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FOREWORD

This report was prepared by the Forest Products Laboratory under USAF
Contract No, DO 33(616)56-9. The contract was initiated under Project

© No. 7340, "Rubber, Plastic and Composite Materials," Task No. 73401,
"Structural Adhesives,'"" The work was administered under the direction

of the Materials Laboratory, Directorate of Research, Wright Air Develop--
ment Center, with Mr. F. W. Kuhn acting as project engineer.

This report is the second of a series of reports to be made on the same
subject, covering work performed from July 1952 to August 1956.

This report covers an evaluation of the performance of a number of prod-
ucts under specific conditions. The materials tested may not have been
developed or intended by the manufacturer for the conditions to which
they have been subjected. Any failure or poor performance of a material
is therefore not necessarily indicative of the utility of that material
under less stringent conditions or for other applications.
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ABSTRACT

Lap-joint panels of clad 2024-T3 aluminum bonded with nine metal -
bonding adhesives were weathered at Panama Canal Zone; Fairbanks,
Alaska; Miami, Fla.; State College, N. Mex.; and Madison, Wis.
Panels were exposed while stressed in bending and while unstressed.
Test panels were also exposed to several laboratory conditions.

Three of the adhesives (2 epoxy resins and a phenolic -neoprene -nylon)
were deteriorated seriously at the Canal Zone and Florida., Exposure at
the other 3 sites was much milder, and only some stressed epoxy-bonded
panels failed at these sites. Through 1 year, conditions at the Canal
Zone caused greater bond deterioration than those in Florida. After 3
years, however, the deterioration was generally worse in Florida, and
this exposure caused 2 other adhesives (nitrile-rubber type} to deteri-
orate. Stressing the bonded panels over bending frames generally ac-~
celerated the deterioration of those adhesive bonds that were subject to
deterioration.

Laboratory exposure to salt-water spray or exposure to continuous or
cyclic conditions of 120° F. and 97 percent relative humidity promoted
deterioration in the same types of bonds that deteriorated from weather
at the Canal Zone or Florida sites.

In general, the adhesives that performed well in these exposure fests
were types that have qualified under the applicable Military specification,
while those that showed appreciable deterioration have not.

PUBLICATION REVIEW

This report has been reviewed and is approved.

R T S

R. T. SCHWARTZ

Chief, Organic Materials Branch
Materials Laboratory
Dirsctorate of Hesearch

FOR THE COMMANDER:
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INTRODUCTION

Various laboratories have investigated the durability of metal-bonding
adhesives used in aircraft fabrication by exposing bonded lap-joint spec -
imens to salt water, tap water, and aircraft fluids, as described in
Military Specification MIL~A-5090B "Adhesive, Airframe Structural,
Metal to Metal,* and to other laboratory exposures involving high humid-
ities and high and low temperatures.

The purpose of this researchl was to investigate further the durability of
selected metal-bonding adhesives by exposing bonded lap-joint panels of
clad 2024-T3 aluminum to weathering in various climates. Because
weather resistance of adhesive bonds to metals may be affected by the
character of the metal surface at the time of bonding, all of the panels
were prepared for bonding with sulfuric acid-sodium dichromate etch
treatments. This type of treatment had been found, in previous studies,—'=
to result in bonds to aluminum that generally showed good resistance to
corrosion during 30-day salt-water spray tests. Bonded lap-joint panels
for this present study were exposed to weathering in both the unstressed
and stressed conditions. Stresses were applied by bending the bonded
panels, ‘

Several continuous and cyclic exposures under controlled laboratory con-~
ditions were also included to determine if there might be a correlation
between the results of the laboratory tests and the weathering tests,

1
—Manuscript released by author November 1956 for publication as a
WADC Technical Report.

2

—Eickner, H, W. A Study of Methods for Preparing Clad 24S-T3
Aluminum Alloy Sheet Surfaces for Adhesive Bonding, Forest Prod-
ucts Laboratory Report No. 1813-A, 1950.

3

—Eickner, H. W. Adhesive Bonding Properties of Various Metals as
Affected by Chemical and Anodizing Treatments of the Surfaces,
Forest Products Laboratory Report No. 1842, revised 1954.
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PROCEDURE

Type and Number of Test Panels

Test panels (Fig. 1) of 0.064-inch 2024-T3 clad aluminum (formerly
identified as 245-T3) were prepared by bonding together, with a 1/2-inch
overlap, two 4~ by 8-~inch pieces of the metal to result in a lap-joint
panel 8 inches wide and 7-1/2 inches long. Five commercial metal-
bonding adhesives were used in the first series of this study (Part I,
February 1955), and 4 adhesives have since been added., One hundred
and eight test panels were prepared with each adhesive, except where
otherwise noted.

Adhesives

The adhesives used in the first series of test panels were, as described
in Part I;

Metlbond MN3C Nylon Tape

Epon VI Adhesive

Scotchweld Bonding Film 585

Bloomingdale FM-47 Adhesive

Bloomingdale PA-101 (included only in exterior exposure tests).

