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Summary

Strength tests were made of lap-joint specimens of clad 75S-T6 aluminum
alloy with various lengths of overlap and of various sheet-metal thick-
nesses. Bonds were made with four adhesives. Tests were made with the
specimen either free to bend or restrained from bending. These results
were then substituted in lap-joint shear stress formulas developed by
Volkersen or by Goland and Reissner to obtain effective design values
of maximum shear'strength and modulus of rigidity for the adhesives.
These basic design values, used with the stress-concentration formulas,
were then found, in most instances, to be accurate within 15 percent in
calculating the failing strength of the lap-joint bonds, provided that
the joint parameter expressing the, ratio of the square root of the
thickness of metal multiplied by the thickness of adhesive film to the
length of overlap was not too large.

1
–This progress report is one of a series prepared and distributed by the

Forest Products Laboratory under U.S. Navy, Bureau of Aeronautics Nos.
NAer 01628 and NAer 01593 and U.S. Air Force Nos. D0(33-616)53-20 and
AF 18(600)102. Results here reported are preliminary and may be revised
as additional data become available. Original report dated August
1955.

2
–Trade names are used in this report at the request of the ANC-23 Panel,

and their use implies no endorsement of the products named by the U.S.
Forest Products Laboratory or any other government agency.

'Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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Introduction

Metal-bonding adhesives are usually evaluated for strength by comparing
test results obtained on standard types of single overlap specimens of
thin sheets of metal. Because of nonuniform stresses in the joints,
however, the maximum strength values obtained in such evaluation tests
cannot be applied directly to the design of lap joints made with differ-
ent metals, thicknesses of metal, and lengths of overlap. The physical
properties of both the metal and the adhesive, as well as the specimen
dimensions, influence the distribution of stress along the lap joint.
Bending of the metal sheets under load further complicates the distribu-
tion of stresses in these joints.

It was the purpose of the research here reported to obtain some basic
design properties for metal-bonding adhesives in lap joints. Tests were
made on bonded lap-joint specimens of various thicknesses of metal and
overlap lengths to check some of the theories that develop mathematical
relationships between joint stresses, properties of the adhesive and ad-
herend, and the dimensions of the joint specimen.

Procedure

Lap-joint panels and specimens were prepared with several commercial
metal bonding adhesives, and tests were made to obtain data that could
be correlated with stress-concentration formulas.

Type and Number of Test Specimens 

For each adhesive evaluated, 28 lap-joint
were made of 4- by 13-inch pieces of clad
were made with each adhesive from each of
thicknesses and lengths of overlap:

panels, each 13 inches long,
75S-T6 aluminum. Two panels
the following sheet-metal

Thickness of Metal Length of Overlap

(Inch) (Inches)

0.081 1/4, 1/2, 3/4, 1, and 1-1/2

.064 1/41 1/2, 3/4, and 1

.032 1/4, 1/2, and 3/4

.020 1/4 and 1/2
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Each 4- by 13-inch piece of aluminum was precut in a milling machine in-
to twelve 1-inch-wide test specimens (fig. 1),so,that the only sawing
necessary after the joints were bonded was to cut apart 2 small lips
on each side that held the specimens in place. The edges of the test
panels were also milled before they were bonded to remove any burrs or
rounding at the edges of the lap area.

Adhesives 

The adhesives included in the tests were:

Redux 	 high-temperature-setting, two-component formulation of
phenol-resin solution and a vinyl polymer powder.

Scotchweld Bonding Film AF-6.--A high-temperature-setting adhesive for.,
mulation of acrylonitrile-butadiene rubber and phenol resin in
the form of an unsupported tape.

Metlbond MIV3C Nylon Tape.--A high-temperature-setting formulation of
neoprene, nylon, and phenol resins supported as a film on nylon-
fabric tape.

Epon VIII Adhesive.--A formulation of epoxy-type resins.

Preparation of Test Panels

The aluminum test panels were prepared for bonding by first wiping the
identification lettering from the metal with a clean cloth saturated
with acetone and then immersing the lap end of each panel for 10 minutes
in an etching solution consisting of 10 parts by weight of concentrated
sulfuric acid, 1 part of sodium dichromate, and 30 parts of water, heated
to 140°,to 160° F. The only exception was the etching' treatment for the
panels bonded with Epon VIII, which was 20 minutes at 140° to 160° F. in
a solution consisting of 12.5 parts of sulfuric acid, 3.5 parts of sodium
dichromate, and 30 parts of water, as recommended by the adhesive manu-
facturer. The etching solution was rinsed from all panels with running
cold and hot water. The rinse water was then fan dried from the panels.

The adhesive bonding conditions used with each adhesive were:

Redux K-6.--One medium coat of the liquid component of the adhesive was
brushed on each metal surface, and the powdered component of the adhesive
was sprinkled immediately into the wet spread. Excess powder was brushed
from the surface. The adhesive film was air dried overnight, and the
joints were assembled and pressed for 15 minutes at a temperature of
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300° F. under a pressure of 100 pounds per square inch in a rigid-platen
hot press.

Scotchweld Bonding Film AF-6.--A single film of the tape adhesive was as-
sembled in the joint. The assembly was cured for 45 minutes at a bond
temperature of 325° F. and under a pressure of 150 pounds per square inch
in a rigid-platen hot press.

Metibond MN3C Nylon Tape.--Four spray coats of the priming component were
applied to the metal pieces to build a 0.001- to 0.002-inch film of prim-
er. The film was dried for 30 minutes between coats and 3 to 5 hours
after the final coat. The joint was then assembled with a single layer
of the tape adhesive and pressed for 42 minutes under a pressure of 50
pounds per square inch in a rigid-platen hot press. The temperature of
the press platen was originally set to 300° F. and was increased during
the final 30 minutes to 335° F.

Epon VIII Adhesive.--One medium coat of adhesive was applied to each met-
al surface, and the joint was assembled immediately. The joint was cured
for 90 minutes at a bond temperature of 200° F. and a pressure of 10
pounds per square inch in a rigid-platen hot press.

Soft cardboard cauls 0.03 inch thick were used to insure uniform pressure
distribution over the lap areas of all specimens.

