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Summary

This report presents data on the edgewise compressive strength of
short columns of flat sandwich plates. It contains the results of a limited
number of tests that were made on sandwich constructions to determine the
failing stress of the facing material. This report also presents some
mechanical properties of the core and facing materials used in the sandwich
plates, and describes the methods employed to obtain then.

Introduction

In the design of sandwich constructions the maximum stress of the
facings that i1s obtained in an edgewise compression test of the construction
1s an important criterion in the determination of the suitability of the
component materials. The data on the strength and related properties of
sandwich plates are presented in this report to provide assistance in the
development of theories and formulas for this criterion.

These data are the results of tests for maximum strength on 169 sand-
wich  constructions. The results were obtained by testing six facing mate-
rials in 29 combinations with 10 core materials. In sone of the 29
combinations the thicknesses of the component materials were varied, result-
ing in the 169 sandwich constructions.

Data are presented to show a few properties of the facing and core
materials that are related to the edgewise compressive strength of the
sandwich. The methods that were employed for obtaining these properties are
discussed.

lThis report 1s one of a series of progress reports prepared by the Forest
Products Laboratory. Results here reported are preliminary and may be
revised as additional data become available.
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Materials

Facing Materials

The facing materials that were used and tested in the sandwich con-
structions are (1) rolled metallic sheets, (2) plastic laminates, and
(3) veneer laminates. They are described as follows:

Rolled metallic sheets.— -24SH aluminum sheets, 0.005 inch in thick-
ness, and 24 ST alclad aluminum sheets in 0.008, 0.012, 0.018, 0.020, and
0.032 inch thicknesses were employed. The aluminum sheets in each sandwich
construction were placed on the two sides of the core with the lengthwise or
rolled direction parallel to the direction of the compressive stress applied
in the tests.

Plastic laminates.--Cross-laminated glass cloth facings were used in
2-, 4-, 8-, and 16-ply constructions in conjunction with end-grain balsa
cores. These facings were impregnated to a resin content of about 55 percent
(based on total weight) with a suitable resin. When glass cloth was used
with other core materials, 3-, 6—, 10-, and 16-ply constructions were made
with about 45 percent resin content. (Note: The higher resin content of
the glass cloth laminate employed with the balsa was found necessary for the
proper fabrication of the sandwich -constructions. In later panels, not
reported here, means were found by which the resin content was satisfactorily
reduced to 45 percent.) The glass cloth sheet incorporated in these con-
structions was 0.003 inch thick, 38 inches wide, and weighed 2.09 ounces per
square yard. It was of a plain type of weave.

Cross—laminated papreg was used in 0.009, 0.022, 0.027, 0.042, and
0.066 inch thicknesses. The base paper was made from an unbleached black
spruce, Mitscherlich type, sulfite pulp. This paper, 2.5 mils thick, was
impregnated with 36.5 percent of a thermosetting phenolic resin. The
percentage is based on the weight of the treated paper.£2

These plastic laminates were placed on the two sides of their respec-
tive core materials with the machine direction of the outside sheets parallel
to the direction of the stress applied in the tests.

Veneer laminates. - -Laminatedyellow-poplar veneer was used as a facing
material on resin-impregnated pulpboard cores. The laminated facings were
made of from 1 to 10 sheets of 0.01-inch rotary-cut veneer, bonded with
sheets of resin-impregnated paper. The directions of the grain of the
individual veneers were parallel to each other.

2

“Additional information may be found in "Strength and Related Properties of
Forest Products Laboratory Laminated Paper Plastic (Papreg) at Normal
Temperature." Forest Products Laboratory Report 1319, revised.
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Aircraft spruce plywood was mads of a three-ply construction having
1/48-inch faces and 1/32-inch core.

Both yellow-poplar and spruce facing materials were placed on thle two

sides of their respective core materials with the grain direction of the
outside plies parallel to the direction of the stress applied in the tests.

Core Materials

The core materials that were used and tested in the sandwich construc-
tions may be placed in four classes, (1) wood and plywood, (2) expanded
plastics, (3) pulpboard, and (4) honeycomb structures. They are described as
follows :

Wood and plywood.--Balsa wood was used in combination with all of the
types of facing material. The balsa that is referred to as "end grain"
(E.G.) was placed between the two facings with the longitudinal or grain
direction perpendicular to the facings. This was accomplished by first sur-
facing the rough planks, then cutting the planks across the grain to make
blocks of the required thickness of the core in the sandwich. These blocks
were glued edge to edge to form the core. In general, a single sandwich
plate contained blocks from the same plank, but the orientation of their
radial and tangential directions was not confined to one given direction in
the plane of the panel.

The balsa that is referred to as '"loaded flat, perpendicular to grain"
was placid between the two facings with the grain direction parallel to the
plans of the facings and perpendicular to the direction of the load applied
in the tests, This construction was made by gluing, edge to edge, planks
that had been smoothly surfaced to the required thickness of the core material.

The balsa that is referred to as "loaded parallel to grain" was placed
between the two facings with the grain direction parallel to the plane of the
facings and parallel to the direction of the load applied in the tests. For
this construction the planks of the required thickness were glued edge to
edge to provide sufficient width.

The spruce plywood that was used as a core material with aluminum
facings was made in the following constructions: (1) the 3/16-inch thick
plywood vas made of 1/32-inch faces and core and with 1/20-inch cross bands;
(2) 3/8—inchthick plywood was made of seven plies of 1/16-inch veneer:

(3) 7/8 —inchthick plywood was made of seven plies of 1/8-inch veneer. The
grain direction of the outer ply in each construction was placed parallel to
the direction of the load applied in the tests.

Expanded plastics.— -The expanded plastics consisted of solid materials
that had been foamed, or expanded, to produce a large number of small voids
in the mass thereby reducing the over-all specific gravity. Each of the core
materials of this group had a fairly uniform cell structure and an over-all
specific gravity of about 0.10. The individual cells varied in size from
about 0.01 to 0.04 inch in diameter.
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Core materials of calcium alginate, cellular cellulose acetate,
cellular hard rubber, British hard rubber, and special sponge rubber were
used. They were in the form of flat plates that ranged in thickness from
1/2 inch to 1-1/2 Inches, and in width from 2-5/8 inches to 24 inches and
in length from 1 to 10 feet. The natural skin that covered the manufactured
product was removed from all faces of these materials in their preparation
for use as cores. The original direction of the thickness dimension was
used as the thickness direction of the core in the sandwich. The other two
directions, lengthwise and crosswise, were placed indiscriminately in the
direction of the stress applied in the tests.

Pulpboardsﬁ.——Theimpregnated pulpboards wused consisted of irregu-
larly arranged wood fibers that adhered to each other and were formed into
sheets of low density, porous core material. The quality of the adhesion
and strength of the pulpboards were increased by the addition of resin.
The resin-impregnated pulpboards used had resin contents ranging from 0 to
70 percent. The percentage is based on the total weight of the impregnated
board when dry. The specific gravities as well as the strengths of the
core materials increase with increases in resin content. These boards were
not stripped of their outer skin, prior to their use as cores, as were the
expanded plastics. This skin prevented excessive penetration into the core
material of the glue to affix the facings. The boards were manufactured in
thicknesses of 3/8 and 3/4 inch and were used unaltered.

Honeycomb structures.- -Thehoneycomb material that was used in this
study was made of either resin-impregnated glass cloth or paper sheets. The
glass cloth sheets were the same as those used in making the facings. The
paper sheets were made of 4-mil kraft paper, corrugated, and pretreated with
10 percent of phenolic resin. Both kinds of sheeting were impregnated with
a contact type of resin and assembled in large separate blocks. The crest
of one corrugated sheet was placed on the crest of another forming tubes
about 0.18 inch in diameter. The cores for the sandwich were sliced from
the blocks so that the thickness dimension of the sandwich was parallel to
the axes of the tubes. This core material was oriented in the sandwich so
that planes of the corrugated sheets were perpendicular to the direction of
loading.

Fabrication of Sandwich Plates

Facing and core materials were combined to form 169 different sand-
wich constructions. Each construction consisted of sheets of facing material
glued to a core to form flat sandwich plates, In some cases more than one
layer of core material was required to form the core so that several layers
were glued together. The thicknesses of the core and facing materials in
these plates are listed in tables 1 through 5.

§Addititional information may be found in "Resin Treated Pulpboard Core

Material for Sandwich Construction." Forest Products Laboratory Report
R1623.
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Three sizes of sandwich plates were made: (1) square, 12 inches on
a side, (2) rectangular, 12 inches long and 4 times the thickness plus
1 inch in width, (3) rectangular, 2 inches wide and 4 times the thickness
plus 1 inch in length. In the fabrication of the rectangular plates, 12
inches long, strips of wood were placed between the facings in conjunction
with the core material. These strips, 1/2 inch wide, 12 inches long, and

the same thickness as the core material, were located at both 12-inch
edges as shown in figure 1.