The following additional adhesives have since been used in the second and
third series in preparing test panels for the laboratory and exterior ex-
posure tests.

Redux E, type R. ~-A high-terhperature-setting two-component formula-
tion of a phenol resin solution and a vinyl polymer powder. Ciba Co.,
Inc., Plastics Division, 627 Greenwich St., New York 14, N. Y.

Metlbond 4021. ~-A high-temperature -setting adhesive with a nitrile
rubber-phenolic resin liquid primer and an unsupported nitrile rubber -
phenolic resin film. Narmco Resins & Coatings Co., 600 Victoria St.,
Costa Mesa, Calif.

Epon VIII Adhesive. --A formulation of epoxy-type resins. Shell Chem-
ical Corp., 380 Madison Ave., New York 17, N. Y.
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Epon 422J, formulation 607. -~A high-temperature-setting formulation of
the phenol-epoxy type, supported on a woven glass-fiber fabric. Shell
Chemical Corp., 380 Madison Ave., New York 17, N.Y. '

Adhesive Bonding Conditions

Aluminum. alloy sheets, sheared to the proper size with edges deburred
by light hand filing, were prepared for bonding in the same manner as
the previous panels, The surfaces were wiped with a clean cloth satur-
ated in clean acetone, and then immersed for 10 minutes at 140 to

'160° F. in a solution of 10 parts by weight concentrated sulfuric acid, 1
part sodium dichromate, and 30 parts water, The acid solution was
rinsed from the metal pieces with warm water, A circulating fan was
then used to quickly dry the water from the rinsed metal pieces.

The acid treatment for the test panels prepared with Epon VIII Adhesive
was modified as recommended by the adhesive manufacturer to be 20
minutes at 140 to 160° F. in a solution of 12.5 parts by weight of concen-
trated sulfuric acid, 3.5 parts sodium dichromate, and 30 parts water.

The metal pieces of all panels were then bonded using conditions within

the ranges recomimended by each of the adhesive manufacturers. The

- particular conditions used with the first 5 adhesives are described in
Part 1{December 1955). The conditions used with the latter 4 adhesives

were as. follows:: : '

Redux E, type R.--One brush coat of adhesive liquid was applied to each of
the metal surfaces, and the powder component of the adhesive was imme-
diately sprinkled into the wet spread. Excess powder was brushed from

- the surface. The adhesive film was air dried overnight. The joints were
" assembled and pressed for 15 minutes at 300° F. after a 10-minute
heatmg-up penod A pressure of 100 pounds per square inch was applied
durmg the heatmg and curing of the adhesive {film,

M'etlbond'4021 '--One thin brush or spray coat of the liquid primer was

applied to each of the metal surfaces. This primer was air dried for 1

" hour and then precured for 15 minutes at 180° F. A layer of the adhesive’

film was: placed between the coated faying surfaces, The adhesive film

 in the joint was then cured for 60 minutes at 350° F. after a 10~-minute

. heating ~up period, - A pressure of 100 pounds per square inch was applied
during the cure. :
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Epon VIII Adhesive. ~~One brush coat of liquid adhesive, catalyzed with 6
parts by weight of undyed curing agent A to 100 parts of the resin, was
applied to both faying surfaces. The lap-joint panels were then assembled
immediately and cured for 90 minutes at a temperature of 200° F, under

a pressure of 10 pounds per square inch,

Epon 422J Tape. ~-One layer of the adhesive tape was placed between the
faying surfaces of the metal panel. The adhesive joint was cured for 30
minutes at 330° F. after a 5-minute heating-up period. The pressure ap-
plied during the curing was 20 pounds per square inch.

Electrically heated or steam-heated platen presses were used to heat and
apply curing pressure to all test panels.® All panels were removed from
the press while hot,

Exposure and Testing

A l-inch-wide specimen (Fig. 1) was cut from each end of the 8-inch-wide
test panels for tests as controls. Test panels, 5 inches wide, for exposure
under the conditions described below were then randomly selected from

the panels prepared with each adhesive,

Distribution of the test panels armnong the various exposure conditions is
given in Table 1. The panels were exposed in unstressed or stressed
conditions as indicated in Table 1. Stressed panels were mounted as
shown in Figure 2 over steel bending frames (zinc-chromate primed) to
give a 0.25-inch deflection at the center in a center-load, 6-inch-span
flexure test. (Maximum computed tensile stress for 0.064-inch metal
sheet for this span and deflection is 31,000 pounds per square inch. This
is approximately 55 percent of the computed maximum tensile stress de~
veloped in the metal when the minimum required load of 150 pounds is ap-
plied in the standard bend test of Military Specification MIL-A-5090B,}

Tests on all of the 1-inch-wide specimens cut from the panels as controls
or after exposure {Fig. 1) were made by applying tensile loads to the end
of specimens until the bonded overlap failed. A rate of loading of 300
pounds per minute was used with all specirnens from the original group
of 5 adhesives, and this rate of loading was increased to 600 pounds per
minute for the latter series of tests because of a change in the applicable
military specification. The ends of the specimens were held in l-inch-
wide Templin-type grips that extended down from the ends of the spec-
imens to within 1 inch of the edge of the lap. Testing was done at a tem-
perature of 72° to 76°* F.
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A. Control tests, --A l-inch-wide specimen was cut from each end of all
panels prepared in this study tested as controls to determine the quality
of bonds before exposure began.