Testing of Lap-Joint Specimens

Three test specimens were randomly selected from each of two test panels
made with a particular adhesive and tested to failure under normal condi-
tions at 72° to 76° F. Templin-type grips, suspended from spherical
seats, were used to hold the test specimen with the jaws extending to
within 2 inches of the ends of the overlap. The load was applied at a
rate of 1,400 pounds per minute per square inch of lap area. In the
first part of the study the test specimens were not restrained to prevent
the normal bending due to eccentric stressing. The test areas were meas-
ured to the nearest 0.01 inch, so that the failing loads could be com-
puted as average joint strength per square inch of test area. Adhesive-
film thickness was determined by subtracting the thickness of the two
facings from the total thickness of the bonded area, measured to the
nearest 0.0001 inch.

A device (fig. 2) was later developed to restrain the specimens from
bending in the vicinity of the lapped joint. This device was used in
testing 3 specimens randomly selected from each of the same panels tested
without restraint. Tests of specimens under restraint were limited, how-
ever, to those of 0.064- and 0.081-inch metal, with 1/2-inch and longer
lap joints.
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Test Results

The results of the lap-joint tests are summarized in tables 1, 2, 3, and
4. These tables include group averages for the joint dimensions, average
failing stresses of the joints, percentages of cohesion failure in the
adhesive, and thickness of the glue films. The tables also include co-
efficients of variation for average joint strength within each group, and
other values calculated for use as described in the mathematical analysis
for these lap-joint results.

Values for effective maximum shear strength and modulus of rigidity at
72° to 76° F. for the adhesive, as obtained in the following mathematical
analysis "of the results of these tests, are given in tables 5, 6, and 7.
The computed failing stresses for average data for selected groups of
specimens, calculated by the three mathematical methods described in this
report, are compared to the actual failing strength of these specimens in
table 8.

Mathematical Analysis of Results of Lap-Joint Tests

For the single-overlap specimen of equal facings let:

L	 = length of overlap in inches

W	 = width of overlap in inches

t
F = thickness of metal sheet in inches

t	 = thickness of adhesive in inches
g

F 
= modulus of elasticity of metal sheets, in pounds per

square inch

= shear modulus for adhesive, in pounds per square inch

P	 = applied or failing load for specimen, pounds

f
av = P/LW= average applied or failing stress for the joint,

in pounds per square inch

max = maximum shear stress for adhesive, in pounds per square
inch

fF = P/WtF = tensile stress in the sheet
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(l)

(2)

Method 1

In a fundamental analysis or shear stress distribution in lap-joint spec-
imens, Volkersen and others 	 showed that, for joints having both
facings of the same thickness, the ratio of the maximum shear stress on
the adhesive in a lap joint to the average applied stress is:

fav

fmax rR1oth 1

in which

1 = L	
2Eptptg

For this analysis it was assumed that:

(1) Stresses being applied are within the elastic limit for
both adhesive and facings.

(2) The shear stress is constant across the thickness of
the adhesive.

(3) There is no bending of the bonded area during test.
(4) The strain across the adhesive is negligible.

This analysis has been applied by Chance Vought Aircraft in the design
of Redux-bonded aluminum lap-joint specimens by determining an effective
maximum shear stress and effective shear modulus for the adhesive to
compensate for failing stresses applied beyond the elastic limits for
the metal and adhesive and for the specimens being permitted to bend
freely.

Volkersen, 0. Luftfahrtforschung, 15(1939) 41.

2DeBruytte, N. A. The Strength of Glued Joints. Aircraft Engineering,
April 1944.

6
–Sherwin, S. B., and Wan, C. C. Structural Characteristics of Bonded'

Metal-to-Metal Lap Joints. Chance Vought Aircraft Report MP 2020-2,
June 1945.

'Broding, W. C. Determination of Static Shear Strength of Redux for De-
sign. Chance nought Aircraft Report 7575, May 1952.
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This same general method has been used with the lap-joint data of this
report in an attempt to obtain effective values for maximum shear stress
and shear modulus that can be used in formulas 1 and 2 for the design of
lap joints and to check this application of the Volkersen formula.

As the lap length approaches zero, the value (formula 2) approaches

zero. As approaches zero, the limit of the right-hand portion of for-

mula 1, after series expansion, can be shown to approach unity. There-
fore, by formula 1, as the lap length approaches zero the average or ap-
plied shear stress becomes more nearly equal to the maximum shear stress.

To obtain this maximum shear stress value (f ) for each adhesive, the

data for average failing stresses versus lengths of overlap were analyzed
to obtain a series of curves for the various face thicknesses of the gen-
eral quadratic form:

f = aL2 + bL + c
	

(3)
av

The common zero intercept c for the series of curves is equal to f 	 as

demonstrated above.

Two, 3, or 4 curves were developed for each adhesive, depending on wheth-
er the test data for specimens with the thinner facing thicknesses were
considered valid for the adhesive or had to be disregarded because fail-
ures were primarily in the metal. Curves were fitted by method of least
squares, and the maximum shear stress, f	 was made a common intercept

for curves developed for each adhesive as illustrated for one adhesive
and two facing thicknesses below:

For 0.064-inch metal facings

IL12 f 
av

1 
- a1 yL3.4 (4)

L f - a ZL 3 - b1 av	 1	 11
= 0 (5)
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(6)

(7)

For 0.081-inch metal facings

Z.L
f	 4- bp -f ZL 2 =0

2 av2 	 2	 2	 2	 2	 max 2

L2 fay2 - a2E L23 - b2Z L22 -	 L2 = 0

To limit to a common intercept at L = 0

	

fav - E L12 -	 L1 nlfmax (Efav2- a2EL2

- b2T.L2 n2fmax=

After proper substitution ofEL,/ fay, andZLfav values in the above

equations, simultaneous solution of the equations determined the values
of al, a2, bl, b2, and f	 to give the best fit of the curves to the ad-

hesive test data for the various sheet-metal thicknesses.

The following trial equations developed by the method of least squares
were obtained to determine the effective maximum shear stress values for
the various adhesives studied.