Methods of Test

Tests of Sandwich Constructions

Compression and tension tests of sandwich constructions were made,
except for a few modifications, according to the tentative methods described
in Forest Products Laboratory Report 1556.4

Compression edgewise.- -Thecompression tests in the edgewise direc-
tion were made according to the procedure given in section 6 of report 1556.4
Although this method was used and found satisfactory for a majority of the
specimens, sone of them failed adjacent to one of the loaded edges. These
failures were subsequently prevented in two different ways, (1) by the
addition of wooden strips, shown in figure 1, to provide internal support of
the facmgs at the loaded edges 1in con]unctlon with the steel clamps
described in report 1556— and (2) by the adoption of plaster disks, as
shown in figure 2, The specimens equipped with the plaster disks were pre-
pared by grinding the bearing edges of the facings smooth ana parallel and
removing 1/4 inch of the core material at each bearing end. The protruding
edges of the faxing material were cast in plaster disks so that the bearing
surfaces of the facings were flush with the surfaces of the disks.

The particular specimens that were modified in each of these ways are
indicated by footnotes in tables 1 through 5.

Tension flatwise.- -The tension tests in the flatwise direction were
made according to the procedure given in section 8 of report 15564 The
sandwich material for the specimens used in these tests was obtained from
the 12-inch square plates as shown by the cutting diagram (fig. 3).

Compression flatwise.— -The compression tests in the flatwise direction
were made according to the procedure given in section 7 of report 1556= The
sandwich specimens used for these tests were also obtained from the 12-inch
square plates.

4
“Tentative Methods for Conducting Mechanical Tests of Sandwich Constructions.
Forest Products Laboratory Report 1556.
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Tests of Core Material

Compression and shear tests of the core materials were made according
to the tentative methods described in Forest Products Laboratory report
15552 with an additional method for determining the modulus of rigidity.

Compression flatwise.- - Compressiontests of the special sponge rubber
were made in the flatwise direction according to the procedure described by

paragraphs 5 through 10 and figure 2 of report 1555.2

Compression tests of honeycomb materials were made on specimens 2
inches square by 6 inches long (length parallel to axes of cells). These
specimens were tested between the heads of a testing machine by applying the
load in a direction parallel to the axes of the cells. A 2-inch Marten’s
mirror arrangement was used for measuring the deformations.

Other core materials were tested in compression flatwise as sandwich
constructions as previously described.

Conpression edgewise. --Compression tests in the edgewise direction
were made according to the procedure described in paragraphs 12 througn 17 of
Forest Products Laboratory report 1555.2 Materials for these tests were
matched with those used as cores of the sandwich constructions tested in
edgewise compression. Core materials from the square plates, which were 3/4
of an inch in thickness or thicker, were prepared by removing the facings
from that portion of the plate marked "core, edgewise compression," as
indicated in figure 3. Plates that were thinner than 3/4 of an inch did not
provide material of sufficient thickness for testing.

Shear.--The modulus of rigidity vas determined by one of three methods,
(1) plate shear, (2) torsion pendulum, or (3) frame shear. Balsa, cellular
cellulose acetate, and cellular hard rubber were tested by the plate shear
method, which is described in paragraphs 33 through 37 of Forest Products
Laboratory report 1555.2 Calcium alginate, pulpboards, British hard rubber,
and sponge rubber were tested by the torsion pendulum method; paragraphs 39
through 45 of report 1555.

The frame shear method of test was used to determine the modulus of
rigidity for honeycomb structures because the other methods were considered
not to be applicable. Figure 4 shows the. dimensions of the assembly of
specimen and frame used for this test. Figure 5 shows the assembly with
dial located between the heads of a testing machine. The axes of the cells
in the honeycomb are perpendicular to the plates and the planes of the
corrugated sheets are parallel to the 6-inch dimension. Loads were applied
through either a spherical head (fig. 5) or shimmed bearing blocks and thus
distributed uniformly across the width of the specimen.

5

“Tentative Methods of Test for Determining Strength Properties of Core
Material for Sandwich Construction. Forest Products Laboratory Report
1555.

Report No. 1561 -6-



During the application of the load, data were taken for use in ;lot-
ting the load-deformation curves. Deformations or shear strains were
obtained at equal increments of load to the nearest 0.0002 radian by means
of a dial indicator that was mounted on one of the steel plates. This
indicator measured the movement of one plate with respect to the other.

The modulus of rigidity was determined by calculating the slope of the load-
deformation curve according to the following formula:

G= Pc
awr
where G = the modulus of rigidity associated with shearing strains in the

plane parallel to the load and perpendicular to the plane of the steel
plates, in pounds per square inch.

P load, in pounds

c thickness of the core material between steel plates, in inches
a = length of core material, in inches

W width of core material, in inches

r displacement of one plate with respect to the other at load E,
in inches.

There is some question as to the accuracy of this method of test.
Values that were obtained by this method for some weak materials are 50 per-
cent higher than those obtained by other methods. On the other hand, wvalues
for dense core materials obtained by this method agreed with those obtained
by other methods. It is believed that the values obtained by the frame
shear test of honeycomb core materials are reasonable.

Tests of Facing Material

Compression edgewise.--Load-deformation curves for the 0.005-inch 24
SH aluminum sheet were obtained by testing 1/4- by 1- by 4-inch rectangular
specimens that consisted of sheets of aluminum laminated with an adhesive.
Stress-strain curves of the aluminum itself were calculated from the stress-
strain curves of the laminated specimens by taking into account the stress-
strain curve of the bonding agent.

Stress-strain curves for the 24 ST alclad aluminum sheet and glass
cloth laminate were obtained by testing dumbbell -shaped specimens (fig. 6),
which had an over-all width of 2 inches necked down to 15/16 inch and a
length of about 4 inches. Their bearing surfaces were ground smooth and
parallel. The specimens were tested between ground surfaces of steel
I-shaped plates that provided lateral support for these thin sheets of metal
(fig. 7). The distance between the plates was adjusted to provide 0.002-
inch clearance between the specimen and the plates. The upper and lower
platens were alined by means of a cast—ironframe. Deformation measurements
were made by means of a Marten's mirror arrangement with a 1-inchgage length.
Tests similar to these in which rectangular brass plates were used for lateral
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support have been conducted at Langley Memorial Aeronautical Laboratoryﬁ
and found to give satisfactory results within certain limits.

Edgewise compressive data for the papreg and wood facings were ob-
tained by testing rectangular—shaped specimens that were laterally supported
at equal intervals along the entire length. The type of apparatus and the
testing procedure used are described in ASTM Tentative Standard D805 — 44T
Yellow —poplar facings that were 0.010 and 0.021 inch thick were too thin for
this test and therefore data for these thicknesses were obtained from tests
of 0.032-inch facings which matched them.

Shear.- — Throdulus of rigidity of aluminum in the plane of the sheet
was determined by the torsion pendulum method of test that _is described in
sections 38 to 43 of Forest Products Laboratory report $555.2 The moduli of
glass cloth laminate and papreg was determined by the plate shear method of
test described in sections 33 to 38 of report 1555.

Presentation of Data

The results of tests on the sandwich plates, facing materials, and
core materials are shown in tables 1 through 7. The first five tables
present the results of tests of sandwich plates. Table 1 presents the
results of tests on sandwich constructions having facings of 24 SH aluminum
sheet; table 2 having facings of 24 ST alclad aluminum sheet; table 3, glass
cloth laminate; table 4, papreg; and table 5, wood. Table 6 presents the
properties of the facing materials and table 7 those of the core materials.
Typical stress—straincurves for some of these materials are presented in
figures 8 and 9.

Tables 1-5, Sandwich Plates

Each table from 1 through 5 presents the results obtained from sand-
wich constructions having facings of different materials and tested in
edgewise compression and flatwise tension. The core materials used in com-
bination with the individual facing materials are listed in each table. The
results obtained in flatwise compression tests of sandwich plates are
presented in table 7 with other results relating to core materials, The
columns and the symbols denoting the properties and the types of failure are
common to tables 1 through 5. Each value that is presented is the average
of five test specimens.

SNACA Wartime Report L—-189"Investigation of Methods of Supporting Single-
Thickness Specimens in a Fixture for Determination of Compressive Stress-
Strain Curves." dJoseph N. Kotacnchik, Walter Woods, Robert A. Weinberger.

ZReport of Committee D-7 on Timber, ASTM Tentative Standard D805-44T, 1944
"Proposed Methods of Testing Veneer, Plywood, and Wood-baseLaminated
Materials."
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Columns 1-3.--These columns list the core materials and the thick-

nesses of the cores and facings. In column 1 each of the core materials is
indicated by name. Columns 2 and 3 show the nominal thicknesses of the

facings and core materials, respectively.

Columns 4-5.--Column 4 shows the average total thickness of the
individual specimens, and column 5 shows the weight of each sandwich con-
struction in pounds per square foot. These values include the thickness and
weight of the bonding agent, respectively.