B. Laboratory exposurg tests ~ 120° F. and 97 percent relative humid-
ity. --Nine unstressed panels with each adhesive(except Bloomingdale
PA-101 adhesive) were exposed continuously at 120° F. and 97 percent
relative humidity. Three panels with each adhesive were removed from
exposure after each of the exposure periods, 3, 6, and 36 months. Each
panel was then cut into four l-inch-wide specimens and tested. The
panels bonded with Redux E, Metlbond 4021, Epon VIII, and Epon 4227
are still in exposure for the 36-month period.

C. Laboratory exposure tests ~ repeated cyclic exposure to 120° F. and
97 percent relative humnidity; 158° F. and 20 percent relative humidity;
and 0° F. -~Twelve unstressed panels with each adhesive (excluding
Bloomingdale PA-101 adhesive) were exposed to repeating cycles, each
consisting of 2 weeks at 120° F, and 97 percent relative humidity, fol-
lowed by 2 weeks at 158° F. and 20 percent relative humidity and then by
1 week at 0° F. £ 10° F, Three panels with each adhesive were removed
from exposure after 2, 5, 7, and 10 cycles, and each was cut into four
l-inch~wide test specimens and tested.

D. Laboratory exposure tests - salt-water boil. --Nine unstressed panels
with each adhesive {except Bloomingdale PA-101 adhesive) were exposed
to boiling in a saturated sodium chloride solution for periods up to 6
hours. Three panels with each adhesive were removed after 1, 3, and 6
hours of exposure, and each was cut into four l-inch-wide test specimens
and tested.

E. Laboratory exposure tests - salt-water spray. --Five unstressed
panels with each adhesive {except Bloomingdale PA-101 adhesive) were
exposed by the Materials Laboratory, Wright Air Development Center,
for 30 days to the salt-water spray as specified in Military Specification
MIL-A-5090B. After exposure, each test panel was cut into four l-inch-
wide specimens for tests,

F. Laboratory exposure tests - 80° F. and 65 percent relative humid-
ity. -~Five stressed and five unstressed panels with each adhesive (ex-
c—ept Bloomingdale PA-101 adhesive) have been or are being exposed con-
tinuously for 36 months at 80° F. and 65 percent relative humidity.
Three stressed and three unstressed panels bonded with Epon VIII and
Epon 422J have also been exposed for 3 and 12 months at this condition.
All panels will be cut into four l-inch-wide specimens after exposure.
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G. Exterior exposure, --With each of the adhesives except Bloomingdale
PA-101, 15 test panels (trimmed to a width of 5 inches after removal of
control specimens), 9 unstressed and 6 stressed, were exposed on the
roof of the Forest Products Laboratory at Madison, Wis.; on a ground-
level, open site at the University of Alaska, Fairbanks, Alaska; and on

a ground-level site shaded by trees at the Naval Research Laboratory
Tropical Exposure Site in the Panama Canal Zone., Two sites were used
at the Panama Canal Zone location because of a change in the location of
the main station, The first set of panels was exposed near Fort Sherman
on Limon Bay, and the second and third sets were exposed at Galeta
Point., The conditions at both locations are considered to be similar, and
are one-fourth to one-half mile from the seashare. Nine unstressed
panels bonded with each adhesive were also exposed on a ground-level,
open site at New Mexico College of Agriculture and Mechanical Arts,
State College, N. Mex., and nine were exposed on a roof 50 yards from
the seashore by the South Florida Testing Service, Miami, Fla. Panels
bonded with Bloomingdale PA-101 adhesive were exposed at all sites ex-
cept Madison, Wis.

Both the stressed and unstressed panels were mounted on preservative-
treated wood frames (Figs. 3 and 4) with the edge of the overlap on the
exposed face parallel to the ground and facing downward. The unstressed
specimens were mounted on aluminum-~-painted wood spacer blocks at-
tached to the frames. The panels were exposed to the south at a 45-
degree angle. These metal bonds had no paint coating to protect the
metal or adhesive joint, :

Panels for the first set of tests were exposed in April 1953; the second
set, including panels bonded with Redux E and Metlbond 4021, was ex-
posed in September 1954; and the third set including panels bonded with
Epon 4223 and Epon VIII was exposed in May 1955. Climatic data re-
ported for the 5 test locations during the exposure period are given in
Table 2.