Reduce K-6 (unrestrained testing) 

fav = 1,481 L12 - 4, 327 L1 + 6, 876 (for 0.064-inch metal)
1

fay = 1,197 L2
2 - 3,956 L2 + 6, 876 (for 0.081-inch metal)

2

(8)
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Redux K-6 (restrained testing) 

ray = -30 742 L12 + 1,676 L1 + 6,606 (for 0.064-inch metal)
1

f	 = -535 L2
2 - 894 L2 + 6,606 (for 0.081-inch metal)fay

2

Scotchweld AP-6 (unrestrained testing) 

ray = 4,322 L - 4,268 L1 + 3,506 (for 0.020-inch metal)
12
	

1
1

ray = 1,448 L2
2 - 10 L2 + 3 ,506 (for 0.032-inch metal)

2

f
av 

= -2,227 L + 1,166 L + 3,506 (for 0.064-inch metal)
32
	

3
3

fav = 219 L42 - 823 L4 + 3,506 (for 0.081-inch metal)
4

Scotchweld AF-6 (restrained testing) 

fav = -2,815 L3
2 + 774 L

3
 + 4,590 (for 0.064-inch metal)

1

fay = -32 L
4

2 - 1,108 L4 + 4 , 590 (for 0.081-inch metal)
2

Metlbond MN3C Nylon Tape (unrestrained testing) 

f	 = 4,854 L 2 - 2,667 L + 3,548 (for 0.032-inch metal)
av	 1	 1

1
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f
av 

= 895 L
2
2 - 1,269 L

2
 + 3,548 (for 0.064-inch metal)

2

fav = -111 L3
2 - 287 L3 + 3,548 (for 0.081-inch metal)

3

Metlbondle3C Nylon Tape (restrained testing) 

fav = 1,675 L
3
2 - 2,043 L

3
 + 3,974 (for 0.064-inch metal)

l

fav = 192 L
3
2 - 593 L

3 + 3, 974 (for 0.081-inch metal)
2

Epon VIII Adhesive (unrestrained testing) 

fav = 8,081 L1 - 10,943 L, + 6,149 (for 0.020-inch metal)
1

fav = 3,735 L2
2 - 7,771 L2 + 6, 149 (for 0.032-inch metal)

2

f
av 

= 4,647 L 3 2 - 8,860 L
3
 + 6,149 (for 0.064-inch metal)

3 

f	 = 2,890 L
4

2 - 7,218 L
4
 + 6, 149 (for 0.081-inch metal)

av
4	

•

Epon VIII Adhesive (restrained testing) 

fav = -1,161 L12 - 206 Li + 4,647 (for 0.064-inch metal)
1

f	 = -1,172 L 2 + 184 L
2
 + 4,647 (for 0.081-inch metal)

av2	2
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These trial equations, obtained on specific data over a limited range,
should not be used for purposes of design. Within the normal range of
overlaps studied, the values of the common intercept of these curves,
as given in table 5, best represent the effective maximum shear stress
for the adhesives.

Besides the effective maximum shear strength values for the adhesives,
the effective shear modulus for the adhesive (G) is needed in design

with formulas (1) and (2). To obtain the best value for this property,
f

the ratio ----was calculated for each individual specimen, using thefmax

av
appropriate maximum shearstrength values as determined above. The

fmax 1
Value of K was then taken from the lower curve for 	 = -PothR of

fav
figure 3. The average values for each group of 6 tests are listed in

tables 1, 2, 3, and 4.

As the relationship (2) can be rewritten in the form

,
	

(9)
L	 2EF

G
the best value of-15-.for each adhesive, the slope in the above equa-

V
2E

F
tion, was determined by fitting a straight line through the origin by

7jt t
the method of least squares from the individual values of  v F g and K

L	 -

for that adhesive. However, the correlation was noted to be erratic for

	  values over 0.04 or 0.06, depending on the adhesive, and for K

values aver 3.0. Therefore, only data below these values were used in
computing the slope of the lines. Typical plots showing the . correlation

of the individual test data to the fitted straight line through the ori-

gin are given in figures 4 and 5.

(VG
The slope	 -.5— of the straight lines was thus located, and the ef-

EF

fective modulus of rigidity (G ) at 72° to 76° F. was computed from this
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parameter by substitution of 10.5 x 106 pounds per square inch for EF,

the modulus of elasticity for the metal facings. These effective moduli
of rigidity values are given in table 6.

These effective shear modulus values (G ) are designed to be used for

computing the average joint strength (fa) of lap joints from the rela-

tionships derived by Volkersen (formulas 1 and 2). These effective mod-
ulus values are derived from tests in which some bending did occur in
the metal and stresses greater than the elastic limit for the adhesive
were applied. The magnitude of these effective moduli would therefore
be expected to be quite different from the true shear modulus values
that might be obtained if i accurate measurements could be made on adhe-
sive films stressed only n shear at stresses below the elastic limit.

Method 2 

Goland and Reissne0 have derived relationships for the ratio of the
maximum shear stresses to the average shear stresses in lap joints free
to bend.

For one case it is assumed:

(1) That because of the thinness of the adhesive layer and small value
of the elastic moduli of the adhesive compared to that of the
sheet material, transverse normal strains and shear strain in the
sheets are negligibly small as compared to corresponding strains
in the adhesive layer.

(2) Deformation of the metal sheet in the bonded area is due solely to
the longitudinal normal stress.

(3) Normal stress in the adhesive parallel to the layer is negligible.

(4) Other stresses in the adhesive do not vary across the thickness of
the layer.

(5) Failure occurs because the shear stresses exceed the shear strength
of the adhesive, rather than because the tearing stresses exceed
the tearing strength of the adhesive.

–Goland, M., and Reissner, E. The Stresses in Cemented Joints. Journal
of Applied Mechanics, March 1944.
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The ratio of the maximum shear stress to the average shear stress in the
joint free to bend is then derived (when converted to the symbols of
this study) as:

= (
1t3A

) 	o	 3(t-A) fmax

av	 -1

in which A is a parameter that is dependent on the sheet stress, the
physical properties of the metall .and the joint dimensions, as shown in
figure 6; and the parameter 1/Ki is the same as given in formula 2 of

method 1:

Gg
1	 1 7- = L
K] 	2E

F
t

Ftg

except that the value of the effective shear modulus Gg will differ from
1

that obtained for Vblkersen's formula.

From figure 6, the value of the parameter A is dependent on the parameter

,\IThis relationship of the parameter A to (E-) 2 is taken from the Goland
t_ E_

and Reissner reference.2 At this condition the above equation reduces to:

fmax 2	 2= _-b oth--
f av

The parameter 2:- also approaches zero as the overlap length-approaches
K1

zero (equation 11), and then for zero overlap the above equation becomes:

fmax = 1
	

(13)
av

(10)

2 fir
()	 and approaches 1 when the length of overlap approaches zero.EF

2 f

(12)
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Therefore, the maximum shear stress values obtained for method 1 by lo-
cating a common intercept at zero overlap for the curves plotting fail-
ing stress and length of overlap are also applicable for use with this
method.