Columns 6-8.—- —Results of edgewise compression tests of the sandwich
constructions are presented in columns 6-7. The loads, Py, column 6, have

been converted to pounds per inch of loaded edge and the strains, column 7,
have been converted to unit measure. The values of maximum stress in the
facing; material listed in column 8 were computed according to the formula:

Pm

(Ey) ¢
2f + (Ey)f c

where P, = load at failure, pound per linear inch

pg =

(Ey)c = the modulus of elasticity in edgewise compression of the core
material in a direction parallel to the load on the sandwich

(Ey)f = the modulus of elasticity in edgewise compression of the
facing material in a direction parallel to the load on the
sandwich

core thickness 1n inches

C

Column 9.- -Designations of the types of failure observed are listed in
column 9. Six types of failure ware observed and are designated and
described as follows: (1) Failure of the facings in compression. Glass
cloth, papreg, and wood facings usually failed in this manner. (2) Face
wrinkle, apparently good bond. When failure occurred the facing material
buckled, wrinkled, formed waves, or popped off the core but the rest of the
specimen remained straight and. the bond appeared good. This, type of failure
was sometimes difficult to recognize because the amplitude of the waves was
very minute and the plane of the failure was often so close to the bond that
good and bad bonds were hard to distinguish, (3) Offset failure.  This
failure consisted of a short crimp near the center of the specimen, the
remaining parts of the specimen remaining straight and parallel but not
co-linear. The offset consisted of a bending failure in the facings and a
shear failure in the core. (4) Face wrinkle, apparently a faulty bond.
This failure consisted of a sudden separation of one of the facings from the
core and was attributed to inadequate adhesion between them. (5) Failure at
the bearing ends. This type of failure occurred at the portion of the
facings that were within the clamps, The ends of the facings failed by
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bending toward the core at the point of contact between the loaded end of
the specimen and the bearing block. The two modifications of the test
specimens previously described eliminated this type of failure. (6) _Failure
of cores in compression. When the core supports a substantial portion of
the total load its failure i1s immediately followed by failure of the facings
because they are not able to support the total load alone.

Column 10.- —Column 10 presents the ratio of the average maximum
stress in the facings to a standard stress value. This ratio is equal to
pf/py for aluminm and papreg facings, and pf/pm for glass cloth laminate

and wood facings, where p_ 1s the yield stress of the facing material at 0.2
percent strain offset and Py, 18 the maximum stress obtained by edgewise com—
pression  tests. The values of py are shown in column 8 of tables 1 through

5, and the values of p_ and P, are shown in columns 6 and 8, respectively,
of table 6. y

Columns 11 and 12.--Theresults of tests of the sandwich plates in
flatwise tension are tabulated in columns 11 and 12. Column 11 presents the
maximum tensile strength of the construction in a direction normal to the
surface. These values are the strength of the weakest part of the sandwich.
Column 12 indicates the predominant type of failure. The types of failure
are symbolized by the letters B, C, F, and O. The letter B indicates a
failure in the bond; C indicates a failure in the core; F indicates a failure
in the facing material, which was in most cases a delamination of the
facings; and O indicates a failure that occurred outside the sandwich con-
struction either in the loading block or in the bond between the loading
block and the facing of the sandwich.

Table 6. Facing Materials

Table 6 presents data for sone of the properties of the facing mate-
rials that were used in the sandwich constructions listed in tables 1 through
5. Each value presented is the average of the results of tests of five
specimens. These values were obtained by testing specimens that were
representative samples of each thickness of facing material, except those
show% for papreg, which were obtained from Forest Products Laboratory report
1319.2

Columns 1 and 2.— -Thefacing materials and their respective thick-
nesses are listed in columns 1 and 2.

Column 3.--Column 3 tabulates the specific gravity of the facing
materials.

Columns 4 through 7.--Theresults of the tests in edgewise compression
are shown in columns 4-7. The Young's modulus of elasticity, (Ey)f, was com —
puted according to the formula:

_ Pg
(Ey) f bfY
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where P is the load in pounds on the specimen, b and f are the width and
thickness, respectively, at the net section, and Y is the deformation at
load P, measured over a gage length, g. Young's modulus of elasticity and
the stress at proportional limit (cols. 4 and 5, respectively), were ob-
tained for all the facing materials. The values of yield stress (col. 6),
which 1s defined as the stress at 0.2 percent strain offset, were obtained
for the alminum sheets and the values of maximum stress (col. 7) were
obtained for the glass cloth laminate, papreg, and wood facings. In con-
junction with these values, typical stress-straincurves for the facing
materials are shown in figure 8.

Column 8.--Column 8 presents the values for the modulus of rigidity
in shear.

Colums 9 and 10.--Columns 9 and 10 contain cross references from
table 6 to tables 1 through 5. Column 9 contains the number of the reference
table. Column 10 designates the core material of the particular sandwich

construction referred to.

Table 7, Core Materials

Table 7 presents the results obtained from the core materials tested
in flatwise and edgewise compression and transverse shear. It should be
noted that the individual values in this table for the nodulus of elasticity
in flatwise compression were obtained either from the sandwich specimens or
the core specimens. The core materials and their respective thicknesses are
listed and cross referenced in the same sequence as they were listed in
tables 1 through 5. KEach value is the average obtained from five specimens.

Column 1.--Column 1 lists the core materials that were used in the
construction of the sandwich plates. The orientation of the core materials
in the sandwich plates i1s indicated.

Column 2.—--Incolumn 2 the average specific gravity is listed for
each core material.

Columns 3 and 4.--TheYoung's moduli of elasticity that were deter-
mined by the compression tests in the flatwise direction are listed in
columns 3 and 4. These values were computed according to the formula

P
€, = —abf{

in which P = the load on the specimen in pounds at deformation Y in inches,
g = the gage length in inches, and ab = the cross-sectionaldimensions in
inches. In column 3, the values were determined from the deformation data
that were obtained by means of strain gages attached to the sides of the
specimens; 1n column 4 the values were determined from deformation data
obtained by measuring the deformations between heads. The values obtained
by the latter method are lower but more consistent than those obtained by
the strain-gage method.
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Columns 5 through 9.--The data that were obtained from tests of
specimens in edgewise compression are tabulated in columns 5-8. Column 5
presents values of Young's modulus. Columns 6 and 7 present the values of
the proportional limit stress and the maximum stress, respectively. Sone
core materials, like balsa, loaded in the radial or tangential direction
or a honeycomb structure loaded in a direction-perpendicular to the length
of the cells may not reach a maximum load until they have been compressed
to a solid mass. The maximum stress for these materials was defined as the
stress at which there was very small increase in stress for a very large
increase in deformation. Column 8 presents the values of the strains that
were recorded at the maximum stress. In conjunction with the data in these
columns, typical stress-straincurves for these materials are shown in
figure 9.

Column 9.--Thevalues that were obtained for the modulus of rigidity
by tho methods previously described are tabulated in column 9.

Columns 10 and 11.--Columns 10 and 11 contain cross references from
table 7 to tables 1 through 5. Column 10 contains the number of the table
referred to and the thickness of the face of the particular sandwich con-
struction in that table. Column 11 contains the thicknesses of the cores
of the particular sandwich construction referred to.
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Table l.--~Tension and compression strength of flat sandwlch specimens with gluminum facings (248H sluminum sheet)

Congtruction z Bandwich properties
:Nomhuﬂ.thlokness; thTotal :Weiéht of 3 Edgewlee compression t Flatwise tension
c terial : ~ H ickness : sandwich @ - t
EE heien ¢ Face : Core : : : Meximum velues : Type of :Ratlo of : Tensile : Type of
H : : : - - : failurel : maxinum :etrength: fallured
$ . : 3 t Load : Btraln : Stress : t atress : {
H : : : H 5 3 in -3 tin facing: 3
H H : : : : : facing : : to yleld : :
: : : : H 2 H : t stress ! :
H H H : 3 : H ¥ :of faclng: i
: s : s : H t ! ! material : 3
: f : o ¢ S owk. i By i € i pp i : t op, t
H H s H H $ : % : H $
(1) + (2) o« (3) () : (5) : §Q 3 ) 31 48 1 (9) i (200 @ (1) : (12)
: In., ; In. ; In. ; Lb. per ;Lb. pqg; In. per ; Lb. ner; : ;Lb. ver :
: : H + Bg. T, 3 q& of ¢ in. " ¢ 84, in.? : tBq. in. ¢
' e e
Balsa (E.G.) : 0,005 : 1/4 0.252 : '0.321 5 22 : 0,009 : 34,600 b4 P 0,700 3. G932 & c
H : 1/2 .50 H U459 : 2 : .0083% : 37,200 : 4 : {62 $1,10%t 3 c
3 : 3/ 709 3 .22 : 282 1 . s 25,;38 3 4 - 520 : 697 @ B
! + 1L ¢ 1.009 3 £ ; t 270 : ,0053 : 22, : L : Jdel ¢ 628 c
Cellular hard rubber: .005 : :{;15 : .ggg S : gg : .ggi;g : gfﬁ : g : ggﬁ : 331{ : g
: P3A L 3R 1 B0 i 3@+ loods | Bwo: & i I7g %Q P ¢
H : 1+ 1.019 .901 : A4B9 : ,0069 : 41,550 : 2 : B0 334 c
Celluler tm:;]_lulose : .005 i;lap : : ggg v . Eg’; : gﬁ : .gggg : gg,%o 3 g 3 11;%% : %gg H g
acetate : : : . $ . : ¥ 3 . : H : a : :
: t 3/M : 726 0+ 675 i 294 i .0035 : 26.950 : 2 : 530 : 225 : €
$ t X i 980 796 ¢ 284 : ,0037 : 23,920 : L H 83 ey 197 2 B

l'l'ype of fallure (compression): (1) Failure of facings in compression; (2) face wrinkle, apparently good bond; (3) offset
fallure; (4) face wrinkle, rfallure at bond; (5) fallure at beering ends; and (b) fallure of cares in compression.

