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Summary 

This report presents the results of tests of commercially produced al-
uminum honeycomb cores for use in structural sandwich construction. De-
tailed descriptions of core materials and testing procedures are given.
Analyses of experimental data include methods for predicting average
strength and stiffness values from basic material properties and core
configuration. Included are results of flexure tests of sandwich and
an analysis of the data for determining core properties from such tests.

Design values of core properties, based on tests of commercial core
samples, are presented in tabular form and as stress-strain curves.

Introduction

Sandwich constructions, comprising thin strong facings bonded to each
side of a thick, lightweight core, can be used to produce stiff,
lightweight structural panels that are particularly adaptable to air-
craft where it is desirable to maintain air-foil sections under load.
The need for suitable core materials has resulted in production of
honeycomb-like cores formed of thin sheet materials. Tests of such
honeycomb cores made of thin sheets of aluminum and successful appli-
cations of sandwich constructions having such cores have demonstrated
their practicability. To meet the needs of designers, this study was
undertaken to establish design values of the mechanical properties of
commercially available aluminum honeycomb cores for structural sand-
wich construction.

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

the U. S. Forest Products Laboratory under U. S. Navy Bureau of
Aeronautics Order No. NAer 01628 and U. S. Air Force No. AF-18
(600)-102 and DO (33-616) 53-20. Results here reported are prelim-
inary and may be revised as additional data becomes available.

?Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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The core materials tested were samples of commercial production. Be-
cause the successful design of sandwich does not depend on core prop-
erties, as much as it does on facing properties, no attempt was made
to obtain enough samples to arrive at "guaranteed minimum' values as
are obtained for many structural materials. Details of the study were
discussed with the core manufacturers, and it was arranged to draw
samples from regular production runs of the particular cores. Twelve
samples were usually obtained. If there were similar cores from dif-
ferent manufacturers, however, only three samples were obtained in
some instances.

Cores

Cores of aluminum honeycomb were obtained from Hexcel Products, Inc.,
who produce expanded Hexcel core, and Honeycomb Company of America,
Inc., who produce corrugated core. The cores were made of type 3SH-19
aluminum alloy foil bonded with high-temperature-setting adhesives of
the vinyl-phenolic type.

The foil for cores produced by Hexcel Products, Inc., was pierced with
fine holes to allow escape of solvent during bonding of the sandwich,
and the foil used by Honeycomb Company of America, Inc., was perforated
with 1/32-inch-diameter holes for that same purpose.

Blocks of corrugated core were being produced in sizes 8 to 10 feet
in length (parallel to direction of corrugated foil ribbons), and only
one sample about a foot long was obtained from the end of a large block.
The expanded-type core was bonded by strips of adhesive and then sliced
to size and finally expanded. A single 1/2-inch slice obtained from a
slab of unexpanded core constituted one sample of production. This
core was expanded to proper cell size by the manufacturer.

The cores evaluated were made of foil of 0.001, 0.002, 0.003, 0.004,
and 0.005 inch nominal thickness and formed to cell sizes of 1/8, 3/16,
1/4, and 3/8 inch. Not all possible cores combining these foil thick-
nesses and cell sizes were tested and neither were all tests made of
replicates of cores of corrugated or expanded types. The exact com-
binations tested are given as follows:

0.001-inch foil,
0.002-inch foil,
0.002-inch foil,
0.002-inch foil,
0.003-inch foil,
0.003-inch foil,
0.004-inch foil,
0.004-inch foil,
0.005-inch foil,
0.005-inch foil,

1/8-inch cells,
3/16-inch cells
1/4-inch cells,
3/8-inch cells,
1/4-inch cells,
3/8-inch cells,
1/4-inch cells,
3/8-inch cells,
1/4-inch cells,
3/8-inch cells,

expanded
, expanded
corrugated
corrugated
corrugated
corrugated
corrugated
corrugated
corrugated
corrugated

and expanded

and expanded

and expanded
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Core blocks and slices were trimmed square and then measured and weighed
to obtain the density in pounds per cubic foot. (Core densities are
given in column 1 of table 1.) The thickness of each foil in each
sample was measured to the nearest 0.0001 inch and the average values
recorded in column 2 of table 1. The foil thickness was measured by
means of a dial gage that was accurate to 0.0001 inch and equipped
with a pointed spindle rounded to approximately 1/52-inch radius. This
spindle was opposed by a stationary 1/16-inch-diameter steel ball. The
apparatus was arranged so that foil making contact between the station-
ary ball and the spindle would complete an electric circuit causing a
lamp to glow. This was done so that no adhesive thickness would be in-
cluded in measurements of the foil thickness. If the lamp did not in-
dicate contact on the first measurement the foil was not scraped, but
a spot containing no adhesive was sought. The manufacturers stated
that the thickness of the foil would be in the range of ± 10 percent
of nominal thickness because that was in the range of thickness in
which it was usually obtained. Actual measurements showed that cor-
rugated core was of foil within ± 10 percent of the nominal thickness
but foils of expanded cores were about 0.0004 inch thicker than nominal
foil thickness.

Samples of cores, two of 0.002-inch foil corrugated to 3/8-inc h cells
and one of 0.002-inch foil expanded to 1/4-inch cells, were analyzed
to determine approximate adhesive content.. E, The core samples were
accurately weighed and then dissolved in an aqueous solution of hydro-
chloric acid. The adhesive remaining as residue was filtered from the
solution, washed, dried, and weighed. The corrugated core was found
to contain 18 to 25 percent of adhesive and the expanded core less than
1 percent of adhesive, based on the total weight of the core. It was
assumed that the acid did not dissolve any of the adhesive, and this
assumption was verified by quantitatively determining the amount of
aluminum in the acid solution.

Core Tests

Core tests were made to determine properties needed for proper struc-
tural design of sandwich construction for aircraft. These properties
were the compressive and shear properties. It was thought that tensile
strength in a direction normal to the facings of the completed sandwich
could be estimated closely enough from strength of the foil. Moreover,
the sandwich tensile strength in case of bond failure is dependent on
facing-to-core bonds, which were not investigated in this study.

2
-This chemical analysis was carried out by Mr. H. W. Eickner of Forest

Products Laboratory.
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Compression Tests of Cores 

Tests were made on specimens compressed in a direction parallel to
the core flutes -- the L direction as shown in figure 1. The com-
pression tests in the L direction were made to determine the modulus
of elasticity, the proportional limit, and the maximum stress. Modu-
lus of elasticity is needed for design to determine loads at which the
sandwich facing will wrinkle (10).2 Proportional limit and maximum
stress data are needed for 'designing sandwich panels under loads normal
to the facings (3) and for determing the pressures required for bonding
the facings to the core.

One compression test specimen was cut from each sample core block or
slice. The cores of corrugated aluminum foil were obtained in blocks
large enough to permit cutting specimens 8 inches long (L direction),
thus allowing room for strain gages. Expanded core, however, is usually
cut to length by the manufacturer before it is expanded. Therefore, the
cores were obtained in 1/2-inch lengths so that the ends of the shear
specimens would be typical of the ends of the cores produced by the manu-
facturer. Compression specimens of expanded core were then only 1/2
inch in length. A comparison was made of the properties of long and
short specimens of the corrugated core, and the results will be discussed
later. All compression specimens were 2 by 2 inches in cross section
(R and T directions).

The ends of all compression specimens were dipped in resin. This was
done to simulate the way the ends of the cores would be coated with
adhesive in a sandwich and to prevent local end crippling of the foil
at low loads. The end coating was simply a thin coating on the foil
as compared to earlier work in which the core ends were cast in plaster
or resin to depths of about 3/4 inch. The resin used was a furane resin
formulation containing about half the recommended amount of catalyst.
The resin was poured in a flat shallow pan to a depth not greater than
1/8 inch. One end of a compression specimen was dipped in the resin
and then placed on a paper towel to drain. After a minute or two, to
allow most of the resin to drain on the towel, the specimen was removed
from the towel and placed upright on a flat steel plate covered with
cellophane. A small weight was placed on the specimen, and the assembly
was placed in an oven at 150° F. for 15 or 20 minutes to cure the resin.
Curing could also be accomplished after several hours at room temperature.
The same procedure was used to treat the opposite end of the specimen.

5
–Underlined numbers in parentheses refer to Literature Cited at the

end of this report.
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The result was that each foil end was reinforced with a thin fillet of
resin, but the cell openings remained ; open. The amount of reinforcement
was sufficient to prevent localized end failures on all the types of
aluminum core tested.

