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Introduction

The increased utilization of sandwich constructions and the resulting
demand for core materials have stimulated the development of low-
density materials. To aid in evaluating these various products and to
establish guides for their use in the design of sandwich structures, the
Air Force-Navy-Civil Subcommittee on Aircraft Design Criteria
requested the Forest Products Laboratory to determine the mechanical
properties of several commercially available core materials and their
properties as sandwich cores.

The strength properties of nine plastic honeycombs have been published
by the Forest Products Laboratory, 3 and by the Munitions Board Aircraft
Committee.! The mechanical properties of additional core materials are
given in this report. These materials include honeycomb structures,
foamed resins, and glass-fiber deformed mats impregnated with resin.
All of the test specimens for any particular material (except as noted) were
cut from a single sample submitted by the manufacturer. Thus, for these
materials the properties obtained are average values for the single sample
submitted. Duplicate samples of two core materials were obtained, and a
brief analysis of sample variation was made.

-This—This progress report is one of a series prepared and distributed under
U. S. Navy Bureau of Aeronautics No. NBA-PO-NAer 01019, 01077, and
00938, Amendments Nos, 1 and 2, and U. S. Air Force No. USAF-
(33-038)51-4066E and 51-4326-E. Results here reported are preliminary
and may be revised as additional data become available.

.Maintained at Madison, Wis. , in cooperation with the University of Wisconsin.
3—Kommers, W. J. Strength Properties of Plastic Honeycomb Core Materials.

Forest Products Laboratory Report No. 1805, Dec. 1949.

!Reference ANC-23 Part IL
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At the time the testing started it was assumed that the properties of the
material as submitted were required. Laboratory methods were used
to bond the specimens to the testing jigs where such bonding was neces-
sary. Later it was realized that the method of bonding might affect the
measured values of the properties. From that time on the core materials
were first made into sandwich panels and then bonded to the testing jigs
by Laboratory methods. For a few materials values are given from both
methods.

In the manufacture of sandwich panels the core materials (with the
exception of the foamed-in-place core materials) were roller-coated with
adhesive before the facings were bonded to them. This procedure is
standard with manufacturers; however, some manufacturers dip the
core materials in a resin solution instead of roller-coating them. A few
supplementary sandwich panels were made in this way for comparison
with the method involving roller-coating.

Values of the mechanical properties are given for core materials condi-
tioned in two atmospheres before test; a relative humidity of 64 percent
at a temperature of 75° F. and a relative humidity of 97 percent at a
temperature of 80° F. It took approximately 14 days to bring the speci-
mens to constant weight in these atmospheres. A short series of tests
on one core material was made to determine the properties at different
conditioning times.

For a few materials duplicate samples were subsequently obtained from
the manufacturer. Values of the mechanical properties of these duplicate
samples are compared with the original samples.

Core Materials

A single sample of each material sufficient for the test specimens was
obtained from the producer. (Duplicate samples were obtained for cores
Nos. 35 and 47.) Samples occasionally consisted of several pieces,
depending on the material and the methods of manufacture. Each material
was assigned a Forest Products Laboratory code number for identification,
and it is described briefly in tables 1 and 2.

Sandwich Panels

The sandwich panels were made of core materials, other than aluminum
honeycomb and cores foamed in place, by the Forest Products Laboratory.
Sandwiches having foamed-in-place cores were submitted by the manufac-
turer as sandwich panels •. The other panels were made by wet-laminating
glass-fabric facings onto the particular core materials.
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Pieces of core material 1/2 inch thick (except glass-fiber deformed mats
that were tested in the thickness submitted), either submitted as part of
a sample or cut from a block of the material, were edge-glued to form a
one-piece core. The surfaces of this core were then roller-coated with
polyester resin No. 2, spread at approximately 10 grams per square foot.
Facings, each consisting of eight plies of glass fabric, were wet-laminated
onto the core with polyester resin No. 2. The weight of the resin solution
used for this purpose was approximately equal to the weight of the glass
fabric used. The assembly was then cured for 1 hour between cellophane-
covered aluminum cauls at a pressure of 15 pounds per square inch and at
a temperature of 250° F.

This process was varied for a few supplementary core materials by
dipping the core material in a 20 percent resin solution in acetone as a
substitute for the roller-coating procedure.

