° F delaminated during exposure.
Table 8 presente a summary of the aversages of all data contained in
Tables 4 through 7 for all exposure tests at 180° F, 250° F, and 350° F.
Table 9 lists the per cent strength retention after exposures of up to
1000 hours at various temperatures, using the room temperature values

as a reference point. Figures 20 through 23 show semilog plots of the
aluminum joint exposure data. It may be seen (Fig. 20) that although
slight decreases occurred in some of the adhesives after one-half hour
exposure at 180° F, continued exposure up to 1000 hours resuits in in-
creased shear strength at 180° F, with the exception of Epon VIII,

Shell 422, HT-?0, and PA-101 which remaln substantially unchanged.

Figure 2L, a plot of exposure data at 250° F shows that a loss in
strength occurs after one-half hour exposure at 250° F for the general
purpose adhesives; however; after 1000 hours exposure, the shear
strengths exceeded these obtalned from the tests at 250° F on unaged
specimens. Shell 422 and HT-20 remained substantially unchanged by
exposure at 250° F,

Figure 22 is a plot of the data obiained after exposure at 350° F.
After one-half hour exposure, seven adhesives show a strength loss.
Continued exposure of up to 192 hours at 350° F resulted in increased shear
strengths, compared to the original strength at 3250° without aging.
After 1000 hours of exposure, the strength of four adhesives decreases
slightly, compared to the strength cbtained after 192-hour exposure.
Before exposure, none of the general purpose adhesives exceeded 1050
psi. After 1000 hours exposure, five adhesives exceeded 1050 psi with
the highest average value being 1820 psi. This increase in strength
of the general purpose adhesives with long time exposure probably is
due to Increased curing effects.

Figure 23 shows the data from exposure tests on Shell 422J and
HT-20 at 500° F for aluminum joints. A marked lcss in strength occurred
during the period between 18 and 192 hours.

C. GHEAR STRENGTH VS TESTING TEMPERATURE - STEEL JOINTS

An interesting comparison of the shear strength of alumlnum bonded
Jjoints with type 301, l/E-hard stalnless steel joints for the same
adhesives now may bte made from the data presented in Table 10 and Figure 19,
In general, the elastomeric adhesives result in decreased joint
strength for steel bonds as compared to sluminum bonds. The strength of
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PA-101 steel joints was 52 per cent cf the aluminum Joints; with Metl~
bond 4021, 56 per cent. The maximum efficiency for the nitrile-phenclic
class was Plastilock 608 at 85 per cent. The epoxide and especially

the vinyl-phenolic type adhesives exhibited improved efficiencies,
ranging from 99 per cent for Epon VIITI to 178 per cent for FM-L7. The
following chart presgents comparative jolnt strength data for aluminum ard
steel jJoints at 76° F:

COMPARATIVE JOINT STRENGTH DATA (ALUMINUM AND STEEL) AT 76° F

Type 301, 1/2-

2024-T3 Alu- Hard Stainless Per Cent

minum Tensile Steel Tensile of
Adhesive Shear (psi) Snear (psi) Aluminum Strength
PA~101 3606 1865 51.7
Metlbond 4021 4170 2298 55.7
Cycleweld 55-20 3820 2744 72.0
AF-6 3240 2576 79.5
Plastilock 608 3705 3170 84,5
Epon VIII 3712 3326 89.9
Redux E, Type R Lo80o 3734 91.5
Shell 422 2240 3214 99.2
HT-20 2165 2356 108.5
FM-47 Film 4560 5606 123.0
FM-L7 Liquid 4526 8056 178.0

Theoretically, all other factors remaining constant, the Joint
strength increases as a function of the strength characteristics of
the adherends. Therefore, one or more variables other than the alloy
are probably present in the bonding of steel with nitrile-phenolic
adhesives since the joint strength of steel bonds did not increase
a8 compared to aluminum bonds.

None of the general purpose adhesives retained sufficient strength
at 350° F to be of significant value.
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The general shape of the curves of Shell 422 and HT-20 as tested
from -100° F to 500° F show that the same relationship exists between the
two sdhesives as was found on the aluminum specimens tested. The
slopes of the curves are nearly identical throughout the temperature
range. The joint strength of steel bonds decreases steadily above 500° F
and reaches & low of 1000 psi at 650° F. However, the aging charac-
teristics of the adhesives as presented later show that 500° F prob-
ably constitutes the maximum temperature that may be considered for
the present formulations of Shell 422 and HT-2C.

D. BSHEAR STRENGTH AT TEMPERATURE AS A FUNCTION OF
AGING TIME AT TEMPERATURE - STEEL JOINTS

Tables 11 through 15 contain the data on exposure testse conducted
on bonded steel specimens. Shell L22 and HT-20 exposed st 180° ¥ show
no change in strength up to 1000 hours (Fig. 24). TFigure 25 shows
that the same adhesives increase in strength slightly after exposure
of 1000 hours at 250° F. Figure 26 is = plot of the data obtained from
steel specimens tested at 350° F after exposure at 350° F. Values
obtained from the general purpose adhesives are of little significance.
Shell 422 and HT-20 show a loss in strength at some exposure time be-
tween 192 and 1000 hours.

E. CREEP-RUPTURE

Data for the creep-rupture tests on aluminum joints are given in
Table 16 and are presented graphically in Fig. 27 through %6. This
program did not include creep-rupture tests on Epon VIII. Stress-
rupture curves were prepared showing the relationship between stress
applied to the joint in pounds per square inch and time to rupture.

Tests were conducted at 180° F, 200° F, and 250° F, except for

one curve on Redux E at 225° F; therefore, direct comparisons may be

made by referring to the figures. In general, a similarity is seen in

the behavior of certain adhesives under long-time loading conditions as
noted previously between the same adhesives under other test conditions.
Cycleweld 55-20 and AF-6 have the lowest strength-rupture curves.
Plastilock 608 and Redux E, rated next highest, show very similer
characteristics. A simllarity exists between the next two adhesives

rated in order, PA-101 and Metlbond 4021, with the latter material

slightly better. FM-L7 Liquid and FM-47 Film have comparatively high
stress-rupture strengths at 180° F and 200° F." Since the transition point
in the static strength versus temperature curve occurs between 180° F

and 250° F for the latter two materisals s the lower creep-rupture curves
obtained at 250° F can be anticipated. The two high temperasture adhesgives
show the same relationship in creep-rupture testing as was noted previously
under static tests for the long-time loading conditions at the same tenmper atures,

WADC TR 56-320 13



The curves are comparatively flat. Shell 422 at 200° F has a
higher time-fracture strength than HT-20 at 180° F; at 250° F and 350° F,
the data are substantlailly the same.

Creep-rupture tests were run on steel specimens at 180° ¥, 250° F,
and 350° F for Shell 4oo and HT-20 adhesives. Tablie 17 lists the data
which are presented graphically in Figs. 37 and 38. There 1s no notice-
able difference in the data on HT-20 steel joints compared tc the tests on
aluminum joints. However, the dats on Shell 4oo steel joints are uniformly
higher than those obtained on alumlnum specimens - roughly 20 tc 30 per
cent.

The creep-rupture characteristics of spot-welded and riveted joints
of 2024-T3 alclad aluminum and type 301, l/2—hard ?E?inless steel may be
studied for comparison in NACA Technical Note 34124-/,

Measurements were made, as required by this program,to determine the
amount of deformation occurring in the specimens used to obtaln rupture
data in the 100- to 200-hour range. 0.3. Peters extensometers of 2-inch
gage length spanning the joints were used. Upon study of the creep-
deformation curves, it became evident that some uncontrolled variables
were present In the system. The anomalies found in the data were dis-
cussed with instrumentation representatives, metallurglists and others
conducting creep phenomena studies in allied fields. The problem was
presented to WADC Materials Laboratory personnel and an alternate method
of measuring the deformation of adhesive lap joints was proposed for
future investigations. Consequently, creep-deformation curves are not
presented at this time.

The evaluation of the method used for measuring the deformation of
adhesive joints is, nevertheless, believed to be a constructive contri-
bution to the general field of standardization of test methods for adhesives.

F. IMPACT STRENGTH

Impact tests were conducted at 76° F and -100° F. Results of this
test are presented in Table 18. Metlbond L4021 has the highest impact
strength at room temperature, averaging approximately 27 foot-pounds.

As expected, a significant drop in the impact data occurs at -100° F.
However, the greatest loss in strength is evident in the nitrile-phenollc
class of adhesives. A similar loss of peel strength at -100° F has been
noted by other test facilities for this class of adhesives.

G. CLEAVAGE TESTS

Cleavage tests were conducted at room temperature only. Table 19
lists the detail data. Note that these data exhibit more scatter than
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was found in some of the other testsreported. In some instances, re-

peat tests were conducted and the degree of scatter was reduced. How-
ever, it is difficult to relate the results of this test to the quality

of the glue line due to the configuration of test specimens and the
resultant peak stresses occurring in the glue line at the line of cleavage.
A small flaw in the adhesive at the line of cleavage affects the results,
whereas voids in the area of the bond away from the cleavage line has

no effect on the results cbtained.

H. TENSILE STRENGTH

Tension tests were conducted on all adhesives at room temperature

- (Table 20). The design of the test specimen and the method of loading
cause an unequal stress distribution through the area of the joint. Peak
stresses are induced at the periphery of the test cylinder on a portion
of the circumference. Therefore, these values dc not represent the true
tensile strength of the adhesives, since a peeling force is present. The
true tengile strength of some of the adhesives is conglderably higher
than the test results obtained by this method indicate. Figure 9 shows
the specimen mounted in the grips.

I. BEND STRENGTH

Bend test data obtained at 76° F are presented in Table 21. PA-101
adhesive exhibits the highest bend strength with an average of 250 pounds.
The lowest values are obtained with HT-20, Shell 422 and Epon VILI; how-
ever in view of their low peel strengths, the results are higher than
might be expected.

The value of this empirical test will remain uncertain until a
thorough analysis of the forces involved throughout the loading period
has been made. An application of load at the exact center of the lap
is necessary to obtain reproducible results. At an applied load of
154 poundg, the stress in the metal in bending is 60,000 psi. Any load
in excess of this results in continual yielding of the metal and bean
theories are no longer valid. It is nearly impossible to apply loads
beyond 265 pounds due to excessive bending of the metal.