(B) Predominant bond failure; (C) predominant core fallure; (F) delamination of facing material;
and (0) fallure occured outside sandwich material.

gType of failure (tension):

Z M 72682 F



Table 2.—Tenglon and compression streggth of rlat eandwich aimens with plumipum fpoings (248T elclad spget)

Conatouctien H dnndwich proporties
1 -
" " tNomiral thickneas! th;.‘o‘.'al !Nﬂiht of t sewlse compreasion ; Flatwlpe teonalon
are ol R — o£n. ] R i
: Faes 1 Core ! = H : Haxizuc wslues 1 Types of  1Ratic of :Tonelle : Type ‘ara
t : : : i t fallured : maximus tetrength: friluve
t H H H 2 Losd : BStrain t 3tress : 1 atress ]
H ] : H t H : in tin facing: H
t H ¥ H 1 H : faolrg T %o yield: 1
: H H H H I H H ) atross @ 1
H : : | H H 1 : tof fmcinpi H
: : : L : : ; ; i3eteriol ;
AT A DS T T : Loz !
(1) i@ 1 ) 1 () : (8) 1 [s) : {7 & {8 : (8 & (30 i (1) : (12)
H b ey £ H ———] 13 T ——— 1 e et ] i
1 In 1 H 1 Lo, per @ : i Lb, 3 : ilb. rer :
=2 ‘ . ! i | o dE ft:‘ Ef : 5. L : Ba: w!g,f ' e N (
3l 2.0, L0125 i 1 0.85 3 t 0. i i ) t
SR NS | MY G 4oL TMIDIGEE MARL & e iMm o
H H t . 1 . H P . 135, 1 % g % H
1 t 3/M <I7H 3 ?2 * 1,08? : L0066 3 zl, 1 4 ¢ _gég : ?15 1 o
1 Tt 1 1 1.0 o 1 { 1 1,0; t.0062 : 40,450 : N 920 1,062 ] 0
] P lel/M: 1.271 @ 1. 1 s% ! ocrjg t 31, 1 L ] L7115 ¢ }'2 ] 0
H 1 1-7/8: 1.8 % o t Eg 002k 1 22,623 1 L R % : 980 1 0
b 1 2-1f2: 2470 1 1, 1 78 1 ,0021 1 17,760 1 b : ,Eg 1 BE2 B
T L0185 1 14 ¢ . 8T : 2,166 T .0132 : 58,000 : 3 : 1.397 : 51k ¢ [+]
H - .5& ; .gﬁb ! a,1ﬂ : .0322 i 58,000 : 3 H 1.% H Siig 1 0
: : 34 .JE8 t+ 1215 1,2 : .00eh & g,aoo 3 2 1 1.2 t BO& ]
] t 71 @ 1,039 3 1,108 oz 1,61l : 0075 ¢t ,900 3 3 1 103k : B8s 0
t 0200 t /16 : i vewessasest 2,803 ¢ L0586 1 70,000 3 i 1.686 45 : 0
t L’a H 567  icwsmuilsed 2,5?2 t .0430 :ll,lwos § 1 1.550 1t ZS : o
0320 : 1 ] .32 : 1.200 174 L0116 620 1 3 1.181 : 1,188 : [
: ? : 1ﬁ : Eﬁg P 1% 1 5.132 Pl 2 : t’;:bw P : 1,183 1,1»3 :C
t t ){h 1 821 @ 1.4 : E,E'jé TO t 33‘350 1 3 : 1.h2# g 1,250 ¢
H H : 1.068 & T b, Eh D?l-h-o " 1 3 1 1.536 1,2 1 0
Calolum alginate : .0200 : 1/2 @ 574 1,696 1 .0060 ¢ 41,100 1 2 t .990 : 108 c
: ' ;ﬂl i 810 1,220 : .0032 : 28,900 : 2 3 .bz; t 108 : €
;L0320 /2 -595 2,867 : L0089 : 43, : 2 ;o l.083 ;0 1o c
Cellular cellulose : .0125 : 1 t 278t Lul¥ @ 1,111 L0084 ' " ' : c
acetate H t & 1 «51k : 789 i 1,09 I ‘ 6 i tg:ggg ] % & 1.(2'53 H .299
: § ;f % 5 T .BhE 60; : .0032 P ';00 1 : .3&0. ;o 12 =}
1 : 2 .80 1 .97 272 H %ﬁ : gi 3 5 - T 285 c
t ] T 1019 : l.132 : 1,107 : . 1 ,100 2 T J95) ael (]
1 t 1-1/% 1.23?‘ s 1,132 11,043 ¢ L0055 : 42,000 : 2 PR 1 H 2?3 : c
: t 1-7/81 1.8 1 1.,B1¢ @ A48 : L0037 : 34,100 : 5 T | H & [+]
H 1 E—%& 1 t 2.050 1 7t 0037 @ i{, 1 2 s .8;2 1 89 [+]
L0185 @ 1 1 L280 @ LED2 i 1, a i .00 £ §°° : 1 1010 : 308 ¢ =
: to1/2 Sh7 o L9271 1,050 : L0051 s.egg 1 E 920 %0+ B
] t 3{15 t g 1,20 oL = : 0053 ¥ E;.I_u.o t 2 1 .902 @ 257 ¢ ¢
: t ¢ 1,030 @ 1.33% @ 1,874 : 0053 L8001 2 TR W [ T | 257 o
1 L0320 : 1 : L3110 ¢ l.100 @ 2,281 L0050 ¢ % % H JBhe 17k B
: 3 1 lﬁ 1 L5570+ 1,198 1 2,24k Lo0k7 33,533 E 3 1 L8288 lét : B
! EO 7 L JBB7 @ 1,418 : 2,054 @ . ; : 31,700 : 2 T LT5% M H B
H] i1 ¢ 1,083 @ 1,542 2,505 : .0050 : 38,300 ; 2 H .912 1 108 : ]
Hi 1 : L0200 : 1 H Q.28 favecscansal H
me,:;?:bi R ] 5 !j: i o5 ; Passssnansal 1 g :
H b rd : ,0200 : 1/% : +2 i :
i 1 : 1{'“2 : 533 ’ 3 t
Cellular hard rubber: ,01256 : 1 ] 297 1 40,000 1 H
8 mubibar 5 : 1;% : EEI b ¥ 'g% " % H
: PR 0 t36k00: B !
3 : 2. % 1,0 1 33,700 3 k ]
H F T 1.2;; : 27,900 B :
] t 1-7/8 @ II..BI"“B + 3h,200 ;: 3
] 1.2=1/2 2. H 2130 ¢ . L
: :12-1_,{2 1 z.&cs ) Eg,§£ t 2 :
1.0 L 8 H +308 32 $ {3
T a5 1 lffg ] B2 3 31:2?3 - g 3
i : 3{k s LB00 % 36'%38 : 5 H
: : P 1,045 139, i 2 i
L0380 @ 1/M 432 1 43,600 @ 1 !
: - i !j? l .‘532 ' %g.wo : 3 :
H I/ B20 + 27,600 : ]
H RS 1.08Y T 28,800 LS :
British hard rubberd: .0125 : 2-1/2 1 2,386 t 18,700 ¢ b :
Pulp board 1 .02 o 3% LB54 1 17,b00 ¢ 2 .
{30 percent reain)it $ 1 i
0082 6 3 K + 10,130 : 2 .220
h?:‘g:o:::l.l "o i Ifﬁ H-1! : 17:13(0) 1 2 1 328
. T 1-1/4 1.%&@ t 19,640 : 2 L7
1 1 L-gf& + 1.6h6 : 18,840 : 2 t Lo
] ] i 2.0%7 t 14,370 : 2 i 312
Spruce plywood 3 .0200 : ﬁé : .E%ﬁ : 32.%8‘8 : g : .goe
: B/ REE Phge i 6 0l

of fallure (compression):i (1) Fallure of facings in commression; (2) face wrinkle, apprrently good toad; (3) offset
failure; {I) face wrinkle, fallure ot bond; {5) fallure at bearlng ends; and (6) wellure of cores in compreeadon.

g‘r}'pe or rellure (tension): (B) Predominant bond failure; (C) predominent core fallure; (F) delamination of facing reterial;
and (0) rallure occured outeide sandwich meterial.