The compression specimens were placed on a flat, machined-steel block
in a hydraulic testing machine. The load was applied at the top end
through a spherical loading head of the suspended, self-aligning type.
Strains in specimens of corrugated core 8 inches long were measured
with a Marten's mirror compressometer of 2-inch gage length, which was
mounted on the specimen at midlength. Specimens 1/2 inch in length
were not equipped with strain gages, but the head movement of the test
machine was measured with a dial gage that was accurate to 1/10,000
inch. The movable head of the testing machine was driven at a constant
rate of 0.003 inch per inch of specimen length per minute until failure
occurred. Deformation readings were taken at equal load increments until
failure.

The proportional limit stress, compressive strength, and modulus of
elasticity were computed from load-deformation curves, and the values
are given in columns 3, 4, and 5 of table 1. The values given for the
moduli of elasticity of the short specimens of expanded core are not
actual moduli of elasticity but are based on strains determined from
measured head movements divided by the height of the specimens.

A few tests on long and short specimens of corrugated aluminum honey-
comb core were made to show a comparison of values obtained. The cores
tested were of 0.003-inch foil formed to 1/4-inch cells and 0.005-inch
foil formed to 1/4-inch and to 3/8-inch cells. Core blocks were pre-
pared slightly longer than 8-1/2 inches and 2 by 2 inches in cross sec-
tion, and specimens 8 inches long and 1/2 inch long were cut from each
block. The specimen ends were dipped in resin, but the foil extended
through the resin and was loaded directly. The results are shown
graphically in figure 2.

The compressive strength is about the same regardless of specimen length
in the range from 1/2 inch to 8 inches. This would not necessarily be
the same if a core of large cell size were used. Lengths shorter than
1/2 inch may even increase the strength of the cores tested, inasmuch
as the buckling stresses , of the short panels of the cell walls would be
raised. The so-called "moduli of elasticity" of the short specimens
ranged from 7 to 32 percent of the values obtained for the long speci-
mens. The deformation of the short specimens was measured by means of
a dial gage placed between the loading heads of the testing machine.
Thus, this head movement includes deformation of the heavy steel loading
heads, settlement of the specimen, and possible nonparallel motion of
the movable head of the testing machine. The range of values obtained,
almost 5 to 1, illustrates the variability that may occur even though
care is taken to aline the specimen and loading heads. This variability
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is again found in the modulus of elasticity values tabulated for the
short specimens of expanded core, in table 1. This is mentioned as a
caution to those tempted to apply a constant factor to the head move-
ment readings so as to compute actual strains. The proportional limit
stresses of the short specimens were found to be about equal to "or to
exceed (by as much as 6o percent) the proportional limit stresses of
the long specimens. This again its attributed to the fact that so much
of the head movement readings for the short specimens is other than
strain; therefore, deviations from linearity are not as easily detected
as when strains are being measured. As an example, suppose that a
deviation of actual strain of 1/10 percent is able to be detected, thus
indicating proportional limit. If head movement were measured and an
"effective strain" of 10 times the actual was being measured, a devia-
tion of 1/100 percent would have to be detected to determine the same
proportional limit load.

Analysis of Compression Test Data 

In order to show graphically the variation in compressive strength of
the aluminum honeycomb cores, the strength values were plotted as a
function of the core density in figure 3. Values for minimum, average,
and maximum strength are shown. As would be expected, the strength in-
creases as the density is increased. From a consideration of the geo-
metry of a hexagon cell of foil, it can be shown that the ratio of foil
area to core area is given by 2.67t/s where t is the foil thickness and
s is the cell size (diameter of inscribed circle). Using this relation-
ship, various properties of the cores can be computed.

The core density can be computed from the formula W 456t/s. This is
based on a foil density of 171 pounds per cubic foot. Densities of the
expanded aluminum honeycomb cores were computed, using average foil
thicknesses in this formula, and found to be less than 10 percent in
error. The corrugated cores weigh somewhat more because of the adhe-
sive, which amounts to approximately 0.6 pound per cubic foot for cores
Of 5/8-inch cells and 0.9 pound per cubic foot for cores of 1/4-inch
cells.

The compressive modulus of elasticity'in the L direction can be com-
puted from the formula EL 26,700,000 t/s. This is based on a foil
modulus of elasticity of 10,000,000 pounds per square inch. Computed
moduli of elasticity were, on the average, about 10 percent greater
than measured values.

It was logical to expect that . the formula for the ratio of foil area
to core area could be combined with design criteria for the buckling
of the cell walls, thus providing a means for determining proportional
limit stresses and possibly crushing strength of the core. Critical
stresses calculated by this procedure proved to be much lower than the
observed proportional limit or maximum values. This was true whether
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the cell walls were considered as being simply supported or clamped.
It was recalled that, during testing, the cell walls often appeared
buckled at loads well below proportional limit loads. Therefore, the
proportional limit and the maximum load must be associated with post-
buckling behavior involving general instability of hexagonal cell cor-
ners. By using the formula for ratio of foil area to core area, the
actual average foil thickness, and the test values for core stress, it
was found that the proportional limit load was reached at a foil stress
of 12,200 pounds per square inch ± 15 percent. This then provides a
basis for estimating the proportional limit stress by the-formula
fL = 2.67 ft

 t/s where f
t
 is 12,200 pounds per square inch or for core

strength by the formula FL = 2.67 F
t
 t/s where F

t
 is 20,200 pounds per

square inch.
4– Since the approximate density and strength can be ex-

pressed as functions of t/s, then the strength can be expressed as a
function of density. This relationship can be represented as a straight
line on figure 3. For expanded cores, the adhesive weight is negligi-
ble; therefore, the formula for strength can be written as F L = 118 W.

The corrugated cores have sizable amounts of adhesive, and the strength
can be expressed as FL = 118 

W - 72 for 3/8-inch cells and FL = 118 W -

108 for 1/4-inch cells. The lines shown on figure 3 fairly well repre-
sent the values of the cores tested. The constants given in the formulas
would be different for different materials and for other cell shapes.

Shear Tests of Cores 

Tests were made on specimens positioned so that shearing distortion
occurred in the LT or LR planes (see fig. 1). The core properties
needed for design are the shear modulus which enters in parameters
describing buckling (1, 5, 6, 11 8, 12) and deflection (4, 6, 9, 11)
of sandwich, and the shear stresses needed for designing sandwich to
carry transverse loads, particularly as applied to fittings (2, 14).

Shear tests were made on core specimens 1/2 inch thick, 2 inches wide,
and 6 inches long. The specimens were bonded between two steel plates
1/2 inch thick by using heavy spreads of epoxide-resin adhesive, set
under 15 pounds per square inch pressure in a hot press at 200° F. for

4
—This is about 8o percent of the tensile yield stress given in hand-

books for 3S-H18 aluminum alloys. It might be expected that core
strength of other alloys or at other temperatures could be pre-
dicted by using 80 percent of the tensile yield stress at the
temperature in the formulas given for PL.
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2 hours. Opposite ends of the steel plates were fastened to links
hung in a testing machine, and a tensile load was applied to place
shear load on the core in the 6-inch direction. The test specimen
and apparatus is shown in figure 4. The steel plates and loading
pieces were arranged so that the tensile force was applied along a
diagonal of the specimen. This, combined with the load applied through
links and pins, produced fairly uniform shear on the test specimen as
evidenced by appearance of failures throughout the entire length of the
specimen.

Deformations were measured by means of a dial gage that was accurate
to 0.0001 inch. The gage was mounted to measure the slip between the
loading plates as the load was increased. Shear strain in the core
was then determined by dividing the dial reading by the actual core
thickness. Thus, the dial readings included possible slip at the ad-
hesive joint. The slip was believed to be small, however, because
the core was pressed through the uncured adhesive film until it con-
tacted the steel plates. Therefore, most of the bonding was accom-
plished through the fillets formed by the adhesive surrounding the
core-foil ends, and these adhesive fillets were quite rigid and showed
no signs of permanent deformations even after failure of the strongest
cores. The values for shear modulus also agreed well with the expected
performance of sandwich in flexure, and a few tests made to determine
shear properties from flexure tests will be discussed later.

The core shear specimens were cut so that their thickness, 1/2 inch,
was parallel to the core flutes (L direction, as shown in fig. 1) and
the 6-inch dimension either parallel to the foil ribbons (T direction
as shown in fig. 1) or perpendicular to the foil ribbons (II direction
as shown in fig. 1). One specimen in each direction was cut from each
core block. This gave specimens to determine shear properties associ-
ated with shearing distortion in the LT and LR planes.

During the test, the movable head of the testing machine was driven
at a constant rate or 0.010 inch per minute until failure occurred.
Deformation readings were taken at equal load increments until failure.
The beginning of failure, as signified by hesitation and final dropping
of the load, was observed carefully for possible tearing in the bond
between the specimen and the loading plates. All the data reported
here represent core failures, as additional specimens were tested to
make up for any bond failure. Load-deformation curves were used tb
compute the proportional limit stress, shear strength, and modulus of
rigidity, which are tabulated in columns 6 to 11 of table 1.