Methods of Test

The test procedures followed throughout this program conformed to, or
were similar to, those described in Forest Products Laboratory Reports
Nos. 1555 5 and 1556. 6

The compression tests of honeycomb core materials were made on speci-
mens with ends set in plaster to a depth of about 3/8 inch, as described on
page 5 of Report No. 1555 and as shown in figure 1, with Martens' mirror
compressometers to measure strain in the material. The compression
tests of sandwich panels were made on specimens 1/2 inch thick with eight-
ply glass-fabric facings, and the relative movement between the heads of
the testing machine was measured to obtain the over-all strain, as described
on page 5 of Report No. 1556.

The tensile tests of core materials and sandwich panels as described on
page 8 of Report No. 1555 and page 6 of Report No. 1556, respectively,
were used (fig. 2). The two tests are practically identical. Suitable
adhesives were used to bond the core materials to the loading fixtures.

5
Methods of Test for Determining Strength Properties of Core Material for

Sandwich Construction at Normal Temperatures. Revised October 1948.

-Methods for Conducting Mechanical Tests of Sandwich Construction at
Normal Temperatures. Revised February 1950.
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The shear tests of core materials and sandwich panels are described on
page 13 of Report No. 1555 and page 12 of Report No. 1556, respectively.
In this test the core material or the sandwich panel is glued between
heavy steel plates and tested by relatively displacing the plates in their
planes, as shown in figure 3. As in the tensile tests, suitable adhesives
were used to bond the core materials to the plates.

When the shear properties vary along the length of the specimen, lower
effective values of these properties will be obtained from flexure tests of
sandwich constructions. For some honeycomb core materials, shear
modulus values 50 to 20 percent lower have been observed (Forest Products
Laboratory Report No. 1505-A). 1

Conditioning of Specimens

All specimens were conditioned at least 14 days to approximate weight
equilibrium in rooms maintained at either 75° F. and 64 percent relative
humidity or 80° F. and 97 percent relative humidity. Sandwich specimens
with honeycomb core material (Forest Products Laboratory core No. 47)
were used for a short series of check tests, after the four periods of
exposure shown in table 3, to indicate if weight equilibrium in the 80° F. ,
97 percent relative humidity room was also strength equilibrium.

Because all tests were made in a room maintained at 75° F. and 64
percent relative humidity, the damp specimens were kept either in a
sealed moist container or covered with moist cloth from the time they
were removed from the 80°F, , 97 percent relative humidity room until
they were tested. The time between that of removal of the specimens from
the relative humidity room to the time they were tested was less than 4
hour s.

Presentation of Data

A tabulation of the average properties for each material or sandwich
panel is given in tables 1 and 2. The number of tests represented by the
average is given in parentheses following each value. The letter preceding
the tension and shear-strength values indicates the type of failure; "c" for
core failure and "b" for bond failure. The Forest Products Laboratory
core numbers and the density of the core materials are given in tables 1

7
--Supplement to Flexural Rigidity of a Rectangular Strip of Sandwich

Construction: Comparison Between Mathematical Analysis and
Results of Tests. Revised May 1952.
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and 2. The values of density given are over-all values for the materials
obtained by dividing the weight of a block of the material by its volume.
The letters "L", "T", and "R" designate directions within the material.
For honeycomb materials the directions indicated by these letters are
shown in figure 4. For other materials the L direction is that perpendic-
ular to the facings of the sandwich panel in which the material is used,
and the other two are chosen arbitrarily, except that they are taken
perpendicular to the L direction and to each other. Combinations of two
of these letters designate planes parallel to these two directions. For
values of shear the plane designated is that in which the shear strain
occurs.

Compressive strength data were not obtainable for foamed-in-place core
materials. For most of these materials the stress increased with strain
as the material crushed down to a solid mass. The proportional limit
values are reported in tables 1 and 2.

Supplementary values for a few sandwich panels are given in table 4
along with the values from table 2 for comparison. Some of these values
were obtained from duplicate samples, and others were taken from panels
in which the cores were dipped in resin solution rather than being roller-

'	 coated.

The effect of conditioning time on a few of the mechanical properties of
a single honeycomb material is given in table 3.

Discussion of Results

Compressive Tests

The typical stress-strain curves from compression tests of core material,
figures 5, 6, and 7, are distinctly different from the curves from compres-
sion tests of sandwich, figures 5, 8, and 9.