Three unstressed panels and two stressed panels for each adhesive were
removed after 3, 12, and 36 months of exposure. The panels bonded
with Redux E, Metibond 4021, Epon VIII, and Epon 4227J are still in ex~
posure for the 36-month period. All panels were cut (Fig. 1} into four
l-inch~-wide specimens after exposure and tested.
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RESULTS

The results of the lap~joint tests made on the adhesive bonds to aluminum
after laboratory-controlled exposure and after exterior exposures for
periods up to 3 years in various climatic conditions are given in Tables
3, 4, 5, 6, and 7.

Control Tests

The results of the average control tests (Tables 3 and 6, exposure A) for
all end specimens cut from each of the bonded panels before exposure in-
dicated that all panels included in these tests met the requirements of
Military Specification MIL-A-5090B for joint strength at 72° to 76° F.
(2,500 pounds per square inch),and the joint strength values were within
the range normally obtained in similar tests by the adhesive manufac-
turer. A few extra panels were prepared with each adhesive, so that
any panels in which bond quality was indicated to be substandard by the
control tests were immediately eliminated from the tests.

To determine if there had been any deterioration during exposure (Tables
3, 4, 5, 6, and 7), the values for percentage of control strength after
exposure were computed by using the average control test values ob-
tained from the same panels exposed and tested after each of the test
periods at the particular exposure condition indicated, rather than the
average control test value for all panels bonded with the particular
adhesive,

Laboratory Exposure Tests

There was a decided decrease in the strength of some bonds in certain of
the laboratory exposure conditions. This was particularly true of both
conditions (exposures B and C) that involved the use of 120° F. and 97
percent relative humidity. The Metlbond MN3C bonds ‘deteriorated to
about 10 percent of their original control strength in 6 months at con-
tinuous exposure to 120° F, (exposure B) and in 5 to 7 cycles of the
cyclic condition (exposure C). The Epon VI bonds deteriorated to about
40 percent, and Epon VII bonds to about 50 percent, of their original
strength in these conditions. There were also significant strength reduc-
tions in bonds made with these 3 adhesives and exposed to the 30-day
salt-water spray exposure., With Metlbond MN3C and Epon VI bonds,
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the deterioration in the 30-day salt spray was decidedly less than in the
6~month exposure at 120° F. and 97 percent relative humidity, or 5 to
7 cycles of exposure C. The Epon VIII bonds, however, failed com-
pletely in the 30-day salt-water spray as compared to a loss of strength
of about 50 percent in exposures B and C.

The Metlbond MN3C bonds also showed a loss of strength of about 40 per-
cent in 3 years® exposure, either stressed or unstressed, in the mild
condition {exposure F) of 80° F, and 65 percent relative humidity. The
Epon VIII bonds failed in the stressed condition in 12 months at this ex-
posure but the unstressed bonds retained essentially all their initial
strength,

The bonds made with the other 5 adhesives, Scotchweld Film 585,
Bloomingdale FM~47 Adhesive, Redux E, type R, Metlbond 4021, and
Epon 422J, and exposed to the various laboratory conditions showed good
durability without any appreciable losses of strength during the period
covered by these tests,

The continuous salt-water boil exposure for periods up to 6 hours caused
no significant bond deteriorations in any of the adhesive-bonded panels,
including those types of bonds which deteriorated appreciably in other
laboratory and exterior exposure conditions.

Climatic Exterior Exposure Tests

The results of the exterior exposure tests (Tables 4, 5, and 7) showed
generally good correlation between these tests and the laboratory expo-
sure tests. The 5 adhesives that showed good performance in the labor-
atory exposure tests generally showed good performance in the climatic
exposures. Only the Scotchweld 585 bonds showed an erratic behavior
after 3 years' exposure at Florida, with some of the bonds having no
strength, and others having essentially all their original strength, the
average being 57 percent of the original strength. In general, these 5
adhesives represent types that have qualified under Military Specifica-
tion MIL-A-5090B or similar specifications, while the other 4 adhesives
that show deterioration in certain of the laboratory and exterior expo-
sure tests have not been so qualified.

The exposures in Wisconsin, Alaska, and New Mexico were much less
severe than those in Florida or the Canal Zone, and only the stressed
Epon VIII specimens showed appreciable deterioration in these milder
exterior exposure conditions at Madison and Alaska.
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In the Panama Canal Zone exposure, bonds made with Metlbond MN3C
Tape (stressed and unstressed), Epon VI {stressed), and Epon VIII
(stressed and unstressed) generally showed appreciable deterioration
after 1 year of exposure, averaging less than 30 percent of their control
strength. The unstressed Epon VI bonds also deteriorated to a strength
 of 40 percent when exposed for 3 years at the Canal Zone,

The Metlbond MN3C bonds deteriorated somewhat, and the Epon VIII
bonds failed completely after 1 year in Florida. The Metlbond MN3C
bonds deteriorated much less than during 1 year in the Canal Zone. By
the end of 3 years, however,; the deterioration of adhesive bonds was
greater in Florida than in the Canal Zone. After 3 years in Florida, un-
stressed bonds made with Metlbond MN3C, Epon VI, and Bloomingdale
PA-~101 averaged 15 percent or less of their original control strength,
and Scotchweld 585 film specimens averaged 57 percent of their original
strength. Bloomingdale FM~47 bonds were not affected.