2gandwich plates fabricated with wooden inserts.
wich pletes fabricated with plaster dleks.
Z M 72683 F



Table 3.--Ten

Conetruction

Sandwlch proparties

1Nominal thickness Total | Welght of: Edgewlase ocompression t Flatwise tension
Core material l--;-—w-—--—c thickness : wioh 1 ") 4 'l! = =
1 '‘a0e : Core 3 3 values H ) t1 enelle: ()
: ! 1 : : : n.:.fwci ﬁnm:umn@hz ?lﬁma
H £ i t 1 Load 1 Btrain ! Btress ! 1 atrese ! i
[ : 1 ' : t ' in 1 tlu faoling: 1
I 1 1 : t $ t facing @ stress 1 H
1] H 1] H : i H H pof faoingt H
1 : 3 $ i ] H ’ 1 materiall :
t : 1 1 t 3 t H ; :
1 3 ! H : 3 : H ! H 1
! T 1 0 1t h HE i Py : € i Ppp i 1 Py
1 H 1 t H t ! H ' 1 1
(1) ! t2) 1 (3) 1 () : (5) : (6) : (7)) 1 (8) : (9) : {100  : (1) : (12)
s 3 1— H H 1 $ 1 3 i
X H . b tLb. 2 ! Lb, H Lb, f_g
: 20, : 8. t a0, : BQ: F%r, :ﬁi:: . a r‘: EE’ t :u, n. E
1 1 H $ H ] 1 H 3 t :
Balsa (E.G.) : 0, 1 1, Tt 0.280 0.551 ¢t : 0.0122 : 15,800 @ 1 1 30, t 660 F
: (ei’ﬁ’i:: ! ;.//2 I lﬁg : 3’5% POl ﬁ: 601 1 : i E%é : 622 1 r
t : $ . S 3 t . 3 . t :
: : {u Poade 1.038 : 276 : .oosé : l}:& T 1 : Z : 2%3 ¥ »
1 016 1 292 1 .6 6 .0102 : 17,170 1 1 1 W86 H 0
t (B-ply) : %ﬁ .g%% t 1.33 : gég 3 L0100 1 !]I: .D% t % i .g?g H l&g% ] ;
: H . H . H : 0088 » H . H i
1 {h 1.023 1.212 526 ¢ ,0081 1 1 ,290 H 1 B20 : 538 r
ro0%2 14 L316 @ .ge6 i 1,708 @ 0109 : 18,2040 : 1 T WB76 t  BlO 1 F
: (8-pdy) ¢+ 1/2 56y ¢ 1.12F 1,3_&2 1 0113 : 19,600 : 1 1 =942 27657 3 ¥
§ T 34 810 580 1, : L0111 : 21,000 : 1 t 1.000 13 b% ¥
: : "1+ 1,051 3 1.594 : 1,180 : .0086 1 20,980 : S B I 1,008 1 2 ; t  J
toLobh o o1/L : 1t 1,12 + 1,918 [v'e} 1 21 i 1 1 998 :  B87 F
1 (16-ply): 1;2 1 %E 2 1.122 % 1,237 mg; 1 20:230 t 1 1 .;98 ?
: 3 3{1| : .B3 t 1.228 i 2,082 LO0EE az,sa $ 1 t 1. P inednliy
H 5 1 1.08 1.472 2,062 .0088 : 23,180 : 1 1 1.05 2 712 F
Oellular hard rubber: ,010 : 1 H o2 ] 322 i 223 : .00 i 10,250 1 2 H . i 2 H ¢
: (3-ply) 1 %% 3 .;g% : .EJ‘ : gé : .60002;_% 1 s:}'rg : 1: 1 .Eﬁ H 1112 U :
: 1 H . & H f 1 5, 1 r e t : 3
s "1 ¢ 1,023 s?é ER & i A - ?,gm H 2 t uzz H 1:; : B
) | 1 1 : 270 ¢ Wk o 659 3 L0072 : 17,820 : 1 1 978 @ 23 3
1 {S-p?.y) 1 1//12; : .gza : 6% : EOE\% 1 g t % ,190 i 1 .é‘a : 1? ' 'IE
: b3 s 1,037 : 4% s 0067 ?:goc 50 bl Y oo 1 1% i B
1 .0 DR | H 306 694 @ 1,119 @ .00 : 18,520 : % 30 1 234 @ c
: {10—3213)1 1‘;‘2‘ H %6 H .gii : 5 29§ ! 1 1 .350 H ; 1 .gé : iéll- : g
: 3 3 . t . t L0072 : 19,050 3 (A H H
: t 3(“ T .973 11363 i 112?,'1 : oo?.r5 : ,7?3 i X D 848,108 v
Cellul 1lul : 0,010 : 1 1 0.2 0. LI I t 11,480 3 X 3 d.B74 H a
° a::t::e ose t (3-ply) @ 1;21‘ 3 5 1 .all-g; H 2.9'2 ! 0.%2? ! !.2: 01 1 ' LZZ; H Zéﬁ :° B
3 H 3{“ : .7*4-2 : .01 377 : .00 : 14, t 1 1 1. t 270 t c
2 % 1.00 $ .B01 @ 20 L0045 @ 7,200 % L H 800 : 193 . B
: L0199 @ 1 : 282 46 : G587 : .0039 : 15,950 : h 3 ] WS40 @ 362 3 (+]
i (6=ply) 2 1:": H +530 .61; 1 z‘{ i L0077 M,go ' 1 t 1.100 %& : [
X : 3/ .J56 @ 832 53 1 ,0072 : 16,100 : 1 1 .911.% 1 1 c
:r 1 ¢ 1,020 : 1,012 : 671 : .,00b9 : 15,880 : 1 : .93 1 204 B
1,030 /4 ¢ . +  .686 11,271 : .0086 : 21,000 : 1 t 874 1 356 c
LI B gk o BaE 3
H A 1 K . i : A . 3
: H 3{"‘ ’ 1. ge .22 H 1,2§ : .oo%s ' 9,120 t 1 P .96 1t 172 i c
[+t T § 3 4 1 .980 1,708 ¢ ,0078 : 19,410 : s t .86 314 [}
: (16-piy)t 1,‘1“5 : .%Eg : i.x;u L8 gﬁ : 22:000 Pl ‘ 1.%9 b5us il o
- H . # T . H H . H !
: : 3{]‘ 1 107 1 1.%3; 2,260 1 L0090 : 22:5578 -1 : 1.006 + 287 :+ O
Honeycomb 1 .010  : 1/% .asa 3 .ll-zz r 262 @ t 13,100 : 1
glass oloth t (3-ply) : %/2 : 501t 'agf : 553 : %ﬁg s 11. i $ %
1 H 1 a R t 7 1 1
IR AR B ¢ B 980 i 249 1 0053 120850 ¢ 1
: 0L 1 i 2k ' i ] 0 : .0058 : 1b4,410 1 . 8
"1 (6-ply) 1 1’/'; 1 52% : '?'3% : ll:ég H .m%h : E,sm 3 i
: q60 1 . ! S 1 3
- : 30 : .990 :  .862 :  l29 : oosz : 13:% e X
British hard rubberZ: t 1=1/2 1 1.538  tesseeeanns t 471 : .o0068 : 12,100t 1

(i 53y)

LI'rge of failure (compression):
atlure; (4) face wrinkle, failure at bond; (5) failure at bearing ends; and

of failure (tension):

Z M 72684 F

(1) Failure of facings in compresslon; (2) faoce

apperently good bond; (3) offset

nkle
('6% raifure of cores in compreesion.

(B) Predominant bond fallure; (C) predominant core fallure; (P) delamination of faclng material;
and (0) fallurs coourred outside sandwioh materlal,

119,m pounds per square inoh used as maximum stress of faolng material from teat of 0.016'-1_noh material,
4,050 pounds per square inoh used as maximum etress of faoing materisl from test of 0.010-1noh material.
wioh plate fabrioated with wooden inserts.



Table H.-= slon enalo flat sandwich eoimans with faoi, oross-laminated
Conatruotion : Sandwich propertlss
e e :I’ull.n.l.l t‘hl.uhllnl “.'lo‘t“.ll : mﬁ“" Edgewige compresslon ' Flatwies teallnn
3 Paca : Core 1 ] Maximum valuos t T [ anl.o or:T«uauc H
. ] s 1 ¢ fad maxicum iatrengthi 1 ursa
1 1 1 H : Load 7 Straln : Strass : L] oA 1 H
H H T 1 ] : H in H 1in faoing: H
H t : t 1 {1 t feolng @ tto yleld 1 t
H 1 H : H T b H i atras H H
H H i 1 t 1 H 1 iof fac ] i
1 1 5 i { t 1 1 1 mterial: i
h 7 i H H . H % % =
d r N GE R L] oW, i Pg ¢ Eg P i i Py !
(1 U2 s (3 1 W e (B r (e) i (7)) 8 1 (g ¢ o) : () 1 (12)
: . 1 " b} :Lb. per e it :
; A JERT S iﬁ:ﬂf‘@finﬁf"m,m.i ; |
H H H H i i H H 1 H 1
Balsa (loaded 10,0093 : 7/8 3 0. 1 1.020 : 3,030 : 00082 1 8,540 : & to0.732 : 2 ' a
parallel %o grain) : .027 é}! t .ﬁ i 1.030 ¢ 2,428 : L0043 1 8,210 : & 1 .Eu 1 186 1 c
1 L0z @ 3I/8 . feseeenesas! 2,050 1 .00BT : 9,190 : 8 1 785 @ 187 0
Balea {loadsd 1 .00 ;JB & .20& t+ 1.030 & 359 : 0116 10,680 : i ' .sxg Al 1 a
flat, perpendioulsr : ,025 : 5/8 1 b77 1 1020 s L0141 : 14,250 1 1.2 162 ¢
to grain) o t 3/8 1 52 tiieeeiaendt 1,103 3 0109 1 22,200 1 1 1083 ;159 & ¢
Bales (E.0.) 009 : 7/8 & B70 1 l.1ho t 46 ;L0347 & 18,200 : 1 : 1.554% 3 45 1 3
i W0P7 i 578 B84 3 1.k0 s 1,226 : og,é 1 20 i 1 T Ly ' P
1T.0u2 i 3/8 : .92t 1.175 1,696 ¢ . Pt i 1l % F
Calcium inate @ . T /2 1 o S 1 1 .0 ¢ 18,150 1 o 1.210
=g : og o1 EZ? : Zﬁg P Gbr o, xlt:rgg :1 : 1.263
2 E Y . Becasannanad It 00 t 17,120 : 1 1 1.lbs2
Pulpboard T 022 : 3o JU 1 1. 3 : 01X 1 H 1 11,330 2 [
4 To.022 1 g;s : .It:_ul : %2 : gig ;009 - 1?13?3 i g : 1.1%0 : Eg P
$ e HEE Y/ kb2 H 1.% t 1,090 : ,0070 ¢ ,350 ¢ 1 L 980 : : +)
3 . : 3/ - S22 1 1. 11,704 1 0078 : 12, s i r 1.030 ¢ bo a
Stype of failure (compression): (1) Failure of facinge in oo i (2} ra 1 d vond; (3) offset
y?:nure- (4 rnna?ﬂnﬂ milure at dond; (5) r"f o:;;ngmanda. m;s“] raxiﬁr:"ﬂ}”iﬁr.‘; fﬁ"nmgﬂe..;anf &
of failure (tension): (B) Predominant bond fallure; tu] predominant core fallurs; (F) delemination of reoing materisl;