The core-material compression specimens were set in plaster caps to
insure uniform bearing and to eliminate localized failures at the bearing
surfaces. The specimens had sufficient length so that any localized bearing
strains could become distributed uniformly throughout the center portion of
the specimen where strains were measured. The measurement of strains
over a central portion of these specimens gave a straight-line stress-strain
relationship below the proportional limit (figs. 5, 6, and 7).

The proportional limit indicated by the curves from compression tests of
core materials may not be the proportional limit of the material of which
the cell walls are composed, for the cellular structure, particularly in
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honeycombs, allows elastic buckling of the cell-wall elements as the
load is increased above the critical buckling load of the particular ele-
ment. This buckling was observed on the corners and on some of the
exposed single-wall edges of the honeycomb test specimens. It caused
additional strain in the remaining portions of the cells. Thus, even
though the proportional limit on the curve from the test may be exceeded,
the proportional limit of the material of the cell walls may not be exceeded
at a particular load. Therefore no proportional limits were reported for
the core materials. Pronounced buckling as failure was approached
affected the observed strains and gave some unusual load-strain curves.
(fig. 5),

The sandwich compression specimens were tested directly between the
loading heads of a testing machine. Relative motion between the heads was
measured as the over-all strain. These strains plotted with-corresponding
loads give an S-shaped curve (figs. 5, 10, and 8). The initial loadings seat
the specimen in the testing machine, and therefore, the slope of the curve
becomes steeper as the load increases. The straight portion of the curve
represents the relationship between load and strain in the core when the
whole cross section is effective. The slope of the curve becomes flatter
as elastic buckling or crushing of the weaker elements progresses. Foamed
core materials may never reach a maximum load; or the load may fall off
and then increase with continued compression strain as shown by figure 9.
The other core materials reached a maximum load and immediately failed
with either ruptures of the materials or extreme localized wrinkling of the
cell walls.

Shear Tests

The typical curves from frame shear tests of core materials (figs. 11, 12,
and 13) are practically identical with those of sandwich (figs. 13, 14, 15,
and 16). Load is applied to the core in the same manner in the two tests,
and the strains in the facings of the sandwich are negligible. The initial
straight-line portions of these curves define the modulus of rigidity of the
core material. In shear, elastic buckling of the cell walls of single thick-
ness starts at comparatively low loads, but it does not affect the shear
deformation to the large extent observed in compression. The shape of
the curve may be practically a straight line from the first increment to
failure, a slightly rounded curve to an abrupt failure, or a sweeping curve
with considerable deflection before failure ocpurs. Failures of the mate-
rials were usually associated with the sweeping type of curve, but the
bond failures were associated with all three types of curves..

The bond failures ; in the shear test prevented the establishment of the
strength of the material. However, the modulus was obtained, and the
strength was equal to or greater than that indicated by the load at which
the bond failed.
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Tensile Tests

Strains were not measured in the tensile tests and, therefore, values
of modulus of elasticity were not obtained. The modulus values are
assumed to be substantially equal to those obtained from the compressive
tests of the core materials. The true tensile strength of the core mate-
rial was not obtained for those specimens in which the bonds failed.
Greater values would have, of course, been obtained if the bonds had been
stronger,

Effect on Mechanical Properties of
Dipping vs. Roller-coating 

The mechanical properties of core No. 61 were greater when the core was
dipped in a 20 percent resin solution before assembling into a sandwich
panel, than when it was roller-coated as shown in table 4. Core No. 35
(second sample), however, had about the same properties when it was
dipped as when it was roller-coated. Both treatments for this core
increased the properties over no treatment at all, These data, obtained
from only two core materials, are insufficient to determine which of the
two methods is the better,

Variation of Properties Between Samples 
and Duplicate Samples

Duplicate samples of cores Nos. 35 and 47 were obtained. A statistical
analysis of the individual values from the original and duplicate samples
(average values reported in table 4) indicates that the duplicate sample of
core No. 35 was probably a different material from the original sample and
that the duplicate sample of core No. 47 was probably the same material as
the original sample. This conclusion regarding the variation between
samples was obtained by comparing the compressive strength values and the
standard deviations of compressive strength. The compressive strength of
the original sample of core No. 35 was 987 pounds per square inch and had
a standard deviation of 108 pounds per square inch. The duplicate sample
had a strength of 1, 762 pounds per square inch and standard deviation of
52 pounds per square inch. Because the strength values were so different,
not within several times the standard deviation, it was concluded that the
duplicate sample was of a different material than the original sample.