In most instances, as the bonds deteriorated in joint strength there was
an increase in the percentage of adhesion-to-metal failure, and corrosion
occurred on the surface of the metal in the bond line.

In general, it appeared that the method of stressing the joint panel over a
bending frame accelerated the deterioration for those adhesive bonds
which were subject to deterioration. In many of the tests, however,
there was not a significant loss of strength in either the stressed or un-
stressed joint panels.
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Table l.--Distribution of adhesive-bonded lap-joint aluminum
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Table 2.--Weather data at the test sites: for the years 1953 through 1956

Month : Temperature : Relative humidity : Total ! Average daily

H e e e L L e e e —m st e ———— : precipitation :; solar radiationg
! Average deily t Average daily : Average daily : Average daily : H
: mex lmum : minirmm : maximum : minimum : H

°F. H °F. : Percent, H Percent : Inches H Langleye

Fairbanke, Alasks

1953 H H H H

April : 50 : a2 : 75 : 34 f C.00 : 641
May : 65 : 36 : 8z : 3k : 1.00 : Lo
June : T4 : L7 : 87 : by : 2,70 : 504
July : 74 : s : oh : he : 1.33 : 475
August : 67 H Lo : 96 ! 50 1 2,97 : 338
September 56 : 32 : o6 i 5% : 1.32 : 340
October : 75 : 13 : 8s : 52 : .25 : 212
Novembar : 10 : 6 : 76 : 55 : .20 ! 87
December : 5 : -9 : 77 : &2 : .13 : 17
l9§’+

January : -5 : -26 : ™ : 54 : .55 : 58
February H -3 : «30 : 5 : L8 : .19 s 24k
March : 29 H -2 : 78 : L8 : .60 : 567
April : Lo : 13 : 73 : 37 : .00 : 818
May : 65 : 3 : T8 : 25 : .17 : Ly
June ; 71 : 45 : 86 : 37 : 1.78 : 500
July : 69 : 46 : 92 : 48 : 3,22 : 431
August : 67 : ks : g5 : 51 : .8l T Loz
September 5k : 30 : o1 : hg : 1.82 : 308
October : 41 : 21 : 90 s 55 : .08 H 206
November : 20 : L : 88 : 71 ! Sz : 75
December : -15 : -31 t 79 : 59 : .ho : 18
1955 H :

January : 8 : =10 : 86 : €9 : R : k3
February : -23 : -12 : Th : 51 : 60 : 161
March : 29 : -2 : 83 : 52 : .52 : 395
April : 37 : 10 : 81 : Lz : .20 : 575
May : 58 : 34 : 85 : Lo : 1.67 : 532
June : 67 : ho : 89 : 43 3.52 : 506
July : Th : b7 : 92 : Ly 2.51 : 548
August : G : L3 : ob B 5k 1.90 : ko9
September  : 54 : 3h : 97 : 59 : 1.4% : 254
October : 58 : 16 : 92 : 69 : .oL : 107
November : -2 : ~16 : 81 : 64 : .21 : 9h
December : -1 : -18 H 79 : sh : 1.83 : 12
1926

Januery . -13 : -29 : 70 : 48 3 A3 : 53
February : 1 : -1g : T4 : 52 : .99 : 128
March : 25 : =7 : 79 : 45 : .15 : k28
April : 46 : 19 : 78 : b : 12 : 602
May : 60 : 35 : 80 ' 36 : 61 i 516
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Table 2.--Weather data at the tewt sites: for the years 1953 through 1956 (continued)

Month H Temperature : Relative humidity : Total : Average dally 5
[P e e lmtm e tecmms e carmese——enaen~e ] Drecipitation ¢ eolar radiationS
: Average daily : Average daily : Average dally : Average daily : H
H maximum H minimm H max imum H minimam H t
°F. : °F. H Percent : Percent : Inches : langleys

Madison, Wisconain

1953

April ' 5g : 34 s 86 : Ly 3.12 351
May ' Fo : L6 : 86 3 ks 1.02 482
June : 83 : 58 : 88 : 45 5.15 586
July s 85 : 61 T 90 : bo 4 .28 52%
Auguat, 3 86 : 59 1 S0 : k3 3.4k 504
September : 76 ! kg : 87 : 26 2,11 : L2
October : 69 : 4o : 87 : he 1.81 : 291
November : 50 : 31 : 8l : 50 .52 : 171
December : 35 : 20 : 87 : 63 2.17 117
19214