Curves showing the comparison between the Volkersen formula (equation 1)
and the Goland and Reissner formula when using values of 0.31 to 1.0 for
the parameter A (equation 10) are given in figure 3.

Effective shear modulus values Gg were obtained for use with the Goland
1

and Reissner formula by the same general procedure described for method
f

1 -- namely for formula (10), knowing the ratio max for each specimen
fav

and taking the value of A from figure 6, the value of Ki for each speci-

-\/

men
ty EF	 1

_\/given in the tables of the appendix, with the average value of ( IL-)2 atF EF
andKfor each group of 6 tests listed in tables 1, 2, 3, and h.1

The slope of a straight line fitted by the method of least squares through
4Ft

... ...—the data of K. and	 g for each adhesitre, then represents, from formula
L

11) _I—gl
2E

F

The slope of the straight lines was thus located, and the effec-

tive modulus of rigidity (Ggl ) at 72° to 76° F. was computed from this

parameter by substitution of 10.5 x 10 6 pounds per square inch for EF

(table 7).	 —

The effective shear modulus values of table 7 (G
g

) are intended to be
l

used for computing the average joint strength from the relationship de-
rived by Goland and Reissner (formulas 10 and 11).
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t
F

Ic., )2 0.453
f
F 

= 3,910 [

Method 3 

In several earlier studies2010 of the design of bonded aluminum lap
joints, other investigators have plotted the average tensile stress in

, 2
the metal sheets at failure versus the ratios L or (!!....)

tF tF

This method of analysis was applied to the test data obtained on the lap-
, 2

joint specimens from this study. The sheet stresses and ratio (=!...)
tp

taken from the individual , test results are plotted on logarithmic scale
in figures 7, 8, 9, and 10. A straight line was fitted by inspection to
the plotted points on each scale. The equations for the straight lines
are of the form

f
F

=b (14)

which for various adhesives gives

L 10.390
f

F 
= 8,150 (E-.)

210.422
f = 4,220 [.(--)
F	 t

Redux K-6 (fig. 7)

Scotchweld AF-6 (fig. 8)

Metlbond MN3C Tape (fig. 9)

2Holback, G. E., and Burridge, J. L. A Production Application of Struc-
tural Adhesive Bonding. SAE Preprint No. 240, 1954.

10
--Development of Production Equipment, Methods, and Fabrication Criteria

for Metal Adhesives. Convair BiMonthly Reports for Air Force Contract
33(6001-19263, 1953-4.
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2 0.246
fF = 12	 rj560 {i

T 210.246
fF = 8,050 [C12-)

F

Epon VIII (0.020-
aluminum) (fig.

Epon VIII (0.064-
aluminum) (fig.

and 0.032-inch
10)

and 0.0e1-inch
10)

f	 = b (tF)av	 LtAF)

Combining formulas (14) and-•15) gives

(16)

or to compute the average failing strengths for the different adhesive
bonds:
or

The average lap shear stress is given by

-1fFtF	 L 1".°f =	 = f (—) = f [(—)av L	 F tF	F tp (15)

fav = 8,150 [(L.-)
1 -0.110

tF

f = 42	 [(.H
, 21-0.078

220
-F

f
av 

= 32 910 (t-).
1-01047

322 560	 .j )i=1":
1-0.254

f = 8 050 [(=.-)
Fav • 2	 t

10.254

Redux K-6

Scotchweld AF-6

Metlbond MN3C Tape

Epon VIII (0.020 and 0.032-inch
aluminum)

Epon VIII (0.064 and 0.081-inch
aluminum)

fav
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These formulas, of course, can only be considered valid up to a ratio

( 11-) 2 for which the maximum tensile stress (about 68,000 pounds pertF
square inch) in these tests of the aluminum sheet is obtained. For
Redux, the maximum tensile stress of the sheet was obtained at a ratio

2( L--) of about 240; for Scotchweld, 780; for Metlbond MN3C Nylon Tape,trF
550; and for Epon VIII, 900 on 0.020- and 0.032-inch sheet. For com-

puting failing loads for higher ratios (L )2 the maximum tensile stress
tF

of the clad 75S-T6 aluminum should be used.

Discussion of Results 

A general observation of the data for relationship of average failing
strength of the bonds to the length of overlap in tables 1, 2, 3, and 4
does not at first appear to show any logical pattern. For the specimens
tested without restraint, Redux K-6 has a bond strength of almost 6,000
pounds per square inch at the shorter overlaps and decreases to about
3,700 pounds per square inch at the longer overlap (1.5 inches). Epon
VIII bonds ranged from 4,000 to 4,500 pounds per square inch for the
shorter overlaps, decreasing to less than 2,000 pounds per square inch
for the longer overlaps. Strength values for Scotchweld AF-6 and Metl-
bond MN3C bonds, on the other hand, were about 3,500 pounds per square
inch for the shorter overlaps, and the decrease in going to the longer
overlaps was generally less than 500 pounds per square inch. Bending
restraint on the test specimens usually resulted in a small increase in
shear strength for the specimens with short overlaps. A decided in-
crease was obtained when the specimens with longer overlaps, which nor-
mally showed a decrease in average strength due to the length of overlap
and type of adhesive, were restrained.

An explanation, in part, for the above behavior can be obtained from the
Volkersen formula:

11-a-
fav = 1 

fmax in which 1 =  L 
1'

Rcothf	 K -11t77; 2EF
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1The function -coth.-1- is practically equal to 1 for all values of 1less
K K

7J-(10.5. Therefore, if the value of —E— is sufficiently small or the ad-

hesive film thickness is large enough so that 1 is less than 0.5, the

length of the overlap or thickness of the facing will have little effect
on average shear stress in the joint, as it is practically equal to the

maximum shear stress. However, if the value of -fa- is large, so that

F
2E

the term 4.7 is greater than 3.0, cothl is practically equal to 1, and the

average shear stress in the joints becomes directly proportional to the
square root of the facing thickness and inversely proportional to the
length of overlap.

Most adhesive bonds fall between these two extreme conditions. The bonds
made with Metlbond Tape and Scotchweld, having low effective shear moduli
(tables 6 and 7), apparently approach the first condition. The bonds
made with Redux K-6 and Epon VIII, having high effective shear moduli,
approach the second condition. Restraining the specimens from bending
greatly improves the average shear strength of the longer lap-joint spec-
imens bonded with adhesives having high shear modulus, and, as a result,
the effective shear modulus values for these adhesives in this type of
stressing are greatly reduced. In fact, the effective shear modulus
values are so reduced by restraint of bending (tables 6 and 7) that these
values are less than the effective shear modulus values obtained for the
Metlbond Tape and Scotchweld bonds in this type of stressing.