The compressive strength of the original sample of core No. 47 was 586
pounds per square inch and had a standard deviation of 112 pounds per square
inch. The duplicate sample had a strength of 693 pounds per square inch and
a standard deviation of 52 pounds per square inch. Because these strength
values were more nearly alike, within the overlapping of the standard devia-
tions, it was concluded that the duplicate sample and the original sample
were of the same material.
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Table 1.--Mechanical properties of some low-density core materials!

	

FPL :Density: Cell : Wall : Conditioning :	 Properties of core material

	

code:	 : size : thick-: prior to test : 	

	

No. :	 : nese : 	 :	 Compressive	 : Tensile	 :	 Shear

	

.	 .	 :Temper-:Relative: 	 : strength : 	
•

	

. 	 •	 : ature :humidity: Strength: Modulus : 	 L	 Strength	 :Modulus of rigidity: Secant modulus
• •: 	 L	 :	 of	 :	 : 	 : 	 r	 : at maximum load. 

• •	 •	 LT	 :	 LE

	

.	 .	 .	 .	 .	 :elasticity:	 :	 LT	 :	 LB	 .

	

'	 '	 •	 •	 :	 L	 '	 :	 LT	 :	 LE

	

.	 .	 .	 .	 .	 .	 .
• •	 •	 : 	 : 	 : 	 : 	 .

	

(1):	 (2)	 :	 (3) :	 (4)	 :	 (5)	 :	 (6)	 :	 (7)	 :	 (8)	 :	 (9)	 :	 (10)	 :	 (11)	 :	 (12)	 :	 (13)	 :	 (14)	 :	 (15)
• •	 : 	 : 	 : 	 : 	 : 	 : 

	

:Lb. per: In. : In. : °F. :Percent : P.s.i. : 1 000	 •	 P.s.i.	 : P.s.i. : P.s.i. : 1 000 : 1,000 : 1,222 : 1L222

	

_	 •	 2.___

	

:cu. ft.:	 .	 .	 : 2 2,1, :	 : 2eLi, : 22,1, : EE,L, : 22,1,

Honeycomb -- Aluminum

	

51 : 3.4 : 3/8 : 0.0021:	 75 :	 64	 : 206 (5): 145.3 (5): b 306 (10) :c 146 (5):c 62 (5): 32.9 (5): 12.6 (5): 5.7 (5): 2.2 (5)

	

.	 :	 80 :	 97	 : 189 (5): 133.5 (5): b 216 (10) :c 130 (5):c 67 (5): 33.1 (5): 14.7 (4): 6.3 (5): 2.5 (5)

	

52 : 4.7 : 3/8 : .0030:	 75 :	 64	 : 434 (5): 209.1 (5): b 298 (10) :b 201 (5):c 144 (5): 42.8 (5): 21.8 (5): 15.2 (5): 5.4 (5)

	

.	 :	 80 :	 97	 : 413 (5): 210.4 (5): b 245 (10) :b 165 (5):c 121 (5): 47.7 (5): 19.8 (5): 16.4 (5): 5.3 (5)

	

53 : 5.6 : 3/8 : .0040:	 75 :	 64	 : 515 (5): 252.9 (5): b 235 (10) :b 208 (5):c 170 (5): 56.9 (5): 30.2 (5): 27.1 (5): 6.o (5)

	

.	 :	 75 :	 64	 	 •1) 285 (8):	 151(16)•	 -
•

	

.	 :	 80 :	 97	 : 484 (5): 245.4 (5): b 182 (10) :b 178 (5):o 149 (5): 58.0 (5): 25.9 (5): 19.3 (5): 6.9 (5)

	

54 : 6.8 : 3/8 : .0048:	 75 :	 64	 : 695 (5): 333.2 (5): b 366 (10) :b 232 (5):c 213 (5): 77.6 (5): 33.9 (5): 19.9 (5): 6.0 (5)

	

.	 :	 80 :	 97	 : 677 (5): 322.0 (5): b 256 (10) :b 214 (5):b 171 (5): 65.0 (5): 27.6 (5): 47.2 (5): 9.8 (5)

	

55 : 8.4 : 3/8 : .0060:	 75 :	 64	 : 976 (5): 421.2 (5): b 419 (10) :b 183 (5):b 231 (5): 95.1 (5): 34.9 (5): 56.7 (4): 11.8 (5)

	

.	 :	 80 :	 97	 : 952 (5): 438.7 (5): b 326 (10) :b 207 (5):b 194 (5): 92.5 (5): 34.2 (5): 54.0 (5): 14.6 (5)