January : 30 : 10 : 83 : 56 t .76 : 152
February : L1 : 24 t 86 : 53 : .63 : 203
March : 41 : fetel : 8o : ke ' 1.19 : 323
April : 61 : 38 : 85 : 46 : 4 .09 : 380
May : 65 : ke : 84 : ha : 2.98 : 511
June : 83 : 59 : 8g : 48 : 7.36 : 548
July H 85 ' 61 : - 91 : 48 : 5.73 : 514
August ' 81 : 57 : 95 : 51 : 2.78 : k16
September t T : 52 : 92 : 52 : 3.82 : 331
October : €0 : 41 : 90 $ 53 ' 3.72 : 211
November : k7 : 29 : 91 3 59 : 81 : 12%
December : 32 : 16 : 89 : 69 : 1.20 : 107
1955

January : a7 : 1 : 82 H 60 H 65 : 153
February : 30 : 11 : 78 : 64 ! 1.67 : 226
March : L1 : 21 : 8k : el : .96 : 384
April : 65 : I} : 83 : ] ! 3.65 : h32
May H 73 H 48 : 87 : ko : 2.10 : ska
June : 7 : 54 : 85 : kg : 2.78 : 523
July : 91 : &5 : 9l : Ly : 3.95 : 567
August : 89 : €3 : 88 : 39 : 1.55 : 512
September : 77 s bo : a7 : 36 : .80 : 410
October : 62 : k1 : 91 : Lg : 5.2h : 243
November : 41 : 22 : 89 : 5k : 57 : 151
December : 28 s 12 : aL : 57 : .59 : 121
1956

January 1 31 : 12 : 87 : 62 : L3 : 159
February : 33 : 12 : 86 : 55 : 1.00 : 259
March : 39 : 21 : 8g : 54, : 2.5% : 340
April : 55 : 2 : 8 : 28 : 3.5k : 4oz
May : 68 : ke : 83 : hé : 5.11 : 439
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Table 2.--Weather data af the test sites= for the years 1953 through 1956 {continued)

Month

1953

April
May

June
July
August
Septenmber
October
November
December

1954

January
February
March
April
May

June
July
August
September
October
November
December

1955

January
February
March
April
Mey

June
July
August
September
Cctober
November
Dacember

1956

January
February
March
April
May

Trss e

assenaaa

Temperature

maximum

veraaes

sremaa

Cassesennas Ty

. .
HE R IR A I A TP

RN RN

. .
SHedasanss raenans

laaaasas

..

saveaal

R

R R R R ]

B R I I R IR -

.
HOEE T I A A I

Ch s e

R

fhe b
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minimum H

RN

Seerae b
sersa b
cressaras
csrsamaeas

eremsesre

EAr I AR
IR NREY]

temaaa

TR RN

aevrsn e

8L : 76
85 H 78
85 : 78
87 : 78
86 : T8

. B6 : 7
86 : T
84 : 76
871 7
87 77
84 7
85 76
83 : T6
85 : 78
86 :

PR RN
LI
BAaaaprraa

cherenn

IENTREY]
LEERX]
[EERN

LEEN N

ardven
esaaea
aeasna

4
b
cersaad
.
.
.
.

LI -

N

Relative humidity

maximim

Percent

B

.
H
1
H
]

: Average daily

Average daily
minimum

Total

: precipitation

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

Percent

Panama Canal Zone2

DR N R A I

.

areva s

R R

AEEEE]

R U I I IR Y
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dedesurran e
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sassrnrsane s
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s e raeeaa

rasasslaans saray
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R I
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s uan e

DN I

. ta wa am
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I

IR N

s ee naas

trrueia

seeasanad
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95
96

R
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asenrw

H

H

K

sem s uwn

tasumsian

RN

TR

st

-1%-

Panses e
sras e a BB aann
L N N

Sagasavavar bt

H

.

.

+

LR A )
RN N A
Baarss s arsae
sanpssaansesry
PR W R
R R RN
DR I A
Fuesacsasweras

e e sa wn

Average daily 5
solar radiation=

Sasg bbbt
St letedtatrabae
Tesrasaraniaesans
PR P I
isdseidangdenaans
Tttt it ctestenuba
teredgbatinrreany
sesrsessns s

Wrsevseansasranan

tress s e rasnaanna LR NI AN ]

srsssanagsanuge

D R N N R P N
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.

