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THE SHEAR, FATIGUE, BEND, IMPACT, AND LONG-TIME-LOAD 

STRENGTH PROPERTIES OF STRUCTURAL METAL-TO-METAL

ADHESIVES IN BONDS TO 24S-T3 ALUMINUM ALLOYI,A,1$5..

By H. W. EICKNER, Engineer

Forest Products Laboratory,§-Forest Service
U. S. Department of Agriculture

Summary

The shear, fatigue, bend, impact, and. long-time-load strength properties
of nine commercially available adhesives, of the type formulated for
structurally bonding metal to metal, were determined by procedures de-
scribed. in Air Force Specification No. 14164, "Adhesive, Metal to Metal,
Structural," September 20, 1949. These procedures consisted of testing
lap joints of 0.064-inch 24S-T3 clad aluminum alloy in shear at. 72° to 76°
F., at 178° to 182° F., at -65° to -70° F., after exposure to salt-water
spray, and after immersion in aircraft fluids; in fatigue at 72° to 76° F.
and at -65° to -70° F.; in long-time loading at 72* to 76° F. and at 178° to
182° F.; and in bending at 72° to 76° F. Bonds between 24S-T3 bare
aluminum blocks were also tested in impact resistance at 72° to 76° F. and
at -65° to -70° F.

1--This progress report is one of a series prepared and distributed by the
Forest Products Laboratory under U. S. Navy Bureau of Aeronautics
Order No. NAer 01319 and U. S. Air Force No. USAF-18(600)-70.
Results here reported are preliminary and may be revised as additional
data become available.

The fatigue tests for this study were made under the supervision of
Wayne C. Lewis, Engineer, Forest Products Laboratory.

-'The test data included in this study on the shear strength of the adhesive
bonds after exposure to salt-water spray and after immersion in aircraft
fluids and on bend and impact strength were taken from Wright Air De-
velopment Center Report RDO No. 614-11, "Properties of Adhesive
Bonded Aluminum Alloy Lap Joints," by B. W. Andrews, U. S. Air Force.

Report originally published June 1953.

Maintained at Madison, Wis., in cooperation with the University of Wis-
consin.
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The adhesives tested in this study by the static shear tests at 72' to
76' F. , at 178' to 182' F. , and at -65' to -70* F. generally met the
requirements of the Air Force Specification No. 14164 with the
exception of two adhesives, one in the low-temperature tests and one
in the high-temperature test. The average values for the shear
strength of both these adhesives were so close to the requirements,
however, that, for practical purposes, all adhesives tested can be
considered to meet these shear strength requirements.

The shear strength values obtained on the aluminum lap-joint speci-
mens after exposure to salt-water spray and after immersion in air-
craft fluids also generally met, with a few exceptions, the requirements
of the specification.

Two of the nine adhesives tested for fatigue strength failed to meet the
requirement of the Air Force Specification for fatigue strength at 72'
to 76' F. The other adhesives had good fatigue properties, and the
failures in many of the tests, particularly at low stresses and at .e65'
to -70' F. , were tension failures in the metal rather than in the
adhesive bond.

Five of the nine adhesives tested did not meet the requirements of the
Air Force Specification for strength in long-time loading at 178' to
182' F. All of the adhesives met the actual strength requirements of
the long-time-loading test at 72' to 76° F. , but five showed a greater
deform tion in the adhesive bond during 200 hours of loading at 72' to
76' ro than is permitted by the Air Force Specification.

All of the adhesives tested met the bend strength requirement of the
specification. Only one of the adhesives tested, however, produced
bonds with impact strength values at both 72' to 76' F. and -65° to
-70' F. that exceeded the minimum requirements of the specification.

Several recommendations for possible changes in the Air Force
Specification No. 14164 are made, based on the experience obtained
from the tests in this study.

Introduction

Adhesives have been formulated during the past 10 years that give good
bonding of metals to- metals, wood, and low-density core materials.
Because preliminary evaluation of bonds made with these adhesives
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showed that the adhesives are suitable for making high-strength struc-
tural bonds, these adhesives are now being used for many structural
and nonstructural applications in aircraft construction. In such con=
struction, adhesive bonding has advantages over fastening with rivets
in the speed of the operation, in more uniform distribution of stresses
from one structural member to another, and in the production of
smoother airfoil sections. These adhesives have also made possible
metal-faced sandwich constructions that have high stiffness for their
weight.

Air Force Specification No. 14164, "Adhesive, Metal to Metal, Struc-
tural," September 20, 1949, prescribes certain requirements for adhe-
sives for structurally bonding metal to metal in aircraft. The main
requirements of this specification include the shear strength in lap
joints of clad aluminum alloy at 72 ® to 76" F. , at -65 ® to -70' F. , at
178 ® to 182° F, , after exposure to salt=water spray, and after immer-
sion in aircraft fluids; the fatigue resistance of these bonded joints at
72" to 76" F. and at -65' to -70 ® F.; and their long-time-load strength
at 72® to 76 ® F. and at 178' to 182° F. ; and their bend strength at 72"
to 76° F. Impact strength properties at 72® to 76 ® F. and at -65' to
=70 ® F. between adhesive-bonded aluminum blocks are also required.
At the time this specification was issued the performance requirements
were based on a limited amount of data obtained on a few adhesives or
on earlier data obtained by test methods that differed slightly from those
finally adopted for the specification.

Thee purpose of this study was, first, to evaluate in the manner pre-
scribed by the Air Force Specification a number of the principal metal-
bonding adhesives that are currently being used in the aircraft industry
and, second, to determine from the results of the tests the advisability
of changing certain testing techniques or performance requirements of
the specification. The bonding conditions used with the adhesives were
within the range recommended by the adhesive manufacturer, and,
therefore, the test data will indicate whether these typical adhesives
meet the present requirements of Air Force Specification No, 14164.

Test Materials and Procedures

Adhesive Processes

The adhesive processes evaluated in this study were

Adhesive 25 -- a high-temperature-setting formulation of the neoprene-
phenolic type.
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Adhesive 25 (primer) and Adhesive 26 (secondary) (this process will
be subsequently referred to as adhesive 2526) -- adhesive 25 used
in combination with secondary adhesive 26, which is a high-tempera-
ture-setting formulation of the phenol-resin type used as a secondary
adhesive for primed metal surfaces. This secondary adhesive is
used when pressures must be lower than those that give good bonds
with the direct-bonding adhesive 25 alone.

Adhesive 33 -- a high-temperature-setting adhesive formulation of
the vinyl-phenolic type. This adhesive has been reported to have the
same composition as adhesive 35, except that it is prepared by another
adhesive manufacturer. Because of the reported similarity, only a
limited number of tests were made to compare the performance of
adhesive 33 with adhesive 35.

Adhesive 34 -- a Nigh-temperature-setting, two-component formula-
tion of a phenol resin solution and a vinyl polymer powder.

Adhesive 35 -- a high-temperature-setting formulation of the vinyl-
phenolic type.

Adhesive 36 — a high-temperature-setting adhesive formulation of
the neoprene-phenolic type.

Adhesive 37 m adhesive 36 used in combination with a second resin
component containing a nylon resin in order to obtain better flow
characteristics than those obtained with adhesive 36 alone.

Adhesive 38 -- an adhesive process similar to adhesive 37, except
that the two resin components were impregnated on a nylon-fabric tape.
Two bonding runs were made with adhesive tape manufactured by differ-
ent manufacturers.

Adhesive 41 — a formulation of epoxy-type resins that was cured, for
this study, at a temperature of 200 ® F.

Types and Preparation of Specimens

The lap-joint specimens prepared and tested in this study were of
two types, 1/2- and 3/8-inch overlap of 0. 064-inch 24S-T3 clad alumi- •
num alloy (AN-A-13), as specified in Air Force Specification No, 14164.
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The lap-joint specimens were prepared for the shear tests at the
three test temperatures, long-time-load tests, and fatigue tests by
bonding together two 4- by 13-inch pieces of O. 064-inch, clad alu-
minum alloy with a 1/2- or 3/8-inch overlap. Ten lap-joint speci-
mens, 1 inch wide and approximately 74/2 inches long, were then
cut from each of the bonded panels with a metal-cutting handsaw
operating at such a speed that there was no appreciable heating or
observed damaging of the specimens.

Lap-joint specimens for the saltwater spray and fluid-immersion
tests were prepared in 6-inch-wide test panels of the 1/2-inch lap-
joint from which five 1-inch-wide specimens could be cut. Two
specimens were cut from the outer edges of these panels Eis controls
before exposing, and the other three test specimens were cut from
each of the panels after exposure to salt-water spray or immersion
in the aircraft fluids.

The impact test specimens were prepared by bonding together 6-inch-
long strips of 3/8- by 1-inch and 3/4- by 1-3/4-inch bare 24S-T3
aluminum alloy bars. The two bars were bonded together in step-
wise fashion with the 1-inch face of the smaller bar bonded to the
1-3/ 4-inch face of the other bar and with the back edges of both bars
in the same plane. Five 1-inch-wide test specimens were then cut
with a metal cutting saw from each of these bonded assemblies.

All bonding surfaces of the aluminum alloy were cleaned by first
wiping the surfaces with a clean cloth saturated with benzene, and
then immersing the metal for 10 minutes at 140 © to 160° F. in a
solution of the following composition by weight 1 part of sodium
dichromate, 10 parts of concentrated sulfuric acid, and 30 parts of
water. After removal from the solution, the surfaces were thoroughly
rinsed in cold and in warm tap water and quickly dried.

The clean metal surfaces were bonded with the several adhesives
under the bonding conditions given in table 1. The bonding conditions
were within the range recommended by the adhesive manufacturers
for use with their adhesives at the time of this study. The adhesive
was always applied to the metal surfaces within 2 hours after the
surfaces were cleaned.

The lap-joint specimens for the bend and immersion tests were made
in a separate bonding run from that used in preparing the specimens
for the shear, long-time-load, and fatigue tests. The bonding condi-
tions, however, were essentially those given in table 1.
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Number and Distribution of Test Specimens 

For tests 1, 2, 3, 6, and 7 of the Air Force Specification 14164, nine
panels (90 specimens) of the 1/2-inch-overlap type were prepared with
each of the adhesive processes evaluated in this study. Specimens
for the tests were selected in the following manner (test specimens
were numbered 1 through 10 across each of the bonded panels)

Test 1, shear strength at 72° to 76° F. — Specimens 1, 5, and 10
from each panel (27 specimens).

Test 2, shear strength at 178° to 182° F. — Specimen 8 from each
panel (9 specimens).

Test 3, shear strength at -65* to -70° F. -- Specimen 7 from panels
1 through 6 (6 specimens).

Test 6, long-time strength at 72° to 76° F. — Specimens 3, 4, and 9
of odd-numbered panels and specimens 4 and 9 of even-numbered panels
(23 specimens).

Test 7, long-time strength at 178° to 182° F. — Specimens 2, 3, and 6
of even-numbered panels and specimens 2 and 6 of odd-numbered panels
(22 specimens).

(Specimen 7 of panels 7, 8, and 9 — extra specimens used for creep
tests when required. )

For tests 4 and 5 of the Air Force Specification No. 14164, six panels
(60 specimens) of the 3/8-inch-overlap type were also prepared with
each of the adhesive processes, and the specimens for' testing were
selected in the following manner

Test 4, fatigue strength at 72° to 76° F. — Specimens 2, 3, and 4 of
even-numbered panels and specimens 7, 8, and 9 of odd-numbered panels
(18 specimens).

Control static-shear test at 72° to 76° F. — Specimens 1 and 5 of even-
numbered panels and specimens 6 and 10 of odd-numbered panels (12
specimens).

Test 5, fatigue strength at -65° to -70° F. — Specimens 7, 8, and 9 of
even-numbered panels and specimens 2, 3, and 4 of odd-numbered panels
(18 specimens).

Control static-shear test at -65° to -70° F. — Specimens 6 and 10 of
even-numbered panels and specimens 1 and 5 of odd-numbered panels (12
specimens).
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For tests 8 and 11 through 16 of the Air Force Specification No. 14164,
13 6-inch-wide test panels of 1/2-inch lap-joints of O. 064-inch clad
24S-T3 aluminum alloy bonded with each adhesive were divided in 6
groups of 2 panels each for exposure to the salt-water spray and immer-
sion conditions and a single panel for the bend tests. Specimens 1-inch
wide were cut from the outer edges of each panel for controls, and the
center portion was exposed or tested.

For tests 9 and 10 of the Air Force Specification No. 14164 9 10 1-inch-
wide specimens for testing in impact, 5 at 72* F. (test 9) and 5 at - 65®
to =70 ® F. (test 10), were cut from the 2 6-inch-wide assemblies of
aluminum bars bonded together with each of the adhesives.

Methods  of Test

Unless otherwise noted, the adhesive processes were evaluated by the
methods specified in tests 1 through 16 of Air Force Specification No,
14164.

Tests 1, 2, and 3. La •-shear stren•th at 72© to 76° F. , at 178 ® to
182' F. , and at 65 © to -70' F. --The individual test specimens were
placed in Templin-type testing grips, with the jaws of the grips extend-
ing over the specimen, so that the ends of the jaws were 1 inch from the
overlap area. Loads were applied in tension on the grips with a uni-
versal-type hydraulic testing machine loaded at such a rate that the
stress was applied on the joint area at a rate of 600 pounds per square
inch per minute (300 pounds per one-half square inch per minute).

For the tests at l78 ® to 182' F. and at 65 © to -70° F. , suitable cham-
bers at the test temperature were placed around the specimen in the
test machine (figs. 1 and 2) to ensure that the adhesive bond was
stressed at the specified temperature.

The general practice in testing metal lap-joint specimens at elevated
temperatures at the Forest Products Laboratory has been to place the
specimen in the test grip within the chamber at the desired temperature,
closing the door of the chamber rapidly so that the heat loss would be
at a minimum, and then to start loading of the test specimen 2 to 4
minutes after the test chamber reaches the desired temperature. As
the test chambers used for this study were moderately efficient,
approximately 10 minutes were allowed between the placing of the
specimen in the test grip and the loading of the test specimen. This
method of testing was used for the first groups of specimens tested at
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178° to 182® F. Air Force Specification No, 14164, however, states
that the properties of the adhesive bonds shall be determined after
exposure for at least one-half hour to the controlled temperature
condition. Therefore, all later specimens were tested after exposure
for one-half hour instead of 10 minutes.

The use of the 30-minute exposure would normally be expected to give
approximately the same results as the 10-minute exposure at 178°
to 182®	, except for adhesives that were not completely cured in
the original cure cycle. There is no reason to believe, however, that
any of the adhesives in this study received significant additional cure
at 178° to 182° F. Aging of adhesive bonds at 178 ® to 182° F. might
decrease the shear strength at this temperature range, but there was
no indication that the additional 20 minutes at 178° to 182 ® F. before
testing affected the test results obtained on the adhesives evaluated in
the present work.

Tests 4 and 5. Fatigue strerVh 5— at 72° to 76 ® F. and at -65 ® to
-70° Fo --As controls, four specimens (two specimens at each temper-
ature condition) from each of the bonded panels having 3/8-inch lap
joints were tested statically in shear at 72° to 76 ® F. and at -65° to
-70° F. by the same test procedures as were used for tests 1 and 3.
The control specimens selected for testing at each temperature were
the two outside specimens from groups of five adjacent specimens from
one panel, with the three center specimens being tested in fatigue at
the same temperature.

For the fatigue tests, specimens with 3/8-inch lap joints were cut to
an over -all length of 5-7/8 inches and were placed in test grips of
the type shown in figure 3. The grips were designed . so that the plane
of loading (produced by lines through the center of the pins in the
grips) coincided with the plane of the glue line in the unloaded speci-
men. The distance from the end of the lap in the specimen to the
grips was 1 inch. The details of these grips are shown in figure 4.

The lap-joint specimens were loaded in tension through the grips by
a direct-stress fatigue machine of 4, 000-pound capacity (fig. 5. ).
This machine was equipped with electronic controls so that, if the
specimen failed or the maximum repeated load decreased more than
15 pounds, the machine stopped automatically until the loading was
corrected. Specimens were loaded at a rate of 900 cycles per minute.

-Fatigue strength tests at 72° to 76° F. were previously made on
adhesive 35 in a cooperative project with the Air Force, and,
therefore, only check tests of the fatigue data previously obtained
were made in this study.
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Individual test specimens were placed in the machine, and various
loads placed on them in tension before the loading cycles were started.
Loading in any cycle varied from the maximum selected to 10 percent
of that maximum. The 10 percent minimum was selected, rather
than the 1 percent required by Specification No. 14164, because it
was believed that the precision at the 1-percent level might actually
result in placing the specimen in slight compression at indeterminate
times. Actual maximum loads were selected to give a range in num-
ber of cycles to failure regularly spaced from at least 10 million
cycles to not more than 5, 000 cycles. Automatic counters recorded
the cycles of loading to failure. Tests at room temperature were made
in a controlled room where the relative humidity and temperature were
maintained at 50 percent and 75° F. , respectively.

For the fatigue tests made at -65' to -70° F. , it was necessary to
enclose the test specimens in a cooling chamber of the type shown in
figure 6. Dry ice was placed in trays in the center of the chamber,
and a circulating fan equipped with a thermostat control was used to
maintain the temperature on the surface of the specimen near the joint
at -65' to -70 ® F. The test machine was also provided with controls
that stopped the tests when the testing temperature became warmer
than -50° F.

Tests 6 and 7. Long-time-load strength at 72' to 76° F. and at 178'
to 182° F. --Data on the strength in long-time loading of the bonded
joints were obtained by applying dead loads to specimens with 1/2-inch
lap joints by the use of a cantilever loading apparatus (fig. 7). The
specimens were placed in a test fixture of the type shown in figure 8
and were held in place by 3/8-inch-diameter pins passed through the
test fixture and through 13/32-inch holes in the ends of the specimens.
The test fixture was attached to the frame of the test machine and,
through metal straps, to the loading lever. Weights were added to
the ends of the lever to apply the proper stress to the test specimens.
Each of the levers of the test machine was calibrated with a standard
steel bar attached to an electric strain gage, so that the actual applied
loads were known for the various weights applied at the end of the
various levers.