It is felt that the results obtained in attempting to fit the strength
data for adhesive-bonded lap joints to the fundamental stress formulas
(Volkersen's and Goland and Reissner's) in table 8 have been encouraging.
These fundamental formulas assume that neither the adhesive nor the met-
al is stressed beyond the elastic limit. In actual tests to failure,
the adhesive and often the metal are stressed beyond their elastic lim-
its. In attempting to make formulas (1) and (10) useful in predicting
the failing strength of the joints having various lengths of overlap and
sheet thicknesses, the adhesive shear modulus design values were so cal-
culated from the experimental data as to compensate for the greater
strains obtained near failure.

The design criteria values obtained in the study were found to be effec-
tive with these stress formulas in computing the average failing strength
of the lap-joint specimens normally within an accuracy of 15 percent for
the bonds made with Redux K-6, Scotchweld AF-6, Metlbond MN3C, and the
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restrained bonds with Epon VIII. This accuracy is considered good in
view of the variability that is sometimes obtained in the strength of
adhesive bonds. In fact, for this closely controlled study the average
coefficients of variation for groups of 6 tests were 4.8, 6.2, 6.4, and
7.8 percent, respectively, for Metlbond Tape, Epon VIII, Scotchweld AF-6,
and Redux K-6. A number of the individual groups, particularly those
with the short overlaps, had coefficients of variation as high as 10 to
17 percent.

In obtaining the effective value for the adhesive shear modulus by plot-

ting a straight line through the origin for the data of 	 versus

the parameter K (such as shown in figures 4 and 5) wide scatter of points
7iT:i-

were usually obtained when the 	 values were over 0.04 (0.06 for

Metibond as t was greater than for other adhesives), or when E: values
were over 3.0. In order to eliminate the influence of these scattered
points, the determinations of the effective shear modulus values were
made for the section of the data having the least scatter, which fortu-
nately is the normal range of practical design of lap joints.

Appreciable errors in computing average failing strength (errors of over
20 percent) by the Volkersen or Goland and Reissner formulas were noted
for the Scotchweld bonds between 0.064-inch metal with a 1-inch overlap
(unrestrained) and a 1.5-inch overlap (restrained); Epon VIII bonds be-
tween 0.081-inch-metal with a 1.5-inch overlap (restrained); and most of
the Epon VIII bonds in unrestrained testing.

In the case of the 0.064-inch metal bonded with Scotchweld, the actual
failing loads of the 1-inch overlap (unrestrained) and 1.5-inch overlap
(restrained) were less than the next shorter overlap tested. On the
other hand, the actual failing loads of the restrained Epon VIII bonds
of 0.081-inch Metal increased almost proportionately with an increase in
the lap length from 1.0 to 1.5 inches. In both cases, it appears that
the calculated values are the more reasonable, but additional tests need
to be made to confirm this.

In. analyzing the data for the Epon VIII (unrestrained) bonds it appears
that the bonds between 0.020- and 0.032-inch metal generally had higher
average failing strength than those between 0.064- and 0.081-inch metal
when compared for the same joint parameter. This is indicated by the
two curves in figure 10. In order to determine the effective maximum
shear strength (f ) and shear modulus values for this adhesive, as

given in tables 57, and 7, it was necessary to plot a single curve
for the data on Epon VIII as was done in figures 4 and 5 for other
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adhesives. The slope then determined was not in the desired close agree-
ment either with data on the 0.020- and 0.032-inch metal or with the data
on the thicker metal. To best predict the failing stresses for data of
this type, design values would probably need to be established separately
for thinner and thicker metal.

Proper measurement of adhesive film thickness was found to be very im-
portant in computing the average failing stresses from the design formu-
las and values. For example, in a 1.5-inch lap joint of 0.081-inch alu-
munum bonded with Redux K-6, the computed average shear strength will be
10 percent higher if an adhesive film thickness of 0.0052 inch is used
instead of a film thickness of 0.0042 inch.

The design formulas, while resulting in about equal accuracy, were not
quite so accurate for computation of average shear strength as the loga-

,, 2 ,
rithmic plot of stress versus (.t...) (method 3). This method, however,

tp
would be valid only for the one metal, while the other two methods, which
take into account the modulus of elasticity of the metal being bonded and
the basic design values for the adhesives, should apply to the bonding of
other metals if equally good adhesion is obtained.

The Volkersen formula, not having the additional parameter A, was much
easier to use than the Goland and Reissner formula. In fact, in order

_\I 2 f
to compute this parameter A, which is dependent on	 (I=.) -2; for the

tF EF 
Goland and Reissner formula, it is necessary to use a trial-and-error
method of calculation because the sheet stress, fr is also an unknown

in this formula.

Information gained from the results of the lap-joint tests and the basic
strength values computed from these results is of value not only in the
proper design of bonded structural joints, but in correlating other fun-
damental studies on adhesives. For example, it might be shown that, in
bonding a metal like magnesium, which has a low modulus, the adhesives
having low effective shear modulus values would give higher joint
strength than adhesives having high effective shear modulus:values. Al-
so, the effective shear modulus values might correlate with the ability
of an adhesive to resist peeling.
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Table 5.--Effective maximum shear stress values of the adhe-
sives at 72" to 76° F. for use with Volkersen's 
and Goland and Reissner's formulas. 

Adhesive	 : Specimen unrestrained: Specimen restrained
in bending	 in bending

P.s.i.	 P.s.i.

Redux K-6 6,876 6,606

Scotchweld AF-6 3,506 4,590

Metlbond MN3C Tape 3,548 3,974
: .

Epon VIII : 6,149 • 4,647

Table 6.--Effective modulus of rigidity values of adhesives for
design at 72° to 76° F. with. Volkersen's formula. 

Adhesive	 :Specimens unrestrained : Specimens restrained
in bending	 :	 in bending

Slope	 Slope
	  	 Shear :	 : Shear

	

 _.\ 
2

/ GL.L. : modulus :	 lei_ : modulus
:	 (G }2F 	 )

g	
2F.Y 	 .	 g

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

Red= K-6 : 0.02664 : 14,903 : 0.01596 5,349
: : •

Scotchweld AF-6 : .01558 : 5,097 : .01807 6,857
: :

Metlbond MN3C Tape : .01955 : 8,026 : .02083 : 9,112
•. : .

