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Summary

The buckling of rectangular flat sandwich panels when subjected to edgewise
bending was investigated experimentally. Panels of two sizes were tested;
each had thin aluminum facings bonded to an aluminum honeycomb core. In
each test, the load at which buckling occurred was determined from facing
load-strain data. Buckling loads also were computed theoretically. The
observed buckling load was 102 percent of the theoretical value in one test
and 87 percent of the theoretical value in the other test.

Introduction

The stresses that can be resisted by sandwich components subjected to edgewise load are often limited by the resistance of the sandwich to buckling,
!This progress report is one of a series (ANC-23, Item 56-5) prepared and
distributed by the Forest Products Laboratory under U.S. Navy, Bureau
of Aeronautics Order Nos. NAer 01835 and 01853 and U.S. Air Force Contract No. DO 33(616)58-1. Results reported here are preliminary and
may be revised as additional data become available.
Maintained at Madison, Wis. , in cooperation with the University of Wisconsin.
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rather than by proportional limit, yield stress, or strength of the sandwich
materials. Buckling loads or stresses may be computed theoretically if
adequate information is known concerning the panel geometry, application of
load, edge conditions, and mechanical properties of materials involved.
A theoretical analysis for the determination of buckling loads of simply supported rectangular sandwich panels subjected to combined edgewise bending
and compression has been presented in a previous report.! In a supplement4
to that report, design curves for the prediction of buckling loads were constructed for panels subjected to pure edgewise bending. The purpose of this
work was to provide experimental verification of the theoretical analysis for
the buckling stresses of sandwich panels subjected to edgewise bending.

Test Specimens

Two sandwich panels of similar materials and construction but of different
size were fabricated. Both panels were tested in edgewise bending as beams
simply supported at the ends and loaded symmetrically at two points along
the span. A sketch of the test panel showing loading and supporting apparatus
is presented in figure 1. Facings were 0.032-inch sheets of 2024-T3 aluminum alloy. Loading strips of Douglas-fir, 1 by 3 inches in cross section,
were oriented perpendicular to the panel length and bonded flatwise to both
facings as shown in figure 1. The ends of these strips extended 1 inch
beyond the edges of the panel so that loads could be applied to these protruding ends without applying any load to other points along the span. Since the
purpose of this investigation was to determine the effects of pure edgewise
bending of panels, the only area of the panel of vital interest was that
located between the two strips at the load points. This area of pure bending
was 45.7 by 46.1 inches in size. To reduce the possibility of buckling of the
end sections of the panel, which were under combined bending and shear
loads, stiffening strips of 1- by 3-inch Douglas-fir were bonded to the facings
as shown in figure 1.
A sketch of test panel 2 is shown in figure 2. Facings of this panel were
0.063-inch sheets of 7075-T6 aluminum alloy. The loading strips and
imel, W. R. Elastic Buckling of a Simply Supported Rectangular Sandwich
Panel Subjected to Combined Edgewise Bending and Compression. Forest
Products Laboratory Report No. 1857, 1956.
4
--Kimel, W. R. Supplement to Elastic Buckling of a Simply Supported Rectangular Sandwich Panel Subjected to Combined Edgewise Bending and
Compression. Forest Products Laboratory Report , No. 1857A, 1956.
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stiffening strips for this panel were 1 by 4 inches in cross section. The pure
bending section of this panel was 26 by 26 inches in size.
The core of the pure bending area of both panels was aluminum honeycomb of
a density of 3.05 pounds per cubic foot. This core was made of 0.002-inch
perforated foil of alloy 3003-H19, formed to 3/8-inch hexagonal cells. Core
was oriented in the panel so that the core ribbons were parallel to the length
of the specimen.
Because this investigation was concerned with the effects of pure bending, it
was important to prevent any failure in the specimen before buckling occurred
in the pure bending section. The end sections of the beam had to withstand
shear stresses combined with bending stresses, and in order to prevent
failure in these ends, plywood was used as a core for the end sections instead of aluminum honeycomb. The plywood cores were made of 5 plies of
Douglas-fir veneer glued with a phenol-formaldehyde resin film glue.