Loads selected to produce failures, with regular spacing over a range
varying from at least 200 hours to less than 1 hour, were applied to
each group of specimens. Before the test specimens were loaded, the
loading lever was raised with a hydraulic jack, and the specimen was
placed in the test fixture. The proper weights, as determined from
calibration data, were placed at the end of the lever. The hydraulic
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jack was then released at such a rate that the desired load was applied
in 2 to 3 minutes. The clocks shown in the background of figure 7 were
started, and the starting time was recorded. These clocks were in
circuit with a switch that stopped them when the specimen failed and
the lever arm dropped. Weighted threads with a rosin coating were
looped over the shaft of the minute hand of the clocks, so that displace=
ment of this thread would indicate the day and hour of failure.

For the standard-temperature tests, the temperature of the room in
which the loading was done was maintained at 72* to 76 © F. For the
high-temperature tests, a chamber heated by electric light bulbs (fig. 8)
was thermostatically controlled, so that the adhesive in the lap joint was
at a temperature of 178* to 182* F.

For those bonds that did not fail in 200 hours of loading at either tem=
perature, measurements were taken of the amount of deformation of
the adhesive bond at that time. Before they were loaded, a fine line had
been scribed on the specimens across the polished edge of the bonded
joint normal to the plane of the aluminum sheet. To determine the
deformation of the bond, the offset of this line was measured with a
measuring microscope (fig, 9), both when the specimen was under load
and one week after removal of the load from the specimen.

Test 8. Bend strength at 72' to 76' F. 3—Bend strength values were
obtained on the 1 2-inch lap-joint specimens by centering the specimens
flatwise for test as a simple beam, loaded at the center, over a 14/2-
inch span. The supports and loading blocks were rounded to a radius
of 1/4 inch at the point of contact. Load was applied at a rate of
approximately 200 pounds per minute. The maximum load was
recorded.

Tests 9 and 10. Impact strength at 72 ® to 76° F. and at -65' to
-70° F. —The impact specimens were tested in a pendulum-type im-
pact machine having a 30-foot-pound head. The specimen was held
firmly in place to the base of the machine as required by the Air Force
Specification 14164. The position of the specimen was adjusted so that
the flat striking surface of the head struck the 1-square-inch block at
a point 0.1 inch above the bond line, and so that the pendulum was at
its maximum velocity at time of impact. The energies absorbed from
the swinging pendulum in causing the specimens to fail were computed
from calibrations for the test machine.

Tests 11 through 16. Shear strength  after ex osure to saltwater
spray and fluid immersion. 3 —The 1 2-inch lap-joint specimens were
exposed as 3-3/4-inch-wide test panels to the following conditions:
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Test 11 — 30-day-expostire to salt-water spray (Federal Specifica-
tion QQ-M-151)0

Test 12 -- 3D day- immer sion in tap water.

Test 13 ®m 7-day-immersion in ethylene glycol (Military Specifica-
tion MIL-E-5559),

Test 14 — 7-day-immersion in anti-icing fluid (Military Specifica-
tion MIL-F-5566).

Test 15 -- 7-day-immersion in hydraulic oil (Military Specification
MIL-0-5606).

Test 16 — 7-day-immersion in hydrocarbon fluid (Military Specifica-
tion MIL-H-3136, type III).

These panels were then cut into individual test specimens, and the
shear strength of the specimens was determined at 72® to 76 ® F. as
in test 1. The shear strength of the control specimens cut from each
of the bond panels before exposure was (also determined in this same
manner.

All joint specimens prepared in this study were measured before
testing for adhesive-film thickness with a measuring microscope.
After the tests, all specimens were examined, and the percentages of
bond failure in adhesion to metal, cohesion, of the adhesive, and other
types of failures were estimated.

Results and Discussion

The average results of the shear tests made at -65° to -70 ® F. , at 72°
to 76 ® F. , and at 178° to 182° F. ; the fatigue tests made at -65° to
-70° F. and at 72* to 76° F. ; and the lOng-time loading tests made at
72 ® to 76 ® F. and at 178 ® to 182 ® F. are summarized in table 2. The
average results of the impact tests at 72' to 76° F. and at -65 ® to
-70 ® F. , the bend tests at 72° to 76° F.;, and the shear tests made at
72° to 76 ® F. after salt-water spray and immersion exposures are
summarized in table 2a.
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Shear Strength

The adhesives tested in this study met the shear strength requirements
of the Air Force Specification No. 14164 with the exception of adhesive
25-26 in the low-temperature (-65* to -70° F.) shear test and adhesive
38 in the elevated-temperature (178* to 182° F.) shear test.

Adhesive 25-26 can, for all practical purposes, also be considered to
meet the shear strength requirements at -65* to -70° F. (2, 500 pounds
per square inch), because the bond strength values for the 1/2-inch lap
joints bonded with this adhesive process averaged close (2, 414 pounds
per square inch) to the specification requirement. The 3/8-inch lap
joints bonded with adhesive 25-26 that were tested in shear at -65 ® to
-70° F. or at 72* to 76° F. as controls for the fatigue tests (table 2,
test conditions 4 and 5) showed a higher average bond strength at the
low temperature, even with some individual specimens having low bond
strength values, than at 72* to 76° F. There was poor correlation
between shear test results obtained on these 1/2- and 3/8-inch lap
joints bonded with adhesive 25-26 and tested at -65* to '70° F. , but,
as discussed later under fatigue tests, this adhesive process and also
adhesive 25 appear to have a strength-transition temperature near
-70° F. This strength transition near -70° F. for the adhesive 25-26
may account for the inconsistent results obtained when shear tests
are made on this adhesive at -65* to -70° F.

The elevated-temperature shear strength results obtained with adhe-
sive 38, run 2, averaged so close (1, 166 pounds per square inch) to
the specification requirement (1, 250 pounds per square inch) that this
adhesive, along with all of the other adhesives tested in this study,
can probably be considered to meet the shear strength requirements of
the Air Force Specification No. 14164.

Two conditions required for conducting the shear tests in this specifica-
tion deserve some further consideration and possible modification. The
loading rate of 600 to 70d pounds per square inch per minute (300 to
350 pounds per one-half square inch per minute) is considerably slower
than is the usual practice in much of the routine testing of such lap
joints in various plants and laboratories. It is known that faster rates
of loading will give somewhat higher failing loads in this test, and some
of the high shear values reported by other laboratories for some of
these same adhesives were obtained when faster rates of loading were
used than prescribed in the specification. It would seem that a rate of
600 to 700 pounds per minute on the 1/2-square-inch specimen would be
reasonable, but some further tests should be made to determine the
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relationship between results with the two rates of loading. The maxi-
mum period that the specimens should be exposed to the test tempera-
ture conditions, before loading as well as the minimum period (30
minutes), should be stated in this specification in order to eliminate
any wide variation in the method of making these tests. Exposure of
undercured specimens at 180 ® F. for several hours without load before
testing might significantly improve their subsequent joint performance.

Shear Strength after Salt-water Spray 
and Immersion Exposures

As shown in table 2a, exposure to salt-water spray and immersion in
water and organic fluids had little effect on the shear strength of the
bonded aluminum lap joints with the exceptions that adhesives 25 and
2526 in the 30-day-exposure to saltwater spray, adhesive 38 in the
30-day-immersion in tap water, and adhesive 36 in the 7-day-immersion
in hydrocarbon fluid fell below the shear strength requirement of 2,000
pounds per square inch of Air Force Specification No. 14164.

Fatigue Strength_

The individual test data obtained in the fatigue tests of the adhesives
are given in tables 3 through 20. These test data are presented in two
graphical forms in figures 10 through 25. In the one graphical form,
these data are presented, as required by Air Force Specification No
14164, to show the relationship between the maximum repeated stresses,
expressed in pounds per square inch, and the number of cycles to failure.
in the other graphical form, these data are presented to show the rela-
tionship between maximum repeated stresses, expressed as a percentage
of the static shear strength for the panel from which the individual test
specimens were selected, and the number of cycles to failure. In each
instance, the S-N curve was located by inspection and a smooth curve
was drawn through the plotted points. The second graphical form is
believed to have certain advantages over the first form in that minor
variations in the quality of bonds from one panel to the next panel are not
so likely to cause variability in the relationship between stress and the
number of cycles to failure. This second method of representation
also has an advantage in that the percentage values obtained can be
applied more directly to computing the probable fatigue strength of
other adhesive bonds made with these same adhesives when the control
strengths vary from those obtained in this study.
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The fatigue strength values for the various adhesives were determined,
as required in the Air Force Specification, by inspection for the
stress at which the S-N curves (stress in pounds per square inch)
intersect the 10-million-cycle ordinate. These fatigue strength values
are summarized in table 2. Of the nine metal-bonding adhesives tested
in this study for fatigue strength at 72 ® to 76 ® F. and at -65 ® to -70®
F. , only two adhesives (adhesives 33 and 35) failed to meet the require-
ment of the Air Force Specification No. 14164 that the adhesive-bonded
joints should have a fatigue strength for 10 million cycles of at least
650 pounds per square inch when tested at 72 ® to 76 ® F. and at -65®
to -70' F. The bonds made with adhesives 33 and 35 failed to meet
the requirements for fatigue strength at 72* to 76 ® F. , but at -65* to
-70 ® F. the fatigue strength exceeded the requirement of the specifica-
tion.

The results of these fatigue tests have shown that, in general, this
procedure is a satisfactory method of test for determining the fatigue
strength of the metal-bonding adhesives. With any one adhesive-test
temperature condition, the number of cycles to failure at any one stress
level generally fell within a small range, and, as a result, the curve
to show the relationship between stress and number of cycles to failure
(S-N curve) was easy to locate by inspection.

When three of the adhesives (adhesives 36, 37, and 38) were being
tested in fatigue at 72® to 76 ® F. , it was necessary to monitor frequently
the test machine during the tests at the high stresses to compensate for
the yield of the adhesive bonds. With the one adhesive (adhesive 37), a
number of specimens failed by a continuous yielding at the high-stress
levels before the fatigue machine -could be initially adjusted and the cyclic
loading started.

A different phenomenon was observed during the testing of two of the
other adhesives (adhesives 25 and 25-26). Some of the specimens being
tested in fatigue at -65 ® to -70 ® F. failed while being adjusted with 40
to 70 percent of static strength before the cyclic loading could be started.
These failures were in adhesion, and frequently the adhesive separated
from both faying surfaces of the lap joint. Other specimens from this
same group that did not fail during the initial adjustment gave test points
that appeared to be a reliable indication of the fatigue characteristics
for these adhesives. Because there were only a limited number of

-Adhesives 33 and 35 are reported to be the same adhesive formulation
prepared by different manufacturers.
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specimens that did not fail prematurely in the fatigue tests at -65' to
-70° F. , the fatigue curves for adhesives 25 and 25-26 at -65° to
-70 ® Fo must be considered as only approximations.

In static shear strength tests made for the Air Force at temperatures
from 75' to -130° F. on lap-joint aluminum specimens bonded with
adhesive 25, this adhesive displayed a strength-transition temperature
near -70° F. , and at -80' F. the strength was less than one-third of
the strength at -65° F. Similar static shear strength tests over the
range from 75' to ®130° F. have not been made on the other adhesives.
This change in strength near -70' F. for adhesive 25 may account for
some of the specimens bonded with adhesive 25 and 25-26 failing
immediately when given an initial load in the fatigue machine at -65'
to -70 ® F. Because of the immediate failure of some of the lap -joint
specimens bonded with adhesives 25 and 25-26 when given a low
stress in the fatigue machine at -65* to -70' F. , it is recommended
that caution be exercised when using these two adhesives and that such
temperature limitations of the other metal-bonding adhesives be
similarly investigated in lap joints.

When low stresses were applied to the 3/8-inch lap-joint specimens
of 0.064-inch, 24S-T3 clad aluminum alloy bonded with the adhesives
having good fatigue resistance, the failures were, in most instances,
tension failures in the metal. In actual design of bonded joints, it would
be normal practice to have the ratio of overlap to the thickness of metal
greater than used in this fatigue specimen. In practically all instances
when two sheets of metal are to be lap jointed together with these metal-
bonding adhesives, therefore, primary concern should be with the
fatigue characteristics of the metal rather than of the adhesive.

In making these fatigue tests, only one major change was made in the
test method from that outlined in the Air Force Specification No. 14164.
This specification states that the cyclic load applied to the specimen
shall be tensile and shall vary from the maximum selected to approxi-
mately 1 percent of the maximum. In the tests for this study, the cyclic
loads were varied from the maximum selected to 10 percent of that
maximum in order to avoid any zero or negative stresses being applied
to the specimens when there was a slight reduction in the applied load
during the repeated stressing. With pin-connected fittings, any zero
or negative loading would cause excessive chattering in the fittings and
make it difficult to maintain proper alinement of the specimen.

The Air Force Specification No. 14164 does not state the distance from
the ends of the test grips to the lap of the joint that should be used in
making fatigue tests on these aluminum lap joints. It is believed that
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this dimension should be standardized. It was found in some explora-
tory tests, with specimens bonded with a phenol-butyral-resin formu-
lation, that distances of 1/2, 1, and 2 inches from the ends of the
grips to the lap of the joint did not affect the strength results obtained
in static shear tests, but that in fatigue tests, at 72 ® to 76° F. , a
2-inch distance resulted in a lower number of cycles to failure at a
particular stress level than did distances of 1/2 or 1 inch. A distance
of 1 inch was therefore used for all fatigue tests made in this study,
and this distance is believed to be suitable for use in any revisions
of this test method.

Long-time-load Strength 

The individual test data for the long-time-loading tests are given in
tables 21 through 30 with the graphical representation of these data
presented in figures 26 through 33. The relationship between the
stress applied in pounds per square inch and the time to failure is
shown in these figures as the smooth curve through the points of mini-
mum stress. The values for strength in long-time-loading, deter-
mined as required by the Air Force Specification as the stress at
which the curves intersect the 200-hour ordinate, are summarized
in table 2.

The long-time-loading tests made on the adhesives included in this
study showed that, at 72 ® to 76' F. , one adhesive adhesive 38)
approached closely the strength requirement of 1, 600 pounds per
square inch (with an average value of 1, 590 pounds per square inch)
and that all of the other adhesives exceeded this requirement, in
several cases by wide margins. Measurements made, as required
in the specification, to determine the amount of deformation occurring
in the specimens that did not fail in 200 hours of loading at 72 ® to
76 ® F. showed that bonds made with adhesives 36, 37, and 38 displayed
considerable deformation, or creep (from 0.0144 to 0.0308 inch when
under load and 0.0105 to 0.0186 inch after unloading). Adhesives 25
and 25-26 also showed about the same amount of deformation while
still under load at 72 ® to 76 ® F. , but the permanent deformation (ob-
served after unloading) was approximately half of that under load and
thus much less than for adhesives 36, 37, and 38, Paragraph 4. 3. 3. 6
of the specification states that specimens which are not failed in 200
hours shall in that time deform no :-more than an amount equal to twice
the thickness of the adhesive film. This would seem to refer to
deformation under load rather than to deformation after recovery. On
this basis, adhesives 25, 25-26, 36 8 37, 38 (run 2) would fail to meet
this requirement.
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In the long-time -load strength tests at 178° to 182 ® F. , only four of
the nine adhesives evaluated in this study met the specification
requirement of 800 pounds for 200 hours or longer. One of the
adhesives (adhesive 34) that failed to meet this requirement had a
longtime strength (720 pounds) that was only slightly less than that
required by the specification, but adhesives 36, 37, 38, and 41 had
strength values that were only about one-half of that required by the
specification.

These long-time-loading tests appear to be a suitable means for eval-
uating this property of the metal-bonding adhesives. There is some
question of the validity of the present limitation on the amount of de-
formation under load during the 200-hour period at 72 © to 76° F. with
respect to the bond thickness. The present requirement specifies
that this deformation under load shall not be more than twice the bond
thickness. It is quite possible that two adhesives may both meet the
strength requirement of 1, 600 pounds per square inch after 200 hours
of loading at 72° to 76° F. One adhesive may barely meet the load
requirement and in doing so not undergo much deformation. The
other adhesive may withstand loading of 2, 400 pounds or more for
200 hours and, in supporting this heavier load, may suffer somewhat
more deformation than is currently permitted. If the test were run
so that only 1, 600 pounds was applied, however, this adhesive might
deform very slightly under load and meet the requirement. The
present deformation requirement, which neglects the actual magni-
tude of the load at 200 hours, thus penalizes the higher-strength adhe-
sives. Consideration might be given to specifying that deformation
be measured only on specimens loaded with 1, 600 pounds per square
inch for 200 hours at 72° to 76° F. Consideration might also be given
to evaluation of the deformation after the load is removed in addition
to, or in place of, the deformation under load.

For production or control testing of these adhesives, the method of
testing strength in long-time loading could probably be simplified by
merely applying the load required by the specification to a limited
number of specimens and then noting if the bonds would withstand
200 hours of loading without failure.

Beam Bend Strength in Lap-joint Specimen

The beam bend strength of all adhesives tested met the requirement of
Air' Force Specification No. 14164 of 150 pounds for this test. It was
found in exploratory tests that the exact centering of the loading block
over the center of the lap was important in order to obtain reproducible
results.
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Impact Strength

Of the nine adhesives tested only one (adhesive 34) met the room-
and low-temperature impact strength requirements of Air Force
Specification No, 14164, and it did this by a good margin. Adhe-
sives 35 and 36 met the requirement for impact at 72' to 76 ® F.
but not at =65 ® to -70 ® F. The low-temperature impact strength
values of adhesives 25 and 2526 were unusually low and considerably
lower than those of other adhesives tested.

Conclusions

The nine adhesives evaluated in this study, in general, met the shear
strength requirements at the three test temperatures, after exposure
to salt-water spray, and after immersion in water and aircraft fluids.
One or two exceptions were noted in certain tests. No change seems
necessary in the specified strength requirements for these tests, but
consideration should be given to increasing the rate of load for the
shear test and to more definitely stating the length of period to be used
for conditioning the specimens before the shear tests at -65* to -70®
F. and at 178 ® to 182 ® F.

Only two of the nine adhesives evaluated failed to meet the require-
ments for fatigue strength at 72 ® to 76 ® F. , and all of the adhesives
met the requirements for fatigue strength at 65 © to -70 ® F. It is
recommended that the present strength requirements for these tests
be retained. Test loads applied should be from the maximum selected
to 10 percent of that maximum, and the distance from the test grip
to the end of the lap should be specified as 1 inch. These conditions
were used in the present study.

Consideration should also be given to eliminating the expensive
fatigue test at -65 ® to -70' F. , as the fatigue strength at low tempera-
tures, determined by the present method, exceeded the fatigue strength
at 72® to 76° F. for adhesives evaluated, and in most instances the
specimens tested at -65 ® to -70 ® F. failed in the metal when the
applied stresses were low. Failure in the metal was also noted in some
fatigue tests at 72° to 76 ® F. , and it may be necessary to shorten the
overlap in order to obtain all failures in the adhesive bond.