J. PEEL TESTS

Peel tests were conducted on all adhesives using the Climbing Peel
Test Method previously described. All tests were conducted at rocm
temperature. The results of these tests are reported in Table 22. A
typical curve for each adhesive is shown in Fig. 39 through 49, The
average ioad, P2 , was determined by measuring the area under the last

two~thirds of the curve with a planimeter and dividing by the length.
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The peel strength was caleulated from the formula: T = P2 (ro - ri) - Wri’

where T represents the torque or peel strength in in.-1b. As expected,
the nitrile-phenolic type adhesives have the highest peel strength.
Shell 422, HP-20, end Epon VIII have the lowest resistance to peeling
forces.

It should be noted that the peel strength obtained is a function
of the surface preparation method equelly as much as it is a function
of the adheslve belng tested. Therefore, comparisons of peel strength
of various adhesives may be made only when a highly controlled surface
preparation method is used for all test specimens. Note also that
peel strength represents the load required to continue failure, but
does not necessarily represent the load required to initiate failure.
The peel strength of an adhesive may be roughly defined as its regist-
ance to further failure. This implies that some failure has already
occurred. Thus, the load required to initiate failure in an adhesive
will not necessarily be in ratio to 1ts peel resistance.

K. FATIGUE STRENGTH

Individual test data cbtained in fatigue tests for aluminum joints
are given in Table 23%. The data obtained from tests on stainless steel
joints are presented in Table 2k. Each adhesive was tested at 76°,
18C° F, and either 200° F, 250° F, or 350° F, depending upon the elevated
temperature strength of the particular adhesive. Cycleweld 55-20 was
not tested beyond 180° F because of the relatively low results cbtained
at that temperature. These test data are presented graphically in
Figs. 5C through 62 as S-N curves showing the maximum repeated stressg,
rel ve the number of cycles to failure. The ratlic of minimm %o
maximum loads was 0.1, One specimen was tested for each stress level
at each temperature.

In studying the data for general trends or patterns of behavior of
adhesives under fatigue loading, a number of interesting cobservations
cen be made. These generalizations may require modifications in the
future because relatively few specimens were tested for each set of para-
meters, however general trends, as presented, have been indicated by

similar tests conducted at other agencies such as FPL(6), WADC(T), and

private aircraft companies(B)(g). More theorough investigation will be
necessary to verify the trends.

The fatigue data are subject to certain limiting factors frequently
found in such data. Under the test conditions described in this report,
doubt exists as to the actual stress in the joint due to the vielding
of the adhesive layer and in some cases the metal under load. It is 1ike-
ly that some reduction in preload occurred during testing, particularly

on the low moduwlus adhesives(6)(lo). This wuncertainty is magnified with
elastomeric adhesives, especially at elevated temperatures,

WADC TR 56-320 16



The fatigue strength of all adhesives, except FM-UT Liquid and
FM-47 Film, decreases at elevated temperatures when compared to
strength at 76° F. It has been previously observed by many investiga-
tors that the fatigue strength of adhesives, in general, is greater
at -70° F than at room temperature,

PA-101 and Metlbond 4021 have the highest fatigue strength
at 76° F, approximately 1300 psi for 10 million cycles. The data for
both curves at 76° F are for all purposes identical; however, note
that PA-101 was tested at a shorter depth of lap than the remaining
adhegsives. This same relationship exists for the elevated temperature
data.

The fatigue strength of Plastilock 608 at 76° F is somewhat less
than that of Metlbond 4021, but is considerably higher than that ob-
tained for AF-6. At 180° F and 250° F, the curves for Plastilock 608
are higher than those for AF-6.

Of the resginous type adhesives, Epon VIII has the highest curve
at 76° F; the fatigue properties generally are higher than Plastilock
608 and compare favorably with those of PA-101, especially at elevated
Lemperatures.

Figuree 63 through 66 show the same data replotted for the
adhesives at the four testing temperatures. The fatigue life at
high stress levels, as well as endurance limits for the various bond-
ing systems, are easily determined on a comparative basis at 76° F,
180° F, 200° F, and 250° F. At room temperature, PA-10l and Metlbond
4021 have the best fatigue properties throughout the range of stress
levels tested. At 180° F, the selection of an adhesive is based on =
consideration of the number of cycleg as well as the stress level
requirements, since several curves cross at approximately four
miilion cycles., At 200° F, FM-47 Liquid displays the best fatigue
properties of the five adhesives tested at that temperature. Shell
422 has the highest curve at 250° F, with HT-20 and Metlbond 4021
also exhibiting good properties.

The fatigue test data for Shell 422 and HT-20 bonded joints are
surprisingly high at all testing temperatures. HT-20 data are
slightly higher than Shell 422 at 76° F; however, for all practical
purposes, the data are identical for both adhesives at all three test
temperatures. Only Metlbond L4021 exceeded either adhesive at T6° F.
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A very significant comparison may now be made by examining the
data obtained for Shell 422 and HT-20 cn stalnless steel jolnts. A
marked increase 1s spparent in the fatligue life of stainless steel
joints as compared to aluminum joints for both adhesives when tested
at 76° F and 180° F. Curves obtained from steel joints tested at 350° F
are higher than those for aluminum jolnts tested at 250° F. TFatigue
data obtained from these two adhesives on both aluminum and steel
bonds, as well as data from Epon VIII jolnts, do not verify the
commonly held opinion that fatigue strength of an adhesive is related
to its peel resistance. Data obtained at -70° F on a number of ad-
hesives also contradicts this theory. Studying fatigue data from
a vinyl-phenolic type adhesive, it is found that fatigue iife
increases at ~70°Fcompared to 76° F; it increases with degree of
cure (500? F cure compared to 350° F cure); and it increases with
formulation changes which increase the modulus of rigidity.

These general trends shown by the data are not consistent with
commonly held theories regarding fatigue characteristics of materials.
This polnts out the need for more precisely controlled tests and more
thorough investigation before adequate theories relating chemical
type and fundamental strength properties to fatigue life of adhesives
may bhe developed.
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Fig. 3. Creep-Rupture Test Set-Up
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Fig. 5. Impact Test Specimen and Exploded View of Loading Grips
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Cleavage Test Specimen Mounted in Test Fixture
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Fig. 9. Tensile Specimen Mounted in Test Fixture
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Fig. 10. Bend Test Specimen in Test Machine
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Fig. 11. Sketch of Climbing Peel Test Apparatus
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TABLE 2

Correlation of Test Specimen Panels Bonded by
Martin Company

the Adhesive Manufacturers and The Glenn L.

Tensile Shear Strength at 76°

F

Adhesive Bonded at Mfg. Bonded at Mfg. Bonded at GIM Bonded at GIM
Spec Shear Spec Shear Spec Shear Spec Shear

No. psi No. psi No. psi No. psi

AF-6 §-1133-1| 3340 §-1134-1| 3230 §-1135-1| 3590 §-11%6-1| 3130
-21 3200 -2| 3280 -2 | 3620 -2 3330

=31 3200 ~31 3250 -3 | 3710 -3 3430

=k [ 3090 <Lj 3190 -4 | 3740 -4 3570

-51 3180 -5 3100 -5 | 3680 -5 | %640

-6 3090 -61 3150 -61 3670 -6 | 3500

=71 3090 -T| 3130 -T| 3£90 -7} 3510

-81 2920 -81 3150 -8 | 3540 =8| 3620

-9 | 3070 -9 3190 -3} 3800 -9 3750

=10 | 3150 -10| 3260 -10 | 3730 =10 | 3560

ave 3133 ave 310% ave 67T ave Z50L

PA-101 §-1051-1| 3450 §-1052-1| 4160 g-1127-1 | 3685 §-1128-1. | 2820
-2 | 3120 -2 1 3940 -2 | 3940 -21 3920

-3 3170 -3 3400 -3 | 3940 -3 3880

~L | 3490 -4 i 3740 -4 | ko70 =4 | 4200

-5 3700 -5 | 3280 -5 | 4050 =51 3950

-6 1{ 3670 -6| 3810 -6 | 4ot -6 4170

=7 | k000 -7| 3460 -7 | 4190 -7 | 4280

-8 | 3860 -8 3720 -8 | 3290 =81 3940

-9 | 3150 -9 | Lo&0 -9 | 3260 -9 1 4080

-10 | 2860 -10 | 4ohko -10 | 2510 -1¢ | 3315

ave 3EE7 ave 3—EE ave 3756 ave 3833

Plastilock €08 | S-1175-11| 3370 §-1177-1| 3550 §-1179-1 | 3220 §-1180-1 | 3710
-2 | 3320 -2| 3470 -2 | 3320 -2 | 3810

-3 | 3090 -3 | 5280 -3 | 3400 -5 3725

- | 3470 -k | 3330 - | 3615 -k | 3470

-5 | 3530 -5 1 3340 -5 | 3460 -5 | 3440

8-1176~1 { 3400 | S-1178-1| 3330 -6 | 3570 -6 | 3390

-2 | 3450 -2 | 3380 -7 | 3700 -7 | 3405

-3 | 3450 -3 | 3350 -8 | 3780 -8 | 3350

1; gggg -15+ ;590 -9 | 35k0 -9 | 3350

- - 20 -10 { 3530 =10 | 3420

ave 3E§§ ave 33EE ave 3553 ave 3357
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TABLE 2 (CONTINUED)

Adhesive Bonded st Mfg. Bonded at Mfg. Bonded at GIM Bonded at GLM
Spec Shear Spec Shear Spec 1 Shear Spec Shear

No. psi No. psi No. psi No. psi

Metlbend 4021 | $-1028-1 | 3780 §-1029-1 | 3350 5-11111 { 3580 5-1112-1 | 3690C
-2 | 4040 -2 | 3670 -2 | 3775 -2 1 3850

-3 | 4050 -3 | 3760 -3 | 4200 -3 3570

-4 | hoto -4 | 3750 -4 | 4250 -4 § 3990

-5 | 4190 -5 | 3920 -5 | 3960 -5 | 4020

-6 | hako -6 | 3880 -6 | Loho -6 | kool

-7 1 4160 -7 | 4020 -7 | 4520 -7 | 390

-8 | 4360 -8 | 4020 -8 | k180 -8 | ko20

-9 | 4260 -9 | o1o0 -9 | k190 -9 | 3785

ave L157 ave 3820 -10 | k420 -10 | 3900

ave , INENE ave 3859

FM-47 Liquid §-1173-1 | 4370 S-1174-1 | 438C 5-1086-1| Lé2s 5-1087-1 | Lo70
-2 | B60 -2 | k380 -2 | Moo -2 | k270