Analysis of Core Shear Test Data 

The shear properties in the LT plane of the core might be computed by
considering the geometry of the cells, as was done for compression in

Rept. No. 1849	 -8-



the L direction. For shear in the LZ:plane, only the cell walls in this
plane were considered to be carrying load,: and it was found that the modu-
lus of rigidity could be computed from the formula GLT = 5,160 1000 t/s

where t is the foil thickness ands iethe'Cell size. This is based on
a foil modulus of rigidity of_5,850,000 pounds per square inch. Com-
puted moduli of rigidity averaged about15percent less than measured
values.

Buckling criteria applied to the cell walls did not provide a basis
for estimating shear stresses at proportional limit or shear strength
in the LT direction. The proportional limit was found to occur at a
foil shear stress of 12,300 pounds per square inch ± 15 percent and
the maximum load at a foil stress of 23,900 pounds per square'inch ± 8
percent. Therefore, a formula for estimating proportional limit stress
can be written as fLT = 1.34 f 

t/s where f is 12,300 pounds per square

inch or for shear strength FLT = 1.34 Ft t/s where Ft is 23,900 pounds

Ter square inchl

This formula can be combined with the one for density, as was done with
the compression specimens, and finally the strength can be expressed in
terms of the density. The relationship can be represented as a straight
line on figure 5. For expanded cores, the adhesive weight is negligible,
and the formula for strength is FLT = 70 W. For the corrugated cores,

which have sizable amounts of adhesive, the strength is given by

FLT 70 W - 43 for cores of 3/8-inch . cells and FLT = 70 W - 64 for 1/4-
inch cells. Lines representing these formulas are 'shown in figure 5,
and they fairly well represent the values of the cores tested. The con-
siants used in obtaining the formulas would be different for different
materials and for other cell shapes.

Inasmuch as the shear strength in , the LT plane (FLT) can be related to

core density, and it has been shown that the compressive strength (FL)

is proportional to density, it would be expected that the shear strength
(FLT) is related to the compressive strength (FL

). By solving the

the respective strength-density formulas, it is found that the shear
strength in. the core at LT is about 60 percent of the compressive
strength in the core at L.. Figure 6 shows a graph of shear strength
and compressive strength in the core, and the line represented by the
formula F = 0 594 F fairly well represents the plotted points. ByLT	 L
least-squares analysis, the best straight line fitting the points is
given by FLT = 0.56 FL.

This is about 90 percent of the tensile yield stress given in hand-
books for 5S-H18 aluminum alloys.
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A similar relationship can be shown for shear modulus in the core in
the LT plane (GLT) and compressive modulus of elasticity (EL ). From

geometrical consideration of the hexagonal cell shape, it can be shown
that GLT = 0.193 EL .It was stated previously that the computed cam--
pressive modulus of elasticity was about 10 percent greater than measured
values. The computed LT shear modulus, however, was about 15 percent
less than measured values. Taking into account the disagreement with
compression and shear test values and applying the percentages properly
to the formula considering the geometry of the cell shape, the final
expression GLT = 0.248 EL results. Figure 7 shows a graph of shear

modulus and compressive modulus of elasticity of the core. The formula
GLT = 0.248 EL

 fairly well represents the trend of the plotted points.

By least-squares analysis, the best straight line fitting the points is
given by GLT = 0.271 EL.

The shear properties in the LR plane of the core cannot be readily
computed by considering the geometry of the cells, as was done for com-
pression in the L direction and shear deformations in the LT plane.
Essentially, the same amount of foil is placed in the LR and the LT
planes of the core, but the material providing shear resistance to
deformation in the LR plane is placed at an angle to the direction of
the applied load. The average values in table 1 show that the propor-
tional limit stress for shear of the LR plane is approximately half the
proportional limit stress for the LT plane. Similarly, the shear
strength in the LR plane is about half the LT shear strength. This is
illustrated graphically by the plot of FLR values against FLT values

in figure 8. This graph also shows that the expanded core is stronger
in shear in the LR plane by a constant amount more than the corrugated
core. Data on shear moduli show considerable scatter, but in general
the shear modulus in the LA plane (GLR) is about 40 percent of that in

the LT plane (G
LT

). The data are presented graphically in figure 9.

Flexure Tests of Sandwich Constructions 

Some of the aluminum honeycomb cores were bonded between aluminum
facings, and the resultant sandwich constructions were tested in flex-
ure to obtain, if possible, the shear properties of the cores. The
cores used are described in table 2, which also contains the test
results. The cores were cut to 1/2-inch thickness and facings of
0.064-inch 24ST clad aluminum were bonded to the cores using the same
adhesive, adhesive quantity, and curing conditions as were used to
bond the plates to the cores used as shear test specimens. Specimens
were cut so that the foil ribbon was placed parallel to the test span;
thus, measurements were made of the LT properties.

Pent. No. 1849	 -1n-



The flexure specimens were cut to widths of 2 inches and lengths 1 inch
longer than the span. An initial test was made to determine load-
deflection data of specimens 18 inches long supported on a 17-inch span
and loaded at midspan. These specimens were then cut in two, and each
of these 9-inch specimens was tested to failure under loads applied at
quarter points of an 8-inch span. The testing apparatus is shown in
figure 10, which shows a short specimen under load applied at quarter-
span points. The ends of the specimen were supported by roller systems.
Midspan deflections were measured by a 0.001-inch dial indicator sup-
ported by a lightweight yoke resting on thin pins inserted into the
center of the core at points above the reactions. The stem of the dial
indicator was connected to a similar pin placed at the midspan point.
Identical apparatus was used for measuring midspan deflections of the
long specimens. This deflection-measuring apparatus prevents settling
of the specimen and deformation of supports from being incorrectly in-
cluded as measured deflection.

Analysis of Flexure Test Data 

If the core and facing stresses do not exceed proportional limit values,
the midspan deflection of a sandwich strip loaded as shown in figure 11
is given by the following formula:_

PbXf a2	b2] 2cbIm2P

	

w-	 + ab + — +	 „
2E I 2	 3	 G(h+c)'I'

where
w	 midspan deflection
P -- total applied load per unit width of specimen
b -- distance from load point to reaction

	

=	 - v2 ) and vis Poisson's ratio of facings
a -- one-half the distance between load points
Ef -- modulus of elasticity of facings

f -- facing thickness
c -- core thickness
h -- sandwich thickness

	

- 	 8
f (h + c)2 + f3I 

6
- This formula was obtained from equation 50 of Forest Products Labora-

tory Report 1505A. The inclusion of hyperbolic functions, as in
equation 50, was omitted because their effect produced less than 3
percent change in core shear modulus even for a low 20,000 modulus.
By neglecting the hyperbolics, the large bracketed expression be-
comes b. This would not be true for all spans and specimen propor-
tions, particularly if the core shear modulus is low.

Rept. No. 1849	 -11-
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f 31
m 

= I -
6

G -- core shear modulus

If the deflection formula (1) is written for two spans or loading
arrangements applied to the same sandwich and by the symbols P,

W1' b1' a1 2' etc., the resultant two deflection equations can
,2,2,

be solved simultaneously for the core shear modulus, G, giving the
formula:

-

w (h + 021- 3a
2 + 6a1

b1 
+ 2b2 P b

2cb
1Plim2	 a b + 2b2 1

1

	

2
	 3a2 + 6a2b2 + 2b2

	

2 5a2	 2 	 b 2 Piblw2

3a1 6	 1 

2

	

1	 1	 2 2 1

	

6a IX 2b 2
	 (2)

For the tests conducted (center loading on a 17-inch span and quarter-
point loading on an 8-inch span), al = 0, bi = 8.5, a2 = 2, b2 = 2,

and formula 2 reduces to:

38.70c P11322

P,W,
W (h	 c)212	 - 1

1	 17---2w1

Values of the shear modulus of the various cores used in the sandwich
flexure specimens are given in table 2. The values are also compared
with the shear moduli obtained from shear tests of the cores in the
graph of figure 12. Most of the shear modulus values computed from
flexure test data were greater than those shear modulus values obtained
from shear tests. The larger the shear modulus the greater was the
scatter. This ,ncrease in scatter is attributed to slight inaccuracies
in test measurements, which lead to large inaccuracies in the bracketed
quantity in the denominator of equation (3) as the first term approaches
unity. Because of the large scatter of data and the large effect of
small experimental inaccuracies, the flexure test is not suitable for
determining shear modulus of the core.

The sandwich flexure test is often used for determining shear strength
of the core. Usually, heavy facings are needed to avoid compression
failure of the compression facing. Heavy facings, however, can carry
a considerable amount of shear themselves, particularly if the shear
modulus of the core is low. The core shear stress is given by the
formula?