Five of the nine adhesives tested did not meet the requirement for
strength in long-time loading at 178 ® to 182 ® F. All of the adhesives
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met the strength requirements for the long-time-load test at 72° to
76° Fo , but five of the adhesives showed a greater deformation in
the adhesive bond during 200 hours at 72' to 76° F. than is permitted
by Air Force Specification 14164.

The deformation permitted during the long-time-load tests should
be modified so as not to penalize adhesives having high strength in
long-time loading. It is also possible that the requirements for
qualifying adhesives by the long-time-load tests could be simplified
by running only a limited number of tests at a single specified load,
such as 800 pounds per square inch, for a standard time period, such
as 200 hours, and noting failure or absence of failure after this period.

All of the adhesives tested met the bending strength requirements of
the specification.

Only one of the nine adhesives tested met the requirement for impact
strength at both 72° to 76° F. and at -65" to -70° F. The values ob-
tained in this test seem to depend greatly on the method of holding the
test specimens; and it is doubtful if the present method is reproducible
to the extent required for this specification.
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Test condition

1. Standard-temperature
(72° to 76° F.I
shear strength5.

2. Elevated-temperature
(178° to 182° T.)
shear strength

3,300
3,390
3,510

3,80
3,7605
3,750

2,140 :
2,290 :
2,595

2,050
2,260
2,700

1,590
1,665
1,850

1,590
1,680
1,975

2,990
3,190
3,450

	400 : 	 430

	

575 :	 60

	

790 :	 910

720
	

1,560
725
	

1,640
760
	

1,805

390
	

350
	

310
435
	

550
	

550
530
	

780
	

1,010

Table 2.--Summary of test results obtained in evaluation of struotural metal-bonding adhesives in lap-joints of
0.064-inoh 248-5'3 clad aluminum alloy

Air	 .

	

: Force :	 Teat results- for

	

1Spec.No.:----	 ---	 ----	 -- --	 ---
: 14164 :Adhesive :Adhesives:Adhesive :Adhesive :Adhesive :Adhesive :Adhesive :Adheetve :Adhesive :Adhesive

	

: shear •	 25	 :	 25	 :	 33	 :	 34	 :	 35	 :	 36	 :	 37	 :	 38	 :	 38	 :	 41

	

:strength:	 :	 and	 :	 : (Run 1) : (Run 2)

	

:require-:	 :	 26	 :	 •	 •	 .	 .	 :
: ment	 :	 •	 •	 •
	  ---	 :----	 : 	 -4 	  -- -- : ---- :---
P.s.1..  : P.s.1.  : P.s.i. 	 : P.s.i. : P.s.i. : P.s.i.  : P.8.1. - 	2.9.1.  : P.e.i. : P.s.i. : P 8.1.

2,500 : 3,236 : 3,382 : 4,561 : 4,230 : 3,898 : 3,442 : 3,555 : 2,496 : 2,679 : 3,578
:65-6.4-27:96-5.0-27:86-2.9-27:76-3.4-27:80-3.0-27:86-3.6-27:92-5.8-27:85,7.3-27:79-10.3-27:97-5.3-27

1,250 i 11,959 : 12,009 : 14,025 :51,304 : 13,406 ; 51600 :.1,516 i 5934 ; 11,166 ; 11,668
:94-5.1-9 :97-5.7-9 :73-2.9-9 :99-3.7-9 :94-2.9-9 :81-4.4-9 :69-5.3-9 :30-7.6-9 :81-8.4-9 :45-6.3-8

2,500 : 14,442 ; 1.2,414 : 63,292 :13,466 ; 12,758 : 14,946 ; 65,090 : 1.2,486 : 13,302 : 12,509
:18-4.7-6 :8-6.1-6 :11-2.9-6 :100-3.7-6:72-3.0-6 :23-4.0-6 :57-5.6-6 :69-8.2-6 :98-8.1-6 :98-6.8-6

650 s 21,325 : 22,240 : 470	 :	 770	 1500 :	 685 •	 735 :	 840 :	 830	 1,100

	

.	 .	 .

	

.	 .	 .	 .	 .	 .

	

.	 .	 .	 .	 .

	

.
•	 :	 .

: 3,405 : 2,956 :• 5,187 : 4263 : 4,132 :• 3,806 : 3,511 : 2,716 : 2,681 : 4,316
:66-7. 6-12 :93-4.5-12 :92-3.3-12:85-4 .5-12 : 81-5.3-12:79-5.9-10:96-5.9-12:76-6.5-10:72-9.1-12:99-6.0-12

•650 : 21,150 : 11,075 : 	 675	 : 22,240 :	 850 i 21,095 i 22,180 : ---	 : 21,350 i 1,100

	

.	 .	 .	 .	 .	 .	 .	 .

	

.	 .	 .	 .	 .	 .	 ..	 .	 .	 .	 .	 .	 .
I

.	 .	 .	 .	 .	 .	 .	 .	 .

: 4,835 : 3,957 1 3,909 1 4,261 : 2,799 2 5,477 : 5,363 : 3,179 : 3,723 : 2,950
:23-(2)-12:17-(2)42:15-3.5-12:96-4.4-12:42-5.3-11:33-5.8-10:90-6.0-12:76-7.7-10:100-9.0-]2:97-5.3-12

200 hr.	 1,975 : 2,180 : 3,6801,600 :

-These results were obtained on lap-joint specimens fabricated under the bonding conditions described in table 1. The first values
given are the shear strength results. Listed underneath the shear strength results are: First,the estimated percentage of
cohesion failure in the adhesive; second, the adhesive film thickness in mils; and third, the number of speOlmens averaged in
the result. The rate of loading for tests 1, 2, and 3 and the control tests for testa 4 and 5 was 600 pounds per square inch
per minute.

Nest results obtained with_ a 1/2-inch overlap specimen.

/lest results obtained with -a 3/8-inch overlap specimen.

-Values are taken from smooth curves drawn through the minimum-strength values.

12onded joints tested approximately 10 minutes after being placed in test chamber at deetred temperature.
13onded joints tested approximately 30 minutes after being plaoed in test chamber at desired temperature.

IN:Aurae at or near thte etrees were tenelon failures of the metal.

-Values obtained from a limited number of tests made to confirm test data obtained for this adhesive in a previous study for the
Wright Air Development Center,

9-Thickness of film wee not observed.

Report No. 1836

ZM 90321 F

3. Low-temperature
(-65° t9 -70° F.)
shear strength

4. Standard-temperature
(72° to 76° F.) ,
fatigue strength2,2
(10 million cycles)

Control strengthl
(72° to 76° F.)

5. Low-temperature
(-65° to -70° F.I ,
fatigue strength2,2
(10 million cycles)

Control strength/
(-65° to -70° F.)

6. Standard-temperature
(72° to 76° F.) 	 •.	 .•
long-time strengthZ,A	 •.	 •

10 hr.	 2,035 : 2,350 1 3,705
1 hr.	 2,210 : 2,495 : 3,750

• 1
7. Elevated-temperature

	

	 ..
(178° to 182° F.), .
long-time strength? , •

200 hr.	 :	 800 : 1,000 : 1,185 t 1,620
10 hr.	 :	 --- : 1,050 : 1,310 1 1,720
1 hr.	 :	 - : 1,450 : 1,495 : 1,805 :
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Table 3.--Summary21:121LnialEesults of fati e tests at room
temum,uuag12Rzjoint splcimens bonded  with adhesive 2 1

•■•••••.....1•1■■-■

Specimen:	 °Control	 Maximum re- ,° Cycles to :Cohesion:Adhesion:Adhesive-
No. :strength-S .: peated stressZ: failure :failure :failure : film

amt.C.CMCWOmwMmeft2Omsammftmallwomm■...S.■cm“.......m.:,“www ■ im.m :

PoSoio	 s PoSoio :Percent: :Percent :Percent g

:thickness

Inch
s 	 of
:control:

25-10-2 2 3,520 : 2 9 460 s 70 19,500 :	 95	 :	 5	 g 000066
3	 a 3,520 g 1,410 g 40 21,587,900 2 Specimen did not:

fail
00056

4 : 3,520 2 1,935 55 258,900	 Tension failure g 00056
a a in metal
a 2

25-11-7 : 3,210 t 2,250 70 39,000 s	 95	 5 .0086

8	 0 3,210 : 1 9 280 e 40 6,521,700 : Tension failure : .0089
:	 in metal	 °

9	 2 3,210 2 1,765 55 : 508,100 2_0000000dO00000000: .0082
• •

25-12-2 g 3,260 : 1,960 e 60 2 232,300	 2.......do........: .0087
3 3,260 g	 980: 30 : 22,169,800 : Specimen did not: .0083

: .	 : . :	 fail	 :
4 g 3,260 : 2,120: 65 : 39,300 :	 95	 :	 5	 g .0089

g .	 g g :	 :	 g
25-13-7 g 3,710 g 2,230 60 g 35,200 :	 95	 :	 5	 : .0070

8 2 3,710 2 1,110 g 30 s 27 9 234900 : Specimen did not: 00071
:	 fail	 :

9	 a 3,710 ; 2,410 g 65 14,800.	 100	 :	 0	 : .0073

25-14-2 ; 3,420 : 1,710 g 50
t

470,000 : Tension failure :
:	 in metal

.0081

3	 : 3,420 :	 1,540 g 45 a 1„/1419500	 Ci0000000d000000000: .0079
4 : 3,420 : 2,565: 75 2,900	 100	 0	 : .0081

25-15-7 3,310 2 1,655 50 473,100	 Tension failure
in metal

.0077

8 : 3,310 1,480 : 45 1,813,400 2000000A0000000002 .0076
9	 t 3,310 t 2,480 : 75 3,600 :	 100	 g	 0 .0076

bests were made in an axial-loading fatigue machine at a rate of 900 cycles
per minute. Tension loading produced shear stresses in single-lap speci-
mens. The 1-inch-wide specimens were made from 0.064-inch, 24S-T3 clad
aluminum alloy with a 3/8-inchlap.

-Control-strength values are the average shear strength at 72' to 76° F. for
two test specimens cut from the same panel as the fatigue test specimens.
The control specimens were the ,2 outside specimens and the fatigue
specimens the :3 center specimens in a group of 5 specimens.

Minimun repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.
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Table 4.--Summaag_indl results of fat pie tests at -65Lto 
- 0* F. of la - oint s ecimens bonded with adhesive 2.1

Specimens

g
s

:

No.	 sstrengtht s
Control,:	 Maximum re-	 °,	 Cycles to sCohesion:AdhesionsAdhesive-

peated stresszcs	 failure	 :failure :failure s	 film
sthickness

P.s.i.	 : P.s.i.sPercents	 ,Percent :Percent g	 Inch
,,	 ;3	 of	 s

:controls
:	 s	 :	 t

25-10-7 g 40950 s 3,465 : 70 : 2	 0 s 0	 g	 100 : 0.0073
8 s 4,950 : 1,980 : 40 :	 157 000:	 0	 g	 100	 a	 .0071
9 : 4,950 : 1,240 : 25 :	 5,886,600 : Tension failure : 	 .0074

.	 : .	 s in metal °.

°. :	 : : 	1 2 :

25-11-2 : 4,920 : 3,445: 70 g	 0 g 0	 g	 100 s	 00092
3: 40920 : 1 0 970 : 40 s a	 0: 0	 g	 100 g	 .0080
4 : 4,920 s 1,230 : 25 s	 2,941,200 : Tension failure g	 00084

. :	 in metal

25-12-7 s 4,630 : 2,780 : 60 s	 400600 s 35	 8	 65 :	 .0082
8 s 4,630 : 1,390 : 30 s	 10100 s 0	 g	 100 g	 00083
9	 g 4,630 s 1,390 s 30 :	 30197,800 s Tension failure g	 .0085

a	 in metal
0. :	 : .	 ., g s

25-13-2 : 5,410 : 3,245 : 60 s ft	 0 s 0	 s	 100 :	 00072
3	 : 5,410 : 1,625 : 30 :	 1,051,800 a Tension failures	 .0065

: g	 g s	 g in metal g
4 : 5 9 410 : 2,705 s 50 :	 16,500 g 30	 g	 70 2	 .0067

: a	 s s	 . a a
25-14-7 : 5,620 s 2 0 810 s 50 s 	 9,700 : 40	 g	 60 g	 .0079

8 g 5,620 s 2,250 : 40 ...t	 0 g 0	 a	 100 s	 .0074
9	 s 5,620 s 2,250 : 40 .	 0	 g 0	 g	 100 g	 .00 74

0. 2	 2 .	
I)•	 • e. *•

25-15-2 2 4,470 8 2,235 : 50 :3 - 1	 0	 g 0	 g	 100 g	 .0074
3	 s 4,470 g 1,115 : 25 a 20,031,600 g Specimen did not:	 .0079

s	 s 0	 s fail s
4 2 4,470 g 2,680: 60 : A	 0 s 0	 :	 100 8	 .0077

1Tests were made in an axial-loading fatigue machine at a rate of 900 cycles
per minute. Tension loading produced shear stresses in single-lap speci-
mens. The 1-inch-wide specimens were made from 0.064-inch 24S-T3 clad
aluminum alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at -65' to -70° F.
for two test specimens cut from the same panel as the fatigue test speci-
mens. The control specimens were the ,2 outside specimens and the
fatigue specimens the , 3 center specimens in a group of 5 specimens.

Illiniusam repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.

Specimen failed while load was being adjusted.
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Table 50 --Summlmatindividual results of fatigue tests at room _em era-
txr2of1,-joint specimens bonded with adhesivea226._  

■■•■•■•11M-m-   
Specimen: Control,: Maximum re- ,t

Noo :strength: peated stress
Cycles to :Cohesion:Adhesion:Adhesive-
failure :failure :failure : film

:thickness 

Posoid g P.s.i.:Perbent: :Percent :Percent : Inch 

26-10-2 :
3 :

2,815
2,815

:	 of	 ;
:controls

00039
00042

: 1,970 :
: 1,125	 g

70
40

739900	 100	 :	 0	 g
g 25,390,500 : Specimen did not:

:	 fail
4 S 2,815 g	 1,210: 43 g	 20,447,400	 go000000d0000000002 00043

26-11-7 a 2,980 : 2,980 g 70 19700 g	 100	 :	 0	 : 00050
8 : 2,980 : 1,190 : 40 : 239783,500 : Specimen did not: .0048

0 :	 fail
9 : 2,980 : 2,085	 : 70 :	 201,600 :	 100	 :	 0	 g 00047

0	 00
26122

3	 :
2,980
2,980

: 1,790 :
895:

60
30

267-9600	 100	 :	 0	 :
: 23,9656,900	 Specimen did not:

fail

00047
.0046

4 : 2,980 : 1,280 :
•

43 :	 2,650,300 : Tension failure :
:	 in metal

.0046

2
2613-7 2,905 : 1,740 : 60 s	 205,500 :	 100	 :	 0 .0060

8 : 2,905 :	 870: 30 : 20,305,300 2 Specimen did not
fail

00050

9	 : 2,905 •	 1,305 : 45 29040,100 : Tension failure :
in metal

.0052

26-14-2 : 3,155 1,580. 50 666,300	 _ 0000000d0 00 0000002 .0045
3	 : 3,155 :	 1,357 : 43 936,300	 200000ood000000000g 00044
4 : 3,155 : 1,295: 41 : 25,543,200 : Specimen did not: 00043

:	 fail

26-15-7 : 29965 g 1,480. 50 7189200 g Tension failure : .0040
:	 in metal

8 : 2,965 :	 1,335	 g 45 1,963,800 :.......do........: 00041
9 : 2,965 2,075: 70 14,400 :	 100	 :	 0	 : 00041

1Tests were made in an axial-loading fatigue machine at the rate of 900 cy-
cles per minute. Tension loading produced shear stresses in single-lap
specimens. The 1-inch-wide specimens were made from 00064-inch 24S-T3
clad aluminum alloy with a 3/8-inch lap0

aControl-strength values are the average shear strength at 72* to 76' F.
for 2 test specimens cut from the same panel as the fatigue-test speci-
mens. The control specimens were the 2 outside specimens and the fatigue
specimens the_3-benter specimens in a group of 5 specimens.

Minimum repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle0
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Table 6.--aummary of individual results of fatigue tests at -6 ® to
.77C' F.	 oipt, 2mcirmns bonded with adhesive 25-261

Specimen: Control,:	 Maximum re- , g	 Cycles to :Cohesion:Adhesion:Adhesive-
No.	 :strength5 : peatedstress, :	 failure	 :failure :failure a

•	 p	 :	 .	 :thickness

--------2---------2 ---------- ..---- 2 ------ ---..--2--------2--------2
g PoSoie,	 : PoSoio :Percent:	 :Percent :Percent :

film

------- --
Inch

:	 :	 of	 a 	 •

.	
.

:	 :control:	 :	 :	 .
..	 .:	 .	 .	 .

26-10-7 ;	 5,070 : 3 0 550 : 70 0 :	 15	 :	 85	 : 0.0050
8 : 85,070 : 2,030 s 40 °	 0 g	 10	 :	 90	 : .0041
9 8 h5,070 : 1,265 : 25 :	 4,749,700 : Tension failure : .0046

:	 in metal
:	 : .

26 11-2 s	 49 780 g 39345: 70 0 g	 10	 g	 90	 : .0044
3 :	 4,780 s 1,915: 40 0 g	 10	 :	 90	 : .0045

O .	 :	 .•

26-12-7 :	 4,950 : 2,970 : 60 :	 7,000:	 10	 :	 90	 : .0051
8 :	 4,950 : 1,485 : 30 :	 4,650,400 : Tension failure :

s	 in metal	 :
.0048

9 :	 4,950 s 1 9 980 40 2,300 :	 10	 :	 90	 2
g	 .	 :	 2

00053

26-13-2 : 34,890 : 2,935 8 60 0 :	 10	 :	 90	 : .0057
3 : 34,890 : 2,445 : 50 9 9 900 :	 20	 :	 80	 : .0056
4 g 24,890 : 1,955: 40 0 :	 15	 a	 85	 : .0059

,
2&.14.q : 44,910

:
: 2,455 : 50

3
s	 28,200 :	 20	 :	 80	 : .0058

8 s A4,910 :	 980: 20 2 20,230,800 : Specimen did not: .0055
,

9 : a4,910 : 2,945 2 60
:	 fail

0 g	 10	 2	 90	 : .0058
O .	 .