Epon VIII : .03542 : 26,311 : .01482 : 4,612
••

.1•••n•n1n•n•••nn•n•nnnn••••=ann.m.n.
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Table 7.--Effectivemodtausofridivaiuesofadhesivesfordesi
at 72 to 7 E. with Goland and Reissner's formula. 

:	 •▪
Adhesive	 :Specimens unrestrained : Specimens restrained

:	 in bending	 :	 in bending

Slope : Shear •. Slope	 : Shear

•::	 G F	 :	 :
	2EF	 :

: modulus :	 : modulus
• g :modulu

 :	 :	 g. 1	 :	 t	 (G )
1

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

Red= K-6	 0.0171	 : 6,141 : 0.841.26 •. 2,663
.

Scotchweld AF-6

	

	 .01133 : 2,696 :2,86o,o1167 :
.	 .. :	 .

Netlbond MN3C Tape :	 .01667 : 5,836 f .01388 : 4,046
: 	.

Epon 7/111	 .02813 : 16,617	 .00974 : 1,992
.	 .. :	 . 
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Table 8.--Camparimo0 of observed lap-301st strength values of adhesive bonds between clad 758-06 aluminum sheets

And the liap-jc. 1,.. stfe( • O. opted by using joint pars:suture smd 011220100 design criteria vsluee. 

	, 	 .
Adheelve	 4sIbee1ve doeign VA1.12.2 : Blest :Length of:	 Joint ponemeterea	 labeenesult	 Computed aversge fe.11inag 121-1-6611 	 Error

:thickneee: overlap-
L	

: --	
L	

:	 f.	

: 	 	 : 	
:;	 tg	 ;

•
, , 2 : i , 2 r?.. : alSing: Methal 1:	 Method 2	 : Method 3 , *Abed 10	 Method 2	 : Method 3 _

%IT! -.1,t17. , ET,: atm. rYolkermeniNoland I 2cam.emer;	 4,.Talkeream:Goland & lielmener: g v. (1, ,'
itr " L tg) :

Beaux K-6,	 t f,, 	 = 6,876 2.0.1.
:	

•	 	

	Inch :	 Inch ;

	

t 0.064 : 0.51	 : 0.0276 : 63.1'.
•

:

	

0.4933 : l'i
457:1:;	

P

,4

m 1

n-

	

:	 .	 ..	 1,
	 1 	 :

P a i

.	 5,178	 :	 3.7 :

	

: 
Percent 1	 Percent	 : Percent

: P	 'tg'

1.0

....... ------•-- ..... __-..- 	 	
:	 :

ftv

unrestrained': Gg = 14,903 p.e.i. 	 :	 :	 .74	 : .0198 : 133.7:	 .8094 : 4,457 :	 :2.	 4,609	 3.4	 :	 6.7

	

.76	 : .0188 : 88.4 :	 .6141 : 4,766 : 4,312 :
: 1.00	 : .0192 : 153.4 :	 .8417 : 5,932 : 4,374 :

5, 22

 2	

1.9

-9.1	 :	 4.4

bg= 8,150 p.e.i.
M = -0.110

.	
2	 .081 :	 .52	 : .003 : 40.7 :	 .3534 : 5,036 : 5,522 7

	

: 1.00	 : .0173 : 24-4.1 : 1.2097 : 4,038 , 4,056 :	 3.:::::
,	 :

5,334	

:	 4,758	 :	 .1 :
. 3k

:	 5,420	 :	 9.3 :
:	 4,980	 :	 -9.5 :

.,350	 :	 .4 i 7.7

5.5	 :	 7.2

• 7.7: G 1 = 6,141 p.a./.	 :

	

: 1.52	 : .0121 : 351.4: 1.5154 : 3,668: 3,047 *	
I	 4,686	 :	 11.2
:	 3,620	 : -16.9	

15.7
-2.6	

:	 19.2
:	 -1.3

Redux 11-6, 	 : f 	 6,606 p.e.i.	 :	 .064 :	 .50	 : .0261: 61.8 :	 .5093 : 6,693 : 5,889	 3,666	 . 	 (4) 	 	 -9.3	 -12.6	 	  (4)...
restrained : 1:72 5,349 p.s.i.	 :	 .75	 : .0216 : 136.1:	 .9352 : 1,764 : 5,756	 5,514	 	 (6) 	 	 -.5	 -4.7	 	 (6)- •

0;1 = 2,663 p.e.i.	 0	 : 1.00	 : .0164 : 243.3: 1.2801 : 01,541: 5,092	 5,062	 	 (6) 	 	 12.1 	11.5	 	 (17)...
.

	

.081 :	 .5o	 : .0380	
:

: 38.8 :	 .3679 : 5,836: 6,243	 6,077	 	 (4) 	 	 6.1 •	 3.3	 	  (4)...•
:	 :	 .76	 : .024o : 88.4:	 .6839 : 5,970 : 5,778	 5,603	 	  (7) 	

	

13]...	 :-	 9.0
1	
	 (6)

(6)....

11.6 :
:	 : 1.02	 : .0194 : 157.6:	 .9595 : 4,8t35 : 5,443	 5,327	 	 (7) 	

:	 : 1.50	 : .0132 : 345.2: 1.5714 1 0,094: 4,57o	 4,836	 	 (V) 	 	 13.2	 	 (6)..
0	 t•

Scotch:weld	 f	 = 3,506 p.s.1.	 :	 .020 :	 .26	 : .0266 : 171.6 :	 .7572 • 2,681: 3,155 2	 3,084	 :	 2,815	 :	 17.7 t	 15.0	 :	 5.0
AF-6,	 : G = 5,097 p.s.i.	 :	 .51	 : .0183 : 650.4 : 1.9680 1 2,455 1 2,849 :	 2,869	 :	 2,525	 :	 16.1 :	 17.0	 :	 2.9
unrestrained: 0g1 = 2,696 p.0.1.	 0	 .	 , 

bg. 4,220 p.e.i.	 :	 .032 :	 .27	 : .0398 	 69.5:	 .4360 : 3,552 : 3,336 :	 3,264-7.3	 :	 -14.0
M . -0.078	 :	 .50	 : .0201 : 239.6: 1.0318 : 3,021 : 2,940 :	 2,888	