-3 | 4240 -3 4190 -3 kbo -3 | 4340

=4 | k220 -4 | 3980 -4 | 4hoo -4 | Lszo

-5 | k260 -5 13930 -5 | 4400 -5 | 4420

-6 | 4140 -6 | 3960 -6| k390 -6 | Lheo

=71 4230 -7 | 4oko -7 | 4500 -7 | k270

-8 | 4210 -8 | 3990 -8 4500 -8 | 4290

-9 | 4340 -9 | 4130 -9 | 4450 -9 | Lipo

-10 | k110 -10| 3690 -10 | 4574 -10 | 420

ave 1288 ave LO6T ave IL80 ave 1360

FM-4T7 Film 8-1171-1 | 4710 S-1172-1 | 4740 5-1153-1| 4410 S-1154-1 | k470
-2 | 4610 -2 | 4630 -2 | %300 -2 | Lkoo

-3 | kk70 -3 | 4590 -3 | 4320 -3| 4550

-4 [ 4430 =4 h4Lo <L ko =L | 4560

-5 | 4440 -5 | 4360 -5 | 4430 -5 | 4560

-6 | 4400 -6 | 4340 -6 | 4530 -6 | 4iko

-7 | 2400 -7 | 4520 =7 4500 =71 480

=8| 4420 -8 k370 -8 1 4530 -8 4200

-9 | 4320 -9 | 3850 -9 | 4350 -91 4150

-10 | 4180 -101] 3480 -10 | 4580 -10| 3%00

ave 38 ave 1332 ave 439 ave 1330
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TABLE 2 {CONTINUED)

Adhesive Bonded at Mfg. Bonded at Mfg. Bonded at GLM Bonded at GLM
Spec Shear Spec Shear Spec Shear Spec Shear

No. psi No. psi No.’ psi No. pei

Redux E - S-1042-1 { 2690 5-1043-1 | 3580 §-1108-1 | 3860 §-1109-1 | 3835

Type R -2 | 2720 -2 | ko010 -2 | 3900 -2 | 3550

-3 | 2280 -3 | 3710 -3 | 3970 -3 | 3605

-4 | 3220 -4 13830 -4 | 3940 -4 | 3615

-5 3570 -5 | 2800 -513735 -5 | 3500

-61 3830 -6 | 2900 -6 | 3785 -6 | 3695

-7 3790 -7 1 2880 -7 | ¥100 -7} 3745

-8 4130 -8 | 3840 -8 | 090 -8 3980

-9 { 2840 -9 | 3810 -9 | 4030 -G | 3705

=10 { 3470 -10 | 3570 -10 | 3990 -10 | 3725
ave 3558 ave 3453 ave 3940 ave 3695 |

Cycleweld 5-1131-1 | 3320 5-1132-1 | 3446 S-1141-1 | 3500 §-11k2-1 | 3570

55-20 -2 | 3244 -2 | 3262 -2 { 3700 -2 | 3740

-3 | 3036 -3 | 3306 -3 | 3950 -3 [ %030

-4 3042 -4 13369 -4 14130 -4 | be2o

-5 13236 -5 | 3557 -5 | 4000 -5 | 4080

-6 | 3273 -6 | 3763 _6 | 3950 -6 | L4120

-7 1 331k -7 13750 -7 | 3940 -7 {4010

-8 | 3278 -8 3533 -8 | 3780 -8 | 40ko

-9 | 3150 -9 | 3517 -9 13250 -9 | 40ko

-10 | 3171 -10 | 3504 -10 | 2730 -10 | 4070

ave P06 | ave 3500 ave 3690 ave 3992

Epon VIII S-1060-1 | 3570 5-1061-1 | 3650 S-1030-1 | 3450 §-1031-1 | 3300

-2 | Looo -2 13480 -2 {3350 -2 | 3880

-3 13520 -3 [ 3900 -3 13390 -3 | 3660

-4 | 3630 -4 | 3610 -4 13410 -4 13390

-5 13380 -5 13300 -5 | 3470 -5 | 3460

-6 | 3630 -6 | 3420 -6 | 3480 -6 | 3640

-7 | 3650 =T | 3460 -7 13930 -7 | 3540

-8 | 3510 -8 | 3540 -8 | 3840 -8 3790

-9 | 3760 -9 [3530 -9 | 3600 -9 | 3400

-10 | 3510 -10 | 2970 -10 | 3160 -10 {3740

ave 3616 ave 3486 ave 3508 ave 3580
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TARLE 3

Tensile Shear Test Data - Tested at 76° to 800°F

After Stabilization with No Aging at Test Temperature

.06k4-inch 2024-T3 Alclad Aluminum, 1/2-inch Overlap

Shear Stress in Adhesive (psi)

Adhesive T6°F | 180°F | 250°F | 350°F | 500°F | 650°F | 800°F
AP-6 2760 | 1050 830 590
3245 | 1070 1010 620
3290 | 1180 1090 830
3550 | 1130 1130 890
3350 | 1180 1090 770
ave 3240 | 1122 1070 740
PA~101 3520 | 2530 1200 875
3900 | 2730 1370 880
kooo | 2580 1430 950
k280 | 2340 1430 880
2410 | 2560 110 870
ave 3606 | 2548 13638 891
Plastilock 2705 | 1580 1150 810
608 3630 | 1570 1190 860
3450 | 1680 1160 840
3775 | 1860 1270 850
3975 | 1820 1280 820
ave 3705 | 1700 1210 80
Metlbond k160 | 2300 1800 1090
4ho21 4200 | 2440 1810 1040
3985 | 2430 1770 970
4250 | 2340 1700 930
Lo60o | 2230 1570 1050
ave L1300 | 2340 1730 1016
FM-47 4360 | 5160 | 3210 | 390
Ligquid 4860 | 4820 3010 400
4960 | 4830 3870 690
4320 | 4530 3810 370
4120 | 4300 3970 380
ave 1526 | k730 35T LLE
FM-47 4330 | * 3090 540
Film 4520 | 4930 2890 720
4660 | 4920 2910 500
k750 | 4920 3000 500
4550 | 4590 2810 370
ave 5580 | k184G | 2940 | 576
#Metal at drill hole failed.
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TABLE 3 (CONTINUED)

Shear Stress in Adhesive (psi)
Adhesive T76°F | 180°F | 250°F| 350°F | 500°F | 650°F| 800°F
Redux E, 3985 | 1280 480 | 230
Type R 4230 | 1105 L35 216
k270 | 1480 490 235
3950 | 1100 565 290
3955 | 11ko 435 275
ave L0830 | 1330 180 | 250
Cycleweld 3770 | 1415 1080 Lo
55-20 4000 | 1950 650 300
3950 | 1500 455 260
3860 | 1100 735 340
3530 800 870 380
ave 3820 | I353 758 | 3%
Epon VIII 3630 | 3850 1400 380
3910 | 3590 1370 710
3960 | 4060 840 480
3530 | 3950 860 400
3540 | 3930 1010 390
ave 3712 | 3876 1090 L2
Shell k22 3320 | 3040 2580 2070 15%0 1330 590
3232 | 3000 2720 2200 1665 * L20
3240 | 3070 2780 2190 1840 1480 360
3248 | 3080 2500 2120 1890 1490 530
3160 | 3040 2630 2190 1745 1240 540
ave F240 | 3046 2642 215k 1734 1384 | E8B
HT-20 2130 | *2090 2610 2440 2020 1110 340
2140 | 2070 2610 2380 1880 1130 390
2240 | 1980 2550 2270 1600 1100 640
2060 | 2460 2610 2280 1680 1150 4yo
2260 | 2360 2770 2710 1590 1110 430
ave 2165 | 2190 3630 2416 1754 1718 | 38
#etal at drill hole failed.
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TABLE &
Tensile Shear Test Data - Tested at -100°F to
800°F After 1/2-Hour Exposure at Test Temperature

.064-Inch 2024-T3 Alclad Aluminum, 1/2-Inch Overlap

Shear Stress in Adhesive {psi)

B00°F

Adhesive -100°F -67°F | 180°F 250°F | 350°F | 500°F | 650°F
AF-6 2050 * 1070 THO T40
3615 * 1330 730 720
2640 4310 | 1360 760 800
2240 Lz60 | 1420 670 730
1950 k270 | 1150 T0C 700
ave 2439 L315 | 1265 20 738
PA-101 2100 190G | 2290 1580 920
1250 1450 | 2250 1610 860
1650 1660 | 2250 1730 1020
1410 2250 | 2225 1670 970
1120 1800 | 2250 1230 800
ave 1506 1815 | 2553 1565 91k
Plastilock 1870 1980 | 1600 1230 g70
608 1900 2470 | 1510 1220 950
2375 2400 | 1370 1190 910
2330 2860 | 1560 1120 No Failure;
Top Grip Off
2510 2990 | 1595 1080 960
ave 2197 2540 | 1525 1168 L8
Metlbond 1670 3610 | 18%0 1340 480
Lopl 1830 2260 | 2190 1200 420
2080 3230 | 2310 980 350
2650 2930 | 2220 1120 L&0
1890 2290 | 2210 1120 k90
ave 202k 2B6L | 2155 1152 LL0
FM-47 3300 3280 | 5170 1910 100
Liquid 3150 3690 | 4990 2130 150
3080 3040 | 5230 1940 160
3120 3510 | 5200 1790 70
2860 3270 | 5122 1700 Lo
ave 310k 3358 | 5142 | 189% 104
M-47 2990 3030 | 3775 1700 200
Film 3090 3080 | L4430 1710 180
3220 3040 | L4380 1560 150
3160 3080 | 4560 1720 180
2330 3350 | 3960 1620 150
ave Z0T0 3116 | Leal 1662 172
* Tested at -100°F by mistake
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TABLE 4 (CONTINUED)

Sheer Stress in Adhesive (psi)

Adhesive -100°F -67°F | 180°F 250°F | 350°F | S0C°F| 650°F 800°F
Redux E - 3100 3290 | 1375 170 100
Pype R 2905 3430 | 1520 Lso 170
3300 3420 | 1835 330 210
2930 3220 | 1850 360 310
2630 3230 | 1470 420 140
ave 5973 3338 | 1610 2LE 186
Cycleweld 3310 2480 | 1320 280 130
55-20 2630 3640 | 1350 540 210
3000 380G | 1260 €%0 230
2960 3750 | 1310 500 230
2880 3590 | 1210 390 240
ave 2956 zh53 | 1290 L70 208
Epon VIII 2680 2740 | 3360 240
2630 2680 | 3880 950 240
2820 2950 | 3970 780 300
2870 2820 | 3820 820 300
2840 2840 | 3650 800 280
ave 2780 2802 | 3736 837 272
Shell 422 3010 2100 | 2975 2600 2260 1150 990 600
3160 3000 | 3040 2580 2280 680 300 670
3180 2995 | 3010 2520 2210 850 860 530
3050 2840 | 2915 2510 2060 1400 790 680*
2650 2890 | 2860 2420 2000 1700 740 580%
ave 3010 2765 | 2960 2526 2162 1156 | 856 612~
HT-20 2660 2koo | 2460 2510 1910 1680 350 LLo
2280 2520 | 2290 2720 1880 1570 930 510
2410 2090 | 2360 2600 1840 1440 960 L0
2170 2180 | 2040 2780 1730 1470 990 450
2h70 2360 | 2250 2490 2040 1550 | 1010 500
ave 2398 2310 | 2280 2620 1880 1543 968 pnn