26-15-2 :	 4,820 : 2 9 410 g 50 g	 0 g	 15	 :	 85	 : .0055
3 :	 4,820 :	 965 : 20 : 20,120,600 : Specimen did not: 00056

2	 :	 fail
4 :	 4,820 1,445 : 30 :	 49 602 9 100 : Tension failure : .0052

g in metal

1Tests were made in an axial-loading fatigue machine at the rate of 900 cy-
cles per minute. Tension loading produced shear stresses in single-lap
specimens. The 1-inch-wide specimens were made from 0.064-inch 24S-T3
clad aluminum alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at -65' to -70° F.
for 2 test specimens cut from the same panel as the fatigue test speci-
mens. The control specimens were the 2 outside specimens and the fatigue
specimens the 3 center specimens in a group of 5 specimens.

Minimum repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.

hControl strength based on only one test.

5The average of satisfactory controls in other panels was used as the con-
trol strength, because the controls for this panel were low and erratic.
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Table 7.--15gmmuyaindiyidgal_ragaltsoLlatiguetests at roon 
temperature of lap-Joint specimens bonded with adhesive 121

Specimen: Controlo : Maximum re- 1 : Cycles to :Cohesion:Adhesion:Adhesive-
No.	 :strength=: peated stress: failure :failure :failure 	 film

:thickness

°

P.s.i. P.s.i.:Percent: :Percent :Percent : Inch
:	 of
:control:

33-10-2
3

:
:

5, 000
5,000

:
:

3,500:
2 0 000 :

70
40

: 300 :
5,000 :

60
20	

40	 :
80	 :

0. 0029 
.0025

4 : 5,000 : 750: 15 410,000 g 15	 85	 2 .0027
. : . . .

33-11-7 : 5 9 355 : 3,750. 70 100 : 25	 75	 '.. .0032
$ : 5,355 : 2,140 : 40 2,000 : 20	 80	 .. .0034
9 : 5,355 : 805: 15 260,400 : 5	 95	 : .0030

: : : . . 
33-12-2 : 5,135 : 3,0$0. 60 : 200 : 5	 95	 : .0031

3 : 5,135 t 1,540: 30 : 13,600 : 20	 80	 .. ,0030
4 : 5,135 : 515: 10 2 2,563,600 g 20	 80	 .. .0030

. .. ..
33-13-7 : 5,200 : 3,120 : 60 : 200 2 35	 65	 : .	 3

8 : 5,200 : 1,560 : 30 10,000 : 20	 80	 : 0032
9

33-14-2

:

:

5,200

5,120

:

:

520:

2,560:

10

50

: 2,636,900 :

900 2

30	 70	 g

20	 80	 :

000033

0030

.	 4

3
4

:
:

5,120
5,120,5

: 1,025:
410 :

20
8 :

68,900 :	 5	 95	 :
20,609,700 : Specimen did not:

.0037

.	 fail	 :
:

:33:

33-15-7 : 5 310 : 2,655 50 : 800 : 30	 :	 70	 g :
8 : 5,310 : 1,060: 20 g 699900 : 10	 :	 90	 : .0037
9 : 5,310 : 425 : 8 .? 20,609,700 g Specimen did not: .0030

: . : : : fail	 :

1Tests were made in an axial-loading fatigue machine at the rate of 900 cy-
cles per minute. Tension loading produced shear stresses in single-lap
specimens. The 1-inch-wide specimens were made from 0.064-inch 24S-T3
clad aluminum alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at 720 to 7b® F.
for 2 test specimens cut from the same panel as the fatigue-test speci-
mens. The control specimens were the 2 outside specimens and the fatigue
specimens the 3 center specimens in a group of 5 specimens.

Minimum repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.
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PoSoio : P.s.i.:Percent:
: of	 :
:control:

33-10-7 g 4 000 : 2,800: 70	 :	 3,500 :
8: 49000 : 1,600	 40	 125,200 :
9: 4,000 :	 720 : 18	 : 7,082,300 :

39,900 : 10	 : 90 : 00032
20,168,200 : Specimen did not: .0029

fail

	

73 9400 :	 10	 :	 90 : 00035

	

: 49052,600 :	 15	 :	 85	 : .0030

Table 8.--Summary of individual results of fati gue tests at _650 to 
72(2:_gsg102=J2littEMPASEMATlit4261LEihIEtK2121

Specimen: Control:
No.	 setrength=g

•

Maximun re-
peated stress:

Cycles to :Cohesion:Adhesion:Adhesive-
failure :failure :failure : film

:thickness

:Percent :Percent : Inch

30	

0

20
15

5
5

10

15
10
10	 •

90

70 a 0.0033
80	 : .0036
85	 : .0032

95	 : 0033
95	 : .0033
90 : .0031

85 g .0029
90 : .0031
90 : .0022

	

33-11-2 2 3,815 a 2,670: 70
	

1 2

	

3 : 3,815 : 1,525 : 40
	

101 0700 •
4 : 3, 815 :	 955: 25
	

2 1,167,300 :
O 2

	33-12-7 : 4,190 : 2,515 : 60
	

8,400 :
	8 : 4,190 : 1,255 : 30
	

:	 493,000 :

	

9 g 4,190 : 1,050 : 25
	 : 1,903,800 :

	

33-13-2 : 4,055 : 2,435 : 60
	

1,000 : 10

	

3 : 4,055 : 1,215 : 30	 :	 404,400 :	 5	 95
4 : 4,455 :	 730: 18 : 4,432,000 : 20	 : 80

33-14-7 : 3,800 : 1,900 : 50
8 : 3,800 :	 760: 20

33-15-2 : 3,570 : 1,785 : 50
3 : 3,570 :	 715: 20

Tests were made in an axial loading fatigue machine at the rate of 900 cy-
cles per minute. Tension loading produced shear stresses in single-lap
specimens. The 1-inch-wide specimens were made from 0.064-inch 24S-T3
clad aluminum alloy with a 3/8-inch lap. 	 -

-Control-strength values are the average shear strength at 72 ® to 76® F.
for 2 test specimens cut from the same panel as the fatigue test speci-
mens. The control specimens were the 2 outside specimens and the fatigue
specimens the 3 center specimens in a group of 5 specimens.

2Minimmn repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.

Specimen failed during first application of load.

00036
.0032
.0032
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Table 9.--§gmatcLaljal=laiLLesultsgfatlgue tests at room
temperature of lap-joint specimens bonded with adhesive 34 .1-

Specimen: Control,:
Mo.	 :strength:

Maximum re- ,:
peated stress.:

Cycles to :Cohesion:Adhesion:Adhesive-
failure :failure :failure : film

P.s.i0

•

P.s.i.:Percent:

•	 :thickness

:Percent :Percent :	 Inch
s	 of
:control:
O

34-10-2 : 4,280 : 3,000 : 70 • 2,800 g	 85	 :	 15 0.0044
3 : 4,280 : 1,710 g 40 : 72,700 :	 95	 :	 5	 : 00050
4 : 4,280 : 840 : 19.5 : 4,787 9200	 95	 :	 5	 g .0051

34-11-7 : 4,210 : 2 ,950: 70 3,600	 80	 20	 2 .0045
8 : 4,210 1,685: 40 68,600 :	 95	 :	 5	 g .0046
9 :

•
4,210 : 675: 16 : 35,702,000 : Specimen did not:

fail
00048

O	 O•

34-12-2 : 4,660 : 2,800 : 60 5,400 :	 95	 5 00038
3 : 4,660 : 1,400 : 30 : 273,000 s	 95	 5 00038
4 : 4,660 : 840: 18 : 6,149,600 :	 95	 5 .0043

34-13-7 : 3,980 : 2,390 : 60 3,500 g	 95	 5 00052
8 : 3,980 : 1,195 30 : 276,800 :	 95	 g	 5 00048
9 : 3,980 : 715: 18 11,857,100 :	 100	 :	 0 .0049

•

34-144 : 4,710 : 2,355 : 50 20,800 :	 100	 •	 0	 °. .0026
3 : 4,710 • 1,180 • 25 : .576,200 :	 100	 8	 0	 : .0033
4 : 4,710 : 755: 16 : 6,791,000 : Tension failure : 00036

in metal •

34-15-7 : 3,740 : 1,870: 50
•

:

:	 .

450300 :	 100	 :	 0	 : 00055
8 : 3 0 740 935 : 25 969 0600 :	 100	 :	 0	 : 00079
9 : 3,740 600: 16 : 400206,600 : Specimen did not: .0068

:	 fail

-Tests were made in an axial loading fatigue machine at a rate of 900 cycles
per minute. Tension loading produced shear stresses in single-lap speci-
mens. The 1-inch-wide specimens were made from 00064-inch, 24S-T3 clad
aluminum alloy with a 3/8-inch lap.

-.Control-strength values are the average shear strength at 72 ® to 76® F. for
2 test specimens cut from the same panel as the fatigue test specimens.
The control specimens were the 2 outside specimens and the fatigue speci-
mens the 3 center specimens in a group of 5 specimens.

-.Minimum repeated stress for each cy cle of loading was 10 percent of the
maximum for that cycle.
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thickness
8
:Percent :Percent : Inch

8

Table 10.--Summary of individual results of fati gue tests at -6 * to
-70* 7. of lap-,ant s ecimens bonded

Specimen: Control,: Maximum re- ,° Cycles to
No.	 :strength--: peated stress,4 failure

P.s.i.	 P.s.i.gPercent:
: of	 :
:control:

3,640 : 2,550 : 70
3,640 : 1,455 : 40
3,640 : 1,640 : 45

4,055 2 2,835: 70
4,055 : 1,620 : 40

4 : 4,055 : 1,825 : 45
•

34-12-7 : 4,695 : 2,815 : 60
8 : 4,695 : 1,410 : 30

•
•

9 : 4,695 : 1,880 • 40
•

34-13-2 : 4,410 : 2,650 : 60
3 g 4,410 : 1,325: 30

4 • 4,410 : 1,765: 40

34-14-7 : 4,365 : 2,180 : 50
8 : 4,365 : 1,530 : 35

9 : 4,365 : 1,090 : 25

34-15-2 g 4,390 : 2,195: 50
3	 4,390 : 1,535 : 35

34-10-7 :
8:
9:

34-11-2 :
3:

1,63t0,35
:	 970,200

1,900
: 2,659,000

:	 319,800

9,700
: 4,927,100

: 1,010,200

12,300
: 11,940,400

901,500

:Cohesion:Adhesion:Adhesive-
:failure :failure : film

:	 60	 :	 40	 :
: Tension failure :
a in metal
s	 95	 :	 5	 :
• •	 •

:	 95	 :	 5	 :
:Combination fail-:

ure in metal
: and joint
: 100	 :	 0

:	 90	 :	 10
: Tension failure
: in metal

95	 :	 5	 •

:	 50	 :	 50	 :
:	 80	 :	 20	 :
:	 75	 :	 25	 :

0.0050
.0051
.0044

.0043

.0043

.0042

.0045

.0048

.0047

.0035

.0038

.0043

.0037

.0033

.0033

.0047

.0044

.0052

99,900: 100	 :	 0	 :
: 1,296,200 s Tension failure :
g	 :	 in metal
: 20,749,000 :Specimen did not :
• :	 fail

	

49,800 :	 60	 :	 40	 :
: 2,664,100 g Tension failure :

:	 :	 .	 :	 g	 in metal	 .
4 : 4,390 : 1,095 : 25	 : 20,230,000 : Specimen did not:

• :	 :	 •	 2	 fail

lqests were made in an axial-loading fatigue machine at a rate of 900 cycles
per minute. Tension loading produced shear stresses in single-lap speci-
mens. The 1-inch-wide specimens were made from 0.064-inch 245-T3 clad
aluminum alloy with a 3/8-inch lap.

--Control-strength values are the average shear strength at -65 ® to -70 ® F.
for 2 test specimens cut from the same panel as the fatigue-test speci-
mens. The control specimens were the 2 outside specimens and the fatigue
specimens the 3 center specimens in a group of 5 specimens.

IMinimmn repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.
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Table 11.--Summary 	indi	 of fat e teas
bonded with adhes've

Specimen s

Y
:
:
:

s strength:
Control,:

P.s.i. g
:
:
g

Maximum re- ,s
peated stress,:

P.s.i. :Percents

O'cles to sCohesionsAdhesion:Adhesive-
failure	 :failure :failure :	 film

:thickness
...	 ..	 .....

:Percent :Percent :	 Inch
:	 of	 :
:control:
. :

AF-35-1-2: 4, 850 : 3,510: 72.4 g 1i300 :	 100	 s	 0	 (1)
3: 4,850 : 2,505 s 5106 : 4,700:	 100	 :	 0	 S000000000

5: 4,850 g 1,000 : 20.6 : 270,500 :	 75	 :	 25	 2m00000000
0

AF-35-2-1: 4,945 : 3,510 : 71.0 : 1,600 :	 90	 :	 10	 2100000000

3g 4,945 2 2,005 : 40.6 : 31,300 :	 40	 :	 60	 2000000000

4: 4,945 0 1,000 : 2002 : 3229400	 :	 35	 :	 65	 20 00000000

0

AF-35-3-21 4,915 : 3,510 s 71.4 : 800 :	 100	 s	 0	 2•	 0 00000000

4: 4,915 t 2,005 : 40.8 s -0000000009,800 :	 100	 :	 0	 2
5: 4,915 : 500 : 10.2 : 21,000,000 : Specimen did not:

: : :	 fail
: . 0 g	 0	 .

AF-35-4-1: 5,220 a 3,005: 57.6 : 7,600 g	 90	 :	 10	 :.........
3: 5,220 g 2,005 : 38.4 : 47,400 :	 10	 :	 90	 a.........
52 5,220 g 500 : 9.6	 : 32,636,000 : Specimen did not:

8 : : : g	 fail	 .
: : :	 :	 -

AF-35-5-1: 5,140 ; 3,005 : 58.4 : 4,000 :	 100	 :	 0	 g.........
2: 5,140 g 1,505 : 29.3 t 31,000 :	 80	 ♦ 	 20	 a........
4: 5,140 : 500 : 9.8 : 20,260,000 : Specimen did notg.........

s
•
g	 :

:
0

:
:

fail
:

AF-35-6-2: 5,260 : 3,005: 57.1 g 6,900 g 60 : 40 00000000

3:
5:

5,260
5,260

: 1,505	 :
g 1,000 :

28.6 2

19.0 :
102,300 :
282,100 g

60
45

:
:

40
55

:0 00000000

0 00 000000

AF-35-7-1: 5,240 •	 2,505: 47.8 2 14,100 g 50 : 50 x000000000

3: 5,240 : 1,505	 : 28.7 g 99,000 : 20 : 80 ::000000000

4: 5,240 :	 750 : 14.3: 2,372 9 400 2 30 : 70 :000000000

: : : 2

AF-35-8-2: 4,485 g 2,450: 54.7 I 4,400 g 100 : 0 :000 0000 00

4: 4,485 : 1,000 : 2203 : 120 9 500 : 100 : 0 :0000000.0

5: 4,485 g	 750 : 16.7 : 776,800: 100 : 0 000 000000

.	 : .. • :
35-10-2	 : 4,110 g 2,880 : 70	 g 1,300 : 100 g 0 : 0.0060

3	 : 4,110 :	 615 : 15	 : 3,633,700 : 45 8 55 .0054
:
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Table 11.--Summary of individual results of fatigRettts at room tem.-
•erature of la Dint specimens bonded with adhesive '-
Continued

Specimen : Control,: Maximum re- 0
No. 2. :strength2: peated stress:

Cycles to :Cohesion:Adhesion:Adhesive-
failure :failure :failure : film

:thickness

P.s.i.	 P.s.i.sPercents
o	 • of	 :

:control:

:Percent :Percent : Inch
•

•

	

35-11-7 : 4,380 : 2,630 : 60	 :
	 5,900 :	 95
	

5	 : 0.0053
8 : 4,380 :	 525: 12	 : 19,043,900	 30
	

70	 : .0055

	35-12-2 : 3,570 : 1,785 : 50	 :

	35-13-7 : 4,060 : 1,625 : 40 	:

	35-14-2 : 4,430 : 1,330 : 30 	:

35-15-7 : 4,180 :	 835: 20	 :

3,700 0 100

11,900 2 100

115,500 ;?. 95

247,600 0 100

0	 : (,0067

0 t .0060
•

a•

5	 .0049. 

0
	

; .0047

'Tests were made in an axial-loading fatigue machine at a rate of 900 cycles
per minute. Tension loading produced shear stresses in single-lap speci-
mens. The 1-inch-wide specimens were made from 0.064-inch, 24S-T3 clad
aluminum alloy with a 3/8-inch lap.

Specimens AF-35-1-2 through AF-35-8-5 were prepared and tested under Air
Force Purchase Order No. (33-038)50-1078E. Specimens 35-10-2 through
35 -15-7 were tested in the present study to compare the results with
those previously obtained in the Air Force project.

2Control-strength values are the average shear strength at 72 ® to 76 0 F. for
2 test specimens cut from the same panel as the fatigue-test specimens.
The control specimens were the 2 outside specimens and the fatigue speci-
mens the 3 center specimens in a group of 5 specimens.

Minimum  repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.

-The adhesive-film thicknesses were not measured and recorded for all of the
fatigue specimens prepared with adhesive 35 in the Air Forces study but
those specimens that were measured had adhesive-film thicknesses of
0.0020 to 0.0025 inch.

(Sheet 2 of 2)
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fail
1,875,800 g	 30	 :

:	 82,200 s 100	 :
7 8332,000 :	 95

	

753,600: 100	 g

2729400	 30 g
3 9337,800	 20	 g
1,5749 800 g	 20 :

2

	70 	 g .0051
2

	

0	 : .0059

	

5	 .0057

	

0	 : .0059

	

70	 2 .0046

	

80	 : .0049
80 : 0050

:	 2169600 : 100	 g	 0	 g .0046
g, 20,0009 000 : Specimen did not: .0049

:	 fail

	

: 1 9 299,600: 100	 g	 0	 s	 0049

Table 12.--agoguldullzIllulllof fati gue tes -s at -6 ' to
bondecLILith adhesiv57.