:	 5,030	 0	 -5.3 ;
:	 2,750	 t	 -2.7 1	 -4.4	 :	 -8.1

	

•75	 : .0149 : 546.9: 1.8225 : 2,728: 2,616 ::	 2,680	 :	 -4.1 1	 -2.9	 ;	 -1.8

	

0	 .	 .	 1	 :	
2,648

.
1	 .064 :	 .26	 : .0528: 17.0:	 .1574 : 3,525: 3,407 :	 3,339	 :	 3,695	 3.3	 -5.3	 :	 4.8

	

:	 .51	 1 .0283: 62.7 :	 .4081 : 3,588 : 3,190 ::	 3. 214	: -11.1 :	 - 14.7	 :	 -15.0

	

: 1.01	 : .0192 : 249.0 :	 . 9404 : 2,364: 2,897 :	
,,Z

2,832	 :	 2,7'4	 ;	 22.5 I	 19.8	 :	 15.9

	

:	 .76	 : .0218 : 141.0 :	 .6978 : 3,172 : 3,010 :	 :	 2,865	 -5.1 :	 -8.4	 :	 -9.7

:: 	 y,La7	 1	 3.9 :	 :	 14.4:	 .081 :	 .26	 1 .0657:	 9.9 :	 .1018 : 3,312: 3,312 :	 3 ,441	 3.2

	

0	 .77	 I .0249 : 91.2 :	 .4802 : 2,896 : 3,110 :	
3,199
	

:	 3,185	 3	 2.4 t
:	 2,963	 1	 7.4 :	 2.7	 2.4

	

:	 .51	 1 .0366 : 39.6 :	 .2763 : 3,229 : 3,308 :	 :	 -2.0

	

: 1.02	 i .0208 : 157.0 :	 .7398 : 2,927 : 2,97o :	 2,871	 0	 2,840	 :	 1.5 :	 -1.9	 -3.0

	

: 1.51	 : .0138 : 346.7: 1.3051 : 2,771 : 2,518 : 	 2,506	 (	 2,075	 :	 -9.1 :	 -9.6	 -3.5

	

:	 .	 .

Scotch:geld	 c f..,	
T.

	

- 4,59Z p.m.1.	 :	 .064 :	 .50	 : .0288: 61.8 :	 .4334 : 4,104	 •: 4,070 :	 4,037	
:	  -jki ...:	 '8 :	

-1.6
22-6,	 1 G`; 6,857 .11.1.	 c	 .76	 t .0219 : 141.0 :	 .7749 : 3,770: 3,770 :	 3,838	 0	 /	 1.8r 	  f .
re 	 : at - 9.861 p...t.

10	

: 1.00	 : .0186 : 246.6 :	 .9473 : 2,442 : 3,541 :
0	 0	 1	 0	 0	 :	

3,672	 • 	 (E)	 •	 45.0 .	 5o.4
:	 r	 •

	

.081 :	 .5o	 : .0357: 38.9 :	 .3048 : 4,025 : 4,235 •	 4,180	
'.	 .t)) 	 	

5.2 t	 3.8	 -	

	

:	 .77	 t .0242 : 90.0 : 	 .5654 : 3,933 : 3,892 :	 3,893	 -1.0 •	 -1.0

	0 1.00	 : .0195 : 155.4 : 	 .7602 : 3,196: 3,611 :	 3,687	 r....(7) 	 	 13.0 r	 15.4 	: .....

	

: 1.51	 t .0134 : 346.0: 1.3326 : 2,903 : 2,974 : 	 3,246	 '	 (i) 	 	 2.5 .	 11.9

unrestrained: G; 1 = 5,836 p.e.i.	 : 1.00	 : .0199 : 976.6 •	 (2)	 • 2,170 : 22,180 	 (2) 	  32,1P4	 :	 .5 	 (2) 	 0

Metlbond	 • 7 	 3,548 p.0.1.	 .052 t	 .48	 : .0345 : 228.4 : 1.0218 : 3,399: 3,211 :	 3,056	 -10.1	 ::

b°.	

: n10
103C,	 : 0:-._; 8,026 p.e.i.	 0	 .75	 : .0248 : 549.3 -	  (2)	 • 2,942	 22,901 •	 (2) 	

:	 3,030	 :	 -51 :.
32,501	 :	 	 (2) 	

: m - -0.047	 :	 .009: i	 .48	 : .0537: 56.7:	 .3042 : 3,194: 3,465 :	 3,251-	 i	 i,,, E	 i	 .i...i i	

- 

1.8.8	 0	 1.3
i3,910 p.s.i. 	 ;	 ;	 ;	 0	 .	 :	 0	 0

.	 :	 .77	 : .0351 : 145.4 :	 .7180 : 3,089 : 3,221 :

	

:	 .99	 : .0285 :240.9 : 1.0629 : 3,174 : 3,079 :

32329288:67695
8 	

3,,090
182	

-2.1	 1	 0

	

.081 :	 .5o	 : .0571 : 37.9:	 .2794 : 3,505: 3,415 :

	

s	 .74	 : .0418 : 82.4 :	 .4874 : 3,238	 3,11: 3,310 :

	

1	 .98	 1 .0324 : 147.9 :	 .7291 : 3,104 : 3,172 :

	

I 1.48	 : .0222 : 333.9 : 1.2977 0 2,902 : 2,848 1

.	 .	 .	 :	 1

2,644	
.,	 2,97:

	 :	 -2.5 

2.
2.

2
2 3

:

r 	 ,

-

-4.7	 .4
3.7	 -1.8
6.8	 -6.0;	 5,29

;	 ,	 :
:	 :	 0

-.