* Metal Failure

WADC TR 56-320
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TABLE 5
Tensile Shear Test Data - Tested at 500°F, 650°F and
800°F After 18-Hour Exposure at Test Temperature
.064k-Inch 2024-T3% Alclad Aluminum, 1/2-Inch Overlep

Shear Stress in Adhesive (psi)

Adhesive 500°F 650°F | 800°F

Shell 422 1550
1600
1760

1710
1750 Specimens

575 Delaminated
167 During
Exposure

ave

HT-20 1300
1240
1190
1260
1300
ave 1258
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TABLE 6
Tensile Shear Test Data - Tested at 350°F to 650°F After
192-Hour Exposure at Test Temperature
.06k-Inch 2024-T3 Alelad Aluminum, 1/2-Inch Overlap

Shear Stress in Adhesive (psi)

Adhesive 350°F 500°F | 650°F

AF-6 1910
1980
1930
2040
1980
ave 1938

PA-101 1130
1410
1540
1520
1220
ave 136k

Plastilock 1820
608 1820
1860

1900

1860

ave 1552

Metlbond 1350
ool 1270

. 1230
1270

1360

ave 1296

PM-hLT 840
Liquid 820
900
780
850
ave 838

FM-47 875
Film 1080
1290
1225
1010
ave 1095

WADC TR 56-320 101



TABLE 6 (CONTINUED)

Shear Stress in Adhesive (psi)

Adhesive

350°F

500°F 650°F

Redux E,
Type R

ave

380
450
480
sS40
490
&8

Cycleweld
55=20

ave

340

380
Las5

380
300
365

Epon VIII

ave

530
480
470
480
460
iy

Shell 422

ave

2330
2250
2270
2160
2050
2212

610
550 Specimens

Delaminated
550 During
540 Expos
640 xpostire

578

HT-20

ave

2000
1870
1630
1660
1860
180k

Specimens
Delaminated
During

Exposure

WADC TR 56-320
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TABLE 7
Tensile Shear Test Data - Tested at 180°F to 500°F After
1000-Hour Exposure at Test Temperature
-06k-Tnch 2024-T3 Alclad Alumimm, 1/2-Inch Overlap

Shear Stress in Adhesive (psi)

Adhesive 180°F 250°F | 350°F 500°F

AF-6 2340 2010 1920
2390 2080 1870
2490 2130 1740
2690 2150 1760
2790 2180 1800

ave 2540 2110 | IFi8

PA-101 2240 2450 1190
2580 2370 1390
2780 2490 1310
2530 2340 1410

2205 2360 1310

ave 2470 2402 1322

Plastilock 2480 2120 1550
608 2560 1980 1630

2430 1940 1630
2680 1970 1580

2550 2100 1520
ave 2540 2022 § 1582
Metlbond 2530 2100 1320
Loz21 2670 2110 1080
2Ls0 2160 1020
2730 2240 1040
2420 2170 1150
ave 2560 2156 1122
™M-4T 5230 3360 1200
Liquid 5520 4280 610
Failed in 2660 1220
Attachment '

Hole :
5710 3530 1190
5640 3800 840
ave 5525 3726 1012
M-UT 4790 2610 1390
Film 5360 2880 1380
‘ 5450 3010 1390
5580 3110 1360
5360 2890 1320

ave 5308 2900 | T3%8
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TABLE 7 (CONTINUED)

WADC TR 56-320

Shear Stress in Adhesive (psi)
Adhesive 180°F 250°F | 350°F 500°F
Redux E, 3940 2010 kg0
Type R 3820 2180 650
LoT70 2340 790
%880 2170 670
3420 2360 660
ave 3825 2212 652
Cycleweld 1820 1110 320
55-20 2710 1550 500
2220 1550 510
2310 1400 630
2110 780 380
ave 2285 1278 &8
Epon VIIT 3710 2100 500
370 2010 490
3610 2320 570
2600 2210 570
2875 2430 570
ave 3513 221% | Su0
Shell 422 2200 2670 | 1k0o
3160 2690 | 1340 | Specimens
5210 2780 1200 Delaminsated
3080 2840 | 1550 During
2930 2660 | 1460 | Exposure
ave 3120 2728 1390 (312 Hours)
HT-20 2430 2330 2080
2370 oh10 | o0sp | Specimens
2210 o550 | 2060 | Deleminated
2280 0300 | 1980 | Dwrine
2320 2570 | 1950 Exposure
ave 2322 5435 | 202% (312 Bours)
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TABLE 10
Tensile Shear Test Data -~ Tested at 76°F to 800°F After

Stabilization with No Aging at Test Temperature
.063<Inch Type 301, 1/2-Hard Stainless Steel, 2D Finish, 1/2-Inch Overlap

Shear Stress in Adhesive (psi)

Adhesive 76°F - 180°F 250°F 350°F S00°F 650°F 800°F
AF-6 1990 460 250
2750 570 250
2750 600 260
2750 580 170
2640 Lio 70
ave 2570 58k 200
PA-101 2530 150 Lo
1295 175 50
1340 190 80
1980 190 50
2180 300 Lo
ave 1865 201 52
Plastilock 3255 810 200
608 2885 1040 230
30L0 820 200
3420 780 270
3080 720 260
ave 3130 83 232
Metlbond 2120 310 50
hoo1 1690 370 ko
2590 Loo 70
2700 380 60
2390 2ko 50
ave 2298 340 Bk
FM-4T 8230 90 30
Liquid 6650 180 30
8210 220 30
8Loo 270 20
8790 80 30
ave 8056 168 28
FM-47 4555 140 20
Film 5445 180 4o
6295 220 Lo
5960 210 30
5775 110 30
ave 5606 172 32
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TABIE 10 (CONTINUED)

Shear Stress in Adhesive {psi)

Adnesive T6°F 180°F 250°F 350°F SO0°F 650°F 800°F
Redux E, 3880 170 70
Type R 4030 210 60
3730 230 60
3460 250 60
3570 160 60
ave %73k 200 62
Cycleweld 3150 230 Lo
55-20 2910 250 25
2510 220 30
2260 210 Lo
2890 210 20
ave 2755 22k z]
Epon VIII 2830 90
3700 220
3660 310
3130 270
3300 220
ave 3326 222
Shell 422 3000 2660 2350 1860 1470 1250 QLo
3160 2T70 2380 1830 1770 1300 830
330 2850 2130 1810 1720 940 680
3360 2650 2400 198¢ 1330 970 720
3120 2610 2430 1870 1370 1350 500
ave 321L 2708 5330 1870 1532 1162 T3k
HT-2C 2110 2810 2390 2530 1090 1240 250
2520 2340 2210 2550 1800 1320 180
2380 2120 2300 2300 1730 90% 180
2180 2730 2130 2280 1570 1250 340
2290 2620 2860 2560 1880 1110 270
ave 2356 252L 2378 | 2LLL I61L 1230 2L%
* Not included in average
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TABLE 11

Tensile Shear Test Data ~ Tested at -100°F to .800°F After
1/2-Hour Exposure at Test Temperature
.063-Inch Type 301 1/2-Hard Stainless Steel, 1/2-Inch Overlap

Shear Stress in Adhesive (psi)

Adhesive

-10C°F

-67°F | 180°F | 250°F | 350°F | 500°F | 650°F

800°F

AF-6

PA-101

Plastilock
608

Metlbond
Lo21

FM-LT
Liquid

ave

ave

ave

ave

ave

ave

500 100
550 160
560 150
510 190
480 220
520 16L%

380
150
230
380
330
29%

810 320 Lo
680 510 70
790 L2p 40
780 325 60
640 360 40
THO | 387 0

470
530
580
560
200
L1806

70
110
140
110

50
36

160
140
130
110
100
128

WADC TR 56~320
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TARLE 11 { CONTINUED)

Shear Stress in Adhesive (psi)
Adhesive _100°F | -67°F| 180°F| 250°F| 350°F| 500°F| 65C°F 800°F
Redux E, 120
Type R 260
190
200
220
ave 198
Cycleweld 120
55-20 170
260
270
1ko
ave 162
Epon 150
VIII 90
1ko
150
120
ave 130
Shell 3120 2940 | 2950 | 2420 | 1790 1950 | 1160 | 10kO
ko2 2840 3550 | 2800 | 24ko |15k0 2200 | 1210 840
2940 2L00 | 2490 | 2600 |1k90 2050 | 1430 | 1090
2780 2210 | 2560 | 2640 | 2225 1740 | 1220 | 1090
2410 3340 | 2540 | 2790 | 2400 880 530 | 1050
ave 28108 3300 | 2668 | 2570 | 1889 176k | 1110 | 1022
HT-2C 2450 2550 | 2310 | 2u4o | 2660 810 glo 360
2540 2050 | 2360 | 2080 | 2460 1300 800 310
2140 2100 | 2230 | 1920 {2400 1720 890 L60
2520 2350 | 2520 | 2350 |2k1C 1670 8710 320
2660 Broke | 2620 | 2900 | 2070 1670 830 340
in
Cutting
ave 2462 2315 | 2408 | 2338 | 2400 1435 BE6 | 358
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TARLE 12
Tensile Shear Test Data - Tested at S00°F, 650°F and 800°F After
18-Hours Exposure at Test Temperature
.063-Inch Type 301, 1/2-Hard Stainless Steel, 1/2-Inch Overlap

Shear Stress in Adhesive (psi)
Adhesive 500°F 650°F 800°F

FM-UT Liquid 380
550
520
420
470
ave L368

PM-4T Film 530
k60
500
480
180

ave 90

Redux E, 210
Type R 170
250
240
270
ave 228

Cycleweld TO
55-20 150
190

TO

90

ave hEY

Shell koo Specimens
Delsminated
During

Exposure

RT-20 Specimens
Delaminated
During
Exposure

WADC TR 56-320 11



TAELE 13
Tensile Shear Test Data - Tested at 350°F to 650°F After
192-Hour Exposure at Test Temperature
Type 301, 1/2-Hard Stainless Steel, 1/2-Inch Overlap