Maximum re- ,:
peated stress2:

Cycles to :Cohesion:Adhesion:Adhesive-
failure :failure :failure : film

:thickness   

Specimen: Control,:
No.	 :strength:

P.s.i. P.s.i.gPercent:
: of :
:control:

35-10-7 s 3 9290 : 2,305 g 70
8 : 3,290 : 1,315	 40	 :

	

9 s 3,290 : 19150. 35	 :

:Percent :Percent	 Inch

2	 0

2 0

	

8,900 : 95 g	 5	 0. 0053

	

4009 200 :	 95	 g	 5	 g	 0056

	

651,500 :	 70	 :	 30	 : .0055
o

	

35-11-2: 2 9420 : 1,695 : 70	 :	 529700 g	 40	 :	 60	 s	 0057
3 g 2,420 :	 970 : 40	 : 2,357,600 g	 25	 :	 75	 : .0057
4 g 2,420 :	 725 : 30	 : 20,118,100 g Specimen did not: .0055

: fail

	

35-12-7 : 2,290 : 1,375 : 60 	 :	 208,200 : 40	 60	 .0057

	

8 a 2,290 : 690: 30	 g 20,550,000 : Specimen did not: .0056

9	 2,290 : 1,030 : 45

35-13-2 : 3,020 : 1,810 : 60
3 : 3,020 :	 905: 30
4 : 3,020 : 1,360 : 45

35-14-7 ; 2,770 : 1,385 : 50
8 g 2,770 :	 970: 35
9 : 2,770 : 1,110 : 40

35-15-2 : 3 0130 : 1,565 : 50
3 : 3,130 :	 785 : 25

4 g 3,130 : 1,095 : 35
1-Tests were made in an axial-loading fatigue machine at a rate of 900 cy-

cles per minute. Tension loading produced shear stresses in single lap
specimens. The 1-inch-wide specimens were made from 00064-inch 24S -T3
clad aluminum alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at -65' to -70' F.
for 2 test specimens cut from the same panel as the fatigue-test speci-
mens. The control specimens were the 2 outside specimens and the fatigue
specimens the 3 center specimens in a group of 5 specimens.

Minimum repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.
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Table 130--Summary of individual results of fatlE2Ilatzat_mom
temperature of lap -zmint onciritbadhesive61.

Specimen: Control,: Maximum re- , Cycles to :Cohesion:Adheeion:Adhesive-
NO0 :strength: peated stress2: failure :failure :failure film

••	 :thickness

	

: P0s.i® : P0s0i0 :Percents	 :Percent :Percent : Inch
:	 a. :	 of	 :	 g	 3	 :

:	 :controls	 :	 :	 :
• :	 0	 0O 0 	 0	

0

	36-10-2 : 4,100 g 2,800: 68 s	 10300 : 75	 : 25	 g 0.0060

	

3 : 4,100 : 2,050 : 50	 :	 200300 : 85	 : 15	 : .0056

	

4 : 4,100 : 820 : 20 : 1 9884,100 : 75	 : 25	 : 00051
: g	 :	 1	 :	 :	 :

	

3611.-7 : 3,460 : 2,420 : 70 :	 6,200 : 80 : 20 : 00046

	

8 : 3 9460 : 1,385 : 40	 :	 1600400 :	 75	 :	 25	 : .0052

	

9 : 3,460 : 690 : 20 : 8,823,200 : 85	 : 15	 : 00040
.	 •	 :	 •	 :	 :. :

	

36124 : 3,740 : 2,245 : 60	 5,900 : 80 : 20 : .0053

	

3 : 3,740 1 1,495 : 40	 :	 197 0300 :	 90	 : 10	 : .0076
4 : 3,740 : 560 : 15 : 29,462,600 g Specimen did not: 00071

:	 :	 :	 g	 fail	 :
• • :	 :	 .	 -. 0

	36-14-2 s 3 0880 : 2,330 : 60	 :	 6,300 :	 85	 g	 15	 g .0069

	

3 : 3,880 : 1,165 : 30	 :	 1349 100 :	 75	 :	 25	 : .0056
4 : 3,880 :	 700 : 18 : 10,7080900 : 40 : 60 s 00055

	36-15-7 : 3,830 : 1,915 : 50	 :	 22,204 :	 85	 :	 15

•

 : .0067

	

8 : 3,830 : 1,150 : 30	 :	 338,000 g	 75	 :	 25	 : .0052
9 : 3,830 :	 690 : 18	 : 10,003,600 :	 80	 g	 20 s .0060

-Tests were made in an axial-loading fatigue machine at a rate of 900 cycles
per minute. Tension loading produced shear stresses in'single-lap speci-
nens.Thel-inch-wide specimens were made from 00064-inch„ 24S-T3 clad
aluminum alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at 72 ® to 76' F. for

2 test specimens cut from the same panel as the fatigue-test specimens.
The control specimens were the 2 outside specimens and the fatigue speci-
mens the 3 center specimens in a group of 5 specimens.

2Minimum repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.
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Table 140 -^Sar _of inc^iy dua^es1Y^a,aig testes at 665

F. oflatadesive6L

Specimen: Control,: Maximum re- ,: Cycles to :Cohesion:Adhesion
No.	 :strengtrt-: peated stressZ: failure :failure :failure

0	 0 	  0
	P.s.i.	 P.s.i.:Percent:

:control:

	

36-10-7 : 5,470 : 3,830 : 70 : 	 7,100
8 s 5,470 : 2,735 : 50	 :	 11,200
9 : 50470 : 1,370 : 25	 : 2,633,600

	

36-11-2 : 5,330	 3,730: 70 :	 8,100
3 : 5,330 : 2,130 : 40	 :	 156,500
4 : 5 0 330 : 1,330 : 25	 : 2,594,400

	

36-12-7 : 5,230 : 3,140 : 60 :	 21,100
8 : 5,230 : 2,090 : 40 :	 146,400
9 : 5,230 : 2,615 : 50	 :	 13,500

	

36-14-7 : 5,720 : 3 0430: 60 :	 20,400
8 : 5,720 : 1,715 : 30 :	 707,100
9 : 5,720 : 1,145 : 20	 : 6,286,800

:Adhesive-
: film
:thickness

: Inch
o

: 0.0073
: 00064
: .0067

O•

0060
: .0068
: .0058

: .0059
: .0069
2 .0074

00048
.0055

: .0057

:Percent :Percent
2

2

2	 85	 2	 15
:	 85	 :	 15
: Tension failure
2 in metal

:	 85	 g	 15
:	 85	 :	 15
:	 65	 :	 35

:	 75	 g	 25
:	 90	 g	 10
:	 90	 s	 10

:	 70	 :	 30
:	 95	 :	 5
: Tension failure

36-15-2 : 5,630 : 2,815: 50
3 : 5,630 : 1,690 : 30

4 : 5,630 : 1,125 : 20

in metal	 ..
:	 0	 0	 :

:	 41,700 :	 80	 :	 20	 : 00050
:	 959,600 : Tension failure : .0053
:	 : in metal	 :
: 16,910,300 : 60 : 40	 g .0046

1Tests were made in an axial-loading fatigue machine at a rate of 900 cy-
cles per minute. Tension loading produced shear stresses in single lap
specimens. The 1-inch-vide specimens were made from 0.064-inch 24S-T3
clad aluminum alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at -65° to 70° F.
for 2 test specimens cut from the same panel as the fatigue-test speci-
mens. The control specimens were the 2 outside specimens and the fatigue
specimens the 3 center specimens in a group of 5 specimens.

-Minimum repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.
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Table 15.--Summary of individual results of fatigue tests at room
temperature of lap-Joint specimens bonded with adhesive 37.

1
-

Specimen: Controln : Maximum re- :
No. . :strength: peated stress2:

..	 :

	

P.s.i.	 P.s.i.:Percent:

	

: of	 :
:control:

	

37-10-2 t 3,760	 2,630 : 70	 :

	

3 : 3,760 : 1,880 : 50	 :
4 : 3,760 :	 77o : 20.5 :

37-11-7 : 3,530 : 2,470: 70
8 : 3,530 : 1,765: 50
9 : 3,530 :	 705: 20

	

37-12-2 : 3,500	 2,100 : 6o
3 : 3,500 : 1,050 : 30
4 : 3 0 500	 875: 25

37-13-7 : 3,460 : 2,075 : 6o
8 : 3,460 : 1,040 : 3o
9 : 3,460 :	 865: 25

Cycles to :Cohesion:Adhesion:Adhesive-
failure :failure :failure : film

:thickness

:Percent :Percent : Inch

90
	

10
	

: 0.0057
90
	

10	 .0059
90
	

10
	 : .0062

85
	

15	 .0061
85
	

15	 .0061
70	 :
	

30	 .0057

.0068

.0065

.0065

.0053

.0054

.0050

5
230400

6,244,700

5:
55,200 :

: 22,353,400 :

	

100 :	 75	 :	 25
:	 993,600 :	 80	 :	 20

	1,859,500 :	 90	 :
	

10

5	 80 :	 20

	

: 1,048,900 :	 85	 8	 15

	

: 2,365,300 :	 90	 :	 10

	

37-14-2 : 3,590 : 1,435 : 40
	

205,300 :	 65	 :	 35	 : .0058
3 : 3,590 :	 900: 25
	 : 21,677,200 Specimen did not: .0065

fail
.0061

.0056

.0056

.0058

4 : 3,590 :	 720: 20

37-15-7 : 3,235 : 1,295 : 40
8 : 3,235 :	 810: 25

•

9 : 3,235 :	 810. 25

22,139,300

:	 481,100	 85	 :	 15	 2
: 24,516,400 : Specimen did not:

fail
15,325,000 :	 70	 :	 30	 :

1-Tests were made in an axial-loading fatigue machine at a rate of 900 cycles
per minute. Tension loading produced shear stresses in single-lap speci-
mens. The 1-inch-wide specimens were made from 0.064-inch 24S-T3 clad
aluminum alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at 72* to 76 ® F. for
2 test specimens cut from the same panel as the fatigue-test specimens.
The control specimens were the 2 outside specimens and the fatigue speci-
mens the 3 center specimens in a group of 5 specimens.

Minimum repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.

.The number of cycles to failure was estimated because the specimen failed
during adjustment of fatigue machine, apparently due to accumulative creep
in adhesive.
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9 : 5,470 : 1,365 : 25

37-13-2 : 5,190 : 3,115 : 60
3 : 5,190 : 1,560 : 30

4 : 5,190 : 1,140 : 22

37-14-7 : 5,320 : 2,660 : 50
g 5,320 • 1,860 : 35

9 g 5,320 : 1,330 : 25

37-15-2	 5,420 : 2 8 710	 50
3 : 5,420 : 1,895: 35
4 2 5,420 : 1,190: 22

Table 16.--Summary of individual results of fati gue tests at -65° 

Specimen: Control,: Maxim= re- , g Cycles to :Cohesion:Adhesion:Adhesive-
No.	 :strength: peated stressa: failure :failure :failure : film

:thickness
O 

.s.i.	 P.s.i.:Percent:

	

: of	 :
:control:

	

37-10-7 g 5,470 : 3,830 : 70	 s
	8 : 5,470 : 2,190 : 40	 :

	

9 : 5,470 : 1,530 : 28	 :

37-11-2 : 5,310 2 3,720: 70
3 : 5,310 : 2,120 : 40
4 g 5,310 : 1,485 : 28

37-12-7 : 5,470 : 3,280 : 60
8 g 5,470 : 1,640: 30

:Percent :Percent	 Inch

	

17,200 8	 85	 s	 15	 : 0.0052

	

153,900 s	 60	 :	 40	 : .0056

	

773,500 :	 20 :	 80	 : 0074

	36,600 :	 80	 20	 :

	

368,000 g	 70	 30	 :
1,498,100 Tension failure :

in metal

3	 21,300 g	 90	 t	 10	 g .0066
: 2,012,000 : Tension failure : .0058

.0062
0059
0074

• in metal
: 40 420 9000 g00000.0do........: 00074

	

58,800 •	 75	 :	 25	 : 00057
: 8,137,400 : Tension failure	 .0059

: in metal
: 21,2409 300 : Specimen did not: .0052

fail

67,200	 75	 25	 • 00057
2	 361,900 :	 65	 :	 35	 : .0055

4 8 747,800 8 Tension failure : .0051
: in metal

• 129 8 500 :	 65	 g	 35	 g 00059

	

1,420,000 g	 90	 10	 : .0063
6,113 2,000 Tension failure g .0052

: in metal

-Tests were made in an axial-loading fatigue machine at a rate of 900 cy-
cles per minute. Tension loading produced shear stresses in single-lap
specimens. The 1-inch-wide specimens were made from 0.064-inch 24S-T3
clad aluminum alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at -65° to -70° F.
for 2 test specimens cut from the same panel as the fatigue test speci-
mens. The control specimens were the 2 outside specimens and the
fatigue specimens the 3 center specimens in a group of 5 specimens.

.Minimum repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.
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Table 17.--Sull-ofinima.ualresultsoffe tests at room tem-
perature of lap-joint specimens bonded with adhesi

Specimen: Control,:
No.	 :strength:

1- 	

Msicimum re- 1 :	 Cycles to :Cohesion:Adhesion :Adhesive-
peated stress:	 failure	 :failure :failure :

:	 ..	 :	 .	 :thickness
•:

film

: P.s.i. : P.s.i.:Percent: 	 :Percent :Percent	 Inch
•	 •	 of	 :
:	 :control:	 :.	 g
: 	:	 ..

RUN 1

38-10-2 : 2,680 : 1,875 :	 70 	 300 :	 25	 75	 : 0.0080
3	 : 2,680 : 1,070.	 40	 14,700 :	 10	 90	 : .0075
4 : 2,680 :	 535:	 20	 : 31,164,200 : Specimen did not: .0082

:	 fail
o

38-12-2 : 2,570 : 1,540 2	 60 	 100 :	 80	 g	 20	 g .0078
3	 • 2,570 : 1,030 :	 40	 381,200 :	 70	 :	 30	 2 .0095
4 : 2,570 :	 900:	 35	 676,300 :	 50	 :	 50	 2 00100

38-13-7 : 2,950 : 1,770:	 60	 5 :	 60	 :	 40	 g 00063
8 : 2,950 :	 885:	 30	 t 12 0 068,500 t	 40	 60	 : 00078
9	 : 2,950 :	 760:	 28	 : 21,4780 400 : Specimen did not:

•	 fail
.0074

38-14-2 : 2,720 : 1,360 :	 50	 4,700 :	 20	 :	 80	 : .0055
3	 : 2,720 :	 815:	 30	 19,653,800 2	 90	 0	 10	 : 00082
4 : 2,720 :	 825:	 28	 :	 9,028,700 •	 60	 :	 40	 : 00075

38-15-7 2,660 t 1,330:	 50	 1,400 :	 35	 •	 65	 : .0076
8 : 2,660 :	 530:	 20	 21,232,600 : Specimen did not: 00068

:	 fail
9 : 2,660 :	 930:	 35	 4,456,300	 85	 :	 15	 • 00081

RUN 2

38-2-10-2: 2,755 : 1,930:	 70	 64,000 :	 80	 :	 20 .0098
3: 2,755 : 1,100:	 40	 2,234,200 g	 60	 •	 40 .0101
4: 2,755 :	 965 :	 35	 :	 4,762,400 :	 75	 25	 : 00101

38-2-11-7: 2,545 : 1,780:	 70	 18,000 :	 70	 a	 30	 : .0098
8: 2,545 : 1,020 :	 40	 2,151,500 :	 85	 :	 15	 : 00096
9 : 2,545 :	 890 :	 35	 8,378,600 : Specimen did not: 00100

:	 fail

(Sheet 1 of 2)
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Table 17.--SummumIL11.111I101EtuaLoiLlgigae tests at oom tem-
erature 1:lap-J 	 2_-.point specimens bonded  with adhesive 3 
(Continued

Specimen : Control,:
No.	 :strength:

Maximum re-	 Cycles to :Cohesion:Adhesion:Adhesive-
peated stress: failure :failure :failure : film

:thickness

P.s.i.	 P.s.i.:Iercent:
: of	 :
:control:

3

:Percent :Percent 2 Inch

38-2-12-2: 2,565
3: 2,565

4: 2,565

38-2-13-7: 2,535
8: 2,535

9: 2,535

38-2-14-2: 2,890

3: 2,890

38-2-15-7: 2,790
8: 2,790

: 1,540 : 60

:	 770: 30

: 1,155: 45

: 1,520 : 60
:	 760: 30

: 1,140: 45

: 1,445 : 50

: 1,010: 35

: 1,395. 50
:	 975: 35

:	 193,800 :	 60	 :	 40	 g .0097
: 17,079,800 :. Specimen did not: .0091

: fail
168 0 600 :	 60	 :	 40	 00090

:	 3399000 :	 85	 15	 : .0105
: 14,824,500 : Specimen did not: .0104

	

:	 fail
724,200 : Tension failure : 00106

: in metal

4380 800 s Tension failure	 00105
in metal

	

1,679,800 :	 80	 : 20	 : 00101

:	 183,500	 60	 40	 .0094
:	 447,900 :	 60	 : 40	 g 0087

-Tests were made in an axial-loading fatigue machine at the rate of 900 cy-
.cles per minute. Tension loading produced shear stresses in the single-
lap specimens. The 1-inch-wide specimens were made from 0.064-inch
24S-T3 clad aluminum alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at 72* to 76° F. fen'
2 test specimens cut from the same panel as the fatigue test specimens.
The control specimens were the 2 outside specimens and the fatigue speci-
mens the 3 center specimens in a group of 5 specimens.

2Minimum repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.

(Sheet 2 of 2)
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Table 180--Summary of individual results of fati gue tests at -65 ® to 
-70 ® F. of lap-loint specimens bonded with adhesive 38 (run 2)01

Specimen : Control,-
No.	 :strength5.;

Maximum re- ,:
peated stressia:

•

Cycles to :Cohesion:Adhesion:Adhesive-
failure :failure :failure : film

:thickness

PoSolo P.s.i.:Percent:
: of :
:control:

:Percent :Percent : Inch 

2	 2

38-2-10-7: 3,820 : 2,675: 70 12,300.	 100	 :	 0	 : 000097
8: 3,820 : 1,530 : 40 : 5,033,000 : Tension failure : 0097

:	 in metal
9: 3,820 : 1,335 : 35 : 11,615,400 .0092

38-2-11-2: 3,640 : 2,550: 70 13,500 g	 100	 g	 0	 s 00099
3: 3,640 : 1,455 : 40 : 21,879,100 : Specimen did not:

s	 fail
0100

•

38-2-12-7: 3,660 2,195 : 60 : 125,800 :	 100	 2	 0	 2 00091

8: 3,660 g 1,100 : 30 : 20,372,300 : Specimen did not: .0089
:	 fail

9: 3,660 : 2,930. 80 • 4,600	 100	 :	 0	 : .0088

38-2-13-2: 3,890 : 2,335 : 60 158,400 t Tension failure g .0108
:	 in metal

3: 3,890 : 1,165: 30 : 20,097,700 : Specimen did not: .0103
:	 fail	 2

4: 3,890 3,110 : 80 0
0 5,000 g	 100	 :	 0	 : .0105

38-2-14-7: 3,640 : 1,820 : 50 • 505,700 g Tension failure 2 0097
:	 in metal

• 2	 2	 2

38-2-15-2: 30670 : 1,835 : 50 : 832,200	 :.......do. 0000000: 00087

3: 3,670 : 1,470 : 40 s 3,419,200 .0087

1Tests were made in an axial-loading fatigue machine at the rate of 900 cy-
cles per minute. Tension loading produced shear stresses in the single-
lap specimens. The 1-inch-wide specimens were made from 0.064-inch
24S-T3 clad aluminum alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at -65 ® to -70 ® F.
for 2 test specimens cut from the same panel as the fatigue test speci-
mens. The control specimens were the 2 outside specimens and the fatigue
specimens the 3 center specimens in a group of 5 specimens.