7 From formula 10 of Forest Products Laboratory Report 1505A.

G- ( 3)
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Binh ad Binh a(a + x) + cosh 00 + d - x) cosh as 
K = 1 -	 cosha(a + b + d)

P
T - 	

c)
	 K

(h + c) I

where
P -- total applied load per unit width of specimen
h -- sandwich thickness
c -- core thickness

f(h + c) 2	 f3- 8	 ;e-

I = I -

f -- facing thickness

(10

(5)

G -- core shear modulus
X . = 1 - v 2 ; v is Poisson's ratio of facings
Ef -- modulus of elasticity of facings

a -- one-half the distance between load points (see fig. 11).
b -- distance from load point to reaction
d	 overhang distance
.x -- distance along the beam, measured from load point.

The shear stress coefficient, K, as given by formula (5) is plotted for
span b in figure 13, A for various values of ab. The calculations were
bast.! on a d and aa> . 1.0. The curves of figure 13, A show that the
core shear stress coefficient, K, hence the core shear stress, is maxi-
mum near the middle of span b, and the stress at the reaction and load
point is never greater than one-half that given by

	  • _ 12K even though ab is large. The maximum stress in span
h + c

b approaches T - 
h + c I

11 (K = 1.0) as the parameter (ab) becomes large,

as shown in figure 13, B. Figure 13, B shows maximum values of K that
occur for various values of Ch. The curved line represents maximum K
values as read from figure 13, A.	 The points are approximate values

-ab
determined by K	 1 - e	 (from formula 12 of report 1505A) whichmax

obis valid if — is large enough so that tanh 	 For values of (0b)
2	 2

> 10 the maximum value of K is essentially 1.0, but as (ob) decreases
tile maximum value of K drops rapidly and is 0.39 at (ob) = 1. Now a,

a 112 G7n.f I

4
cf E

f
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hence (ab), is dependent on the core shear modulus, G, and is directly
proportional to	 provided the sandwich thickness, facing thickness,
and modulus of elasticity of the facings are not changed. Therefore,
for any given load, P, on the sandwich the maximum core shear stress
will be greater if the core. shear modulus is increased because a in-
creases and K also increases as the core shear modulus increases. As
the load is increased on a sandwich in flexure the core shear stress
rises in direct proportion to the load until the core is stressed
beyond its proportional limit stress. Then the effective core shear
modulus drops (because the slope of the stress-strain curve decreases)
and the value of a drops, hence K decreases, thus resulting in less
shear stress being carried by the core. Finally, at failure the
effective core shear modulus may be considerably lower than the initial
shear modulus and the maximum core shear stress (near the middle of
span b) may be considerably lower than that given by

P	 .
T =

	

	 because of the reduction of K to something less than
h + c Im

unity due to the reduction in a because of lowered effective core
shear modulus at core failure. Since the core shear stress at the
reaction and load point is not as great as at the middle of span b, the
shear modulus would be greater at the reaction and load point than it
would be at the middle of span b when the stress at the middle of span
b is greater than the proportional limit stress. The analysis does not
apply to a sandwich with shear modulus varying along the span, but an
"effective" modulus can be arrived at for approximating flexural strength
of other sandwich constructions employing the same cores.

The parameter a also varies as the sandwich stiffness and facing stiff-
ness are changed and the core shear modulus is not changed. If the
modulus of elasticity of the facing is held constant (same facing
material throughout), then the facing stiffness can be varied by chang-
ing the facing thickness. This also changes the sandwich stiffness,
but for the core and facing thicknesses usually used the value of a is

/2
approximately proportional to f-3  if the core thickness is held con-
stant. Thus, if the facings are quadrupled in thickness, a is reduced

by 1/8. This means that the thinner the facing the closer the core

shear strength is given by T =	 . Im K with K = 1.0. For example:
h + c I

Consider a sandwich with 0.020-inch facings and having an initial value
of ab = 40. Then from figure 13 the initial value of K will be 1.0.
Assuming that the effective core shear modulus at failure is 1/16 of
the initial core shear modulus, then the effective value of ab at
failure is 10, and the effective K at failure is 0.995 (fig. 13, B),

or very close to unity as it was initially. Now consider the same
core with facings 0.064-inch thick. Then the initial value of

4o
ab	 = 6.96, and the initial value of K is 0.972. Assuming, again,

5.7
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that the effective core shear modulus at failure is 1/16 the initial
core shear modulus, then the effective value of ab at failure is 1.74,
and the effective K at failure is 0.58. Therefore, the sandwich with

0.995 
0.064-inch facings will carry	 or 1.71 times the load at core0.58
failure that the sandwich with thinner 0.020-inch facings will carry
because the thick facings carry a considerable portion of the shear
load, and the core is not as highly stressed.

The sandwich flexure test data were analyzed to determine Kmax values

and effective core shear modulus at failure. Table 2 gives the fail-
ing load for each sandwich specimen. Values of the core shear strength,
F	 as determined from the core shear tests are also included in theLT,
table, and values of Kmax were computed using the formula

Kmax F
LT

(h + c) I	
(6)

Values of Kmax (see table 2) averaged 0.85 for all cores tested regard-

less of the cell size or, foil thickness. The average values of Kmax

for each core ranged from 0.80 to 0.85. By entering the curve ia figure
13, B with a Kmax value of 0.85, it is found that (CAD) = 3.8, and from

the definition of a the effective core shear modulus at core shear
failure was computed to be 2,720 pounds per square inch. By using this
value for effective shear modulus at failure, it is possible to predict
the value of Kmax for sandwich constructions having facing thicknesses

other than those tested. This was done for several facing thicknesses,
and the curve of figure 14 shows the values of K

max 
as related to fac-

m
ing thickness f.

Design Values 

Core properties are of secondary importance in the design of structural
sandwich constructions, because the facings are the primary load-carrying
portions of sandwich. Therefore, it was not considered necessary to
obtain "guaranteed minimum" values for cores as are usually obtained for
the facing materials. By using the minimum value of 12 determinations
of a property as a design value, the statement can be made that 78 per-
cent of the population will exceed this minimum value 95 percent of the

time(g). On this basis, the design stresses were obtained as minimum
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values from the test results given in table 1. The design values for
proportional limit stresses (f) and strength (F) in compression and in
shear are given in table 3. Compressive stresses, f L and FL , must be

considered by the designer for determining normal loads allowable in
sandwich manufacture and for determining performance of sandwich under
normal loads, particularly if such loads are concentrated or occur at
fastenings. Shear stresses, 

fLT , FLT' or 
full FLR must be considered

by the designer for sandwich subjected to flexure, for sandwich under
edge loads, and also for sandwich with loads applied at inserts and
fasteners.

Of secondary importance to designers are the elastic properties of the
cores; that is, compressive modulus of elasticity and shear modulus.
The modulus of elasticity, EL, and the shear modulus, GLT or GLR , are

contained in parameters for determining the wrinkling of sandwich
facings under edge load. The shear moduli, GLT , GLR , are also involved

in parameters for describing the buckling of sandwich under edge load
and for determining the deflection of sandwich under transverse load.
Since the values Of these elastic properties are of secondary import-
ance in design, the values chosen are near the average for the particu-
lar core rather than minimum values. Entire stress-strain curves for
use in design are presented in figures 15 to 33. These curves were
drawn by first plotting the stress-strain data for the specimen having
the least strength, thus defining the general shape of the curve and
locating the maximum stress point with its associated strain. Then
the minimum proportional limit stress level (not necessarily the pro-
portional limit stress for the same specimen that had least strength)
was located on the curve sheet as a horizontal line. The initial part
of the stress-strain curve was then located with a slope near to the
average modulus and so that the curve could be fared in to fit the
portion beyond proportional limit. Modulus values noted on the curve
sheets are also given in table 3. Stress-strain curves are not pre-
sented for compression of the expanded type core because these speci-
mens were too short to obtain reliable strain data (see footnote 3 on
table 1).

Since the designer is also interested in weights of various construc-
tions, the data in table 3 include average density values for the cores,
and the design values were tabulated in order of increasing core density.
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Table 1.--Mechanical properties of aluminum honeycomb cores 

(1)	 :	 (2)	 :	 (3)	 :	 (4)	 :	 (5)	 : (6)	 :	 (7)	 :	 (6)	 :	 (9)	 :	 (10)	 :	 (11)
	 • 	  : 	  : 	 : 	

	Core density : Foil	 Compression (L)	 Shear (LT)	 Shear (LR)
thickness : 	

	

: Prop. : Comp.	 : Modulus	 : Prop. : Shear	 : Shear	 : Prop. : Shear	 : Shear
•

	

.	 : limit : el ligth :	 of	 : limit : strength : modulus	 : limit : strength : modulus
•

	

.	 : stress :	 : elasticity : stress :	 .	 : stress :	 .