Shear Stress in Adhesive (psi)
Adhesive 350°F 500°F 650°F
AF-6 680 Loo
T40 450
680 T70
680 650
ThO 620
ave TO% 578
PA-101 630 210
660 230
510 230
640 270
270 310
ave 542 250
Plastilock 1350 280
608 1140 320
1430 170
1330 330
690
ave 1196 275
Metlhond 1080
Lo21 1140
780
1010
1010
ave o0k
FM-4T 620
Specimens
Liquid ggg Delaminated
640 Exposure
ave TLO
PM-4T 720
: Specimens
Fllm ;Zg Delaminated
760 Exposure
ave THE
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TABLE 13 {CONTINUED)

Shear Stress in Adhesive (psi)
Adhesive 350°F 500°F 650°F
I;,;g;IXRE’ ggg Specimens
LE0 Delsminated
580 During
€40 Exposure
ave 526
Cycleweld 340 90
55-20 540 100
510
oo 2
0
ave 0 ‘gB
Epon VIII 360
380
370
330
350
ave 358
Shell ko2 %%g Specimens Specimens
2110 Delaminated | Delaminated
2k00 Exposure Exposure
ave 2270
HT-20 ggg Specimens Specimens
2750 Delaminated | Delaminsted
2560 During - During
2180 Exposure Exposure
ave 2496
WADC TR 56-320 113




TARLE 14 .
Tensile Shear Test Data - Tested at 350°F and 500°F After
1000-Hour Exposure at Test Temperature
.063-Inch Type 301, 1/2-Hard Stainless Steel, 1/2-Inch Overlap

Shear Stress in Adhesive (psi)
Adbesive 350°F 500°F
AF~6 : 1060 Specimens
1140 Delsminated
1050 During
870 Exposure
910
ave 1006
PA-101 1110 Specimens
560 Delaminated
T10 During
760 Exposure
T60
ave 780
Plastilock 1130 490
608 T90 4oo
1030 360
1430 350
1330 Fell Apart
in Oven*
ave 1142 LO0
Metlbond 1180 Specimens
Lo21, 640 Delaminated
910 During
980 Exposure
1060
ave 95L
PM-4T Ko
Liquid 1150
1420
1240
1350
ave m
FM-4T 630
Film 1110
1340
1400
1520
ave 1200

* Not included in average
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TABLE 14 (CONTINUED)

Shear Stress in Adhesive (psi)

Adhesive 350°F 500°F

Redux E, 500
Type R 520
600
570
410
ave 520

Cycleweld 630 Specimens
5520 T20 Delaminated
790 During
500 Exposure
440
ave (31

Epon VIII 520
450
600
230
Lg0
ave L58

Shell 422 1140 Specimens
1290 Delaminated
1500 During
1360 Exposure
1220
ave 1302

HT-20 1490 Specimens
1500 Delaminated
- AT70 During
ave 1587 - ‘Exposure

WADC TR 56-320 15
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TAELE 16

Creep Rupture Test Data

2024-T3 Alclad Aluminum, 1/2-TInch Overlap

Test Temp. Stress | Time to Rupture

Adhesive | Spec. No. (°F) (psi) (Br) Remarks
AF-6 S-1151-4 180 1000 0

5-1151-5 700 A

S-1k76-2 650 6.6

5-1151-6 600 1.5

S-1151-7 550 2h.1

§-1151-8 500 213.,0 No Failure

$-1150-1 200 1000 0

§=-1150-2 900 .1

S5-1150-3 800 .2

5-1150-4 600 1.6

§-1151-9 550 L.7

S-1150-5 500 4,3

§-~1151-3 500 30.9

S-1151-2 450 213.7 No Failure

8~1150-6 4oo 117.8 No Failure

5-1151-10 250 650 0

5-1150-7 £00 1

§-1476-8 550 A

5-1150.8 500 .8

S$~1150-9 Loo 5.8

S-1476-6 350 200.0 No Failure
PA-101 S-1499-1 180 1850 .1

S-1164-7 1700 1.6

5-1164-8 1600 1.2

5-1164-9 1500 1.3

S-1k99.2 1500 .2

S-1164-10 1300 11.4

S-1499-3 1200 2.5

§-1499-4 1050 23.9

5-1499-6 1050 2147 No Failure

§-1164-1 200

5-1164-2 1800 0

S5-1164-3 1500 1.0

S-1164-L4 1300 3.1

5~1164-6 1250 28.9

S-1499-5 1200 b

5-1499-7 1100 1.2

§-1500-5 1050 1.7

5-1500-~3% 1025 6.1

§-1500-2 1000 36.0

S5-1499-8 950 48,8

S-1499-9 900 2hg .4 No Failure

WADC TR 56-320 417




TABLE 16 (CONTINUED)

Test Temp. Stress | Time to Rupture
Adhesive Spec. No. (°F) (psi) (Hr) Remarks
PA-101 S-1500-7 250 1000 3
(Cont'd) §-1500-6 950 .5
§-1499-10 900 .2
§-1500-k 875 1.5
$-1500-1 800 235.1 No Failure
Plastilock | 5-1187-2 180 2000 0
608 §-1187-k4 1700 0
§-1187-6 1450 - 0
5-1187-8 1300 1
5-1188-1 1100 N
5-1188-8 1000 7.9
§-1188-2 900 12.1
§-1188.3 800 eL7.k No Failure
§-1188-9 200 950 2.1
5-1188-k 900 3.9
$-1188-5 800 31.0
§5-1188-6 T70 20.5
§-1188-7 750 208.0 No Failure
5-1188-10 700 197.9 No Failure
§-1553-3 250 850 3
5-1553-7 800 T
§-1553-6 750 .9
5-1553=5 T00 3.2
§-1553-4 600 197.5 No Failure
Metlbond |S-112L-5 180 2000 0
hoz21 §-1124-6 1800 1
S-112L-7 1600 .2
§-1125-6 1900 1
$-1125.7 1600 4.9
§-1124-8 1400 1.7
5-1125-5 13500 214, 0 No Failure
8~112L-1 200 2000 )
§-1125-4 1600 .3
5-1124.2 1500 .1
5-1125-8 1400 4.7
§-1124-3 1300 1.5
5-1124-4 1200 13,4
5-1125-3 1200 182.8
§-1125-10 250 1250 1.4
S-112k4-9 1200 .8
§-1125-9 1100 9.9
S-1124-10 1000 .5
5-1125-1 900 118.9 Test Stopped,
No Failure
$-1125-2 900 216.5 No Failure
WADC TR 56-320 118




Test Temp. Stress | Time to Rupture
Adhesive | Spec. No. (°F) (psi) (Hr) Remarks
M-4T 5-1561-% 180 3710 .1
Liquid S-1561-8 3592 2.5
5-1561-6 3512 18.6
§-1561-7 3386 95.2 No Failure
S-1561-4 3276 13.1
§5-1561-9 3200 93.0
8-1561-10 3100 196.5 No Failure
S-1562-3 200 3512 .1
S-1562-6 3318 1.4
S=1562-4 3202 1.0
5-1562-2 3092 1.5
S-1562-7 3010 4.5
§-1562-9 2700 10.3
§-1568-4 2300 210.5 No Failure
§-1563-6 250 1208 1
S-1563-4 1080 1.1
S-1563-7 10LL U.3
8~1563-3 994 .3
5-1563-9 884 .3
5-1563-8 800 1.6
8-1563-10 686 .6
§-1567-6 502 210.4 No Failure
PM-4T $-1558-4 180 3518 2
Film 5-1558-8 3280 1
5-1558-2 3078 N
5-1558-7 3008 5.0
§-1558-6 2870 19.3 No Failure
§=1558-9 2800 2.3 -
S-1558-10 2653 15.0
5-1566-6 2498 21%3,2 No Fallure
$-1559-3% 200 3210 .1
8-1559-8 3020 d
S-1559-6 2884 .8
§-1559-2 2810 1
5-1559-T7 2794 5
5-1559-4 2684 18.6
5-1559-9 2lgh 2.2
$=1559-10 2353 12.5
5-1566-2 2400 233.0 No Failure
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TABLE 16 { CONTINUED)

Test Temp. Stress | Time to Rupture
Adhesive | Spec. No. (°F) (psi) ("r) Remarks
™M-47 §-1560-6 250 1298 .2
Film 8-1560-4 1212 .2
(cont'd) $-1560-7 1112 .3
5-1560-3 1016 4
S~=1560-9 906 .2
§-1560-~8 812 1.5
§-1560-10 696 1.0
§=1560-2 610 7.9
§-1566-3 hgg 69.5
S-1566-4 Lhg 213,2 No Failure
Redux E, 8-1267-T7 180 1300 .2
Type R §-1267-8 1150 .5
8-1267-3 1000 237.8 No Fallure
5-1266-1 1000 .3
§=1266-2 900 1.0
§-1266-3 800 6.8
§-1267-9 200 800 .9
8-1269-10 750 3.3
S-1473-6 725 .1
S-1473-8 T25 1.%
S-1473-4 700 262.6 No Fallure
5-1267-4 225 800 0
S~1554~3 750 3
5-1554-10 700 .2
5-126T7-5 600 .6
5-1473-2 550 .8
8-1473-10 525 0
§-1267-6 500 200. 0 No Failure
Cycleweld | S-1204-5 180 1000 1
55=-20 S-1204-6 900 .1
§-~1204-7 800 9
S5-1204-8 T00 k.0
5-1204-9 600 k.0
5-1203-1 500 .1
§-1203-2 4oo k.s
§-120%-3 4oo 62.0
5-1203-k4 400 212.6 No Failure
5-1503=-1 200 600 L.,1
§-1503-2 560 6.7
5-1503-3 500 60.6
§-1503-4 480 78.6
S-1503=-6 &0 84,2
8-1503-5 450 261.9 No Failure
WADC TR 56-320 120




TABLE 16 (CONTINUED )