	

75 : 5.7 : 3/16 : .0020:	 75 :	 64	 : 738 (5): 361.2 (5): c 928 (10) :b 300 (5):c 236 (5): 70.1 (5): 40.5 (5): 38.6 (5): 12.9 (5)
• .	 :	 80 :	 97	 : 706 (5): 403.0 (5): c 846 (10) :b 371 (5):b 227 (5): 62.3 (5): 36.4 (5): 18.0 (5): 9.8 (5)

	

76 : 4.3 : 1/4 : .0020:	 75 :	 64	 : 487 (5): 264.3 (5): c 705 (10) :c 271 (5):c 139 (5): 57.7 (5): 25.9 (5): 22.1 (5): 10.3 (5)

	

.	 :	 80 :	 97	 : 481 (5): 256.9 (5): c 602 (10) :b 258 (5):b 137 (5): 48.8 (5): 22.0 (5): 14.2 (5): 7.7 (5)

Honeycomb 8-ounce Cotton Fabric 

	49 : 9.2 : 7/16 : 	 75 :	 64	 : 632 (5): 56.2 (5): b 407 (10) :b 265 (5):b 174 (5): 13.1 (5): 6.5 (5): 5.2 (5): 1.4 (5)

	

80 :	 97	 : 455 (5): 34.0 (5): b 365 (10) :b 244 (5):b 125 (5): 11.7 (5): 4.9 (5): 2.5 (4): 1.6 (5)

	

50 : 8.2 : 7/16 •	 	 75 :	 64	 : 774 (5): 75.2 (5): b 365 (10) :b 317 (5):b 157 (5): 14.2 (5): 5.7 (5): 3.0 (5): 1.0 (5)

	

:	 80 :	 97	 : 621 (5): 55.1 (5): b 372 (10) :b 282 (5):b 118 (5): 12.6 (5): 5.1 (5): 4.3 (5): 1.5 (5)

Honeycomb -- Glass Fabric 

59 : 4.0 : 1/4 	 	 75 •	 64	 295 (5): 62.4 (5) •	 -c 172 (3):c 59 (3): 9.6 (3): 3.2 (3): 3.1 (3): 	 .9 (3)

	

:	 80 :	 97	 : 227 (5): 45.9 (5)'	

	

60 : 6.o : 3/8 •	 	 75 •	 64	 499 (5): 91.5 (5)•	

	

:	 80 :	 97	 : 418 (5): 75.4 (5)'	

	

46 : 9.2 : 3/16 •	 	 75 :	 64	 886 (4): 124.1 (4)•

	

:	 80 :	 97	 : 620 (4): 107.6 (4)•

	

47 : 8.4 : 1/4 •	  	 75 •	 64	 640 (4): 99.8 (4)•	

	

:	 80 :	 97	 : 515 (4): 87.8 (4)•	

	

48 : 5.8 : 3/8 •	 	 75 •	 64	 278 (4): 45.6 (4)-	 *. 	

	

:	 80 :	 97	 : 153 (4): 37.0 (4)-

	

61 : 4.0 : 1/4 •	 	 75 :	 64	 428 (5): 101.2 (5)•	

	

:	 80 :	 97	 : 323 (5): 95.4 (5)•	

	

62 : 6.o : 1/4 •	 	 75 •	 64	 852 (5): 120.3 (5)•	

	

:	 80 :	 97	 : 
595 (5):
	 9(5): 106.7 (;):

	

32 : 6.0 : 1/4 •	 	 75 •	 64

	

33 : 3.3 : 1/4 •	 	 75 :	 64	 257 (5): 79.1 (5).
34 : 8.0 : 1/4 	 	 75 •	 64	 :1,010 (5): 124.8 (5)•	

	

:	 80 :	 97	 : 807 (5): 108.7 (5).	

	

35 : 8.0 : 1/4 •	 	 75 •	 64	 • 862 (5): 104.1 (5)•	

	

:	 80 :	 97	 : 606 (5): 91.6 (5).	

	

36 : 6.0 : 1/4 •	 	 75 •	 64	 • 471 (5): 83.9 (5)-

	

79 : 9.0 : 3/16 -	 	 75 :	 64	 :1,481 (5): 134.3 (5).	

	

80 :	 97	 :1,145 (5): 120.4 (5).	