	

(fL) :	 (FL)	 :	 (EL)	 : (fLT ) : (FLT)	 : 	 (GLT) 	 : (f) : (F
LR )	 :	 (Cm)

	

Lb./cu. ft. •	 In.	 : P.s.i. : P.s.i. :1,000 P.s.i.: P.s.C. : P.s.i. :1,000 P.s.i.: P.s.i. : P.e.i. :1,000 P.s.i.

0.002" Foil Corrugated to 3/8" Cellel

	3.29 : 0.0019	 129 •	 204	 :	 103.9	 :	 82	 :	 152	 •.	 25:4	 :	 37	 ;	 76	 11.9

	

3.25 :	 18	 101 :	 272	 :	 119.3	 :	 99	 :	 164	 :	 26.8	 :	 43	 :	 94	 13.0

	

3.25 :	 18	 164 :	 280	 :	 129.7	 :	 95	 :	 176	 :	 28.8	 :	 46	 :	 84	 14.o

	

2.85 :	 18	 :	 156 :	 212	 :	 113.3	 :	 64	 :	 119	 :	 26.4	 :	 37	 :	 67	 10.9

	

2.68 :	 18	 126 :	 187	 :	 100.3	 :	 77	 :	 120	 :	 21.6	 :	 34	 :	 63	 10.7

	

2.80 :	 18	 ! • 102 :	 206	 :	 112.1	 :	 73	 :	 131	 :	 25.4	 :	 33	 :	 75	 :	 11.9

	

2.80 :	 18	 109 :	 202	 :	 116.2	 :	 82	 :	 145 .:	 28.2	 : 36	 :	 65	 1	 9.6

	

2.90 :	 18	 84 :	 229	 :	 123.0	 : 66	 :	 144	 :	 28.2	 : 37	 :	 79	 22.4

	

2.92 :	 20	 94 :	 220	 :	 114.9	 :	 65	 :	 163	 .	 3o.8	 :	 45	 :	 85	 14.6

	

3.09 :	 19	 :	 133 •	 23o	 :	 105.6	 :	 74	 :	 151	 :	 37.8	 :	 41	 :	 75	 :	 12.4

	

3.50 :	 20	 206 :	 315	 :	 198.1	 :	 82	 :	 191	 :	 36.7	 :	 41	 :	 95	 t	 15.8

	

3.23 :	 22	 130 :	 250	 :	 130.7	 :	 99	 :	 172	 :	 33.2	 :	 45	 :	 92	 15.9

Av.	 3.05 :	 19	 127 :	 234	 :	 122.2	 :	 8o	 :	 152	 :	 29.1	 :	 40	 :	 79	 :	 12.8
Min.	 2.68 :	 18	 84 :	 187	 :	 100.3	 :	 64	 :	 119	 :	 21.6	 :	 33	 :	 63

37.8	 :	 46	 :	 95	
9.6

	

Max.
2
 3.50 :	 22	 :	 206 :	 315	 :	 198.1	 :	 99	 :	 191	 :	 15.9

S.D.-	 .26 	 	 34 :	 38	 :	 25.7	 :	 12	 :	 22	 :	 4.8	 :	 4	 :	 11	 :	 2.o

.3" Foil Corrugated to 3/8" Celle
1
-

	4.05 :	 29	 :	 293 •	 384	 :	 175.5	 : 149	 :	 238	 :	 40.1	 :	 7o	 :	 123	 21.5

	

3.95 :	 28	 .	 224 :	 368	 :	 195.2	 : 117	 :	 234	 :	 36.7	 :	 66	 :	 110	 20.7

	

4.04 :	 28	 •.	 204 :	 370	 :	 244.8	 : 100	 :	 248	 :	 43.1	 : 58	 :	 114	 19.6

	

3.66 •	 28	 :	 217 :	 296	 :	 143.9	 • 116	 :	 234	 :	 43.9	 :	 58	 :	 98	 15.2

	

3.61 •	 27	 :	 146 •	 286	 :	 167.4	 ; 116	 :	 216	 :	 42.1	 :	 62	 :	 94	 16.8

	

3.63 :	 27	 :	 244 t	 322	 :	 226.1	 : 107	 :	 224	 :	 39.6	 :	 65	 :	 105	 16.9

	

4.21 :	 29	 :	 272 •	 406	 :	 180.7	 : 122	 :	 232	 :	 38.5	 :	 65	 •	 131	 18.8

	

3.78 :	 29	 :	 214 •	 310	 :	 167.1	 : 123	 :	 212	 :	 39.9	 :	 70	 :	 105	 15.1

	

4.20 :	 31	 :	 235 •	 401	 :	 182.9	 • 115	 :	 228	 :	 39.8	 :	 69	 :	 129	 20.5

	

3.96 :	 28	 :	 194 •	 377	 :	 210.7	 • 115	 :	 233	 :	 40.8	 :	 78	 :	 120	 17.1

	

4.24 :	 30	 : 220 :	 420	 :	 192.7	 : 172	 :	 270	 :	 59.6	 : 79	 :	 143	 19.2

	

4.17 :	 30	 : 236 :	 388 : 192.1	 : 181	 :	 290	 :	 43.0	 :	 86	 : 142	 21.9

Av.	 3.96 :	 29	 : 225 :	 361	 : 189.9	 : 128	 :	 238	 :	 42.3	 : 69	 : u8	 18.6
Min.	 3.61 :	 27	 :	 146 :	 286	 :	 143.7	 : 100	 :	 212	 :	 36.7	 t . 58	 :	 94	 15.1
Max. 	 4.24 :	 31	 : 293 :	 420	 :	 244.8	 : 181	 :	 290	 :	 59.6	 :	 86	 :	 143	 21.9
S.D.	 .24 	 	 37 •	 45	 :	 27.4	 :	 26	 :	 22	 :	 5.8	 :	 8	 :	 16	 2.4

.4" Foil Corrugated to 3/8" Cells
1
-

	

5.23 :	 37	 434 :	 589	 :	 246.0	 : 154	 :	 309	 :	 48.o	 :	 74	 :	 165	 22.2

	

5.14 :	 37	 416 •	 632	 :	 241.3	 : 164	 :	 314	 :	 41.0	 :	 78	 :	 181	 •.	 24.8

	

4.78 :	 36	 :	 464 g	 533	 :	 238.7	 : 149	 :	 297	 :	 53.3	 :	 82	 :	 149	 •.	 22.8

	

5.23 :	 38	 : 522 :	 573	 : 233.3	 : 164	 :	 300	 :	 46.4	 : 82	 :	 185	 •.	 25.6

	

5.21 •	 38	 :	 394 :	 609	 :	 253.3	 : 148	 :	 369	 :	 55.2	 :	 90	 :	 187	 •.	 25.7

	

5.69 :	 38	 474 :	 672	 :	 262.6	 : 174	 :	 362	 :	 55.0	 1 116	 :	 191	 •.	 24.8

	

5.19 :	 40	 : 37o •	 540	 :	 237.1	 : 140	 :	 368	 :	 56.6	 : 65	 : 193	 36.4

	

5.29 :	 40	 : 343 :	 554	 :	 278.7	 : 204	 :	 348	 :	 59.4	 :	 73	 :	 157	 25.7

	

5.85 :	 37	 :	 317 :	 631	 :	 282.6	 : 165	 :	 349	 :	 67.2	 :	 74	 :	 179	 26.6

	

4.46 :	 37	 :	 346 :	 455	 :	 251.1	 : 166	 :	 300	 :	 47.9	 :	 69	 :	 145	 :	 25.o

	

4.85 :	 37	 :	 300 :	 507	 :	 240.0	 : 148	 :	 326	 :	 74.9	 :	 83	 :	 159	 23.6

	

5.24 :	 37	 249 :	 554	 :	 260.8	 : 173	 :	 336	 :	 79.5	 :	 70	 :	 167	 :	 24.4

Av.	 5.18 •	 38	 385 :	 571	 :	 252.1	 : 162	 :	 332	 :	 57.0	 :	 80 :	 172	 25.6
Min.	 4.46 :	 36	 249 :	 455	 :	 233.3	 : 140	 :	 29/	 :	 41.0	 :	 65	 :	 145	 22.2
Max.	 5.85 5.85 •	 4o	 522 :	 672	 :	 282.6	 : 204	 :	 369	 :	 79.5	 : 116	 :	 193	 36.4
S.D.-	 .37 •	 	 78 :	 60	 :	 16.2	 :	 17	 :	 27	 :	 11.6	 :	 13	 17	 :	 3.6

(Sheet 1 of 4)
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Table 1.--Mechanical properties of aluminum honeycomb cores (continued)

(1)	 :	 (2)	 :	 (3)	 :	 (4)	 :	 (5)	 :	 (-6)	 :	 (7)	 :	 (8)	 :	 (9)	 :	 (10)	 :	 (ii.)