Test Temp. Stress | Time to Rupture
Adhesive Spec. No. (°F) (psi) (Hr) Remarks
Cycleweld | S~1203-6 250 450 .l
55-20 §-1203-7 Lo .3
(Cont1d) §-1203-8 350 .6
S5-1203-9 275 3.0
5-1203-10 175 263.0 No Failure
Shell 422 | §-1083-2 200 2800 1 Min
$-1083-4 2600 3 Min
S5-1%98-7 2600 1
5-1083-5 2500 2.3
§-1083-3 2400 ho.6
§-1084.-5 2350 60.4
5-1084-6 2300 131.6
5-1083-1 2000 117.6 No Failure
§-1552-6 250 2200 0
5-1552-5 2050 0
§-1552-7 1900 .1
5-1552-2 1875 1
S-1552-4 1850 11.4
S-1552-8 1800 11.2
§-1552-3 1700 147.5
S-1498-1 350 1650 .2
§-1498-2 1600 1.8
5-1498-3 1500 3.9
5-1%98-5 1450 103.9
S-1498-4 1400 212.9 No Failure
HT-20 S-1501-1 180 2400 0
5-1502-6 2050 o}
S=1502-4 2025 1
8-1501-2 2000 .1
S-1502-3 1975 .1
S=1502-8 1950 237.5
§-1502-7 1925 64.3
S~-1501-3% 1700 211.3 No Failure
§-1556-10 250 2100 1
$-1556-3 2025 .9
5-1556-4 2000 .1
5-1556-8 1950 .8
5-1556-6 1850 -208.8 No Failure
- 8-1501-10 350 1600 0
5-1501-7 1540 .1
5-1501-8 1520 1
5-1501-k4 1500 85.3
S-1501-5 1450 2334 No Failure

WADC TR 56-320
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TARLE 17
Creep Rupture Test Data
Type 301, 1/2-Hard Stainless Steel, 1/2-Inch Overlsp

Test Temp. Stress | Time to Rupture

Adhesive | Spec. No. (°F) (psi) (Hr) Remarks
Shell L22 | S-1470-2 180 zh00 0

S-1470-3 3100 .2

S-1470-k 2900 1.5

s-14T70-6 2850 .6

S-14T70-7 2750 5.8

S-1470-1 2650 186.5

5-1470-10 250 2500 .1

8-1469-10 2k50 5.0

s-1470-8 2400 12.2

S-1470-9 2325 13.7

S-1469-1 2225 7.5

§-1469-2 2125 67.5

§-5659-8 2050 133.5

5-1469-9 350 2200 L

S-1469-3 2150 1

§-1469-4 2100 2.3

S-1469-8 2000 22.1

5-1469-6 1900 234.8 No Failure
HT-20 §-1326-2 180 2400 0

§-1543-6 2050 1

S5-1284-1 2000 0

5-1284.9 1950 .2

§-1326-3 1850 0

§-1543-2 1800 200.0 No Failure

S5-1557-4 250 2000 ¢

§-1557-6 1950 .1

§-1557-9 | 1900 1

S-155T7-2 1875 .5

8-1557-5 1750 209.6 No Failure

§-1326-10 350 1650 1.1

S-1326-8 1550 65.6

§-1326-3 1500 3.0

$-1326-T 1475 43,0

S-1543-h 1450 117.0

S-1326-1 1400 202.4 No Failure
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TABLE 18

Impact Test Data at 76°F and -100°F
Impact Speed 12.75 ft/sec
-125 Inch 2024-T3 Alelad Aluminum, 3/L-Inch Overlap

Loaed (ft-1b)
Adhesive Spec. No. T6°F -100°F
AF-6 S-1462-1 14,5 2.5
through -10 15.0 2.5
16.5 2.5
15.5 3.0
16.5 2.5
ave 15.6 2.6
PA-101 §-1457-1 16.5 2.0
through -~10 15.5 2.0
15.5 2.0
15.0 2.0
16.5 2.5
ave 15.8 2.1
Plastilock S5-1223-1 16 .0 2.0
608 through -10 15.5 2.0
16,0 2.0
17.0 2,0
16.0
16.0
ave 12,0 0
Metlbond §-1458-1 28 3.0
Lomy through -10 25.0 3.0
26.5 2.5
27.5 3.0
27.0 2.5
ave 26.8 2.8
M-47 S~1455.1 4,5 3.5
Liquid through -10 4.5 3.5
7.5 3.5
5.5 k.5
2:2 2.2
ave 5.5 3.7
FM-L7 S-1456-1 4.5 4.5
Film through -10 5.0 k.5
6.5 4.5
L,5 E,o
5.5 .5
ave 5.2 L6
WADC TR 56-320 123
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TABLE 18 ( CONTINUED)

S-146L-1
through -10
S-1459-1
through -10

Spec. No.

ave
ave

aye

through -10

S~1461-1

ave

S-1463-1
through -10

ave

Redux E,

Type R

Cycleweld
55-20

Adhesive

Epon
VIII

Shell 422

HT-20

12k
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TABLE 19
Cleavage Test of Bonded Specimens
Tested at 76°F

Ultimate Load

Adhesive Specimen No. (1b)
AF-6 5-1316-1 685
S-1316-2 975

S-1316-3 995

S-1316-k4 1025

S~1316-5 1040

ave oLl

PA-101 5-1309-1 215
§-1309-2 675

5-1309-3 765

S-1309-4 1280

5-1%09-5 1165

ave “B20

8-1309-6 940

S-1309-7 1220

5-1309-8 1112

S-1309-9 1134

5-1309-10 172

ave 915

Plastilock 5-1%10-1 530
6C8 §5-1310-2 900
§-1310-3 1315

$-1310-4 1500

$-1310-5 140C

ave 133C

8-1310-6 1424

S-1310-7 1384

S5-1310-8 1392

$-1310-9 1460

5$-1310-10 1264

ave 1385

Metlbond S-1311-1 335
4oe1 §-1311-2 1275
5-1311-~3 1595

S-1311-4 1640

S-1311-5 1625

ave 151k

WADC TR 56-320 125




TABIE 19 (CONTINUED)

Ultimate Ioad
Adhesive Specimen No. (1v)
™47 5-1307-1 900
Liquid 5-1307-2 805
S-1307-3 800
§-1307-4 1120
S-1307-5 1240
ave 973
§-1527-1 1700
§5-1527-2 1438
§-1527-3 1066
gS-1527-4 7]
§-1527-5 660
ave 1665
M-47 S=1313-1 2110
Film §-1313-2 1860
§-1313-3 2055
S-1313-4 1720
S=1313-5 1650
ave 1879
Redux E, S-1308-1 1825
Type R S-1308-2 2240
S-1308-3 2k35
S=-1308-4 2595
§-1308-5 2675
ave EBSE
Cycleweld S-131h4-1 1440
55«20 S=1314-2 2320
§-1314-3 1670
§=-1314-4 1140
§-1%14-5 270
ave 1368
5~1525-1 1012
5-1525-2 1170
§5-1525-3 1262
§-1525-4 1216
§-1525-5 1218
ave 1175
Epor VIII $-1317-1 1750
S=1317-2 1680
5-1317-3 1615
S-1317-4 1740
§-1317-5 1800
ave 1717
126
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TABLE 19 (CONTINUED)

Ultimate Load
Adhesive Specimen No. (1b)
Shell L422 S-1315-1 1000
_ S-1%15-2 1090
§-1315-3 1045
§-1315-4 925
§-1315-5 15
ave 815
5-1526-1 1262
§-1526-2 1292
S-1526-3 1170
S5-1526-4 1366
§-1526-5 1226
ave 1263
HT-20 §-1312-1 70
§-1312-2 920
S=1312-3 875
S-1312~4 730
§=1312-5 195
ave 353
§-1524-1 810
§-1524.2 798
S-152k-3 650
S-152k-h 780
5-1524-5 50
ave 617
127
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TABLE 20

Tension Test Data of 1-Inch Bonded Cylinders
Tested at 76°F

Ultimate Load
Adhesive Specimen No. (psi) Renmarks
AF-6 S=-13T0 2370 All Had Uneven
S-13T1 2510 Pressure During
S-1372 2250 Bonding -~ Cne
8-1373 2200 Side of Each
S-1374 2350 Specimen was
ave 2316 Porous
PA-101 S-151% 1990
S-1515 2650
§-1516 2640
S-1517 3080
5-1518 2150
ave 2502
Plastilock S-1340 2825
608 . S-1341 2450
8-13k2 2505
S5-1343 2660
S-1344 2905
ave 2670
Metlbond 5-1375 2900
Lozl S-1376 3130
S-1377 3000
5-1378 3190
5-1379 3180
ave 3070
FM-LT 5-1350 3850 All Had Uneven
Liquid 5-1351 4585 Pressure During
5-1352 5430 Bonding - One
5-1353 5200 Side of Each
S-1354 4165 Specimen was
ave Ty Porous
FM-bT S-1504 2270 All Had Uneven
Film 5-1505 kg70 Pressure During
S~-1506 3530 Bonding - One
S-1507 3860 Side of Each
§-1508 L620 Specimen Was
ave 3978 Perous
Redux E, 5.1380 5240
Type R 5-1381 2h10%
S-1382 4350
5-1383% 3430
S5-1834 3620
ave Li%0

* Porous Glue Line, Insufficient Pressure

During Bonding.

WADC TR 56-320
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TABLE 20 (CONTINUED)

) Ultimate Load
Adbesive Specimen No. (psi) Remarks
Cycleweld S=-1365 2685 All Had Uneven
55=20 S~1366 2550 Pressure During
S-1367 2970 Bonding - One
5-1368 2500 Side of Each
S-1369 2610 Specimen was
ave 2663 Porous
Epon VIII S-1390 4510
5-1391 3300
5-1392 3960
5=1393 3840
S-139k4 3780
: ave 3870
Shell L22 5-1395 2550
5-1396 3950
5-1397 3220
5-1398 3360
5-1399 3580
ave 5532
HT-20 5-1509 2300
S-1510 2710
5=1511 2320
§-1512 1780
S-1513 1630
ave 2148
129
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TABLE 21
Bend Test Data - Tested on 1-1/2-Inch Span at T6°F
.06l Inch 2024-T3 Alclad Aluminum

Load

Adhesive Specimen No. (1b)
AF-6 5-1476-1 - 248
5-1476-3 240

S=1476-5 254

S~14T76-7 254

S=1476-9 230

ave 245

PA-101 S=-147k-1 220
S~1hTh-3 248

S-1474-5 266

S-1474-7 260

S-14T4-9 264

ave 251

Plastilock §=1300-2 222
608 S-1300-4 224
§-1300-6 210

S~1300-8 226

S-1300-10 240

ave 220

Metlbond 5-1196-2 232
Lozl S=-1196-4 220
§-1196-6 200

$-1196-8 22k

$-1196-10 240

ave 223

FM-L7 S~-1306-1 228
Liquid §-1306-2 232
5-1306-3 226

S=-1306-4 230

§-1306-5 234

ave 230

FM-L4T S-1069-2 220
Film 8=1069-k4 206
S=1069-6 220

5-1069-8 230

5-1069-10 222

ave 220

Redux E, S=1473-1 20k
Type R S-1473-3 200
5-1473-5 186

S=-1473-T 212

S-1473-9 216

ave 203
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TAELE 21 {CONTINUED)