	

80 : 9.0 : 3/16 •	 	 75 :	 64	 :1,317 (5): 146.3 (5):b 1,520 (10)•	

	

:	 BO :	 97	 :1,158 (5): 142.3 (5)-	

Foam

73 : 11.0 	 	 75 :	 64	 •	 • c 195 (5) :a 140 (1):c 124 (3): 3-5 (1): 2.6 (3): 1.3 (1): 1.1 (3)

	80 :	 97	 .	 • c 180 (5) 	 •

	

74 : 9.0 •	 	 75 '	 64	 -	 - c 114 (5)	 :0 127 (3):c 101 (3): 3.2 (3): 2.0 (3): 1.2 (3):	 .9 (3)
	: 	 BO •	 97	 -	  c 116 (5) 	 •

1NumbPrn in parentheses indicate number of teat specimens. Letter b indicates bond failure; letter c, core failure.
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Table 2.--Mechanical properties of some low-density core materials tested in sandwich panels

FPL :Density: Cell : Conditioning : 	 Properties of core material in sandwich panel

	

code:	 : size : prior to test • 	

	

No. :	 .	 • 	  .	 Compressive	 : Tensile :	 Shear
•

	

.	 .	 :Tempera-:Relative: 	 : strength: 	
• •• •	 : ture :humidity: Strength : Modulus : 	 L	 :	 Strength	 :Modulus of rigidity: Secant modulus

•• .	 :	 L	 :	 of	 .	 : 	  : 	  : at maximum load
•• .	 .	 :elasticity:	 :	 LT	 :	 LR	 :	 IT	 :	 LR,	 : 	
'	 •	 :	 L	 :	 LT	 :	 LR• •	 .	 .	 .

• • 	 :	 :	 : 	  : 	  : 	 :	 :	 : 	  : 	

	

(1):	 (2)	 :	 (3) :	 (4)	 :	 (5)	 :	 (6)	 :	 (7)	 :	 (8)	 :	 (9)	 :	 (10)	 :	 (11)	 :	 (12)	 :	 (13)	 :	 (14)
--	 •	 - 	 •	 :	 :	 : 	  : 	  : 	  : 	  : 	 :	 :	 : 	

	

:Lb. per: In. : °F.	 :Percent :  P.s.i. • 1_,000	 • P s 1. • P.s.i. : P.s.i. : 12222 : 1,222 : 1,222 : 11222
:cu. ft.:	 .	 .	 :	 .111•	 :	 : 2:1 . i, : 2le.j	 : 23,1.. : 2221...:.

Honeycomb -- Glass Fabric 

59	 4.0 : 1/4 :	 75	 :	 64	 :	 346 (5): 35.8 (5):b 299(10):b 175 (5):c 63 (5): 8.8 (5): 2.8 (5): 3.0 (5): 0.9 (5)
••	 :	 80	 :	 97	 :	 339 (5): 32.2 (5):b 148(10):b 117 (5):c 45 (5): 4.4 (5): 1.4 (5): 1.5 (5); 	 .4 (5)

	

60 : 6.o : 3/8 :	 75	 :	 64	 :	 689 (5): 63.3 (5):b 268(10):b 193 (5):b 109 (5): 12.9 (5): 4.8 (5): 7.6 (5): 1.6 (5)

	

80	 :	 97	 :	 600 (5): 51.3 (5):b 204(10):b 195 (5):b 66 (5): 10.4 (5): 5.8 (5): 4.3 (5): 1.1 (4)

	

46 : 9.2 : 3/16 :	 75	 :	 64	 : 1,106 (5): 100.6 (5):b 344(10):b 227 (5):b 168 (5): 19.7 (5): 9.4 (5): 14.4 (5); 3.5 (2)

	

:	 80	 :	 97	 :	 819 (5): 78.6 (5):b 254(10):b 228 (5):c 132 (5): 16.2 (5): 6.9 (5): 9.5 (5): 2.3 (5)

	

47 : 8.4 : 1/4 :	 75	 :	 64	 :	 586 (5): 66.2 (5):b 237(10):b 197 (5):b 139 (5): 14.4 (5): 8.6 (5): 11.1 (5): 3.2 (4)

	

80	 :	 97	 :	 538 (5): 53.0 (5):b 196(10):b 185 (5):c 125 (5): 12.3 (5): 7.4 (4): 7.9 (5): 3.0 (4)
48 : 5.8	 3/8 :	 75	 :	 64	 :	 522 (5); 38.5 (5):b 182(10):b 160 (4):b 82 (5): 7.1 (4): 5.2 (5): 2.5 (4); 1.1 (5)