2Minimiwn repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.
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Table 19.--Summary of individual results of fatigue tests at room
temperature of lap-joint specimens bonded with adhesive 41:

Specimen
No.

: Control,:	 Maximum re- 1 :	 Cycles to :Cohesion:Adhesion :Adhesive-
:strength: peated stresa4 :	 failure	 :failure :failure : 	 film
: .	 :	 - g	 :thickness
	 	 t	 :	 2

: P.s.i.	 • P.s.i.:Percent:	 :Percent :Percent : 	 Inch
:	 :	 of
:	 :control

41-10-2 3,950 : 2,765 : 70 :	 -300 :	 90	 :	 10	 : 00090
3 : 3,950 : 1,580 : 40 •	 •	 53;200 :	 95	 •	 5	 • oclow
4 : 3,950 :	 1,185 : 30 : 22,000,500 : Specimen did not: .0090

s :	 -. -.	 fail
g .

41-11-7
8

4,540
4,540

: 3,180:
•	 1;815 :

70
40

a	 '200 g	 95	 s	 5	 :
:	 17;800 :	 95	 :	 5	 •

.0057

.0058
9

41-12-2 t

44,540,

4,340

g 1,590 :

•	 2,005 :

35

60

:	 120,300 :	 95	 :	 5	 :
•
•

:	 2;600 :	 100	 :	 0	 •

.0066

.0064
3 : 4,340 g 1,300 : 30 : 20,906,700 g Specimen did not: .0057

f .	 : :	 :	 fail	 •

4 4,340 •	 1,520 : 35 •	 276,500 :	 90	 :	 10	 : .0060
t :	 : •	 0

0	 a 0

41-13-7
8

g
:

4,980
4,980

2 2,990 :

: 1,495 :
60
30

:	 -100 :	 -95	 g	 5	 •
:	 146;000 :	 100	 :	 0	 :

.0045

.0058
9 4,980 : 1,495 : 30 :	 73,000 :	 95	 :	 5	 : .0063

:	 -. :	 :	 g

41-14-2 4,260 : 2,130 : 50 :	 '	 5;800:	 100	 :	 0	 : .0075
3 4' 4,260 • 	 850 : 20 : 18,413,900 : Specimen did not: .0057

.	 g •	 '	 -	 :--fail	 :
4 4,260 •	 1,065 : 25 :	 20,862,200 :0000000do0.0©: .0059

: . •	 :	 •
41-15-7 g 3,830 •	 1,915 : 50 :	 16;100 :	 100	 :	 0	 g .0086

8 g 3,830 •	 1,150 : 30 :	 -560;000 :	 100	 :	 0	 • .0096
9 : 3,830 :	 960 : 25 : 20,817,700 : Specimen did not: .0093

s : •	 fail

Tests were made in an axial-loading fatigue machine at a rate of 900 cycles
per minute) Tension loading produced sheaf stresses in single-lap specimens.
The 1-inch-wide specimens were made from 0.064-inch 24s T3 clad aluminum
alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at 72' to 76 @ F. for
2 test specimens cut from the same panel as the fatigue test specimens.
The control specimens were the 2 outside specimens and the fatigue specimens
the 3 center specimens in a group of 5 specimens.

,Minimum repeated stress for each cycle of loading was 10 percent of the
maximum for that cycle.
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O

:	 50	 :	 50	 : 0.0064
: Specimen did not: .0056
: fail

754,600 :	 60	 : 40	 : .0048

41-10-7
8

: 3,000 : 2,100: 70 	 12,800
: 3,000 : 1,200 : 40	 : 19,728,300
:	 .	 :	 .

9	 : 3,000 : 1,500: 50	 754,

:	 90	 :	 10	 2
: Tension failure :

in metal
:	 80	 : 20

Tensiorrfailure
: in metal
:	 25	 :	 75	 :
:	 85	 :	 15	 :

.0043

.0039

.0043

.0064

.006o

.0o96

2;600
8,569,000

22,300
17;142;400
4,981,400

40,600
7,900

:	 70	 :	 30	 .0037
: Tension failure s .0044
: in metal

40 : 60	 .0081
90 : 10	 .0083

: Tension failure s .0072
: in metal

:	 70	 30 : .0063
:	 80	 g	 20	 : .0062

Table 20a -S

	

	 of individual results offatiLteatEII,:65* to 
7.72:ii21112z1aLaLE222J211222 bonded with adhesive 41,,

Specimen : Control : Maximum re- : Cycles to :Cohesion:Adhesion:Adhesive-
No.2:strength-: peated stress: failure :failure :failure : film

:	 .	 .	 t	 :thickness
:	 :

P.s.i.	 P.s.i.  :Percent:	 :Percent :Percent : Inch
• of	 :
:control:

t
41-11-2 : 3,130 : 2,190 : 70

3
	

: 3,130 : 1,250 : 40

41-12-7 : 2,860 : 1,715 : 6o
8
	

2,860 : 860 : 30
9
	

2,860 : 1,145 : 40

41-13-2 : 2,940 : 1,765 : 60
4 : 2,940 : 2,060 : 70

	

41-14-7 : 2,950 : 1,475: 50	 285,70o

	

8 : 2,950 : 1,325 : 45 	 3,440,800

9	 : 2,950 : 2,360 : 80
	

2,900

	

41-15-2 : 2,820 : 1,410 : 50
	

2,769,600

3	 : 2,820 : 1,270: 45
	 : 2,1100500

4	 : 2,820 : 2,255 : 80
	

1,500
1-Tests were made in an axial-loading fatigue machine at a rate of 900 cycles

per minute. Tension loading produced shear stresses in single-lap speci-
mens. The 1-inch-wide specimens were made from 0.064-inch 24S-T3 clad
aluminum alloy with a 3/8-inch lap.

-Control-strength values are the average shear strength at -65* to -70° F.
for 2 test specimens cut from the same panel as the fatigue-test specimens.
The control specimens were the 2 outside specimens and the fatigue speci-
mens the 3 center specimens in a group of 5 specimens.

1Minimum repeated stress for each cycle of loading was 10 percent of the maxi-
mum for that cycle.
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Table 21.--Test data obtained in long-time-loading teats of 142-inch lap-„loint specimens of 0,064-inch
24S-T3 clad aluminum alloy bonded with adhesive 2 5. 

Specimen :
No.

Duration	 : Constant :Percentage of: Type of failure :
of stress	 : stress : control , :----------------:

•• : strengthl :Adhesion:Cohesion:
•	 :to metal:

Hours	 • P.s.i. :	 :Percent :Percent :

Film : Creep measurements
thickness:------------------------

: After : After loading
:loading:and conditioning

Inch : Inch :Inch
Under test at 72° to 76° F.

25-7-3
25-4-4
25-6-4

25-5_3
25-8-4
25-9-4
25-1-3
25-7-4
25-7-9
25-6-9
25-5-4
25-3-9
25-3-4
25-9-3
25-8-9
25-1-9
25-5-9
25-1-4
25-2-9
25-9-9

25-7-7
25-8-3
25-6-3
25-4-2
25-6-2
25-9-6
25-8-6
25-4-3
25-6-6
25-7-2
25-9-2
25-3-6
25-5-6
25-5-2
25-2-6
25-7-5
25-2-2
25-2-3
25-8-2
25-9-7
25-1-2
25-3-2

:

0.02
.10
.22
.44
.50

1.13
2.25
4.33
4.36
5.63
6.72

13.75
20.33
23.37
24.20
34.80
45.72
77.53

More than 200.00
200.00
200.00

0.03
0.08
0.23
0.80
1.03
1.63
2.70
3.17
3.72
4.15
5.39
8.25

10.92
12.00
14.33
14.65
20.75
41.65

More than 200.00
200.00
200.00
200.00

2,800
2,500
2,400
2,400
2,300
2,200
2,300
2,150
2,050
2,100
2,200
1,950
2,050
2,000
2,150
2,000
2,000
1,950
1,950
1,950
1,900

1,600
1,600
1,600
1,500
1,550
1,400
1,200
1,300
1,100
1,300
1,400
1,050
1,000
1,100
1,050
1,050
1,200
1,100
1,000
950
950
800

83.7	 5	 9
80.1	 25	 •	 75
70.8 10	 90

•74.3	 •	 0	 :	 100
•71.6	 •	 20	 80
•65.2	 •	 5	 95

67.8	 0	 :	 100
70.2	 5	 95
61.3	 5	 :	 95
62.8	 5	 :	 95
64.9	 5	 :	 95
60.7	 25	 75
68.4	 20	 80
66.7	 70	 30

• 	 63.4	 0	 :	 100
59.3	 5	 :	 95
65.3	 10	 :	 90
60.7	 5	 :	 95
63.6	 Not broken

g06..t

Under test at 178° to 182° F.

:

•

•

•

0.0075
.0088
.0088
.0082
.0092
.0080
.0066
.0073
.0089
.0081
.0094
.0099
.0082
.0087
.0068
.0082
.0073
.0095
.0069
.0080
.0076

.0049

.0085

.0089

.0083

.0093

.0070

.0086

.0087

.0090

.0089

.0071

.0084

.0091

.0090

.0088

.0088

.0087

.0075

.0090

.0055

.0075

.0083

:

:
•

•-••••	 :

0.0150:
.0202:
.01668

.0200:

.0164:

---
---
---
---
---
---

0.0066
.0105
.0078

.0182

.0154

:	 47.8	 0	 100
47.4	 5	 95
47.1	 5	 95
48.1	 10	 90

:	 45.7	 5	 95
:	 41.2	 5	 95
:	 35.5	 5	 95

41.6	 10	 90
32.4	 25	 75
38.3	 25	 75

:	 41.2	 0	 100
:	 35.0	 35	 65
:	 31.1	 40	 60

34.2	 50	 50
32.5	 15	 :	 85
31.3	 20	 :	 80
37.1	 30	 :	 70
34.0	 20	 :	 80

:	 29.6	 40	 :	 60
:	 28.0	 40	 :	 6o

31.0	 Not broken
26.7

AThe control strength was the average strength, at 72° to 76 0 F. and at a loading rate of 300 pounds
per minute, of 3 specimens selected from the same bonded panel as the test specimen.2

-The creep was measured by observing with a measuring microscope the offset of a fine line scribed
across the edge of the bonded joint. Measurements were taken of the amount of creep after 200
hours of loading. These measurements were made both while the specimen was under load and
following 1 week of room-tem perature conditioning after the load was removed.
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Table 22.--Test data obtained in long-time-loading testa of 1/2-inch lap-joint specimens 
of 0.063-inch 248-T3 clad aluminum alloy bonded with adhesives 26 and 25 

:Percentage: Type of failure : 	 : Creep measurement&

	

.	 •
	Specimen:	 Duration	 :Constant:	 of	 : 	 : Film

No.	 :	 of stress	 : stress : control :Adhesion:Cohesion:thickness: After :After load-

	

:	 .	 : strengthi:to metal:	 .	 :loading : ing and
:conditioning

Hours	 : P.s.i. :	 : Percent: Percent: Inch	 : Inch :	 Inch

Under test at 72° to 76° F. 

: 2,500

	

26-6-4 :	 0.03	 :	 76.2	 0	 100 : 0.0056 :	 :

	

26-7-7 :	 .18	 : 2,450 :	 73.8	 0	 100 : .0058 :	 _-	 :

	

26-3-4 :	 .45	 : 2,500 :	 74.2	 0	 100 : .0052 :	 -- .

	

26-3-3 :	 .82	 ; 2,500

	

26-5-3 :	 1.48	 : 2,475 :
	 74.2 O 100

	

:	 71.5	 :	 0
'	 ..

. 100 .:.'	 .gggt 

i
:

-
--
-	 --

:

•. 
-

	

26-8-4 :	 6.87	 : 2,350 :	 70.3	 :	 0	 .	 100 : .0044 :	 --	 .

	

.	 -_

	

26-1-9 :	 8.48	 : 2,400 :	 70.9	 0	 .	 100 : .0044 :	 :	 -

	

26-2-4 :	 10.48	 : 2,450 :	 69.9	 :	 0	 100 : .0046 :	 __	 •

	26-9-4 :	 14.00	
: 2,350 :	 .	 100	 .0051	 --

	

26-3-9 :	 11.80	 69.7	 :	 0	 : .	 :	 •. --
:--

	

2,400 :	 71.2	 a	 0	 !	 100 : .0062 1	 --	 ..
	26-5-9 :	 14.17

	

:	 :
: 2,450 ::	 70.8	 :	 0

26-9-7	 15.67	 2,250	 0	
100 : .004

5	
:	 --	 :	 --

26 100 :	 .0053 :	 :	 ..._

	

26-7-9 :	 24.70	 : 2,450.	 :	 73.8	 0	 -100	 .0046	 -

	

26-6-9 :	 33.30	 : 2,400 :	 73.2	 .	 0 .	
:	 :  

100 : .0051 :	 --	 :	 --

	

26-7-4 :	 53.68	 : 2,250 :	 67.7	 0	 :	 100 : .0048 :	 - •

	26-7-3 :	 65.98
58.12

: 2,300 ;	
66.4: 2,300

	

26-5-4 :	 0	 100 : .0045 :	 :•	 --
O : 100 : .0052 : -

	

26-9-9 :	 198.00

	

26-4-9 :	 171.42	
: 2,200 ;
	 64.2

: 2,200 :	

!	 0

:	
0	

100 : .0047 :
100 : .0054 :	 --	 -

--	 :

	

:	
--
-

	

26-2-9 :	 136.92	 62.8

	

0	 :	 100 : .0058 :	 --	 :	 --

	

26-9-3 :More than 200.00: 2,200 :	 65.3	 !	 100 : .0053 : 0.0129 : 0.0070

	

26-1-3 :	 11	 200.00: 2,150 :	 63.5	 0	 100 • .0043 : .0123 : .0062

	

26-4-4 :	 A	 200.00: 2,150 a 	 63.5	 '.	 0	 100 : .0063 : .0126 : 	 --

Under test at 178° to 182° F. 

	26L.6-6 :	 0.22	 : 1,600 :	 48.8	 0	 :	 100 : .0053 :	 -	 •

	

.	 --

	

26 ,-4-3 :	 .57	 ;1:0 ::	 45.7	 0	 .	 100 : .0056 : -	 :	 --

	

26-1-2 :	 .68	 47.2 -
: 1,500 :	 44.8	

0	 :	 100 : .0048 :	 --	 •.

	

26H8-6 :	 .75

	

26-6-3 :	 1.27	 : 1,300 :	 39. 6 	-
	1,450 :	 42.7	

0
O :	 100 : .0050 :

. 100 : .0051 :	 -	 a

	

.	
--

	

26-4-6 :	 1.57	 :	 0	 :	 100 : .0053:	 •

	

261-9-2 :	 : 1,550 :	 45.9	
.	 --

	

1,400 : 41.5	
0	 : 100 : .0060 : -1.65

	

26k3-6 :	 3.60	 :

	

1,450 :	 44.2	
5	 :	 95 : .0055 :	 -	 :	 _-

	

26-2-2 :	 7.62	 : 1,350 :	 38.5	
5	 :	 95 : .0046 :

	

5	 :	 95 : .0046 :	
--
--	

... ---
	261-6-2 :	 3.75	 :

	

26-9-6 :	 9.73	 : 1,4000	 :	 100 : .0051 ':	 --:	 __

	

:a	 3:i58 ..i8 	 5	 s	 __	 .	 --	26-5-6 1	 12.92	 : 1,400

	

1,300 :	
5	

95 : .0044 :
:

	

1,300	 .

	

-8 2 :	 27.40	 :	 38.8	 5	 :	 95 : 
.004
 -

-
II	 a -26	 :	 --

	

26-8-3 :	 16.83	 :

	

26-1-6 :	 28.05	 : 1,250 :	 36.8	 10	 90 : .0049 : -	 :	 -

	

26-3-2 :	 30.00	 : 1,200-:	 35.6
: 1,200 :	 34.2	

20	 :	 80 : .0051	 :	 --

	

261-2-6 :	 71.23	
. 1,200 :	 34.2	

15	 .	 85 • .0050 :
::	

--
- :

	

262-3 :	 118.21	 25	 :	 75 : .0046 :	 :	 --

	

26-5-2 :	 178.28	 : 1,300 :	 37.5
	1,150 :	 33.9	

20	 :	 80 : .0047 :	 --	 :	 --
26-4-2 :More than 200.00: 	 15	 85 : .0048 : .0150 : .0142

	

26-7-2 :	 •	 200.00: 1 ,150 :	 34.6	 35	 :	 65 L .0052 :	 -

	

26-7-6 :	 A	 200.00: 1,000	 30.0	 20	 :	 80 : .0043 : .0163 : .0148
•

-The control strength was the average strength, at 72° to 76° F. and at a loading rate of
300 pounds per minute, of 3 specimens selected from the same bonded panel as the
test specimen.

?The creep was measured by observing with a measuring microscope the offset of a fine line
scribed across the edge of the bonded joint. Measurements were taken of the amount of
creep after 200 hours of loading. These measurements were made both while the specimen
was under load and following 1 week of room-temperature conditioning after load was
removed.
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Table 23.--Test data obtained in lon -tine-loadin tests of 1 2-inch la oint s ecimens of 0.064-
inch 24S-T3 clad aluminum alloy bonded with adhesive 331

. :	 .	 .	 .
Specimen :	 Duration	 : Constant :Percentage of: Type of failure : Film : Creep measurement

No.	 :	 of stress	 : stress : control 2 : 	 :thickness: 	
•.	 .	 : strength- :Adhesion:Cohesidn:	 : After : After loading
• :to metal:	 :loading :and conditioning.