Specimen Preparation

Both sandwich test panels were fabricated at the Forest Products Laboratory.
Sandwich facings were cut to approximate size from sheets of clad aluminum
alloy with a metal-cutting bandsaw. Surfaces of each sheet were rubbed with
a cloth, which had been soaked in acetone, to remove such foreign materials
as wax and dirt. Each clean sheet was inserted flatwise into a large,
shallow polyethylene tray that contained an etching solution of sodium dichromate, sulphuric acid, and water preheated to 170° F. After 5 minutes of
immersion and agitation, the sheet was removed and turned over and again
immersed for 5 minutes so the etching of both sides would be alike. When
the etching was completed, the sheet was removed from the tray of solution,
rinsed with a spray of tap water, and air-dried in front of a fan. A primer
of diluted FM-47 adhesive was sprayed, to a thickness of about 0.001 inch,
onto the surface areas where cores and Douglas-fir strips were to be bonded.
The primer adhesive was cured for 40 minutes at 300° F. by passing the
sheets through a veneer dryer.
Slices of aluminum honeycomb were available only in small pieces, some as
small as 3 by 6 inches in size. These pieces were spliced together with
contact cement to form continuous sheets of core large enough for the pure
bending section of the panels.
Surface areas of the specimen facings were much larger than the platen area
of the steam-heated press that was used for curing the resin bond between
the facings and cores; therefore, it was necessary to fabricate the panel by
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bonding first the central section that had honeycomb core, and then bonding
each of the two end sections that had plywood core. The honeycomb core
was bonded to the facings with an epoxy resin that was applied to both sides
of the core with a roller and to the corresponding areas of the facings with a
notched spreader. The honeycomb core was inserted between the two facings
so that it was located at the center of the facing length with core ribbons
parallel to that length. This assembled section was inserted between the
platens of the press to cure the resin bonds for 90 minutes at 200° F. under
a pressure of 15 pounds per square inch. After the resin was cured, the
press was allowed to cool to room temperature. Pressure was maintained
until the panel cooled to room temperature.
The plywood core was coated on both surfaces with a phenol-resorcinol glue,
and then inserted between the facings adjacent to the honeycomb core. Each
assembled section of plywood sandwich was inserted between the platens of
the press to cure the resin for 12 hours at 73° F. under a pressure of 15
pounds per square inch.
After the sandwich panels were completely fabricated, they were trimmed
to correct dimensions using an electric handsaw.
The 1-inch loading and stiffening strips of Douglas-fir were coated on one
flat surface with a phenol-resorcinol glue. The strips were then bonded to
locally primed surfaces of the aluminum facings at locations shown in
figures 1 and 2. Weights were used to apply 150 pounds compression between
the strips and facings while the glue was cured for 48 hours at 73° F. As a
precaution against any possible peeling or localized tension failure of the
bond between facings and loading strips, a pair of bolts were located at each
end of the loading strips to hold the strips and sandwich together.
Electrical resistance-type strain gages were cemented to the pure bending
sections of the facings. Location and direction of the strain measurements
are shown in figures 1 and 2 for the panels.

Test Apparatus and Procedure
Edgewise flexure tests were conducted at room temperature. Load was
applied in a vertical mechanical testing machine and measured at one reaction with a hydraulic load cell (fig. 3).
To prevent lateral buckling of the edges of each section of the test panel,
wood rails were grooved to a depth of about 1/4 inch and fit snugly along the
panel edges between the loading strips, as shown in figures 1, 2, and 3.
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These rails were made slightly shorter than the panel edges between loading
strips so that they would carry no load during the test.
Each panel was mounted on edge for test with the length horizontal. One end
rested on a hydraulic load cell. The other end rested on a nest of rollers
that was pivoted, as shown in figure 4, to allow for rotation in the plane of
the panel as bending occurred. Along the upper edge of the panel, the load
was transmitted through two flat nests of rollers that rested on the ends of
the strips of Douglas-fir at the two load points.
When the panel was mounted in place, a flexure load of 500 pounds was
applied. Held lightly in place by this load, the panel was carefully alined so
that all of the loading strips on each facing were located in one vertical plane.
Ends of the loading strips were restrained to prevent lateral buckling of the
panel as a whole by steel roller bearings mounted against each loading strip
at the end opposite the point of application of the load or reaction, as shown
in figures 1, 2, and 5. The rollers, mounted with axes horizontal, prevented
lateral motion but allowed vertical motion. Where the loads or reactions
were applied to the ends of the loading strips, friction provided adequate
lateral support.
Facing strains were measured to determine if the loading was symmetrical
and if pure bending was being applied to the central section of the test panel.
At midspan, on the compression side of the beam, the maximum lateral
deflections of the pure bending section of the panel were measured with a dial
gage, as shown in figure 5. Deflections of the neutral axis of test panel 1
were measured with dial gages located at the midspan and load points, as
shown in figure 3.
Also at midspan and near each of the load points of both test panels, strains
in the facings were measured with electrical resistance-type strain gages
located and oriented as shown in figures 1 and 2. At each location, facing
strains parallel to the neutral axis of the panel were measured. Along the
neutral axis of the panel, strains at the load points were also measured at
angles of 45° and 90° with the neutral axis. At midspan on the compression
side of the beam, strains of both facings were measured at the point where
maximum lateral deflection was expected.
The flexure load was applied in equal increments. Strains of the facings,
vertical deflections of the neutral axis, and lateral deflections of the panel
were determined for each increment of load. These data were taken
throughout the test until buckling of the panel occurred.
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Theoretical Considerations
Buckling Load
If the core of a sandwich construction is orthotropic, is subjected only to
antiplane stress, and has an infinite transverse modulus of elasticity, and if
the facings are homogeneous and isotropic, then the theoretical buckling load
per inch of edge at the outermost fibers of a rectangular sandwich panel
subjected to pure edgewise bending is given by the formula:±
N = ( 12 D k