	

Core density : Foil	 :	 compression (L)	 •• Shear (LT)	 ..	 Shear (LS)
: thickness 	
.	 : Prop. : Comp.	 : Modulus	 : Prop. : Shear	 :	 Shear	 : Prop. : Shear	 :	 Shear
:	 : limit 1 strength :	 of	 : limit : strength : modulus	 : limit : strength : modulus
:	 : stress :	 : elasticity : stress :	 .	 : stress :

(f ) 	 )	 :	 (EL )	 : (f ) 	 (F )	 :	 (G ) 	 (f )	 : (F )	 :	 (G )
 _le_ :	

(F 
L_ -1 	 L)
	

. -Ig	 .	 Ig-	 	 LT 	 . _LB 	 	

Lb./cu. ft. :	 In.	 : P.e.i. : P.e.i. :1,000 P.s.i.: P.e.i. : P.s.i. 	 :1,000 P.e.i.: P.s.i. : P.B.i. :1,000 P.s.i.
• • •

.005" Foil Corrugated to 3/8" Celle'.

	5.88 : 0.0048	 : 449	 :	 728	 :	 307.2	 : 199	 :	 406	 68.7	 : 133	 :	 238	 :	 34.8

	

5.86 3	 48	 : 401	 :	 715	 :	 269.6	 : 199	 :	 392	 62.6	 : 131	 :	 23o	 33.0
737

	

252	 !

	

6.66 •	 48	 :	 •	 830	 :	 345.0	 : 231	 :	 382	 78.2	 : 124	 :

	

6.47 •	 44	 : 472	 :	 814	 :	 3o8.5	 : 140	 :	 403	 65.0	 : 132	 :	 202	 25.2
	6.65 :	 47	 : 424	 :	 794	 :	 312.0	 : 156	 :	 410	 61.5	 :	 82	 :	 238	 37.8

	

6.42 :	 48	 : 445	 :	 783	 :	 281.6	 : 164	 :	 378	 :	 67.5	 : 114	 :	 222	 33.1

	

6.67 :	 48	 : 466	 :	 834	 :	 298.5	 : 156	 : 399	 74.8	 : 106	 :	 238	 34.6

	

6.31 •	 46	 : 446	 :	 744	 :	 292.3	 : 167	 :	 402	 71.6	 : 115	 :	 241	 31.2

	

6.21 :	 48	 : 471	 :	 720	 : 312.0	 • 190	 :	 409	 52.3	 • 123	 :	 222	 31.6

	

6.42 :	 49	 : 471	 :	 841	 :	 290.2	 : 190	 :	 399	 74.5	 : 115	 :	 240	 35.3

	

6.12 :	 49	 : 423	 :	 706	 :	 323.0	 : 166	 :	 352	 80.3	 :	 99	 :	 189	 28.3

	

6.12 :	 49	 : 402	 t	 694	 :	 332.6	 : 232	 :	 388	 :	 146.0	 : 116	 :	 206	 :	 32.2

Av.	 6.32 :	 48	 : 443	 :	 767	 :	 306.0	 : 182	 :	 393	 75.2	 : 116	 1	 226	 •. 32.9
Min.	 5.86 8	 44	 : 401	 :	 694	 :	 269.6	 : 140	 1	 352	 52.3	 :	 82	 :	 189	 •.	 25.2

Max	 6.67 :	 49	 : 472	 :	 841	 :	 345.0	 : 232	 :	 409	 :	 146.0	 : 133	 7	 252	 •. 37.8
'2	

.28
	 •S.D.-	 .2o : 	 	 27	 .	 55	 21.3	 29	 :	 17	 23.6	 :	 15	 :	 19	 • 3.6.

.002" Foil Corrugated to 1/4" Cells
1
-

	3.97 :	 18	 : 174	 :	 299	 :	 187.5	 : 106	 :	 227	 :	 42.1	 :	 61	 :	 113	 16.6

	

4.36 :	 18	 : 213	 :	 407	 :	 177.4	 : 107	 :	 255	 36.1	 :	 7o	 :	 130	 17.7

	

3.90 :	 18	 : 252	 :	 364	 :	 175.9	 : 123	 :	 216	 32.6	 :	 74	 :	 154	 19.3

	

4.27 :	 18	 : 291	 :	 408	 :	 184.4	 : 131	 :	 228	 40.1	 :	 69	 :	 132	 19.5

	4.52 :	 20	 : 297	 :	 407	 :	 200.0	 • 131	 :	 284	 67.4	 :	 66	 :	 160	 21.0

	

4.8o :	 20	 : 248	 :	 421	 :	 193.4	 : 132	 :	 296	 48.7	 :	 66	 :	 177	 :	 22.2

	

5.60 :	 19	 : 269	 :	 438	 :	 189.0	 : 131	 :	 25o	 :	 43.7	 70	 :	 145	 20.5

	

4.22 :	 19	 : 223	 :	 356	 :	 180.4	 : 132	 :	 288	 47.3	 :	 7o	 :	 149	 19.4

	

4.35 :	 18	 : 272	 :	 377	 :	 193.6	 : 165	 :	 294	 53.9	 :	 7o	 :	 144	 19.7

	

4.70 :	 20	 : 256	 :	 427	 :	 198.9	 : 147	 :	 278	 :	 60.5	 :	 65	 :	 138	 16.8

	

4.86 •	 19	 : 243	 1	 419	 :	 187.5	 : 146	 :	 284	 55.0	 :	 61	 :	 131	 17.6

	

4.44 :	 20	 : 274	 :	 398	 :	 219.1	 : 150	 :	 247	 :	 47.6	 :	 66	 :	 134	 17.8

Ay .	 4.50 :	 19	 : 251	 :	 393	 :	 190.6	 t 133	 :	 262	 :	 47.9	 :	 67	 :	 142	 19.0
Min.	 3.90 :	 18	 : 174	 :	 299	 :	 175.9	 • 106	 :	 216	 •. 32.6	 :	 61	 :	 113	 16.6
Max.	 5.60 :	 20	 : 297	 :	 438	 :	 219.1	 : 165	 :	 296	 •	 67.4	 :	 74	 :	 177	 22.2

S.D.-	 .46 •	 °	 35	 :	 39	 11.8	 :	 17	 :	 29	 10.0	 :	 4	 :	 17	 1.7

.002" Foil Expanded to 1/4" Cell.?

	4.22 •	 24	 : 296	 :	 380	
:	

44.94-	 : 116	 :	 214	 •. 36.5	 : 116	 :	 149	 21.6

	

4.52 :	 25	 : 352	 :	 490	 4103.3-	 : 150	 : 281	 •.	 46.4	 : 123	 :	 173	 26.1

	

4.49 :	 24	 : 304	 :	 378	
4
	  153	 :	 24o	 •

.5

.	 42.0	 : 109	 :	 168	 29.4

	

4. 54	 24	 : 391	
3888 :	 22	 : 346	 :	

6747.1
.	 : 140	 :	 224	 :	 35.	

133.2
	 :	 :	 1

171
4	 •

	

:	 :	 451	
3 r
	 140	 :	 222	 • 41.	 :	

4	
:	 1	 •.	 25.1

	

4.53 :	 24	 : 369	 :	 460	 49.5i=	 : 117	 :	 228	 •.	 43.6	 : 125	 :	 185	 •.	 27.0

	

4.26 :	 23	 : 373	 :	 458	 85.4	 : 157	 :	 249	 •.	 44.6	 : 110	 :	 167	 •.	 24.4

	

4.34 :	 25	 : 349	 :	 480	 85.4='	 : 158	 :	 262	 •.	 42.3	 :	 84	 :	 168	 •.	 27.6

	

4.51 :	 25	 : 342	 : 432	 57.4	 : 118 : 253	 •.	 44.9	 : 110	 :	 172	 25.0

	

4.32 t	 23	 : 342	 :	 446•	 26.2

	

57.0-	 : 157	 :	 272	 .	 41.9	 : 109	 :	 167

Av.	 4.41 :	 24	 : 346	 : 436 4

	

69.4r	 : 141	 : 244	 :	 41.9	 : 110	 :	 166	 25.4

	

296	 :	 378	 44.9if	 : 116	 :	 214	 •. 35.2	 :	 84	 :	 144	 21.6

	

Max '2 4.54 •	 25	 : 391	 :	 490	 :	 103.3T	: l/	 281	 :	 46.4	 : 133	 :	 185	 29.4
S.D.-	 .12 •	 •	 29	 :	 41	 19.3-	 :	 18	 :	 23	 •.	 3.6	 :	 16	 :	 12	 2.5
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Table 1.--Mechanical properties of aluminum honeycomb cores (continued)