Hours	 : P.s.i. :	 :Percent :Percent : Inch : Inch :	 Inch

Under test at 72° to 76° F. 

33-9-4	 :	 0.45 : 3,750	 :	 81.4	 :	 20	 :	 80	 : 0.0037 	
33-3-4	 :	 .50 : 3,800	 ;	 85.2	 :	 4o	 :	 6o	 :	 .0022 	
33-6-4	 :	 .85 : 3,725	 :	 80.4	 :	 40	 :	 6o	 :	 .0032 •	
33-5-4 : More than 200.00 : 3,800	 83.4 : Not broken	 :	 .0033 : 0.0000 :	 0.0000
33-7-4	 • 	 do.... 200.00 • 3,700	 79.6	 • 	do	 •	 .0029: .0000 :	 .0000
33-7-3	 	 do.... 200.00 • 3,600	 -	 77.4	 • 	do 	 	 .0035 : ,.0000 :	 .0000

Under test at 178° to 182° F. 

33-4-2	 :	 1.10 : 1,800	 :	 38.1	 :	 35	 :	 65	 :	 .0029 • 
33-4-3	 :	 6.05 : 1,750	 :	 37.1	 :	 35	 :	 65	 :	 .0029 • 	
33-4-6	 :	 9.07 : 2,000	 :	 42.4	 :	 4o	 :	 6o	 :	 .0031 •	
33-2-3	 :	 9.17 : 1,900	 :	 40.3	 :	 30	 :	 70	 :	 .0032 •	
33-2-6	 11.48 : 1,650	 :	 34.9	 :	 20	 :	 80	 :	 .0028 •	
33-3-2	 21.88 : 1,700	 :	 38.0	 :	 35	 :	 65	 :	 .0029 •	
33-6-6	 :	 52.12. 1,800	 :	 38.8	 :	 3o	 :	 70	 :	 .0034 •	
33-5-2	 :	 91.45 : 1,650	 :	 36.2	 :	 45	 :	 55	 :	 .0033 	
33-1-2	 :	 115.75 : 1,750	 :	 38.4	 :	 40	 :	 6o	 :	 .0026 *. 	
33-8-3	 : More than 200.00 : 1,600	 :	 38.6	 :	 Not broken	 .0033 : .0072 :	 .0062
33-8-2	 • 	 do.... 200.00 • 1,600	 •	 38.6	 • 	do 	 	 .0035 : .0090 :	 .0086

-Test data for comparison with the more comprehensive test data (table 25) obtained for adhesive 35.
2
The control strength was the average strength, at 72° to 76°F. and at a loading rate of 300 pounds
per minute, of 3 specimens selected from the same bonded panel as the test specimen.

3
-The creep was measured by observing with a measuring microscope the offset of a fine line scribed

across the edge of the bonded joint. Measurements were taken of the amount of creep after 200
hours of loading. These measurements were made both while the specimen was under load and
following 1 week of room-temperature conditioning after the load was removed.
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Table 24.--Test data
0. nc	 3-T a• a um num a oy on.e w	 a es ve

time-loading tests of 1 277.gcli4,41V0a
c • 	

1LETAsisflt ofobtained in lo

87.1 •. .25	 ' 75 :
79.9 : 25	 •. 75 :
86.3 : .30	 • 70 :
87.1 .' 15	 •. 85 :
83.2 •. .20	 ' 80 :
79.3 •. .25	 ' 75 :
79.1 : 40	 : 60 :
85.7 •. 10	 •. 90 :
79.9 •. 25	 •. 75 :
85.5 •. 25	 •. 75 :
79.8 •. .35	 • 65 :
79.3 •

. •5	 . 95 :
67.0
79.4

•.

•.

25	 •.
.35	 •

75
65

:
:

82.2 : 20	 •. 80 :
80.5 •. Not broken :
82.3 •. " :
77.0 •. " :

75. •. :

74.9 •. :it :

76.3 •. " :

0.0039
.0034 : 
.0038 : 
.0037 :	 :	 ---
.0029 : 
.0050 : 
.0041 :	 :
.0038 :	 :
.0053 :	 -- :	 ---
.0029 :	 :	 ---
.0035 :
.0031 :
.0032 :
.0036	 :	 --
.0042	 :	 ---
.0031 :0.0000 :	 0.000
.0027 : .0005 :	 .0005
.0044 : .0009 :
.0032 : .0014 :
.0038 : .0004 :	

.0014

.0026 : .0000 :	
.0004
.0000

	

34,4-3	 ••
	34-3-6	 •.

	

34-2-3	 •.

	

34-8-6	 :
34-8-2
34-2-6

	

34-9-2	 .

	

34-6-2	 •.
34-2-2 .
34-7-7 .
34-8-7

	

34-6-3	 : More
34-7-2
348-3 .
34-7-6 .
34-4-2 

•	34-3-2	 •
•

than

:	 .	 •
	Speoimen :	 Duration	 : Constant :Percentage of: Type of failure : Film : 	 Creep measurement?

No.	 of stress	 : stress : oontrol. :	 :thickness:
strengthl 	

:Adhesion:Cohesion:	 : After : After loading
	 ! 	 	•

:to metal:	 .	 :loading and conditioning

	

: 	 :	 --	 --: 	 : 	  : 	  ' 	  • 	

	

:	 P.s.i.Hours	 .	 :Peroent :Peroent : Inch	 : Ingh :	 1*:'h
Under test at 72° to 76° F. 

	34-6-9	 0.40 :	 3,560 :

	

34-4-4	 .67 :	 3,530 :

	

34-6-4	 .68 :	 3,524 :

	

34-7-4	 4.22 :	 3,500 :

	

34-2-4	 •

	

.	 5.34 :	 3,440 :

	

34-3-4	 •. 12.50 :	 3,420 :

	

34-3-9	 •. 16.11 :	 3,484 :

	

34-7-3	 20.13 :	 3,350 :

	

34-3-3	 31.63 :	 3,350 :

	

34-1-9	 38.67 :	 3,440 :

	

34-8-4	 •

	

.	 57.93 :	 3,42q :

	

34-9-3	 •.

	

34-1-4	
58.58 :	 3,500 :

	

85.53 ;	 3,484 :

	

34-5-4	 176.33 •	 3,484 :

	

34-7-9	 185.97 •	 3,304 :

	

34-5-9	 : More than 200.00 :	 3,524 :

	

14-2-9	 m	 200.00 :	 3.400 :

	

34-4-9	 "	 200.00 :	 3,400 :

	

34-9-4	 "	 200.00 :	 3,320 :

	

34-9-9	 "	 200.00 :	 3,316 :

	

341-8-9	 It	 200.00 :	 3,264 :

Under test at 178° to 182° F.

	.13 :	 1,000 :

	

.15 •	 950 :

	

.38 :	 875 :

	

.61 :	 800 :

	

1.00 :	 800 :

	

1.40 :	 780 :
1.53 :

	

2.58 :	
750 :
740 :

	

2.63 :	 705 :
740 :2.67 :

2.92 

	

200.00 :	
730 :

	

200.00 :	
730 :
725 :

	

200.00 :	 705 :
200.00 : 700 :

	

200.00 :	 650 :
200.00 : 580 :

.0034 : --- :

.0048 : --- :

.0030 : --- :

.0034 : ---

.0035 : --- :

.0026 : --- :

.0033 : ---

.0042 : ---	 ---

.0025 : --- :	 ---

.0043 : --- :	 ---

.0037 : --- :	 _--

.0047 : .0041 :	 .0040

.0037 : .0014 :

.0030 : .0074 :

.0040 : .0007 : .Elgi

.0035 : .0038 • .0038

.0042 : .0027 :	
.
.0026

22.6 0	 :	 100
.22.0 0	 :	 100

21.2 0	 :	 100 .
18.7 5	 :	 95 •.

18.7 5	 :	 95 :
18.9 0	 :	 100 •.

16.9 0	 :	 100 •.

18.1 0	 :	 100 •.

17.0 0	 :	 100 :
18.4 5	 :	 95 :
17.1 : 5	 :	 95 :
17.8
18.0

! Not broken
n

•.

•.

16.5 " •.

17.4 n •.

14.6 M •
•13.5 " •
'

?The creep was measured by observing with a measuring microscope the offset of a fine line scribed
across the edge of the bonded joint. Measurements were taken of the amount of creep after 200 hours
of loading. These measurements were made both while the specimen was under load and following 1
week of room-temperature conditioning after the load was removed.
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1The control strength was the,average strength, at 72° to 76° F. and at a loading rate of 300 pounds
per minute, of 3 specimens selected from the same bonded nanel as the test specimen.



Specimen :	 Duration
No.	 of stress

•

Hours

Constant :Percentage of: Type of failure : Film
stress : control , :-----------------:thickness

strength& :Adhesion:Cohesion:
:to metal:

	 1 	 	 	 : ,	
: P.s.i.	 :Percent :Percent :

Creep measurementa

: After : After loading
:loading:and conditioning

Inch : Inch :	 Inch

Under test at 72° to 76° F. 

	3,900	 100.7	 30

	

3,850	 97.5	 10

	

3,800	 100.9	 5

	

3,800	 98.0	 !	 35

	

3,775	 94.8	 5

	

3,800	 102.5	 10

	

3,750	 96.7	 5

	

3,775	 94.8	 !	 25

	

3,775	 96.5	 5

	

3,700	 87.1	 5

	

3,750	 '.	 95.0	 5

	

3,675	 •.	 99.1	 20	 :

	

3,750	 .

	

.	 95.9	 Not broken
3,700 	 87.1

	

3,650	 85.9	 15	 :	 85

	

3,500	 88.6	 Not broken3,200 	 84.0

Under test at 178° to 182° F.

70
90
95
65
95	 :
90
95
75
95
95
95
8o

35-6-4
35-9-9
35-5-3
35-7-4
35-7-9
35-3-9
35-6-9
35-7-3
35-8-9
35-1-3
35-9-4
35-3-4
35-8-4
35-1-9	 :
35-1-4
35-9-3
35-4-9

0.03
.03
.03
.06
.20 :
.97

1.16 :
5.53
6.47 :
7.45 :
8.60 :

173.35 :
More than 200.00 :

200.00 :
• 200.00 :

200.00 :
▪ 200.00 :

0.0026
.0028
.0031
.0035
.0030
.0030
.0028
.0036
.0030
.0028
.0029
.0031
.0037
.0029
.0025
.0030
.0030

:0.0005
: .0004

.0019
: .0000
: .0000

: 0.0004
.0004

:Broke at 225 hours
:	 .0000
:	 .0000

Table 25.-- 2 s_	 cia alum num a oy
data obtained in lon -tims-loadin testa of 1 2-inch len- oint s p ecimens or 0.064-inch

35-3-6
35-1-6
35-8-7
35-2-6
35-5-6
35-8-2
35-3-2
35-1-2
35-2-3
35-6-2
35-4-2
35-2-2
35-9-6
35-8-3
35-5-2
35-4-6
35-9-2
35-6-3
35-6-6
35-7-2
35-7-7
35-4-3
35-7-6
35-8-6

.15

.26

.45

.92
1.12
1.28
1.70
2.80
2.82
2.93
3.35
3.65
4.42
7.07
7.20
8.53

10.26
10.78
42.75

More than 200.00
200.00
200.00
200.00
200.00

2,000
1,700
2,000
2,000
1,750
1,800
2,000
1,750
1,900
1,800
1,950
2,000
1,900
1,650
1,800
1,600
1,700
1,750
1,600
1,700
1,550
1,500
1,500
1,000

53.9
40.0
51.2
52.0
46.5
46.0
53.9
41.2
49.4
46.4
51.2
52.0
48.1
42.2
47.8
42.0
43.0
45.1
41.2
42.7
38.9
39,4
37.6
25.6

O : 100
5	 95
O : 100
O : 100
O : 100
O : 100
O : 100
5	 95
5	 95
O : 100
O : 100
5	 95
O : 100
O : 100
O : 100
O : 100
O : 100
O 100
O : 100
Not broken

.0031 :

.0032 :

.0035

.0028

.0031 :

.0034

.0028 :

.0032 : --

.0030
:	 :

.0027 :

.0029 : 

.0029 :

.0031 :	 :

.0030 :	 :

.0034 :

.0033 : 

.0028 :
:	 :

.▪ 0041 : .0075 :	 .0075

.0030 : .0049 :	 .0048

.0030 : .0067 :	 .0067

.0035 : .0018 :	 .0018

.0034	 .0060 :	 .0059

-The control strength was the average strength, at 72° to 76° F. and at a loading rate of 300 pounds
per minute, of 3 specimens selected from the same bonded panel as the teat specimen.

?The creep was measured by observing with a measuring microscope the offset of a fine line scribed
across the edge of the bonded joint. Measurements were taken of the amount of creep after 200
hours of loading. These measurements were made both while the specimen was under load and
following 1 week of room-temperature conditioning after the load was removed.
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Table 26.--Test data obtained In long-time-loadings tests of 1/2-inch lap-,loint s pecimens of 0.064-inch 243-T3 clad aluminum alloy bonded with adhesive 36. 

Specimen	 Duration	 :Constant :Percentage of: Type of failure : Film 	 : Creep measurement?
No.	 of stress	 : stress	 : control	 : 	 	  :thickness: 	

.	 : strength-	 :Adhesion:Cohesion: 	 : After : After loading
:	 :to metal:	 :loading:and conditioning• 
	 -- 	

Hours	 : P.s.i. :	 :Peroent :Percent : Inch 	 : Ih  :	 /01
Under test at 72° to 76° F. 

	36-3-9	 0.07:

	

36-9-9	 .33 :

	

36-2-4	 .70 :
36-4-4

	

36-1-9	 1.67 :

	

36-1-4	 :	 3.33 :

	

36-7-9	 :	 3.85 :

	

36-3-4	 •.	 12.50 :

	

36-7-3	 14.62 :

	

36-5-3	 20.63:

	

36-8-9	 31.83:

	

36-5-9	 35.25 :

	

36-6-4	 :	 36.40 :

	

36-1-3	 57.27:

	

36-9-3	 91.47 :

	

36-7-4	 99.13 :

	36-1-9	 :	 117.66 :

	

36-9-4	 : More than 200.00 :

	

36-5-4	 200.00 :

	

36-8-4	 •.	 N	 200.00 :

36-3-2
36-4-6
36-2-6
36-2-3
36-8-6
36-6-6
36-7-6
36-1-6
36-9-2
36-4-2
36-6-3
36-5-2
36-3-6
36-8-3
36-7-2
36-5-6
36-6-2
36-4-3
36-1-2
36-8-2
36-2-2
36-9-6

3,000
2,800

87.6
81.2 10

10 •
.

90
90

:

3,000 87.1 5 95
2,600 81.0 5 . 95
2,500 70.1 10 90
2,430 68.1 15 85
2,800 79.9 5 . 95
2,500 73.0 10 90
2,350 67.0 5 95
2,700 76.9 5 95
2,400 69.8 10 : 90
2,200 62.6 5 : 95
2,300 68.5 5 : 95
2,200
2,200

61.7	 .
63.8	 •

10
10

:
.

90
90

:
:

2,150 61.3	 . 10 : 90 :
2,150 60.3 10 : 90 :
2,150 62.3 Not broken
2,100 59.8 :
2,100 61.1 " :

Under test at 178° to 182° F.

1,000 .29.2	 • 25 75
800 •24.9	 . 25 . 75 :
900 26.1 25 75 :
800 23.2 25 75 :
700 20.4 45 55 :
800 23.9 35 65 :
700 20.0 25 75 :
700 19.6 5 95 :
650 18.8 15 85 :
600 18.7 5 95
575 17.1 15 85
600 17.1 10 90 :
700 20.5 5 95
450 13.1 15 : 85
500 14.3	 : 10 : 90 :
600 17.1 5 : 95
400 11.9 5 : 95 :
400 12.5 20 : 80 :
550 15.4 Not broken :
400 11.6 P :
350 10.2 I :
350 10.1 s :

More than

■

.10 :

.15 :

.26 :
1.00 :
1.12 :
1.28 :
2.73 :
4.22 :
7.63 :
8.42 :

14.22 :
15.80 :
22.25 :
37.73 :
48.33 :
82.07 •

129.72 :
174.40 :
200.00 :
200.00 :
200.00 :
200.00 :

	

0.00
38
36 :	 :
. 

	.0040 :	 :

	

.0049 :	 :

.0036

	

.0047 :	 :	 ---

	

.0037 :	 :

.0042 :

.0045 :
	.0044 :	 :

	

.0040 t	 :

	.0042 :	 :

	

.0044 :	 :

.0042 :

	

.0035	 :

	

.0046	 :	 ___

	.0036	 :	 -_-

	

.0041 :0.0184 :	 0.0110

	

.0038 :	 .0220 :	 .0119

	

.0037 :	 .0220 :	 .0105

	

.0042 :	 :

.0045 : --

	

.0037 :	 :

	

.0037 :	 :

	

.0035 :	 •

	

.0042 :	 :

.0048 : --- :

	

.0037 :	 1
	.0048 :	 --- :	 ---

.0045 : :

.0037 : --- :

.0040 : ---

.0045

.0039 : ---

.0042 : --

.0047 : --- :

	

.0041 :	 --- :	 ---

	

.0050 :	 --- :	 ---

	

.0047 :	 .0183 :	 .0128

	

.0041 :	 .0188 :	 .0098

	

.0042 :	 .0293 •	 .0112

	

.0035 :	 .0140 :	 .0126

1The control strength was the average strength, at 72° to 76° F. and at a loading rate of 300 pounds
per minute, of 3 specimens selected from the same bonded panel as the test specimen.

?The creep was measured by observing with a measuring mioroscope the offset of a fine line scribed
across the edge of the bonded joint. Measurements were taken of the amount of creep after 200 hours
of loading. These measurements were made both while the specimen was under load and following 1
week of room-temperature conditioning after the load was removed.
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Table 27.--Test data obtained in long-time-loading tests of 1/2-inch lap-joint specimens of 0.064-inch 24S-73.
clad aluminum alloy hodea with adhesive 37. 

•
.Specimen :	 Duration	 : Constant :Percentage of: Type of failure :

No .	:	 of stress	 : stress : control	 • 	 :
: strength). :Adhesion:Cohesion:

:to metal:
	 ----! 

Hours	 : P.s.i. :	 :Percent :Percent :

Under test at 12° to 76° F.