(1)

where b is depth of beam and k is critical load factor for the given panel
and loading.
D-

E f (c + f) 2
1-v2 2

(2)

where E is 'effective modulus of elasticity of facings, v is Poisson' s
ratio of facings, f is thickness of facing, and c is thickness of core.
The facing stress at the edge of the panel is
S-

2f
and the total flexure load to produce this facing stress is
P = 2Sfb 2
3a
where a is the moment arm between the reaction and nearest load.
For a given sandwich construction, the critical load factor (k) may be
determined from theoretical curves that show the factor as a function of the
panel aspect ratio and the parameter:±
w cf Tr)2
E 1
(5)
2
-1;
1-v2 G
where G is the shear modulus of the core associated with relative displacement of the facings in the direction parallel to the neutral axis. Families
of these curves are plotted for core materials that have shear modulus
values in the direction parallel to the neutral axis, which are either 40
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percent, 100 percent, or 250 percent of the shear modulus values in the direction perpendicular to the neutral axis.

Theoretical Deflection of Neutral Axis
At midspan, the theoretical deflection of the neutral axis of the sandwich beam
loaded symmetrically at two points under total load P is:
- Pa , (3L 2 -4a2 )
m 8Efla

(6)

where L is the span. At the load points the theoretical deflection of the beam
is:
DL =

Pa

(3L-4a)

(7)

2Efb'

The two test panels were designed for as widely different values of parameter,
W, as possible with the materials usually used for sandwich. The facings of
both panels were aluminum, which has a modulus of elasticity of 10 million
pounds per square inch and a Poisson' s ratio of 1/3. The cores of both
panels were of aluminum honeycomb, formed into 3/8-inch hexagon cells
from 0.002-inch foil; this honeycomb has a shear modulus of 29,100 pounds
per square inch parallel to the ribbons and 12,800 pounds per square inch
perpendicular to the ribbons.5
For construction 1, the following values were determined: W = 0.0056 from
equation (5), D = 8,950 from equation (2), k = 23.1 from the theoretical
4
curves —, and N = 975 pounds per inch of edge from equation (1). At this load
the facing stress at the panel edge is 15,200 pounds per square inch from
equation (3), and the flexure load to produce this stress is 15,200 pounds
from equation (4). For this panel the theoretical deflection at midspan is
0.0091 inch per 1,000 pounds of total load and at the load points is 0.0078 inch
per 1,000 pounds of total load.
For construction 2, the following values were determined: W = 0.037 from
equation (5), D = 26,000 from equation (2), k = 17.8 from the theoretical
curves±, and N = 6,760 pounds per inch of edge from equation (1). At this
load the facing stress at the panel edge is 53,600 pounds per square inch
from equation (3), and the flexure load to produce this stress is 38,000
pounds from equation (4).
5
--Kuenzi, E. W. Mechanical Properties of Aluminum Honeycomb Cores.
Forest Products Laboratory Report No. 1849, 1955.
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Test Results and Discussion