(1) (2)	 : (3)	 :	 (4)	 :	 (5)	 :	 (W- :	 (7)	 :	 (6)	 :	 (9) :	 (10)	 :	 (11)

	

Core density :	 Foil	 •.	 Compreeeion (L)	 Shear (LT) 	 Shear (IB)

: thickness : 	 :

	

.	 : Prop. : Comp.	 : Modulus	 : Prop. : Shear	 : Shear	 : Prop. : Shear	 : Shear

•

	

.	 : limit : strength :	 of	 : limit : strength 1 modulus	 : limit : strength : modulus

: street, : : elasticity : stress :	 : stress :

•

	

. (FL )	 :	 (EL) 	 :  (YT')  • 	
l'

(F-T )   	 (GLT) 	 : 	
i'

(f'-) : ((Fm ) :▪ 	 (GLE) 	 	 (fL) -	 :	 :	
• 
	 :

Lb./cu. ft.	 :	 In.	 : P.s.i. : P.e.i.	 :1,000 P.s.i.: P.B,i. : P.s.i. 	 :3,000 P.s.i.: P.s.i. : P.s.i.	 :1 ,,000 P.s.i.

.003" Foil Corrugated to 1/4" 0e1161

	5.91 1 0.0030	 : 442	 685	 :	 285.0	 : 197	 :	 419	 71.5	 :	 99	 1	 210	 28.2

	5.94 :	 29	 : 420	 :	 756	 :	 277.0	 : 180	 :	 408	 55.4	 98	 :	 206	 I	 28.3

	

6.08 :	 31	 : 454	 :	 706	 :	 324.0	 : 214	 :	 399 27.0

	

6.00 :	 31	 : 455	 688	 :	
86.9
	 :	 1971 	 :	 :11-.	 27.6

	6.06 :	 32	 ; 425	
333.7	 : 174	 :	 412

	

714	 :	 323.1	 : 162	 :	 369	 93.5	 :	 91	 :	 202	 28.9

	

6.09 :	 32	 : 350	 ;	 595	 :	 324.4	 : 248	 1	 392	 94.0	 : 108	 :	 205	 50.8

	

5.99 2	 32	 : 404	 :	 648	 :	 301.0	 : 232	 :	 380	 :	 86.8	 : 104	 :	 205	 28.5

	

6.06 ;	 31	 : 396	 :	 711	 :	 328.9 	: 263	 :	 387	 %	 82.1	 :	 62	 :	 206	 37.5

	

6.29 :	 51	 1431
	 709	 1	 548.0	 t 164	 :	 408	 29.2

	5.96 :	 31	
95.9	 : 104	 :	 211

: 398	 :	 706	 :	 309.2	 : 214	 :	 400	 :	 92.2	 : 103 	:	 208	 50.6

	

6.22 •	 31	 : 397	 :	 721	 :	 318.3 	t 199	 :	 429	 :	 103.9	 : 116	 :	 222	 28.0

	

5.96 :	 31	 : 401	 :	 661	 :	 304.9	 : 232	 :	 406	 98.5	 :	 95	 :	 212	 30.2

Av.	 6.05 :	 31	 : 415	 :	 690	 :	 314.8	 : 208	 :	 402
1614	 :	 380	

87.8	 :	 96	 2	 209	 29.6
Min.	 5.91 :	 29	 : 350	 :	 595	 :	 277.0	 :	 55.4	 :	 62	 :	 202	 27.0

	

Max. 6.29 6.29 :	 32	 : 455	 :	 736	 : 348.0	 : 263	 : 429	 :	 10.9	 : 116	 :	 222	 37.5
S.D.-	 .11 	 	 30	 :	 39	 :	 20.3	 :	 31	 1	 14	 13.2	 :	 14	 5	 2.8

1
.004" Foil Corrugated to 1/4" Cells"

	7.25 :	 39	 : 517	 :	 625	 270.9	 : 246	 ;	 455	 80.8	 : 124	 252	 33.9

	

7.67 :	 4o	 : 445	 :	 679	 326.0	 : 262	 : . 554	 106.2	 : 115	 282	 30.9

	

7.57 :	 38	 : 468	 :	 706	 :	 293.5	 : 280	 :	 511	 99.5	 : 115	 280	 31.4

	

8.12 :	 39	 : 444	 :	 812	 :	 286.5	 : 361	 605	 93.8	 : 125	 :	 526	 33.6

	

7.75 •	 39	 ; 466	 :	 753	 :	 312.2	 : 313	 g5080.5	 1 124	 :	 306	 29.7

	

7.7o :	 38	 : 470	 :	 721	 :	 311.9	 : 263	 1+96	 83.1	 : 123	 282	 31.0

	

7.95 :	 41	 1 687	 : 1,165	 :112.5	 : 148	 :	 311	 44.1

	

389.9	 : 281 	:	 590

	

8.19 :	 38	 : 676	 : 1,106	 3	 374.2 	: 230	 :	 508	 90.2	 : 123	 :	 261	 29.0

	

7.70 :	 39	 : 497	 1 1,015	 :	 356.4	 : 297	 58/	 98.4	 : 152	 277	 36.6

	

7.51 :	 38	 : 525	 : 1,000	 :	 355.1	 : 264	 505	 115.1	 : 124	 :	 268	 33.9

	

7.26 :	 39	 : 462	 :	 921	 1	 333.6	 ; 266	 510	 104.2	 : 108	 :	 296	 38.5

	

7.43 :	 39	 : 497	 :	 976	 :	 346.5	 : 298	 569	 117.0	 : 141	 :	 306	 33.3

AT.	 7.68 :	 39	 : 513	 :	 873	 :	 329,7	 : 280	 :	 536	 98.4	 : 125	 :	 287	 '• 33.8
Min.	 7.25 •	 38	 : 444	 :	 625	 :	 270.9	 : 230	 :	 455	 80.5	 : 108	 :	 252	 •• 29.0

	

Max.▪ 8.19 8.19 :	 41	 : 687	 : 1,165	 389.9	 : 361	 :	 6o5	 !	 117.0	 : 148	 :	 311	 :	 44.1

3.D.	 .30 •	 •	 83	 :	 180	 36.3	 :	 34	 :	 45	 13.0	 :	 11	 :	 22	 :	 4.2

.005" Foil Corrugated to 1/4" Ce1ls
1
-

	9.79 : 0.0045	 : 940	 : 1,441	 521.0	 : 279	 530	 :	 103.0	 : 164	 374	 40.9

	

9.38 :	 49	 : 791	 : 1,339	 488.0	 : 317	 :	 667	 1	 103.5	 : 173	 :	 348	 37.6

	

8.90 :	 48	 : 656	 : 1,13o	 501.0	 : 314	 :	 545	 1	 202.8	 : 141	 312	 -

	

.	 44.2

	

8.69 :	 50	 : 654	 : 1,092	 483.9	 : 298	 :	 527	 :	 162.5	 : 141	 :	 308	 •

	

.	 42.4

	

118.8	 1 124	 :	 311	8.66 :	 48	 : 620	 : 1,078	 490.4	 : 282	 569	 :	 40.9

	

8.77 :	 50	 : 597	 : 1,079	 484.9	 : 394	 :	 584	 :	 167.4	 % 150	 :	 320	 .. 39.1

	

9.14 :	 5o	 : 682	 : 1,087	 490.6	 : 381	 :	 617.

	

.	 40.2

	

8.75 :	 50	 : 690	 : 1,092	 476.0	 :	
:	 /55.7	 : 149	 :	 321

379	 :	 579	 :	 197.6	 : 158	 :	 304	 •

	

.	 41.9

	

9.27 :	 50	 : 676	 1 1,162	 :	 521.0	 : 331	 4	 664	 :	 141.9	 : 166	 :	 329	 •
. 42.32

4..9

	

9.38 :	 50	 : 677	 : 1,133	 :	 485.0	 : 332	 :	 638	 :	 125.2	 : 158	 :	 333	 •. 

	

8.83 :	 50	 : 659	 : 1,131	 :	 482.7	 : 365	 :	 560	 :	 151.7	 : 174	 :	 314	 •
. 46.846

40.5

	

9.06 :	 49	 : 666	 : 1,146	 479.0	 : 414	:	 579	 :	 107.5	 : 167	 :	 322	 •. 