Film : Creep	 .2
thickness:-------------------------

: After : After loading
:loading:and conditioning

Inch : Inch :	 Inch

37-2-4 0.60 2,800 75.9 5 95 0.0051
37-3-4 .73 2,800 76.4 5 95 .0065
37-1-9 1.83 2,600 70.4 5 95 .0064
37-3-3 2.63 2,670 72.9 5 95 .0076
37-2-9 5.92 2,700 73. 5 95 .0052
37-4-4 8.07 2,500 66.90 5 95 .0043
37-9-3 8.52 2,300 66.8 5 95 .0047
37-1-4 • 14.28 2,400 65.1 10 90 .0051
37-4-9 15.26 2,500 66.0 5 95 .0043
37-7-3 17.12 2,100 60.9 5 95 .0052
37-8-4 19.48 2,150 61.9 5 95 .0059
37-5-4 25.72 2,000 60.6 5 95 .0054
37-6-9 27.22 2,200 62.4 5 95 .0062
37-8-9 36.75 2,000 57.5 5 95 .0060
37-9-4 44.33 2,100 61.1 10 90 .0057
37-3-9 9 . 2 2,050 10 90 .0055	 : ■-••
37-1-3 : More than 200.00 2,000 54.2 10 90 .0067	 :0.0173 : Broke at 217 hours.

Under test at 178° to 182° F.

37-8-3 .32 : 1,000 28.8 40 60 .0059
37-3-6 .60 1,000 27.3 25 75 .0055
37-5-2 .92 : 800 24.2 40 60 .0043
37-9-2 1.12 : 900 26.2 25 : 75 .0049
37-6-6 1.72 : 900 25.5 25 : 75 .0043
37-4-6 6.00 : 700 18.5 40 6o .0052
37-1-6 6.72 : 750 20.3 10 90 .0045
37-2-3 7.42 : 800 21.9 15 85 .0062
37-6-3 7.97 1 800 22.7 10 90 .0057
37-7-2 9.75 : 500 14.5 30 70 .0045
37-9-6 12.73 : 500 14.5 25 : 75 .0046
37-2-6 12.87 : 700 19.1 35 65 .0048
37-7-6 14.13 : 600 17.4 40 60 .0058
37-1-2 18.85 : 550 15.0 10 90 .0047
37-4-2 23.35 : 650 17.1 10 90 .0038
37-8-2 31.97 : 550 16.0 15 85 .0063
37-6-2
37-3-2

48.30
79.77

:
:

600
650

17.0
17.8

15
20

85
80

.0064

.0073
37-8-7 101.17 : 450 12.9 40 : 60 .0057
37-2-2 More than 200.00 : 500 13.6 Not broken .0050 .0153 0.0139
37-8-6
37-7-7
37-4-3

•
•

200.00
200.00
200.00

:
:
:

400
400
370

11.5
11.6
9.8

It

.0054

.0053

.0042

.0223

.0220

.0134

.0193

.0197

.0121

-The oontrol strength was the average strength, at 72° to 760 F. and at a loading rate of 300 pounds
per minute, of 3 specimens selected from the same bonded panel as the test specimen.

-The creep was measured by observing with a measuring microscope the offset of a fine line soribed
across the edge of the bonded joint. Measurements were taken of the amount of creep after 200 hours
of loading. These measurements were made both while the specimen was under load and following 1
week of room-temperature conditioning after the load was removed.
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800
800
750
700
800
700
600
600
500
550
450
450
00

4500
400
400
420
380
380
350
350
350

Under test at 178° to 1820 F.

35	 65
50	 50

:	 25	 75
50	 50

:	 25	 75
25	 75
80	 20
35	 :	 65
75	 25
30	 70
30	 :	 70
65	 :	 35
50	 :	 50
40	 :	 60
35	 :	 65
50	 :	 50
15	 :	 85
35	 :	 65
Not broken

31.6
30.5
30.3
26.7
34.4
25.5
23.4
25.6
18.2
24.4
19.2
17.1
18.2
15.6
15.6
15.3
18.0
15.3
15.3
13.8
15.0
12.8

•••■=11■11=

•■•■•••■

M11•1111.11•

0.- 0159
.0124
.0132

.- 0173

.0109

.0137

.0117

Table 28.--Test data obtained in long-time-loadinR teat: of 1/2-inch lap-joint specimens of 0.064-inch
245-T3 clad aluminum alloy bonded with adhesive 38. (Run 1) 

	

Specimen :	 Duration	 : Constant :Peroentage of: Type of failure : Film : Creep measurements
No.	 :	 of stress	 : stress : control , :----------»------:thiokness: 	

	

etrengtb* :Adhesion:Cohesion: 	 : After : After loading

	

.	 .	 s	 :to metal:	 .	 :loading:and conditioning

	

:	 =Mime	 I-	 :	 •••■=1. 	 a •••••■	 : 	 :	 : 	 :
• Hours	 : 12:121 1	 :Percent :Percent : Inch : Im24 : 	 aa

Under test at 72° to 76° F.

2,234
2,420
2,092
2,050
2,310
1,790
2,000
1,700
1,950
1,796
1,700
1,860
1,870
1,980
1,656
1,770
1,900
1,900
1,600
1,600
1,546
1,540
1,534

38-4-4
38=3-4
38-1-3
38-7-3
38-2-9
38-3-9
38-5-9
38-7-9
38-5-4
38-1-4
38-9-9
38-4-9
38-1-9
38-3-3
38-7-4
38-2-4
38-9-4
38-8-4
38-8-9
38-9-3
38-5-3
38-6-9
38-6-4

38-1-6
38-2-6
38-6-2
38-2-2
38=5-2
38-8-2
38=9-2
38=4-3
38-8-3
38=7-6
38-4-6
38-2-3
38-8-6
38-9-6
38-9-7
38-3-6
38-5-6
38-6-6
38-6-3
38-1-2
38=4-2
38=8-7

0.08
.20
.25
.26
.67

1.75
2.67
4.75
5.95
6.50
7.83

11.00
15.17
15.77
16.22
31.70
52.53

112.26
140.68
185.42

More than 200.00y 	
200.00
200.00

95.4
92.6
82.6
91.0
88.0
68.6
86.0
75.4
83.9
70.9
66.4
79.4
73.6
75.7
731

74.2
69.3
58.3
62.5
66.5
62.1
61.9

0
40
20
5

25
0
5
0
20
25
20
15
25
20
0
40
15
10
0
15
Not

100
60
80
95
75

100
95

100
80
75
80
85
75
80

100
60
85
90

100
85

broken

0.0071
.0068

: .0067
.0077

: .0068
.0078
.0102
.0082
.0090
.0048
.0079
.0074

: .0067
.0061
.0089
.0067
.0074
.0065

: .0080
.0088

: .0106
: .0095

.0105

.0086

.0071

.0075

.0068

.0072
: .0076

.0086

.0064

.0076

.0079

.0070

.0073

.0051

.0087

.0075

.0069

.0093

.0093

.0086

.0053

.0063

.0082

:	 .

:0.0173
.0144
.0148 :

----

.0- 175 :

.0165 :

.0178 :

.0141 :

.02

.02

.02

.08

.12

.13

.47
1.17
1.43
2.55
5.27
7.15
13.15
41.62
57.70

116.67
177.98
197.92

More than 200.00i 
200.00
200.00
200.00

?The creep was measured by observing with a measuring microscope the offset of a fine line scribed
 across the edge of the bonded joint. Measurements were taken of the amount of creep after 200 hours

of loading. These measurements were made both while the specimen was under load and following 1
week of room-temperature conditioning after the load was removed.

-The control strength was the average strength, at 72 0 to 760 F. and at a loading rate of 300 pounds
per minute, of ,3 specimens selected from the same bonded panel as the test specimen.
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Table 29.--Test data obtained in long-time-loading tests of 1/2-inch lap-joint specimens of 0.064-inch

24S-T3 clad aluminum alloy bonded with adhesive 38 (run 2)1

Specimen :	 Duration: Constant :Percentage of: Type of failure : Film : Creep measurement-
No.	 :	 of stress	 : stress : control	 : 	 :thickness: 	

: strength= :Adhesion:Cohesion:	 : After : After loading
:to metal:	 :loading :and conditioning

Hours	 : P.s.i. :	 :Percent :Percent : Inch : Inch : 	 Inch

Under test at 72° to 76° F. 

38-2-5-9 :	 0.06 : 2,500	 91.6	 15 :	 85	 ! 0.0098 	
38-2-6-9 :	 .28 : 2,200	 84.2	 25 :	 75	 .0091 	
38-2-3-4 :	 1.28 : 2,000	 75.7	 20 :	 80	 .0105 	
38-2-1-9 :	 1.52 : 1,900	 67.6	 15 :	 85	 .0073 	
38-2-5-4 :	 3.78: 2,200	 80.6	 20 :	 8o	 .0096 	
38-2-4-9 :	 6.48: 2,100	 77.3	 15 :	 85	 .0083 	
38-2-8-9 :	 7.12: 2,000	 75.3	 15 :	 85	 .0083 	
38-2-3-9 :	 16.65 : 1,800	 68.1	 25 :	 75	 .o084 	
38-2-2-9 :	 21.13 : 1,800	 65.7	 15 :	 85	 .0096 	
38-2-3-3 :	 31.60 : 1,600	 :	 60.5	 30 :	 70	 .0084 	
38-2-4-4 :	 99.58 : 1,650	 60.7	 15 :	 85	 .0102 	
38-2-2-4 :	 115.80 : 1,700	 :	 62.0	 20 :	 80	 .0102 	
38-2-8-4 : More than 200.00 : 1,600	 :	 60.2	 Not broken	 :	 .0099 : 0.0280 :	 0.0166
38-2-8-2 • 	 do.... 200.00 • 1,550	 58.3	 	 do 	 	 .0106: .0308 :	 .0186

Under test at 178° to 182° F. 

38-2-6-3 :	 .12 : 1,000	 :	 38.3	 25 :	 75	 :	 .0094 	
38-2-7-6 :	 1.33 :	 800	 :	 31.4	 20 :	 80	 :	 .0100 	
38-2-1-6 :	 11.58 :	 6o0	 :	 21.3	 15 :	 85	 :	 .0083 	
38-2-2-6 :	 13.55 :	 800	 :	 29.2	 25 :	 75	 :	 .0091 	
38-2-4-3 :	 19.75 :	 500	 :	 18.4	 5 :	 95	 :	 .0098 	
38-2-5-6 :	 38.43 :	 45o	 :	 16.5	 20 :	 80	 :	 .0090 	
38-2-3-6 :	 43.25 :	 500	 18.9	 20 :	 80	 :	 .0102 	
38-2-6-2 :	 97.27 :	 35o	 13.4	 20 :	 80	 :	 .0104 • 
38-2-4-2 :	 127.22 :	 400	 :	 14.7	 10 :	 90	 :	 .0108 	
38-2-3-2 :	 179.18 :	 350	 :	 13.2	 15 :	 85	 :	 .0100 •	
38-2-8-3 : More than 200.00 : 	 320	 :	 12.0	 Not broken	 :	 .0101 : .0258 :	 .0161

1
-Test data for comparison with the more comprehensive test data (table 28) obtained in run 1 with

adhesive 38 manufactured by another manufacturer.
2
-The control strength was the average strength, at 72° to 76° F. and at a loading rate of 300 pounds

per minute, of 3 specimens selected from the same bonded panel as the test specimen.

-The creep was measured by observing with a measuring microscope the offset of a fine line scribed
across the edge of the bonded joint. Measurements were taken of the amount of creep after 200
hours of loading. These measurements were made both while the specimen was under load and
following 1 week of room-temperature conditioning after the load was removed.
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Table 30.--Test data obtained in long-time-loading teats of 12-inch lap-Joint specimens of 0.064-inch
24S-T3 clad aluminum alloy bonded with adhesive 11

•	 :

Specimen :	 Duration	 : Constant :Percentage of: Type of failure : Film : Creep measurement 2-
No.	 :	 of stress	 : stress : control:thickness: 	1 ••

	

: strength- :Adhesion:Cohesion: 	 : After : After loading

	

:to metal:	 .	 :loading :and conditioning

	

Hours	 : P.s.i. :	 :Percent :Percent : Inch : Inch : 	 Inch

Under test at 72° to 76° F. 

41-8-4 •.	 0.01: 3,600	 102.1	 :	 25	 :	 75	 : 0.0081 •	
41-5-9	 •.	 .01 : 3,600	 91.5	 :	 10	 :	 90	 .0066 	
41-3-4	 •.	 .03 : 3,200	 84.8	 :	 15	 :	 85	 .0055 •	 • 

41-2-9	 •	.32 : 3,300	 94.7	 :	 10	 :	 90	 .0641 •	
41-1-3	 •.	 .40 : 3,300	 100.2	 :	 10	 :	 90	 .0055 •	 • 
41-5-4 •.	 .75 : 3,500	 88.9	 :	 10	 :	 go	 .0058 •	
41-4-4	 •.	 1.00. 3,800	 96.0	 :	 10	 :	 90	 :	 .0035 • 	
41-7-9	 1.22. 3,400	 93.6	 :	 10	 :	 90	 :	 .0036 •	
41-6-9	 4.00 • 3,300	 95.4	 :	 5	 :	 95	 :	 .0062 • 	
41-7-3	 33.58. 3,100	 85.3	 :	 5	 :	 95	 :	 .0042 •	
41-7-4	 114.67 : 3,38o	 97.7	 :	 5	 :	 95	 .0037 	
41-2-4	 :	 181.6(: 3,000	 87.0	 :	 10	 :	 90	 :	 .0020 	
41-1-4 : More than 200.00: 3,200 	 97.3 : Not broken	 .0040 : 0.0004 :	 0.0000
41-5-3	 	 do.... 200.00: 3,200	 81.2	 • 	do 	 	 .0055	 .0000 	
41-4-9	 	 do.... 200.00: 3,200	 81.0	 • 	do 	 	 .0038	 .0000 	
41-3-9	 	 do.... 200.00: 2,900 	 76.6	 	 do 	 	 .0039	 .0000 .. , 	
41-6-4	 	 do.... 200.00: 2,600	 75.0	 	 do 	 	 .0076	 .0000 	

Under test at 178° to 182° F. 

41-9-2	 .03 :	 700	 22.2	 :	 10	 :	 90	 :	 .0089 • 
41-4-2	 .68 : 1,200	 :	 30.4	 :	 5	 :	 95	 :	 .0050 	
41-8-6	 .77 :	 700	 19.8	 :	 5	 :	 95	 :	 .0056 	
41-2-3	 .93 :	 900	 26.1	 :	 10	 :	 90	 :	 .0033 	
41-2-2	 .98 : 1,000	 :	 29.0	 :	 10	 :	 90	 :	 .0044 •	
41-3-2	 1.50 :	 600	 15.8	 :	 15	 :	 85	 :	 .0067 •	
41-5-2	 1.67 : 1,000	 25.4	 :	 5	 :	 95	 :	 .0036 •	
41-1-2	 3.02 :	 800	 :	 24.4	 :	 10	 :	 90	 :	 .0070 	
41-6-3	 16.77 :	 500	 14.4	 :	 10	 :	 90	 :	 .0083 	
41-6-6	 27.17 :	 600	 :	 17.3	 :	 10	 :	 90	 :	 .0095 •	
41-4-3	 54.87 :	 400	 :	 10.1	 :	 20	 :	 80	 :	 .0029 	
41-8-2	 63.0o :	 .325	 :	 9.2	 :	 25	 :	 75	 :	 .0089 	
41-2-6	 81.17 :	 350	 :	 10.1	 :	 25	 :	 75	 :	 .0044 	
41-6-2	 : More than 200.00 :	 300 :	 8.7 : Not broken	 :	 .0066: .0033 : 	 .0032
41-5-6	 	 do.... 200.00 •	 275	 7.0	 •	 do 	 	 .0060 : .0027 :	 .0026

!The control strength was the average strength, at 72° to 76° F. and at a loading rate of 300 pounds
per minute, of 3 specimens selected from the same bonded panel as the test specimen.

2
-The creep was measured by observing with a measuring microscope the offset of a fine line scribed

across the edge of the bonded joint. Measurements were taken of the amount of creep after 200
hours of loading. These measurements were made both while the specimen was under load and
following 1 week .of room-temperature conditioning after the load was removed.
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Figure 1. --Teat chamber and temperature-controlling apparatus used for maintaining test
specimens at 178° to 182° F. during shear strength tests.
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Figure 2. --Test chamber used for maintaining test specimens
at -65° to -70° F. during shear strength tests.
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Figure 3. --Test grips used for holding lap-joint speci-
mens of aluminum during fatigue strength tests.
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Figure 5. --Direct-stress fatigue machine with test grips and
specimens in place for determination of the fatigue strength
of adhesive bonds in aluminum lap-joint specimens.
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Figure 6. --Test chamber used for maintaining test specimens
at -65° to -70° F. during fatigue strength tests.
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Figure 7. --Cantilever loading apparatus used in determining the long-time strength of
adhesive bonds in aluminum lap-joint specimens.
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Figure 8. --Arrangement of test specimen, test fixture, and thermo-
statically controlled heating chamber in the test apparatus for
determining the long-time strength of adhesive bonds in aluminum
lap-joint specimens.
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Figure 9. --Arrangement of measuring microscope on cantilever load-
ing apparatus for measuring the deformation of adhesive bonds in
aluminum lap-joint specimens during long-time loading.
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE

FOREST PRODUCTS LABORATORY

The following are obtainable free on request from the Director, Forest
Products Laboratory, Madison 5, Wisconsin:

List of publications on
Box and Crate Construction
and Packaging Data

List of publications on
Chemistry of Wood and
Derived Products

List of publications on
Fungus Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued Products,
and Veneer

List of publications on
Growth, Structure, and
Identification of Wood

List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products

Partial list of publications for
Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection

List of publications on
Logging, Milling, and
Utilization of Timber
Products

List of publications on
Pulp and Paper

List of publications on
Seasoning of Wood

List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components

List of publications on
Wood Finishing

Liet of publications on
Wood Preservation

Partial list of publications for
Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

Note: Since Forest Products Laboratory publications are so varied in
subject no single list is issued. Instead a list is made up
for each Laboratory division. Twice a year, December 31 and
June 30, a list is made up showing new reports for the previous
six months. This is the only item sent regularly to the Labora-
tory's mailing list. Anyone who has asked for and received the
proper subject lists and who has had his name placed on the
mailing list can keep up to date on Forest Products Laboratory
publications. Each subject list carries descriptions of all
other subject lists.
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