	

80	 :	 97	 :	 249 (5): 24.9 (5):b 126(10):b 102 (5):c 49 (5): 3.5 (5): 1,6 (5): 1.0 (5): 	 .5 (5)

	

61 : 4.0 : 1/4 :	 75	 :	 64	 :	 460 (5): 53.8 (5):b 189(10):b 174 (5):b 99 (5): 9.9 (5): 4-3 (5) : 2.9 (5):	 .8 (5)

	

80	 :	 97	 :	 433 (5): 47.8 (5):b 156(10):b 179 (5):b 92 (5): 9.2 (5): 4,4 (5): 2.4 (5): 	 .9 (5)

	

62 : 6.0 : 1/4 :	 75	 :	 64	 :	 975 (5): 83.2 (5):b 270(10):b 164 (5):b 170 (4): 12.3 (5): 8,4 (4): 5.2 (5): 1.7 (4)

	

:	 80	 :	 97	 :	 832 (5): 73.2 (5):b 183(10):b 214 (5):b 157 (5): 11.0 (5): 6.8 (5): 3.8 (5): 1.3 (5)

	

32 : 6.0 : 1/4 :	 75	 :	 64 	 •
	33 : 3.3 : 1/4 :	 75	 :	 64

	

34 : 8.o : 1/4 :	 75	 :	 64	 : 1,238 (5): 104.3 (5):b 296(10):b 198 (5):b 184 (4): 20.8 (5): 12.2 (4): 17.2 (5): 10.2 (4)

	

80	 :	 97	 : 1,139 (5): 82.9 (5):b 220(10):b 227 (5):b 168 (5): 19.2 (5): 11.7 (5): 15.0 (5): 8.5 (5)
35	 8.o : 1/4 :	 75	 :	 64	 :	 987 (5): 84.2 (5):b 142(10):b 149 (5):b 132 (5): 16.1 (5): 9.6 (5): 13.5 (5): 7.7 (5)

	

:	 80	 :	 97	 :	 734 (5): 57.4 (5):b 100(10):b 150 (5):b 152 (5): 13.5 (5): 7.8 (4): 10.3 (5): 5.0 (4)
36 : 6.o	 1/4 :	 75	 :	 64

	

79 : 9.0 : 3/16 :	 75	 :	 64	 : 2,035 (4): 127.7 (4):b 442(10):b 285 (5):b 272 (5): 20.1 (5): 10.0 (5): 15.7 (5): 6.6 (5)

	

80	 :	 97	 : 1,772 (5): 118.6 (5):b 286(10):b 361 (5):b 266 (5): 18.0 (5): 9.2 (5): 12.5 (5): 5.6 (5)

	

80 : 9.0 : 3/16 :	 75	 :	 64	 : 1,677 (5): 138.5 (5):b 462(10):b 317 (5):b 246 (5): 19.8 (5): 10.8 (5): 12.6 (5): 5.6 (5)
• :	 80	 :	 97	 : 1,507 (4): 122.4 (4):b 294(10):b 321 (5):b 280 (5): 18.0 (5): 10.5 (5): 11.9 (5): 3.8 (5)

Honeycomb -- Paper (50-1b. kraft) 

	

40 . -	 • 1/4 :	 75	 :	 64	 :	 512 (5): 42.3 (5):b 184(10):b 152 (5):b 135 (5): 14.9 (5): 9.1 (5): 12.9 (5): 7.0 (5)
• 80	 :	 97	 :	 327 (5): 25.6 (5):b 105(10):b 125 (4):b 93 (5): 10.2 (4): 6.0 (5): 4.6 (4): 2.2 (5)

Deformed Fiber Mat -- Waffle Pattern

56 : 12.0 	 	 75	 :	 64	 :	 718 (5): 25.2 (5):c 159(10): 	 c 101 (4)	 7.0 (4)
57 : 11.0 	 	 75	 :	 64	 :	 691 (5): 29.3 (5):c 163(10): 	 c 100 (4)	 8.8 (4)
31 : 12.0 	 	 75	 :	 64	 :	 678 (5): 36.4 (5):c 183(10): 	 b 113 (12)	 11.4 (12)

.	 :	 80	 :	 97	 :	 629 (5): 34.3 (5):c 166(10): 	 b 116 (4)	 10.5 (3)