Load

Adhesive Specimen No. (1p)
Cycleweld §-1475-1 250
55-20 S-1475-3 250
S=1475.5 264
S=1475-7 230
§=-1475-9 238
ave 2LE
Epon VIII 5-1298-1 140
S5~1298-2 130
§=1298-3 134
5-1298-L 146
§-1298-5 134
ave 137
Shell L22 S-1472-2 14k
S=1472-4 142
S-1472-6 138
S-1472-8 138
S-1472-10 140
ave i)
HT-20 5-1323=-2 126
5-1323-4 128
§5-1%23-6 130
S~1323-8 130
§-132%-10 124
ave 157
131
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TABIE 22
Peel Strength Test Dota - Tested at T6°F

P2 T
Average Peel Strength
Adhesive Sample No. Load Total (1b) (in.-1b)
AF-~6 S-1405 191.0 83.3
S-1406 161.0 67.3
S-1407 195.0 85.3
S-1408 148.0 61.8
S-1409 197.0 86.3
ave 6.8
PA-101 5-1425 140.0 57.8
5-1426 157.0 66.3
S-1427 134.0 54.8
S-1428 154.¢0 6.8
S5-1429 147.0 61,3
ave 61.0
Plastilock S-1400 190.0 82.8
608 S-1401 206.0 90.8
5-1402 190.0 82.8
S-1403 205.0 30.3
S =140k 213.0 9.3
ave  88.2
Metlbond 8-1430 112.0 43.8
ho21 S=1431 145.0 60.3
S-1432 9k.0 34,8
S-143%3 100.0 37.8
S-~1434 114.0 L. 8
ave EH.}
™ -L7 S-1410 71.0 23.3
Liquid S-1411 61.& 21.5
8-1412 6k.8 20.2
S-1413 69.2 22.4
S-1h1k 60.8 18.2
ave 2l.1
P, is average load applied to T= P, (ro - rj_)-‘oi'r:L
c%imbing peel. test apparatus.
Determined by use of planimeter. Where: r_ = 2% in., r, = 2in.

Wt of drum, W= 6.1 1b

WADC TR 56=320 1352



TABLE 22 (CONTINUED)

P, T
Average Peel Strength
Adhesive Sample No. Load Total (1b) (in.-1b)
FM-4T S-1415 93.0C 34,3
Film S-1416 90.0 32.8
S-1417 85.0 30.3
5-1418 4.0 2L.8
s-1419 87.0 31,3
ave 30.7
Redux E, S-1hk5 38,0 6.8
Type R §-1446 34,0 4.8
S-14hT 34,0 4.8
S-14h8 34.0 4.8
S-14#49 37.0 6.3
ave 5.5
Cycleweld S-1435 80.0 32.%
55-20 S-1436 106.0 40.8
S-1437 100.0 37.8
5-143%8 38.0 36.8
S-1439 98.0 36.8
ave 36.9
Epon VIII 5-1440 33.0 7.3
S-1h%41 37.0 6.3
=142 39,0 7.3
S-1443 %0.0 7.8
S-1kkl 37.0 6.3
ave 7.0
Shell 422 S-1450 34,5 5.0
5-1451 31.2 5.3
5-1452 32,2 3.9
§-1453 3.6 5.1
5-1454 31.4 3.5
ave m
HT-20 5-1420 32.0 5.8
S-1421 37.0 6.3
S-1422 34,0 4.8
S-1423 35.0 5.3
S-1h42k 3%.0 4.3
ave )
P, 1s average load applied to T = P, (ro - ri)—wri

climbing peel test apparatus.

. _ ol -
Determined by use of planimeter Where: r = 2z in., r; = 2 in.

i
Wt of drum, W = 6.1 1b

WADC TR 56-320 133



TABLE 23
Fatigue Test Data
2024-T3 Alclad Aluminum, 3/8-Inch Overlap

Adhesive Spec. No. | Test Temp. S?Pgﬂ" Cycles Remarks
AF-6 S-1492-2 | Room Temp. 1600 70,000 Adhesive Failure
S-1492-3 { Room Temp. 1335 166,000 Adhesive Failure
§-1492-4 | Room Temp. 1065 827,000 Adhesive Fallure
5-1492-6 | Room Temp. 800 § 6,518,000 Adhesive Failure
§-1492-7 | Room Temp, 735 |20,000,000 No Failure
8-1493-2 180°F 800 72,000 Adhesive Failure
S-1493-4 180°F 665 482,000 Adhesive Failure
5-1493-6 180°F 600 351,000 Adhesive Failure
S-1493-7 180°F 535 599,000 Adhesive Fallure
§5-1493-3 180°F 535 |10,000,000 No Failure
5-1493-9 180°F Le5 682,000 Adhesive Failure
§-1493-10 180°F 400 610,000 Adhesive Failure
g=149L -2 250°F 800 29,000 Adhesive Failure
S-149k-6 250°F 665 8,000 Adhesive Failure
§-1h9k-7 250°F 535 151,000 Adhesive Failure
S-1h4gh.k 25C°F 400 | 5,000,000 No Failure
PA-101¥ 5~-1207-2 | Room Temp. 1920 499,000 Metal Failure
§-1207-3 | Room Temp. 1600 | 1,147,000 Metal Failure
S5-1207-7 | Room Temp. 1600 | 1,043,000 Metal Failure
$-1207-4 | Room Temp. 1280 | 8,391,000 Metal Failure
$-1207-6 180°F 1600 80,000 Adhesive Failure
5-1207~T 180°F 1280 | 1,024,000 Adhesive Failure
$-1207-9 180°F 1120 182,000 Gas Bubbles in
Adhesive Film
S=1208-4 180°F 1120 | 1,555,000 Adhesive Failure
$-1207-10 180°F 960 6,000 Gas Bubbles in
Adhesive Failure
S-1208-2 180°F 960 | 1,728,000 Adhesive Failure
5-1208-3 180°F 800 (20,000,000 No Failure
S5-1208-6 200°F 1600 19,000 Adbesive Failure
$-1209-4 200°F 1440 12,000 Adhesive Failure
S-1208-7 200°F 1280 234,000 Adhesive Failure
$-1209-2 200°F 1120 | 1,000,000 Adhesive Failure
$-1208-10 200°F 1120 198,000 Adhesive Failure
| 5-1208-9 200°F 960 |15,000,000 No Failure
* 5/16 Inch Lap
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TABLE 2% {CONTINUED)

Adhesive Spec. No. | Test Temp. S}Eﬁgﬂ' Cycles Remarks
Plastilock 5-1495-2 | Room Temp. 1600 | 1,283,000 Metal Failure
608 §-1495-3 | Room Temp. 1335 | 1,120,000 Adhesive Failure
§5-1495-4 | Room Temp. 1335 724,000 Adhesive Failure
§-1495-6 | Room Temp. 1065 | 3,198,000 Adhesive Failure
§-1495-7 | Room Temp. 935 10,000,000 No Failure
5-1495-9 | Room Temp. 1000 |13,000,000 Ko Failure
S-1496-2 180°F 1065 6,000 Adhesive Failure
Creep
5-1496-3 180°F 800 92,000 Adhesive Failure
5-1496-6 180°F 665 | 3,981,000 Adhesive Failure
§-1496-7 180°F 600 |14,000,000 No Failure
S-1496-4 180°F 535 110,000,000 No Failure
S~1497-4 250°F 800 7,000 Adhesive Failure
Creep
S-1497-9 250°F 665 326,000 Adhesive Failure
Creep
S-1497-2 250°F 600 | 24,000,000 No Failure
Metlbond §-1122-2 | Room Temp. 1600 935,000 Metal Faillure
4021 §-1477-2 | Room Temp. 1600 { 1,036,000 Metal Failure
5-14T7-7 | Rocm Temp. 1465 | 2,948,000 Adhesive Failure
S-14T7-3 | Room Temp. 1335 | 1,840,000 Metal Failure
S-1477-9 | Room Temp. 1335 | 10,000,000 No Failure
s5-1122-7 180°F 1335 | 1,084,000 Metal Fallure
5-1122-9 180°F 1200 166,000 Adhesive Failure
(Poor Bond)
5-1122-10 180°F 1200 | 2,012,000 Metal Failure
§-1122-6 180°F 1065 10,000,000 Wo Failure
§-1477-10 250°F 1330 7,000 Adhesive Failure
5-1478-2 250°F 1065 225,000 Adhesive Fajlure
8-1478-3 250°F 935 | 6,485,000 Adhesive Failure
S-1478-4 250°F 865 {10,000,000 No Faillure
FM-hLT §-1044-2 | Room Temp. 1600 37,000 Adhesive Failure
Liquid 5-1044-3 | Room Temp. 1065 458,000 Adhesive Failure
§-1044-4 | Room Temp. 800 | 1,973,000 Adhesive Failure
5-1044-6 | Rocm Temp. 665 |10,000,000 No Failure
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TABLE 23 (CONTINUED)

Adhesive Spec. No. | Test Temp. S?5§f§' Cycles Remarks

FM-bL7 S-1486-~2 180°F 1600 - T79,000 Metal Failure

Liquid S-1486-3 180°F 1335 | 1,956,000 Metal Failure

(Contta) S-1486-4 18C°F 1200 | 3,410,000 Adhesive Failure
S-1k86.5 180°F 1135 | 3,504,000 Adhesive Failure
S-1486-7 180°F 1065 | 4,249,000 Adhesive Failure
S-14836-9 180°F 935 | 5,997,000 Adhesive Failure
§-1486-10 180°F 865 | 1,578,000 Adhesive Failure
S-1487-2 180°F 865 | 4,909,000 Adhesive Failure
S-1487-3 180°F 800 | 6,614,000 Adhesive Failure
S~1487-4 180°F 735 | 5,503,000 Adhesive Failure
S.1487-6 130°F 665 (10,000,000 No Failure
S~1487-7 200°F 1600 770,000 Adhesive Failure
5-1487-9 200°F 1335 | 1,455,000 Adhesive Failure
S-1487-1C 200°F 1065 | 4,584,000 Adhesive Failure
S-1488.2 200°F 935 | 9,105,000 Adhesive Failure