RN e
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trnestedtanse

LR IR I R
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EE R AR NN
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Table 2.--Weather date at the test eites® for the years 1953 through 1956 (continued)

Moenth : Temperature : Relative humidity t Total ; Averege daily

e U ————— I e e cm e ————————— ¢ preclpitation : solar radiation?
: Avermge dally : Average daily : Average daily : Average daily : H
mexmam : minimum : max imum H minimum
°F. : °F. : Percent : Percent : Inches H langleys

Miemi, Florida

1955

April : 84 : 68 : g6 : 61 H 5.51 : L86
May : 88 : Th : 35 : ol : 3.83 : L7y
June : &9 : 76 : 58 : 67 : 5.9% : 361
July : 90 T 6 : 98 : 68 : 8.20 : 41p
August : g1 : 78 : a7 : 66 : 6.22 s 40k
September : 90 : 7T : 98 : 72 : 12.30 : Z90
October : 83 : ¢ : 99 : 67 : 12.33 : 398
November s Bo : 66 : 58 : 68 : 2,97 : hoz
December : 78 5L 63 : Q7 : 67 : 2.3k : ke
19214

January : 78 : 61 : 96 : 61 : .56 : 489
February : 78 : s8 : 97 : 55 ' 2.88 : 501
March : 78 : 51 : 96 : &0 1.66 : 517
April : 8k : 70 : 28 : 67 5.55 : 11
May H 88 H T2 : a7 : 63 11.96 : 368
June : &g : 75 : 99 : 68 7.65 : 291
July : 91 : 7 : 97 : 68 9.40 : 313
August : g4 t 78 : 96 : 63 1.64 : L17
September : 90 : 7 : g7 : 71 5.97 : 430
October : 8 : 71 : 94 : 67 5,20 : ysg -
November : 80 : 62 : 96 : 61 t 3.07 : 511
December ; 75 : 54 : 96 : 57 : .08 : 539
1955

January : 77 H Bl : 95 : 55 : Az : 516
February : 76 : 60 : 93 : 62 : RN : hoe
March : & : an : 95 : 63 : .39 : 513
April : a. : 68 : 93 : 59 : 2.83% : hgo
May : 88 : 71 : 9k : 62 : 2.71 : 430
June : 85 : 75 : ok : 69 : 10.60 : 537
July : a8 : 76 : 97 : T1 : 8.76 : 334
August : 8g : T : 87 : 58 6.20 : L13
September : 87 : Th : g2 : 61 5.09 : L&z
October : 82 : 68 : 90 : 57 s 4,67 ! hok
November : 8o : 63 : 88 : Sk : .83 : 517
December : 76 : €1 : 89 : 56 : 2.09 : k1o
1956

January : 71 : 52 : 8s : el : 1.50 : 551
February : 7 : 64 : 88 : 58 : .8k H 536
March : 77 : 53 : 89 : 50 : .00 H 575
April : 79 : &4 : 86 : 50 : 3.37 : 486
Mey : 83 ; 70 : 8t : 58 : 3,21 : 422
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Table 2.--Wemther data at the test sites: for the Fyeara 1953 through 1956 (continued)

Month

-ty

933

April
Mey

June
July
Avguet
September
October
November
December

195h

January
February
March
April
May

Junse
July
August
Septenber
October
Rovember
December

1955

January
February
March
April
May
June
July
August
September
October
November
December

2956

January
February
March
April
May

¢ Average dally

S8 se am ey BE BE e 4% ee wk =a e wa me

e er 2e wa mr e

“n a4 48 44 4r en we

H

.
i

Temperature

............... o e S e e 00 e

Average daily :

maximum

L ER #e 4 e e ws own

N LTS

an mp ms 45 SR e e

minimum

27
30

L8
33
61
63
64
61
418
19
25

25
2z
35
ha

50

6l
61
56
L8
35
32

33
24
32

37
50

Relative humidity
Average dally : Average daily
max imum H minimum
Percent : Percent

Btate College, New Mexico

. e ms me 5w R Sk 4F e em

e ke FE e mE s Be e as *e we e

ah s Ba e 4s 4e 46 4 we

56
59
61
83

48
36
32
21
37

61
64
50
33
k6

51

- se wa

ar ee ax es as we.

36
18

5
10
12

N

an B wm wE ws as =s aEm s wE Ae

an wv

Total

¢ precipitation

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

Inches

.00

3.42

.01
.00
.00
.00 '

.20
1.04
.00
.02
.00

.
H

: solar radiation=

s em 48 en wm

PR T I

[T -

“n we wm 4% TE gk an A w
.

m 4k S bR am

aw we ¥ de 4r

Average deily o

635
594
591
556

681
651
643
579

562
667
590
617
594
570
541
614
685
689
703
613

560
717
659
632
619
506
532
638
613
‘600
533

.
.