AT.	 9.05 :	 49	 : 692	 : 1,159	 :	 492.0	 : 340	 :	 590	 :	 144.6	 : 155	 :	 325	 42.1

Min.	 8.66	 45	 597	 : 1,078	 : 476.0	 : 279	 :	 527	 :	 103.0	 : 124	 : 304	 37.6
Mai .2 9.79	 50	 • 940	 1 1,441	 :	 521.0	 : 414	 :	 667	 :	 202.8	 : 174	 :	 374	 46.8
S.D.-	 .35 	 	 91	 :	 113	 :	 15.0 	:	 45	 :	 48	 34.4	 :	 15	 20	 3.0
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Table 1.--Mechanical properties of aluminum honeycomb cores (continued)

(1)	 :	 (21	 :	 (3) :	 00-	 :	 (5)	 :	 (6) :	 (7)	 :	 (8)	 :	 (9) :	 (l0)	 :	 (11)
	 •• 	 : 	 : 	

	

Core density :	 Foil :	 Compression (L)Shear (LR)Shear (LT)
: thickness : 	 : 	

	

.	 : Prop. : Comp. : Modulus : Prop. : Shear : Shear	 : Prop. : Shear : Shear
•. : limit : strength :	 of	 : limit : strength : modulus	 : limit : strength : modulus
•

	

.	 : stress :	 : elasticity : stress : 	 s	 : stress :	 .

	

: 	 :  (fL )	  : 	
(FL)
	 : 	(EL)	 :  (f	 )  :  (FIT )	  : 	 (aim)	  •  (fLR)	  •  (FLR) 	 ! 	 (GLR) L	  LT

• • 	 :	 :	 :	 :	 :	 :

	

Lb./cu. ft. :	 In.	 : P.s.i. • P.s.i. :1,000 P.s.i.: P.s.i. : P.s.i. :1,000 P.s.i.: P.8.1. : P.s.i. :1,000 P.s.i.

.001" Foil Expanded to 1/8" Cell?

, 44.64 : 0.0013	 : 375	 583	 :	 1.4.7r	 : 167	 :	 28755.9	 : 100	 :	 194	 •. 31.1

	

4.71 :	 14	 : 366	 538	 85.6;	 : 181	 :	 307	 42.9	 : 124	 : 201	 .. 37.5

	

5.22 :	 14	 : 500	 667	 :	 145. '	 : 164	 :	 376	 61.6	 : 117	 :	 233	 •. 39.0

	

4.79 :	 14	 : 446	 584	 102.8	 : 175	 301	 62.9	 : 125	 : 220	 .. 35.8

	

4.62 :	 14	 : 444	 614	 71.6E	 : 198	 330	 60.1	 : 108	 : 204	 •. 3o.6

	

4.62 :	 13	 : 420	 564
.85 :	 13	 : 402	 571	

91.1i	 : 166	 304	 51.1	 : 109	 :	 214	 .	 36.7
4

	

4.77 :	 14	 : 427	 :	 660	
67.i	 : 176	 8	 357	 50.4	 : 110	 :	 208	 32.8

	

4.76 :	 13	 : 350	 :	 563	 :	 /07.4
	

: 132
172.	 : 100

	3 	
324
252	

84.9	 :	 59	 : 204

	

54.0	 :	 82	 :	 214	
:
:	

46.4
49.9

	

4.70 :	 14	 : 430	 :	 534	 87.9	 : 132	
:	

274	 72.5	 : 101	 :	 199	 :	 37.8

	

4.73 :	 14	 : 431	 :	 601	 :	 96.5	 : 150	 320	 54.3	 : 127	 :	 210	 •. 35.6

	

5.06 :	 14	 : 450	 :	 618	 12.7- : 175	 :	 341	 62.5	 : 134	 : 232	 •. 37.6

Av.	 4.79 :	 14	 : 420 :	 591 :4
Min. 4.62	

109.1 	 : 16o	 315	 z9.4	 : 108	 : 211	 37.6

	

:	 13	 : 350	 :	 554	 1	 85.6	 100	 252	 30.6

	

Max '2 5.22 :	 14	 2 500	 :	 667	 :	 172.	
11 198
	 378	 72.5	 : 134	 :	 233

	

42.9	 :	 59	 :	 194
49.9

S.D.-	 .18 • 	 42	 :	 43	 1	 29.9-	 27	 35	 11.0	 :	 21	 :	 12	 5.7

.002" Foil Expanded to 3/16" Cell?

	6.00 :	 24	 : 448	 :	 709	 :	 57.424	 : 265	 419	 74.6	 : 182	 :	 272	 35.2
:
	

107.1	 : 114	 : 276	 40.1
25

	

6.02 :	 25	 : 646	 :	 74.	 : 294	 446

	

5.44 :	 24	 : 600	 656	 88.0r	 : 232	 373	 :

	

104.3	 : 115	 : 220

	

94.9	 : 114	 : 273

	

91.1	 : 122	 :	 257
34.8
39.9

	

6.12 :	 : 722	 :	 871	 !	 96.	 : 278	 444	 59.0

	

5.68 :	 25	 : 684	 783	 89.2E : 266	 411

	

5.80 :	 25	 : 392	 :	 465	 19.9;	 : 246	 413	 s	 83.3	 : 121	 :	 257	 46.9

	

5.38 :	 25	 : 559	 :	 661	 :	 95.1v125	 350	 139.9	 : 124	 229	 .

	

5.54 :	 22	 : 546	 :	 644	 81.1E	 : 162	 336
:	 :

	

89.0	 : 124	 :	 202	
40.4
31.2

	

5.40 :	 23	 : 495	 :	 666	 :	 106.2i	 261	 349	 60.1	 : 131	 :	 227	 34.6

	

6.08 :	 25	 : 745	 1	 614	 :	 75.3	 : 246	 424	 67.5	 : 132	 :	 262	 40.8

	

6.10 :	 25	 : 736	 :	 651	 126.47	 : 248	 :	 443	 65.5	 : 159	 :	 272	 42.5

	

5.46 :	 24	 : 444	 1	 591	 56.6-	 : 216	 342	 66.7	 • 116	 :	 199	 31.9

Av.	 5.75 :	 24	 : 585	 :	 716	 80.4 : 237 :	 396	 87.0	 : 130 : 246	 •. 39.8
Min.	 5.38 :	 22	 : 392	 :	 465	 :	 19.9 	 :	 336	 60.3.	 : 114	 :	 199	 •. 31.2

	

Max. 6.12 :	 25	 : 745	 :	 881	 :	 .kg126 .94	: 125	 ::	 446	 139.9	 : 182	 :	 276	 •. 59.0
S.D.-	 .30 • 	 123	 127	 :	 27.2-	 :	 49	 43	 22.8	 :	 21	 28	 •. 7.6

.3" Foil 'Expanded to 1/4" Cell?

	6.68 :	 33	 :4604	 :	 726	 1	 53.0r	 : 250	 :	 460	 !	 117.2	 : 116	 :	 293	 :	 59.0

	

5.6o :	 32	 : 679	 :	 729	 :	 53.4 • 183	 :	 365	 70.8	 : 149	 : 246	 :	 46.9

	

6.40 :	 33	 : 829	 :	 842	 :	 29.9;	 : 208	 :	 406	 :	 79.3	 : 116	 :	 274	 :	 59.1

	

5.95 :	 33	 •: 646	 :	 789	 :	 73.0=	 : 268	 :	 417	 :	 83.0	 : 108	 : 278	 :	 63.6

Av.	 6.16 :	 33	 : 690	 :	 772	 :	 47.41 : 227	 :	 412	 :	 87.6	 : 122	 :	 273	 57.2

.4" Foil Expanded to 3/8" Cell?

	5.28 :	 46	 : 464	 :	 629	 :	 60. 4 : 167	 :	 337	 :	 50.5	 : 123	 218	 38.7

	

5.14 :	 44	 : 560	 :	 654	 :	 126.	 : 169	 :	 353	 :	 85.0	 : 108	 :	 202	 36.8

	

5.26 :	 44	 : 474	 :	 603	 :	 57.2 	 : 200	 :	 362	 :	 60.1	 : 124	 :	 238	 45.4

	

5.44 :	 45	 : 520	 :	 645	 :	 56.6-	 : 199	 :	 350	 :	 51.7	 : 107	 :	 198	 37.8

Av.	 5.28 :	 45	 : 504	 :	 633	 :	 75.0 : 184	 :	 350 :	 61.8	 : 116	 : 214	 39.7

Care manufactured by Honeycomb Co. of America, Inc.

-Standard deviation.

Core manufactured by Hexcel Products, Inc.

-These are not actual elastic moduli because deformations were obtained from movement of the testing machine heads.
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Figure l.--Aluminum honeycomb core showing directions of axes:

E., parallel to core flutes; T, parallel to core ribbons; and
11, perpendicular to core ribbons.
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Figure 4.--Specimen and apparatus for shear tests.
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Figure 10.--Apparatus used to test sandwich specimens in flexure.
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