and (0) fallure oocoured outside sandwich material.

Teble 5.--Tenslon and ocompresalon strength of flat sandwich speolmens with facings of wopd vopnger
1
QJonetruation i Bandwich properties
1¥osinal thicknose: _n}'ot.n H % of: Edgevise cospression t Flatwise tension
Core materisl jm—eme e m————— Thickness 1 wioh 1
3 ! : i Maxi wal LN - 1 Ratic of:Tenslle 1 a of,
: Tare 1 e : : ] i e 1 r.ﬁ' t maxirus tltrength. .Z?l\rlz
H [ : ] : Load 1 Btrain 1 Stresa @ i atremss @
i ' 1 b : t t in 1 1in faoing!
H 1 H H H i t facing 1t H te 1
1 : t 1 1 t H : tmaximm ! 1
1 H H H t H H H 1 atress ¢
t H H] H : H : [ tof facingt 1
] : H i i H H L] i materinl: i
s 3 1 1 i H \ e ' .
: T : 8 3 n P Wi, P Py 8 B topp '; t P}
( CITTIE T 3 : (8 : () 5 (8) 3 A : (&) : (@ o (0) : (n) : (12)
4 1 1 ¥ 1 i 3 £ i
H : 1 In. t H H : H
£ B e LR :%‘":_ﬁzﬂ s i : -
1) H ] H H H b H : H H
Laminated yell ;0010 : 3/8 : o034 : 243 : 0. : 9,800 1 1 :o1a70 2 20 2
1.;;1‘“11:1(1 ’:lp‘g:;rd. -021 t if! 1 .;3 H H 3‘5 HE % ] %,500 E 1 H -931 f 21 ' 5
m 3 percent resain)! ggg t 5/8 ¢ .37 H H : L0062 : o,%10: I P 49 17 ¢ a
[ : /8 m 2 H t 0064 : 6,020 : 1 $ B 1 17 c
i L0851 ¢ /a3 1 " 3 x T L0059 J5%0 1 1 . 068 @ 27 = c
1 l;rgh 1 38 @ 469 . : 98b : ,0O0BY ,-s;g % 1 1 910 : 2 G
t 071 : 38 : .ggl 1 5 l,ogh :+ L0080 : »390 1 1 - 505 9 ot 4]
: W0 : 3/8 @ 508 ;1,261 ¢ L0069 ;,3«: [ 1 i b903 1 2 oz a
t . i 3/8 .50 t 1,146 L0062 B850 & Tk G922+ 20 ]
. : %E gozg t i 1,345 ¢ . o, 00 3 1 PR 15 1 : ¢
Laminated ye_ll.le\r—

.3 p-"i.ﬂ":' ?‘uxn g : 3/8 M99 1 B0 1 LOD 2 Z,S?o : 1 | .gso ¥ 11 0
27.8 peroent repin): . t é;’s i .503 1 : 694 1 .00 1 0,600 : 1 . 52 i1 : 1]
43,7 percent resin)t .051 : 3/8 .50 H 1 8321 m; s 7,780 : 1 : 1.00 [ : g
ks, g peraent resin): . : 3/8 @ Egs ] 832 : .0093 :,zso 1 1 i loes e ; : B

parcent Tesinj: . 1 3/8 e g54 : .0120 1 8,070 : 1 : LMy : 5 z
?E.c parcent reein)t .3'%3 1 ;fs H b79 1 : 1,014 ¢ .0128 : 8,700 : 1 1.100 : B5 c
Spl‘“u 1 ood . I 4 ] H H ] : 3 : H :
% P {H B :oL07h 34 .882 11,757 ¢ :0055 : 3,080 : & : 1.145 - 0
pnrnl.J.a). to sﬂinl : H = H z H 2 H E t
e plywood and : i 1 1 : ! : : : E
I b - T Poeskio.oom §osa20f 1 G o1as5 | ek [ 3
o grain) 1 t : 3 H 5 ' 1 1 H

uee plywood and : H 1 H 1 H i 1 f 1.486 ' 108 f a
e [otnd o s | L | Poam i ooy u,630 ; .

e el e L T V. O Y. S Poses i 057 D320 2 i .98 i 8L [ 0O
);‘po of fallure (oompression): (1) Fallura of facings in compression; (2) face wrinkle, apperently good bond; {3) offaet

fellure; (4) face wrinkle, rallure at bond;

-'rypz of fatlure [tenslon): (B) Predominant bond feilure;

(5} fallure

and (0) reilure cooured outside sandwich material

Z M 72688 F

L
at bearing ende; and (6) follure of cores in =Dl:|5n‘esl!.on.
{0) predominant core failure; (F) delamination of facing material;



Table 6.--Mechanicel properties of facing materials used in sandwich oonstruction

Material ;Thiolmeas; Property ; Croes reference to
H H H tables 1-5
H i8peocifio: Compresaion t Bhear @
H tgravity ¢ H : Tables ! Cores
$ y tModulue of: Btress at : Yield :Maximum :Modulus : 5
H . :elasﬂoitysprogoﬂional:straas at: etress : of H ]
H : H H imt 12 percent: irigldity: 1
i i H H i offget H : H
: : 3 1 : 1 H : t
N e o S SR . SO W e 2 :
(1) (2 o (3 [ I (5) t (6) o+ (7D o+ (& (9 : (10)
: In. : 11,000 1b, : Lb. per : Lb. per :Lb. per : 1,000 : :
H H H r 8aq. : B8d. in, :a.En. ipq, in. :lb. per : 2
H : 3 in, H : H t in. ¢ .
2L8H aluminum eheet : 0.0050 : 2.78 : 11,370 : 35,200 -: 49,500 H t Table 1 @
248T mlelad aluminum: .0082 : 2.78 : 9,500 : 28,000 : 46,000 : : : Table 2 @
i .0125 : 2.78 9129140 i 28,500 : 4000 3 : 13,800 ter.0@00000i
: .0185 : 2,78 : 9,490 : 31,060 : 41,500 : H RGP, TR
: .0200 2,786 + 9,190 : 31,060 : 41,500 : fanaddDuaan
0320 : 2,78 9,500 : 27,500 : 42,000 : : feeeelOunnal
Glass cloth laminatet .06 : 1.75 1,;96 H 11,5110 H : 19,840 : 2 387 : Table 3 : Balsa corss
: OE-E HI B T 1,959 : 14,850 : 1 20,800 @ RN 7. SEERON IRl
" : 1.8 3 2,500 l.iesesenansent ¢ 22,000 : fesss@Ounsstonnnsesdo
010 : 1.78 2,1;0 13,320 t 14,050 fuessed0....2 Hycar cores
: L0199 o 1.78 2,1; 1 15,860 @ t 18,210 Tevee@0crcnlunnnnns
030 : 1.78 : 2,285 : 22,060 t 25,2L0 : Sow s oBBeirea e kaa 0,
010} o178 ! 1,976 | &80 | i 9,010 ; ;....u....;cenﬂfﬁ‘glgﬂa“
019 : 1,78 : 2,210 : 14,840 : 16,950 : FTT P SO 1)
t Elo‘. 1 1l.78 E,Egu i 21,480 t 24,010 : ToosiliDssielossneaslll
. 1 1,78 : 2,400 fesvensniannel T 22,500 @ tesesl0ereslocenasedo
(c,o,,:{ﬁ;‘;ﬁated) : 1/8 1 1.0 : 2,370 : 5,000 : 11,700 : 19,150 : €87 : Table 4 : (From 1319B)
Yellow-poplar : 010 : .605 ¥ 1,778 : L,210 @ t 8,030 : t Table 5 @
{laminate) 1 .02 '682 t 1,778 : 4,210 @ : 8,030 : TesssllOsnasl
i W03%2 1 Wb H 1, zg : 4,210 b : 8’030 H TeseslOensnsid
$ 5 $ .6% : e § ﬁ,g'{o 3 3 ?,ggg: TN - S |
3 O T . 5 g : z 3 $40rs@0vonsl
1 .OZU : .280 : 2:051 H 4:900 H : S::I. 0 3 tessallOsaset
1.0 t .600 : 1,815 L,900 : s 8,160 : tusselOsaant
39% 1 .6;3 : i,g% H k,gseg H H g,% : :....d:....:
;02 :gso T 10798 130 1 6,700 ¢ tereidonuead
t 051 1 570 ¢ 1,799 ¢ 2o @ 3 680 : SN [ SO
t 051 .?o ] 1: 2 3 ?11920 H 1 ;:590 1 H ol
: 051 : 570 1.528 3 L,500 : 7,520 1 1
: 051 @ 570 1,858 4,900 @ t 7,080 : g t
.05l T 5[0 1,830 : 5,120 t 1 7,;30 !
| .351 : «Hf0 1 I,Tﬂg : 5 t r 7,590 H .
t1 051 : 570 : 1,8 H 5,640 1 1 ?,7‘20 X H Sl
t 051 1 570 & 1,820 : 5,880 : 7,960 [P - S
Spruce plywood 3 .O74 ¢ 420 834 2,320 : 2,623: $anaslOsssal
(1 + 1/32°+ 1/48): .070 : 420 : 1,027 : 2! H : 560 1 lesssdOueesnt
' % G : .0'7,'2 1ok b e %:733 : : %:110 : YoseslDaaval
1 L0723 L4200 895 3,020 t 3,310 3 IR . PR |