M-LT §-1025-3 | Room Temp. 1600 135,000 Adhesive Failure

Film §-1026-3 | Room Temp. 1335 169,000 Adhesive Failure
5-1026-4 | Room Temp. 1065 659,000 Adhesive Failure
§-1026-5 | Room Temp. 800 | 1,883,000 Adhesive Failure
§-1026-6 | Room Temp, 665 | 4,156,000 Adhesive Fallure
5-1027-4 | Room Temp. 600 (10,000,000 No Failure
$5-1027-2 180°F 1600 294,000 Adhesive Failure
S-1027-7 180°F 1335 | 1,562,000 Adhesive Faillure
$-1027-6 180°F 1065 | 2,570,000 Adhesive Failure
S-1027-3 180°F 935 | 3,376,000 Adhesive Failure
$-1027-5 180°F 800 {15,000,000 No Failure
§-1027-9 200°F 1335 k22,000 Adhesive Failure
S-1026-1 200°F 1065 | 1,452,000 Adhesive Failure
5-1025-6 200°F 935 (13,113,000 Adhesive Failure
S=-1025-4 200°F 935 114,000,000 No Failure

Redux E, S-1480-7 | Room Temp. 1600 206,000 Adhesive Failure

Type R $-1430-6 | Room Temp. 1335 521,000 Adhesive Failure
$-1430-2 | Room Temp. 1065 | 1,984,000 Adhesive Failure
S-1430-4 | Room Temp. 935 | 6,310,000 Adhesive Failure
$-1480-3 | Room Temp. 300 }10,000,000 No Failure
§-1481-7 130°F 1335 27,000 Adhesive Fallure
S-1481-6 180°F 1065 349,000 Adhesive Failure
5-1480-9 180°F 935 136,000 Adhesive Failure
S-1481-4 180°F 935 | 1,061,000 Adhesive Failure
S$-1480-10 180°F 800 75,000 Adhesive Failure
5-1481-3 180°F 800 20,000,000 No Failure
S-1481-2 180°F 665 110,000,000 No Failure
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TABLE 23 {CONTINUED)

Adhesive Spec. No. | Test Temp. S?ﬁg} . Cycles Remarks
Redux E, §-1481-9 200°F 935 23,000 Adhesive Failure
Type R S-1481-10 200°F 800 33,000 | Adhesive Failure
| (Cont'd) §5-1482-2 200°F 665 113,000 Adhesive Failure
S-1482-6 200°F 665 106,000 Adhesive Fallure
S-1482.T 200°F 600 403,000 Adhesive Failure
S-1h82-4 200°F 535 | 10,000,000 No Failure
Cycleweld S5-1199=-2 ‘| Room Temp. 1600 119,000 Adhesive Fallure
55-20 S-1199-4 | Room Temp. 1335 918,000 Adhesive Failure
5-1199-6 | Roam Temp. 1065 1,754,000 Adhesive Failure
S$=1199-7 | Room Temp. 935 |19,559,000 Adhesive Failure
5-1490-2 180°F 800 129,000 Adhesive Failure
S-14g0-4 180°F 535 3,004,000 Adhesive Failure
S-1490-7 180°F Les 5,571,000 Adhesive Fallure
S-1490-6 180°F Loo | 10,000,000 No Failure
Epon VIIT S-1483-2 | Room Temp. 1600 137,000 Adhesive Failure
§-1483-7 | Room Temp. 1465 1,181,000 Adhesive Fallure
S-1483-3 | Room Temp. 1335 2,780,000 Adhesive Failure
S-1483-4 | Room Temp. 1200 3,340,000 Adhesive Failure
5-1485-6 | Room Temp. 1135 1,833,000 Adhesive Failure
S~1435-9 | Room Temp. 1135 | 15,000,000 No Failure
§-1485-7 | Room Temp. 1065 | 10,000,000 No Failure
5-1483-6 | Room Temp. 1065 | 25,000,000 No Failure
S§-1484-3 180°F 1600 24,000 Adhesive Failure
S=1484-L4 180°F 1335 157,000 Adhesive Fallure
5-1483-9 180°F 1335 70,000 ‘Adhesive Failure
S=-148L4.2 180°F 1200 551,000 Adhesive Faillure
S-148L-7 180°F 1200 1,960,000 Adhesive Failure
S-1484-6 180°F 1065 | 19,000,000 No Failure
5-1483-10 180°F 1065 | 10,000,000 No Failure
5-148k4-9 200°F 1065 58,000 Adhesive Failure
S-1485-2 200°F 1065 789,000 Adhesive Failure
S-1485-4 200°F 1000 1,855,000 Adhesive Failure
5-1484-10 200°F 935 |10,000,000 No Failure
Shell 422 S-1080-2 | Room Temp. 1475 47,000 Adhesive Fallure
§~1080-3 | Rocm Temp. 1230 359,000 Adhesive Failure
S~1080-6 | Room Temp. 1110 6,908,000 Adhesive Failure
§-1080-~7 | Room Temp. 1045 |20,000,000 No Failure
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TABLE 23 {CONTINUED )

WADC TR 56-320

Adhesive Spec. No. | Test Temp. |Sh (pgﬂ . Cycles Remarks
Shell 422 5-1082-7 180°F 1475 938,000 Adhesive Failure
- (Cont'd) 8-1080-7 180°F 1230 1,803,000 Metal Failure

S-1082-2 180°F 1230 1,625,000 Adhesive Failure
5-1081-2 18C°F 1110 1,856,000 Metal Failure
5=-1080-10 180°F 1110 2L0,000 Adhesive Failure
§-1082-4 180°F 1110 2,158,000 Adhesive Failure
$-1082-6 180°F 1045 6,002,000 Adhesive Failure
$-1080-9 180°F 985 {10,000,000 No Failure
5-1081-3 250°F 1230 270,000 Adhesive Failure
5-1081-4 250°F 1110 1,379,000 Adhesive Failure
5-1081-6 250°F 1045 123,000 Adhesive Fallure
5-1081-7 250°F 1045 4,514,000 Adhesive Failure
§-1081-~9 250°F 985 10,981,000 Adhegive Failure

HT-20 S-1549-2 | Room Temp. 1600 127,000 Adnesive Failure
S-1549-6 | Room Temp. 1600 2,673,000 Adhesive Failure
S-1549-4 | Room Temp. 1465 417,000 Adhesive Failure
S-1549-7 | Room Temp. 1335 1,450,000 Adhesive Failure
$-155C-6 | Room Temp. 1335 1,170,000 Adhesive Faillure
S-1549~3 | Room Temp. 1335 |12,120,000 Adhesive Failure
S-1550-7 | Room Temp. 1265 679,000 Adhesive Failure
S5~1550-10 { Room Temp, 1200 1,959,000 Adhesive Fallure
5-1151-2 | Room Temp. 1065 |10,000,000 No Failure
S-1549-9 180°F 1600 10,000 Adhesive Failure
S5-1543-10 180°F 1335 254,000 Adhesive Failure
5-1550-2 18c°F 1200 195,000 Adhesive Failure
S-1550-3% 180°F 1135 1,213,000 Adhesive Failure
5-1550-k4 180°F 1065 575,000 Adhesive Failure
§-1550-9 180°F 935 |[1C,000,000 No Failure
S-1551-4 250°F 1065 178,000 Adhesive Failure
S=1551-6 250°F 1000 63,000 Adhesive Failure
5-1551-9 250°F 1000 1,241,000 Adhesive Fallure
$~1551-10 250°F 935 |10,000,000 No Failure
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TABLE 24

Fatigue Test Data
Type 301, l/EAHard Stainless Steel, 5/8—Inch Overlap

Adhesive Spec. No. Test Temp. S?ﬁ%%f‘ Cyeles Remarks
Shell L2z §-1465-2 | Room Temp. 1600 |10,000,000 No Failure -
Maximum Load of
Fatigue Machine
was not Sufficient
to Cause Faillure
of these Bonds at
Room Temperature
§=1465-3 180°F 1600 | 1,709,000 Adhesive Failure
S-1465-4 180°F 1465 |10,000,000 No Failure
S-1465-6 350°F 1600 33,000 Adhesive Failure
5-1465-7 350°F 1465 66,000 Adhesive Failure
§-1465-9 350°F 1335 849,000 Adhesive Failure
S~1465-10 350°F 1265 | 1,348,000 Adhesive Failure
S-1466-2 350°F 1200 |15,000,000 No Failure
HT-20 S-1324-4 |Room Temp. 1600 | 4,086,000 Adhesive Failure
S5-1324-6 | Room Temp. 1465 |20,000,000 No Failure
5-1324-5 | Room Temp. 1335 10,000,000 No Failure
S-132L-7 180°F 1600 14,000 Adhesive Failure
5-132k-10C 180°F 1600 14,000 Adhesive Failure
5-1325-2 180°F 1465 257,000 Adhesive Failure
S=1325-3 180°F 1335 10,000,000 No Failure
S-1324-9 180°F 1335 110,000,000 No Failure
§=1325-6 350°F 1465 11,000 Adhesive Failure
§-1325-4 350°F 1335 382,000 Adhesive Failure
S=-1325-9 350°F 1265 | 8,293,000 Adnesive Failure
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APPENDIX

INDEX OF MATERTALS

IDENTITY AND SOURCE

A. METAIS

Aluminum alloy, 2024-T3 elelad - Federal Specification, QQ-A-362.
Stainless steel, Type 301, 1/2-hard, 2D Finish - Military Specification,
MIL-S-5059A(ASGS.

B. ADHESIVES

Scotchweld AF-6 Minnesota Mining and Mfg. Co.
Adhesives & Coatings Division
411 Piquette Ave., Detroit 2,
Michigan.

PA-101 Bloomingdale Rubber Co.
Flower Street,
Chester, Pennsylvania.

Plastilock 608 B. F. Goodrich Co.
Industrial Products Division,
Akron, Ohio.

Metlbond 4021 Narmco, Inc.

600 Victoria Street
Costa Mesa, California.

FM-47 Liquid Bloomingdale Rubber Co.
. Flower Street,
Chester, Pennsylvania.

FM-47 Film Bloomingdale Rubber Co.
Flower Street,
Chester, Pennsylvania.

Redux E, Type R Ciba Company, Inc.
627 Greenwich Street,
New York 14, N.Y.

Cycleweld 55-20 Cycleweld Cement Products

5437 West Jefferson,
Tr~tton, Michigan
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Epon VIII Shell Chemical Corp.
380 Madison Avenue,
New York 17 N.Y.

Shell 422 Shell Development Co.
4560 Horton Street,
Emeryville 8, California.

HT-20 Bloomingdale Rubber Co.
Flower Street,
Chester, Fennsylvania.

C. CLEANING MATERTIALS

Sprex AN-9 DuBolis Company
1120 West Front Street,

Cincinnati, Ohio.

Activol 57X Heas Miller Corporation
hth and Bristol Streets,
Philadelphia, Pennsylvanis.

Sulfuric Acid Federal Specification 0-A-115
Hydrofluaric Acid Federal Specification O-H=795
Nitric Acid Federal Specification (0-A-88
Sodium Dichromate Federal Specification 0-5-5954A
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