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Summary

To determine the effect of honeycomb-core cell size in the short-column
compressive strength of sandwich constructions, sandwich specimens were
tested that had aluminum facings of various thicknesses and solid core ma-
terials in which a cell of a honeycomb-core material was simulated by a
round hole. A few tests involving honeycomb cores were made, and results
of these were found to agree with those of the other tests.

An empirical curve was obtained from which can be estimated the critical
stress of the plate, which consists of a small portion of the aluminum fac-
ing supported by the walls of the cell of the core. The data are generalized,
and an approximate formula was obtained by which the critical stress of
other facing materials can be estimated.

-This—This progress report is one of a series prepared and distributed by the
Forest Products Laboratory under U. S. Navy Bureau of Aeronautics
No. NBA-PO-NAer 00938, Amendment No. 1, and U. S. Air Force No.
USAF-PO-(33-038)49-4696E. Results here reported are preliminary
and may be revised as additional data become available. Original re-
port prepared August 1950.

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

Rept. No. 1817	 -1-	 Agriculture-Madison



Introduction

The edgewise compression strength of sandwich constructions having honey-
comb cores may be limited by the instability of the facings where they span
the voids between the cell walls of the core material. Each small section
of facing acts as a plate of roughly circular shape, subjected to edgewise
compression. The edgewise load on the sandwich construction should be
limited by the critical stress of these small plates. This critical stress
is influenced by the thickness and modulus of elasticity of the facing, the
edge conditions of the plate, and the cell size of the honeycomb material.

The work reported is an experimental study of these effects. Because of
the difficulty of predetermining just where the facings of a sandwich having
a honeycomb core will buckle first, most of the experiments were made on
sandwich constructions having a solid core of end-grain Sitka spruce, balsa,
or expanded hard rubber, with a single circular hole drilled in them. A
number of tests were made on sandwich constructions having honeycomb
cores, but the proper location of the first buckle was guessed correctly in
only three tests. The results of those three tests, however, agree very
well with those obtained from the tests involving the other core materials.

The results of tests in which failures were due to other causes than the in-
stability of the facings are not included in this report.

Materials

The facings of the specimens tested were all 24 ST clad aluminum in nomi-
nal thicknesses of either 0.012, 0.020, 0.032, or 0.064 inch, conforming
to Air Force-Navy Aeronautical Specification AN-A-13, January 14, 1943.

The core materials combined with the aluminum facings were end-grain
balsa, Sitka spruce, cellular hard rubber, or resin-impregnated paper
honeycomb. The following specifications were used in obtaining balsa
wood from a commercial source:

"Balsa lumber, surfaced two sides, weight 5-8 pounds per cubic foot, kiln
dried, random widths (3 inches minimum), random lengths (6 feet mini-
mum), thickness 1-1/2 inches or 2-1/2 inches with not less than 50 per-
cent of the material 2-1/2 inches in thickness with ±1/8 inch allowable
tolerance. "
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The Sitka spruce was clear, straight-grained material of aircraft quality,
originally obtained for use at the Forest Products Laboratory for related
projects.

The cellular hard rubber was an expanded, hard, black, synthetic-rubber
experimental material designed for use as insulation. The material was
received from a commercial source in the form of slabs, and the density
varied from 8 to 10 pounds per cubic foot.

3
The paper-honeycomb-core material — was made at the Forest Products
Laboratory and has a nominal 3/8-inch, hexagonally shaped cell. This
material was formed by the expansion method in the following steps: (1)
Flat sheets of 10-inch wide, 40-pound kraft paper (500 sheets, 24 by 36

inches) were pretreated with about 10 percent of a high-temperature-setting
phenolic resin, thinned with alcohol and water; (2) the pretreated sheets
were striped on one side with phenolic glue lines approximately 3/16 inch
wide and spaced approximately 3/4 inch apart; (3) the sheets were laid up
in a pack, with the stripes in adjacent sheets staggered 3/8 inch, and cured
in a press; (4) the pack was expanded like an accordion to produce the
nominally 3/8-inch cells; (5) the material was impregnated with a phenolic
resin and cured in the expanded form.

Preparation of  Specimens 

Facings 

The aluminum-sheet facing material was cut 2-1/2 inches wide and 3-1/2
inches long and then cleaned and etched in a sulphuric acid bath. The pre-
pared sheets were then sprayed, allowing a 1/2 hour drying period between
coats, with six coats of a high-temperature-setting mixture of a thermoset-
ting resin and synthetic rubber to a total film thickness of approximately
0.003 inch. They were then air dried 16 hours and then cured at 325° F.
for 1/2 hour.