608

;Heabhar data for the test site aa reported by

the U, 5. Weather Bureau or test-site personnel.

gAverage daily radiation readings in langleys or gram-calories per equere centimeter om a L5-degrees surface
facing scuth,

2Heather data for thlse slte were not obtained for the initial part of the exposures. Solar radiation data were

not available.
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Exposure at this site, however, was in & shaded location.
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Table 5.--Results of shear tests on l/2-inch lap joints of 0.064-inch clad 2024-T3 aluminum alloy bonded

with Bioomingdale FM-LT7 and Bloomingdale PA-101 adhenives, after weathering In various climates

: Test results for -- 1
Exterior exposure et e U e —d ————rE e e A —— —————- e e
: Bloomingdale FM-47T Bloomingdale PA-10%
; Shear strength tAverage ; She;r-;;r;nétﬂ _---——_:R;;rage
e e e L T e T e T Hedorstoh: b B B L L L LT P :coheaion
tAver- :Mini- :Maxi- : Percent :fallure :Aver-~ :Mini- :Maxi- : Percent :failure
:age : mum  : omum of tage ! mum @ omum ¢ of H
H H : ! control : : H H : control :
: : H .strength_' : H 'strengthg
------------- ;P.s i, P 8.1, P s.i. ; Percent P 8.1, P B.1.: P 8. i. ; ;e;;;;;
Madison, Wis. ; : ; ; ; ; ; : H H
3 months - stressed : 4,38%: 3,17%: 4,885: B : 53 HIR B S
3 months - unstressed : k,690: 3,721; 5,028: 95 : 50 HEI I R I T I T
12 months - etressed ; L,525; 5,860; k,TEO; 88 ; 59 :......;......:......:.........:.........
12 monthe - unstressed  h,93k: k7200 5,200: 103 1 U3 Lo tersenrileriasirantecereneis
36 months - stressed ; h,285; 5,790; h,GBO; B4 ; 65 ;......:......:......:.........:.........
36 monthe - unetresaad + 5,011: 4,885: 5,210: e B T s A S S PP S S
Panama Canal Zonhe ; ; ; ; . ; ; ; ; ;
% months - stressed ; h,802: k,150: 5,120: 95 : 70 : 3,259: 2,541: 3,627: & 76
% months - unatressed : 5,677: 5,019: 5,980: 114 : 57 : 3,843: 3,395: L4,208: 98 : 93
12 months - stressed ; k,29l; 5,120; h,750; 89 ; 69 : 13, 122; 2,572; 5,928; 86 : 7O
12 months - unstressed 1 5,002: b,452: 5,%310: 100 T2 5 6#4. ,5&&' 4,064 95 78
36 monthe - etreased : h,252; 3,562; L,610§ 85 : ¥ (3] 3 6&3 3, h36 3,8602 22 : 85
36 months - unstressed s k,552: 3,700: 4,970 gk 70 @ 3,807: 3,550: h,062: 102 : &
Falrbanks, Alasksa ; ; ; ; ; : : : : :
% months - stressed :Eh,987: 4,680: 5,320: L S - R S P
3 months - unstressed : 5,h06: 5,093: 5,660: 102 : 66 @ 3,724: 3,416: 4,180: 102 : &%
12 monthe - stressed : 4,6535 u,15o§ 5,0502 96 : 58 : 5,602' 3, 2601 4,030: 96 : 85
12 months - unstreesed : 5,241: 5,000: 5,580: 100 : 68 h,OBl 3, 620 4,500 w9l
%6 montha - otressed My ,c10 4,8U0: b,9500 97 ;70 :3,386:3,200: 5,50: 8 + 8
36 months - unatressed + 4,891 4,7h0; 5,000 105 : 53 & 3,827: 3,310: 4,250: 99 : 91
New Mexico ; : : ; ; ; : ; ; :
3 monthe ~ unetressed : 5,212 4,850: 5,490: 107 : 50  : 3,757: 3,850: 4,130: 101 : 91
12 monthe - unstressed : h,967; h,650; 5,580; 100 ; 56 ; 5,620; 2,990; h,072; ok : 77
36 monthe - unstressed : 5,097; h,9uo; 5,160; 97 ; 70 ; h,ho9; 5,872; h,770; 110 ; B8
Florida ; ; ; ; ; ; ; ; : ;
3 months - unstreassed t 5,423 4,920: 6,0k1: 215 : sk : 3,768: 2,790: 4,Lo5: 96 : B85
12 months - unstressed : 5,#80; 5,2602 5,680; 02 : 60 5,880.: 2,8202 u,216; 95 : 239
36 months - unstressed : 5,151; k,970; 5,330, 100 71 . k7. 0. 2,500, 6 . 28
lThe average resulte given are for 8 specimens (4 specimens from each of 2 panels) for the stressed test condi-

tions and for 12 specimens (4 epecimens from esch of 3 panele) for the unstreseed test conditions, except

where otherwise noted.

aThe valuee for the percent of contrcl strength were computed on the basis of the average original control test
values obtalned on the end epecimens from the same panels exposed and tested at the particular exposure
condition.

3
“Some evidence of corrosion of the metal was noted in the bond lines.

Y
“Test result for only 1 panel as other test panel for this group was damaged and failed before teot.
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Figure 1. --Method of cutting lap-joint specimens of 0.064-inch clad 2624-T3 aluminum
alloy for control testing and exposure.
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