3.3 (4)
3.0 (4)
6.1 (12)
4.3 (3)

Foam

	

37 : 11.0 	 	 75	 :	 64	 : ? 165 (5): 12.2 (5):c 148 (9):c 93 (5):c 98 (5): 3.6 (5): 4.0 (5): 2.9 (4): 3.2 (3)
80	 :	 97	 .2 132 (5): 10.1 (5):c 158(10):c 86 (5):c 88 (5): 3.6 (5): 3.5 (5): 2.4 '(3): 2.8 (2)

	

73 : 11.0 	 	 75	
' '264	 .	 118 (4):	 6.2 (4):c 9" (7)-	

80	 :	 97	 : & .75 (4):	 4.7 (4):c 92 (7)-	

	

74 : 9.0 	 	 75	 64	 : ' 91 (4):	 6.4 (4):c 115 (7)-

	

.	 :	 80	 :	 97 	 6o (4):	 5.3 (4):c 91 (7)•	

	

77 : 6.4 	 	 75	 :	 64	 :	 81 (3):	 .6 (3):c	 5 (3):c 26 (2):c 23 (2): 1.1 (2):	 .7 (2):	 .6 (2):	 .3 (2)

80	 ,	 97	 : 2 55 (4):	 .5 (4):c 21 (5):c 17 (1):c 14 (2):	 .8 (1):	 .6 (2):	 .4 (1):	 .2 (2)
7

	

81 :Sand- 	 	 75	 :	 64	 : 	 1,AL.. (5): 14.9 (5):c 404 (5):c 173•(2):c 222 (1): 8.8 (2): 7.6 (1): 4.6 (1): 5.1 (1)

	

: wick: : 	 8o	 :	 97	 : 5 154 (5): 13.4 (5):c 350-(5):c 148 (2):c 194 (1): 6.2 (2): 6.9 (1): 3.8 (2): 4.4 (1)

	

: only	 :	 .	 •	 .	 .	 .	 .	 .

(umbers in parentheses indicate number of test specimens. Letter b indicated bond failure; c, core failure.

?Proportional limit stress in compression -- foams crush with no drop in load.

Rept. 1826
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Table 3.--Compressive properties and weights of sandwich s ecimens
from panel No. 47 after exposure in air at ° F. and
97 percent relative humidity

	

Exposure : Compressive : Modulus of :	 Weight at -
period : strength	 : elasticity : 	

	

:	 70° F.,	 :	 80° F.,
64 percent : 97 percent

	

:	 relative :	 relative
humidity : humidity

	

Days	 :	 P.s.i.	 :	 P.s.i.	 Lb. per	 :	 Lb. per
• sq. ft.	 :	 sq. ft. •

	1	 751	 -. 6o,655	 0.786	 :	 0.788
793	 •. 57,825	 .796	 :	 .796
705	 -. 54,938	 .790	 :	 .792
899	 •. 62,o44	 .789	 :	 .790

•
Av.......:	 787	 •. 58,866	 .790	 :	 .792

•

	7	 666	 •. 56,907	 .782	 :	 .787
728	 •. 61,733	 .791	 :	 .797
591	 •. 61,883	 .795	 :	 .801
577	 •. 50,322	 .759	 :	 .766

Av.......:	 64o	 :	 57,711	 .782	 1	 .788

	

14	 650	 ..	 60,282	 .813	 :	 .82o
76o	 :	 71,477	 .782	 :	 .792
674	 :	 64 ) 909	 .840	 •.	 .851
674	 :	 63,692	 .811	 :	 .821

Av ...... .:	 690	 :	 65,090	 .812	 •.	 .821

	

3o	 :	 753	 :	 81,577	 .83o	 :	 .840
:	 589	 :	 61,891	 .794	 :	 .8o3
:	 632	 :	 62,959	 .800	 :	 .808

Av 	 •	 658	 •.	 68,809	 .808	 .817

Rept. 1826
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Figure 1.--Compression-test specimen of honeycomb core material
with ends set in plaster and Marten's mirrems apparatus
attached to measure strains.



Figure 2.--Test set-up for tension flatwise test for sandwich
constructions showing specimen and fitting for applying load.

"Z_M 64125 F



Figure 3.-•Apparatus for shear test shoving steel plates, •
specimen, and dial arrangement for measuring defamations
between plates.



Figure 1}.--Nomenclature used for directions within
honeycomb core materials.
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