-8.9	

:	 -4.8
:
:
:	 -
:
:	 2.5

	

0	 1	 1

Metlbond	 : f	 = 3,974 p.e.i.	 :	 .49	 : .0515 : 59.4 :	 .3825 : 3,395 : 3,770 *	 3,717	 	  8.. +;	 11.0 	 9.5	 •	 (4)-.
:

.
M230,	 : 0, = 9,112 p.s.i.	 :	 .76	 : .0362 : 141.0 :	 .7328 0 3,364 : 3,588 :	 5.7€7	 6.7	 6.0	 	  V).
restrained : 5, = 4,046 p.s.i.	 ; 1.00	 : .0280 : 241.7 : 1.1362 : 3,609 : 3,374 *	 3,597	 7-5.8	 	  61.	 (6). ..o	 -6.5 :

: GT; 26,311 p.s.i. 	 :	 .52	 : .0111 : 663.1 • 	 (2)	 - 2,655 : 1,920 •	 (2) 	 	 (2)	
:	 14

unrestrained:	

0412	 ,	

E:1
-9.2

:	 .oai :	 .50	 : .0571 : 58.6 :	 .2902 : 3,708 y 3,806 :	 	  ( )	 •	 2.6 • 	1-1

	

.99	 : .0818 : 150.4 :	 .7954 t 3,602 t. 3,489 : 	

533 :. 467235Z

	 :	 -3.1	 -3.4

	

:	 .76	 i .	 : 87.7 :	 .5312 r 3626 * 3,668 :	 	  ) 	 	 1.2

	

: 1.49	 : .0224 : 339.2 : 1.4276 : 3,508: 3,122 :	 3,225	 	  (1o)... .s -11.0 1	 -8.4

Epos VIII,	 : f 	 6,149 p.e.i.	 .020 :	 .26	 : .0213 : 169.1 :	 .8978 i 3, 850: 3,441 .	 3,07	 :	 5,412	 t -10.6 i
2,612	 • -27.7 	

-17.2	 -1

: 0°, =16,617 p.e.i.	 0	 1	 .	 .

	

.	 0	 : 	 : 	 •

: 0g020 and 0.032 inch :	 :	 .26	 : .0269 : 66.1 :	 .4674 : 4,288 : 4,044 a	 3,425	 :	 4,331	 t	 -5.7 :	 -20.1	 :	 1.0
: b = 12,560 p.s.i. 	 :	 .51	 : .0140 : 250.7 : 1.0894 i 3,138 : 2,400 r 	 2,334	 :	 3 ,088	 : -23.5 :	 -25.6	 ;	 -1 6 .

: m = -0.254	 :	 .76	 : .0087 : 564.2: 1.8010 : 2,542: 1,509 1	 1,687-33.6	 :	 -1.2
: 0.064 and 0.081 inch 0	 , 1.01	 : .0065 :1002.8 •	  (2)	 • 2,044: 1,128 	 (2) 	

:	 2,512	 : -40.6 :

: b . 8,050 p.e.i.
: 223: 2933:	 n 

-44.

 '

	

:
 • 
	

(2)	 •	 9.2

: M . -0.254	 :	 .061, :	 .26	 : .0452: 16.8:	 .1770 : 3,828: 5,138 r	 4,413	 15.3
:	 -21 .90	 :	 .52	 0 .0303 : 66.0 : 	 .4012 : 3,154 : 4,334 :	 3,664	 :	 2,778	 :	 37.4 :	 16.2

	

.081 :	 .26	 : .0651 : 10.4 :	 .1216 : 4,	 : 506 t	 5,131	 5.9 

	 16.66

2	 -8.4

0	 1	 .76	 2 .0119 t 139.2 :	 .5550 : 1,970 : 2,055 :	 1,780	 1	 2,298	 I	 4.3 s	 -9.6

.	 : 1.01	 : .0109 : 247.4 :	 .8716 : 1,942: 1,887 0	 1,819	 .	 1, 986	 :	 -2.8 :	 -6.3•
t

	

847	 ,6

	

:	 .52	 1 .0322 1 4i. :	 .2750 : 2,974: 4,475 :	 3,696	
:	 4,440	 :	 15.7 :
:	 3,125	 :	 50.5 0	 24.3 5.1

0	 :	 •76	 ; .0162 : 86.8 :	 .4080 : 2,161 : 2,742 ;	 2,226	 :	 2,591	 :	 26.9 1	 3.0	 ;	 19.9

	

0 1.01	 : .0146 : 154.5 :	 .6092 1 1,970 : 2,495 •	 2,172	 :	 2,238	 1	 26.6 :	 10.3	 :	 13.6

	

: 1.50	 : .0079 : 345.2 : 1.1366 : 1,819 , 1,371 :	 1,436	 :	 1,825 	... -24.6 :	 -21.1	 0.3
0	 . 	 :  

II,VIEpos
ra"! :4647/1.:.1.1.	

:	 .064 :	 .51	 r .0309 : 62.7 :	
; 3,780 : 

4,321 :	 4,264	 	 (4) 	 	 1.4 :	 .1	 	  (4)...
,restrained . G	 :	 .76	 • .0192 : 142.5 1	 .74rj,	

/ 
80 : 3,901 0	 3,905	 	 (') 	 	 3.2 : 	3.3	 	 (6)•

: 0.Si- . 1,992 p.0.1.	 	 (5) 	 	 -9.0 t	 -4.9	 	 ()..

	

:	 .99	 ; .0111 i 239.5 : 1.0789 : 3,330 r 3,030 :	 3,166 

. 	  (4) 	 	 .6 t
:

-2.7	 	 (4)..

	

:	 .76	 : .0218 t 87.6 :	 .5642 : 4,420 0 4,043 : 	 13',,g 	 (7) 	 	 -8.5 :	 -15.0	 	 (V).0	 :	 .52	 : .0292 : 40.4 :	 .3152 1 4,310 0 4,
2

85 ;

	

: 1.00	 .0 .0146 : 152.4 ,	 .7849 : 3,440 t 3,515 ,	 3,514	 	 (7) 	 	 2.2 1	 2.2	 	 (6)

	

: 1.51	 : .0085 ; 546.0: 1.1863 : 3,300 : 2,507 :	 2,716	 	 (6) 	  -24.0 :	 -17.7	 	 (6)..
:	 -	 -	 • 	 : 	 : 

1̂7'40 joint parameters are the average values taken from tables 1, 2, 3, and 4.

-The percentage of error was computed on the basis of the observed average failing etreeo for the group. Errors are positive unless otherwise indicated.
2Average failing stress calculated as fay = 68,000	 am the computed load exceeded the strength of the sheet.
-Design criteria values were not obtained by method 3 for the restrained tests.

2Calculations were not made by Goland and Reiesner method vben the average value for (1,-)2 fF 1n2112 greater than 2.0.tg E;
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Figure 1.--Precut aluminum sheets used in preparing lap-Joint panels.

Z M 97082 F



Figure 2.--Device attached to ends of overlap to restrain bending of
specimen during test. The 1/2-inch lap-joint specimen of 0.064-inch
75S-T6 clad aluminum illustrated showed practically no bending under
this restraint at an average joint stress of 4,000 pounds per square
inch.
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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

List 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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