!"Valua applicable to all thickneeses of aluminum,
g‘\'alue appilcahle to all thioknesses of glase cloth.
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Table 7.-=Mechanical propertiea of core materials used in eandwich construction

elasticlity promrtlonal gtrese! maxdimum : Modulus of raa.‘.ngn :
1imi : etress : rigldity :

Material : Property ¢ Cross reference to
: : teblee 1-5
:Specifric: Compresaion ' 1T I i —
igravity : ‘Table No.:Thlckneas
: : Flatwlse Edgewles B&rpendlmﬂ.sr and : of core
: : : to face .thlolmess'
H :  Modulus of elastleity Modulue of : Btrees at :Maximum:Straln ati-eeeeee—e——a:

.

(1/4=1nch : (Dials be-

s ap 5 aw ap 88 a8 #e ww

igage langtn) tween heads):
@) P @ 6w (5) (M & (8 (9) i (100 : (1)

- 4s ea s 0

-1,000 P 1,ooo 2.81.1,000 p.s. 1.t P.s.i. : P.s.1.:Inch ger 11,000 pes.l.i  In. :  In.
- ¢ inc H H Alls

Balsa (E.G.) 1 0,095 .oiiiseeseened b8.6 /4
: to ot Ela.\}‘ + 118.8 1/2
A% 0 3Ee.h :  12l.6 L3k
i 124y 1 12h.0 i 3
.............. . B T AR R B S N ST A I e T T A 1 Tsble 2 : 1/%
- 238.7 13?1.5 ............. T S S— H : (0.125) @ 1/2
: £09.1 & ? s.gs : 36.5 : 74.3 T LO4BL : : :  5/8
: fab.l 15,2 ¢ g.ek s 5.2 1 72.8 1 .uZof 3 : Y
Az.2 312.9 7.95 : 51 : ;2.9 : .o22h : 1
: 2355.3 223.6 ¢ 12.50 ¢ @A 1 73 ¢ .0133 : 1-1/4
: g.m.-o 139. 19 ¢ 36.3 i 53.7 : 4 1-778
T 2278.5 208.3 B 34.2 : 72.7 ¢ t 2-1/2
Taawrwnsmnrey : 68.1 : Table 2 ¢ 1/8
299.8 : 1l28.1 r (0,0185): 1/2
15.9 i 161.0 : : 3
387.1 82.5 £
: : 3 : 2.0 t Teble 2t T7/1b
t : 1'§E?.0 : %%o.o : (0.0200): 1/?
H PR ] 60,1 : Teble 2 ¢+ 1/E
t : bs2.2 : i 2.5 : (0.,0320): 1/2
: 38,0 137.5 : 3/
t t 390.6 : lbb. 11
H | O— - i t Table 3 3 1/%
1 1 306.5 : Eﬁé.o H {0.009? 212
: : .0 1 ka5, g s 3/
¢ 780.8  t 31'.7.3 3 i1
Pevosmnnsensal . : Teble 3 ¢+ 1/4
: R T 21305 i (0.016) : 172
1 1,071.5 t  503.8 i 3/
1 +0 & 35k.2 (i
P R : a2, : Teble 31t 1/4
i .2 t 197.0 3(0.032? 1/3
o ?ﬂ% : by o
.............. T4.B : Teble r 14
icl.o k4.6 ! (0.0“—13 [ 1/%
i t  291.2 : 13k.0 1 3/
1 t 4g8.9 : 16g.2 T}_%S I]t 11
4 ) : (
Balea (loeded : .200 : 36.6 : 0. .0 LL09) 1 7/
parallel toag'rainh i %g.g : 11{.3 ﬁ.g E :gﬁg ?:‘;g
by g (oo} ¢ /8
Balea (loaded : .200 : = 3b.6 i 22.0 v he,o : 42,0 + 189 = LOU0O 3 e 0.009) :
flat ndicular: : 15, : 11.6 : lho.l : 60.0 + 13h : LoloOo : I8 .025) :  5/8
b grata) : 13.3 : 8.7 : M8 : 112,0 . 20 : .0u00 : E4.E o] 2/8
Teble b4
el SRR R I R A R 1 T
H 1,161, . H H . 3 H . H . H . H
1550. 33}.3 P23 : T97.5 i 197 i .040O : Eﬁg.o +( .ob2) i 378
Balsa (loaded H - R i 1 t g, i Table § : n
paral?f::l. to grain): 14 : 9.3 7.7 E .'h;go,o H 1,000 :1,550 H -0052 =k0.0 : (0.074) : 3/
Balsa (loaded : 7 i ! H ! H . : b ;i t Teble
ngt,tggrp:ga%cum: L 8.6 . 255 : b0 o8k [ .choo g b8 1 (0.072) : 3
o grain : : : : : : : : :
Calciun alginate : 0,11 gg: : 13}; 330 i 55 : Sous : 20.0160 : 216.7 TSI-%;O)Z lﬁ
: t 3107 o : : : 1052 1 1
Table 4 12
. . Q.
: : 12.2 1!4.5 1 'gri)g 12
: : 36.8 31: ase /e
: 28.7 1.8 Table .
? 21.9 by ] H (0.072? 3/4
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Teble 7.--Mechanicel propertiee of core materisle used in sandwich conguruction (Continued)

.

. Propert - Croes reference to
Noterinl . Lpoted L] tables 1-5
H H Compresslon H Bhear :
:g::g;c: —— 1 :Table No.:Thicknees
i 1 Flatwiee 2 Edgewlee sFerpendicular: and ! of core
i ! - 1 :+ to face :thickness:
:  Modulus of elastloity : Modulus of : Stress at :Maximum:Strain Able—————eewe—-i of H
4 t elasticlty :iproportional: strese: maximum : Modulus of : fecings :
t (1/M=inch : (Dials be- : ; 1limit $ : strese : rigldity : B
tgage length):tween heads)t. i : : : :
(1 i (2 ¢ (3) D i (5 1 (6) d () s (&) ¢ (9 : {100 : ()
: 11,000 pp.1st1.000 podeloil,000 p.s.lst PaB-l. : P.o.i.ilnch per :1,000 p.e.i.i In. ¢ In.
d H = : 3 1 1 H En§ﬁ t 1 1

Cellular cellulose: ,100 t......
acetate (3 percent: 1 28
glass fibers) ! 1 2?(

. ... ..... . Z.g

| LY RSPRNPVREETRIPRT. FSREIENURRUIN. | UL, e & 3. 1 Table 1 : 1/4
= 188 iy : : i T ees) ) 172

Table 2 : 1/4
(0.0125): 1/2

-]
1 53.1 10.6 §
PoBy Lo 5 e
;2374 ST : 1-1/k
: 5’52.1 17.3 : 1-7/8
$ 2.2 1 1e.5 2 e-1/2
H H . . : Teble 2 1 1/8

: (0.0185): 1/2
: 11
: Table 2 ! 1/4

s {0.032) ¢+ 1/2
: ¢ ¢ 3/

. . S
LTS N Y . YN N e ki

v oo

1
1
1
20.
H el T 14, : Takle s 1/
: kg.g : }7 3(0.010 : %ﬁ
: 53:8 : 12: : s 1

I
D

: Teble ? 1/n

F H 25.6 ] lg. H : i 3 [ I8 H 55 H : 10,019 %//E
H 27.0 158, H 13. H - H «52 .02 : 5
II-Z.S ¥ AT : lg.ll; ! 12.1 1 149.9 ¢+ .0UG2 ¢ 1

.
.
.
.
H
s
1
]
h
-

i 28.3" +  17.8 Vosorsasssossbronssnenasesionosasniassoonnnsh : [0.030
: s 15.59 : bb. 4 ' 171,0 ¢ L0270 * :
00

 ETE RPN | TR lesassa slavecsaaestl : Table 3 : 1/4
1F 1%
65.6  : 152.0 :  .ok23 : :

&
-
£
.
=]

18.3 : 11.