Construction 1
Relationships between flexure loads and deflections of the load points and
midspan of construction 1 were determined. At midspan, the deflection increased at the rate of 0.0097 inch per 1,000 pounds. This was about 7 percent greater than the theoretical deflection computed from equation (6). At
the load points the deflection increased at the rate of 0.0079 inch per 1,000
pounds, which was about 1 percent greater than the theoretical deflection
computed from equation (7).
Facing strains measured at the neutral axis of the panel are shown at various
loads in figure 6. Strains measured in the direction of the neutral axis were
approximately zero. This would be expected only for measurements of strain
along the neutral axis. At angles of 45° and 90° with the neutral axis, the
measured facing strains also were approximately zero, thus indicating that
very little shear occurred in the central section of the panel. Facing strains
measured near the edges of the facings are shown in figure 7. During the
linear portion of these curves, all of the strains measured on both tension
and compression sides of the beam at a distance 15-3/4 inches from the
neutral axis increased at a rate of about 75 microinches per inch per 1,000
pounds of load. This was about 109 percent of the theoretical rate of strain
of the facings. Because strains at the neutral axis were nearly zero and also
tension and compression strain rates near edges were nearly alike, the test
area was subjected to pure bending.
Increasing the load beyond 13,000 pounds caused the rates of strain on the
compression side of the beam to change but had no effect on the strain rates
for the tension side of the beam. The buckling load occurred at 15,500
pounds when the compression strain measured at midspan in one of the facings
reached a maximum value. This observed buckling load was about 102 percent of the computed theoretical buckling load. After reaching the maximum
value of strain in one of the facings, further increases in load caused the
strain to decrease.
The lateral deflection of the panel is shown in figure 8. The discontinuity in
the load-deflection curve at about 7,000 pounds was probably caused by a.
slight shift of the panel because of play in the testing machine loading screws
as the 7,000-pound movable head was lowered. In figure 8, the lateral
deflection of the panel was much greater for load increments beyond a total
load of 15,000 pounds, than below that load. Increasing the load to 18,000
pounds caused the buckle to increase, but did not cause noticeable failure of
the panel. After reaching this load, the test was discontinued.
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Construction 2
Figure 9 shows facing strains measured at the neutral axis of the panel. In
the direction of the axis, these strains were very small. At the neutral axis
of a beam, these strains would be expected to be zero. At angles of
90° with the major axis, the values of strain also were nearly zero, thus indicating that little shear occurred within the central honeycomb section of the
panel. Strains measured near the edges of the facings (10 inches from the
neutral axis) are shown in figure 10. During the linear portions of these
curves, the strains on the tension and compression sides of the panel increased at an average rate of about 97.5 microinches per 1,000 pounds of
load, which is about 90 percent of the theoretical rate of strain for the facings.
In figure 11, facing strains measured 5 inches from the neutral axis are
shown. During the linear portion of these curves, the strains increased at a
rate of about 48 microinches per 1,000 pounds. This was about 49 percent of
the strain observed at 10 inches from the neutral axis, thus indicating that
the strains were directly proportional to the distance from the neutral axis.
Therefore, the central section of the panel was subjected only to pure bending
stresses.
Increasing the load beyond about 28,000 pounds caused the rates of strain on
the compression side of beam to change but had no noticeable effect on the
strain rates for the tension side of the beam. The buckling load occurred at
33,000 pounds when the compression strain, measured in one of the facings
at midspan 5 inches from the neutral axis, reached a maximum value (fig. 11).
This observed buckling load was approximately 87 percent of the computed
theoretical buckling load for this panel. After reaching a maximum value of
strain in one of the facings, further increases in load caused the strain to
decrease.
Effects of edgewise flexure load on the lateral deflection of the panel are
shown in figure 12. Increasing the flexure load beyond 33,000 pounds caused
the buckle to increase until sudden failure occurred at a load of 36,500 pounds.
The failure that occurred in one of the plywood end sections is shown in
figure 13.

Conclusion

For the two tests conducted, the buckling of sandwich panels in edgewise
bending was fairly well predictable by theory.
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Figure 3. --Simply supported edgewise bending specimen showing load cell
at one reaction. Dial gages are located at the midspan and load points to
measure deflection of the neutral axis of the test panel.
Z M 110 173

Figure 4. --Simply supported edgewise bending specimen before test,
showing pivoted nest of rollers at reaction (lower right).
Z M 110 172

Figure 5. --Lateral twisting of edgewise bending specimen was prevented by
roller bearings at loading strips. Dial gage measured lateral deflection.
Z M 110 175
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Figure 13. --Construction 2 after failure of a plywood end section.
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