: Laiwnvesmas aet 14.9 Lesesenssnsnntoenassesesssdasasursdosennanen 1 Table i 1/4

1 107, £ 7.2 Vonenesi s dnairavrsrsselinnessertveos s H v (o.0u) ¢ 1/2

3 ! 95. 143 + 15.7 § Zz.s s 182,3 @ ,0200 ! : r 3/M
$ 37.4 1 19.2 v 13.7 t 3 t - :

Honeycomb H 10
glass cloth N

Honeycorb paper @ .10 Lio.g TR . 10 3.0 T 9.0 fiiinnnens H 11.6

1Tebles 2 :

HE 5T K- Y - 035 | & §omel Jope 3.8 ana’3

.-

Table 2

-

Celluler herd : 0.100 feuuseee.en-. : 1l S R LR . 2349 Table 1 : 1/4
rubber : s Ib t 1k, R T R S e i : {o.c05) ¢ 1/2

3 N OLE . 10,1 L e [T e Tevasenalonnnunennth t Table 2 : 1/4
H 26.8 t 12,2 Visuigawpnwsbnssnsgosswis basiivendcsusssawyt : (D.0125):  1/2
H 1 22.1 :  15.0 28 t b6.0 L 156.9 : 0235 : i r 5/8
1 ) 51.0 12.3 : .52 3 .6 . 9Lo% 1 .0lo7 i T 34
1 3 ?&2.9 14, £ 9.52 : .b : 161,2 : +0251 : 1 t 1

' ! E.l 11,0 ' &0 ' .8 : 138.2 ¢ .0270 : : + 1-1/0
1 : ﬁ .9 12,8 2 : o 1Ca.1 0400 1 1-7/8
5 i 4.7 5 13, ] 8.50 o2.7 145.7 L0331 2-1

tosensnssssrslnsesessnsin | S— LT AP H : Table 2 : 1/4
: (0.0185): 172

=
O
e e

 (owosa) i a7
s P3/

T E T T TR R T T : Table B

1/
...... T e A R CR, ] (0.010) : 1/2
H 5.51 § 50.1 : 1154 ¢ L0429 ¢ i : 3/4
: 2.8b : 27.3 PoEh.T .cheg : -85 8
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Table 7.--Mechanical properties of core materials used Ain sandwioch construction (Continued)

Material : Property : Cross reference to
: 5 tablee 1-5
i8pecific: Compreession t  Bhear P i s
tgravity @ : : :Table No.:Thickness
H H Flatwiee Edgewlae tPerpendioular: and : of core
: i H : to face ithickneas:
% : Modulus of elasticlty 1: Modulus of : Strees at Maxloum:Straln ali-———=————w-—] o H
1] g : elaatiolty :proportional: stress: maximum : Modulus of : faclngs :
3 : (1/4=inch : (Dials be- : s limit : i etress rigidity :
: igage length):tween hesds): $ H $ 3
' i i H ' H H H H
(1) : (2) (3 (4) (5) $ (6) r (7 (8) : {9) : (10) (11)
1 H 1 : H H H : H Dt
t +1,000 p,e.1.:1,000 p.8,1.:1,000 p,6.1,.: B.s.1, i1P.8.4, :Inch per :1,000 p.s.1.: In, In,
2 * » H H £ inch H
Cellular harda ' :....éi.é.... 12.2 fevessasnanant t ?able 1/4
H H . . Seevsenvananh i (0.01 : 1/2
rubber : i 5als o Z-g; ; ; 9} 3:,’1‘\
' 31.9 15.5 : 53.7 : 118.8 @ 0286 : i
Tessssannsnaat 13,9 Tesessasnsnnstonnssrnannsstonssnssdosnonanesi t Table 3 : 1/4
g 13‘.0 Loviiog opioie s bian sy : {o.08u) = 172
29.0 14,7 : 6.06 H .2 3
16.0 11.7 : 7.62 : .2 11
13.9 2.2 P S P Sy P B 62,0 0183 1 : Table 5 :
British hard ' . . . . §
" ribber a3 8.2 ¢ 713 %ag.90 90.0  %250.0 | 2 .0180 | 2 3.1 ;Ta‘;}‘g”}z :
Pulpboard : : : : :
(30 pergent resin): 15 1.4 -9 43.3 : 0063 1.5 ; Table 2 ,
Table 4
2.1 E.o .01§o= 4.0 : {o.022) @ 34
1.2 .0 0117 3.5 : ( .o22) 3/8
1.5 23-0 0106 : a.? s Jobk) 2 38
2.1 .0 0113 5 + [ .0o0) 3/8
Table
Pulpboard i 0.180 1.0 : L1 i 32.6 : 0.0104 : 1.7 : (D.010 3/8
(48.3 percent resin): t 1.5 1.6 t 25.7 ¥ L0111 ¢ 1.b ! 021 3/8
i . 1.7 ¢ 1.4 o 3005 £ L0104 1.4 i 032 _;./5
B : 2.2 s 1.2 r 29,1 % L0112 1.3 % 052 = /8
: : y, ' 1.4 : o 3lh : ,0109 1.5 : 051 5/8
t 1 6,0 1t 2.3 : 28.b4 r L.0122 1.7 : { 06k i/
1 H 5.3 1 1.5 : 31.0 4 0101 1.7 1 -071 3/8
2 z.l L 1.3 H 30.% ] 0100 1.8 3 083 3/8
3 o2 1.1 H go. ¥ 0101 1.6 t .095; i/8
1 5.6 1.2 7.4 : L0o11k 3.1 1l 68 7/8
Fulpboard Tabla 5 ~
0 percent resin): L098 : .2 RN, | L. PO R~ ;/8
£.5 peroent resin): .103 @ 5 wesenenssrest 1342 Bavessessenest HEJbt 00801 0 W19 leeaes PEPRLI -
17.3 percen%t resin): .1l8 : K beses ernel 124 (0.051) ;/3
27.8 peroent resin): .131 1 1. Tadwingen vesal 13 o 3/8
ll-;.‘f peroent reein): .1 : 7.3 1.3 s 25, ;/5
{he.} percent reeln): .IIS : ;.9 t l.é 1 95, $74]
7.2 perosnt resin): .216 1 17.0 & 3 1 Z i 3/8
(73.0 peroent resin): .308 1 b2,3 @ 7.0 [ . 3/3
onge rubber ! .125 10  fessssssnsnast . : Table 2 @ 7/16
) L ks 2 et (T t (0.008) : 7/2
! 1 28 liseseswans .ol 2, : 3 1-1/4
H 1 b T PP | 1. 1-5/8
F 1 b A : 1.
Spruce plywood JR 7 R 50.0 i 35.0 1 1,97 : Table 2 :  3/16
VR B : Ly 33.4 : 1,280. : (0.020) + /8
9. T 36.9 1 96 . 1 34
“Uee for all end-grain constructiona. Sheet 3 of 3

'a'l/E-inch gege length.
1Cl.—tm:'ﬁ gage length.
~From Forest Producte Laboratory Report Ne. 1528.

m Forest Froducts Laboratory Report No. 1509; used for all oalelum alginate.

)
=Uese welue for all cellular cellulose acetate.

-inch gage length.
Use walue for all cellular hard rubber.
2}':'0:5 Foreet Producte Laboratory Report No. 1509.
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TEST SPECIMENS
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Figure 1.--Sandwichplate, compression-edgewise specimens with wood
inserts at the bearing ends.
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Figure 2.--Cross section of compression-edgewise
specimen of sandwich plate with plaster disks at
the bearing ends.
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Figure 3.--Layout diagram for edgewise compression tests of
flat sandwich
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T/ T2 73 74 75
cl/ clL2 CcL3 Cl4 cl5
C/ c2 c3 C4 ¢S5
4—2"—&1— 2“—"4—2”—--— 2"—;-——— 2”—-
CM/ cCM2 CM3 CM4 cM5
=4 ;2" -:-!
LEGEND:

T/1-5 TENSION FLATWISE

CLll-5 COMPRESSION FLATWISE
Cl-5 EDGEWISE COMPRESSION
CMI-5 CORE EDGEWISE COMPRESSION

*x  0.26"T10 064"

xkx 24 TO 574"

plates.
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Figure 4.--Frame-shear test for sandwich core material.
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Figure 5.--Apparatusfor frame-shear test showing
steel plates, honeycomb core, and dial arrange-
IM 73512 F ment for measuring deformations between plates.
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Figure 6.--Compressionspecimen for edgewise
tests of thin single-sheet material.
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Figure 7.--Compression-edgewise test of thin single-sheet
material with continuous support: A, Specimen; B, steel
plates; C, Marten's mirror strain gage; D, supporting jig.
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STRESS (1000 POUNDS PER SQUARE INCH)
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8.--Typical
in edgewise compression.
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Figure 9.--Typical stress-strain curves of core materials
in edgewise compression.
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