Cores

The four materials used for cores were prepared by the following proced-
ures. Individual core blanks were cut from large blocks to 1/2 inch in

3
—This paper-honeycomb-core material was developed in cooperation with

the National Advisory Committee for Aeronautics.
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thickness, by 2-1/2 inches in width, by 3-1/2 inches in length. The blanks
were then drilled at the center to make one hole of a predetermined size.
The thickness dimension, being a critical factor if not uniform, was not
allowed to vary more than 0.002 inch over the cross section of each speci-
men. The honeycomb core blanks were made in the same way except that
no additional holes were drilled.

Sandwich

The facings and core materials were then assembled into separate speci-
mens employing a high-temperature-setting, acid-catalyzed (20 percent),
phenolic resin as the bond between the prepared facings and the cores.
This resin was a room-temperature-setting adhesive, and the wood speci-
mens were allowed to cure in the press under 100 pounds of pressure per
square inch for 16 hours. The cellular hard rubber and honeycomb core
specimens were made in a similar manner, with the exception that the
pressing was made at 25 pounds per square inch.

After removal from the press, the specimens were cut with a circular saw
to 2 inches in width by 3-1/16 inches in length. A final milling cut was
taken on the longer dimension to insure square and parallel ends in con-
tact with the loading heads of the testing machine. The final length was 3
inches.

All specimens were conditioned to approximate weight equilibrium in a
room maintained at 65 percent relative humidity and 75° F. Metalectric
strain gages were attached to each face of each specimen with a commer-
cial adhesive and allowed to cure for 48 hours.

Test Methods

Figure 1 indicates the position of a typical specimen in the testing machine
ready for test. The wires to the metalectric strain gages were attached to
a strain indicator (not shown) calibrated to indicate the strain of the facings
in micro inches. Two dial gages (0.0001-inch least reading) were placed
at right angles to each fading, one over the center of the hole in the core
and one near the edge of the specimen. All the tests were made in the same
hydraulic testing machine in accordance with the procedures for the testing
of edgewise compression specimens given in Forest Products Laboratory
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Report No. 1556.-
4
 Deformations as indicated by the electric or dial gages

were recorded for equal increments of load until the specimen failed.

The specimens were laterally supported adjacent to their ends, and as a
preliminary adjustment each specimen was lightly loaded to determine if
there might be slight eccentricity of loading, as indicated by unequal
strains; if so, the position of the specimen was adjusted until its facings
were equally loaded. The dial gages at the center of each face indicated
the lateral deformation of the unsupported plate over the hole in the core
material. The dials at the edges of the specimen were used to determine
if there was any twisting or shifting of the specimen within the machine
during the loading period that might influence the lateral-deflection read-
ings. From these readings a load-deformation curve was plotted. Curves
similar to those exhibited by flat plates subjected to edgewise compression
were obtained, from which the load at which the facings buckled was deter-
mined. The strains in the facings, from which the buckling stresses were
calculated, were then determined at the buckling load from the metalectric
gage readings.

Since it was necessary to know the stress-strain characteristics of the fac-
ing materials over the full range of the strains encountered in the sandwich
tests, tests were required of coupons of the aluminum sheets in the "pack"
compression apparatus. In this test the thin sheet of material is laterally
supported to prevent buckling during the test. This support did not measur-
ably affect the edgewise compressive deformation. A Marten's mirror corn-
pressometer having a 1-inch gage length was attached to the central por-
tions of the edges of the specimen. Load-deformation data were plotted in
such a way that the tangent and reduced moduli of elasticity could be deter-
mined for all facing stresses up to 60,000 pounds per square inch. This
method of testing sheet material was originally devised for the testing of
thin plywood specimens and is more fully described in Forest Products
Laboratory Report No. 1316-D5 or Standard D805 of the American Society
for Testing Materials.

No special tests were made on the various core materials.

4
—Methods for Conducting Mechanical Tests of Sandwich Constructions at

Normal Temperatures, FPL Rept. No. 1556, Revised February 1950,
37pp., illus.

5
—Norris, C. B. and Voss, A. W. Buckling of Flat Plywood Plates in

Compression, Shear, or Combined Compression and Shear. Buckling
of Flat Plywood Plates in Compression with Face Grain at 0° and 90°
to Load, FPL Rept. 1316-D, June 1943, 29 pp. , illus.
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Presentation of Data

The results of the individual tests are given in table 1. From one to six
tests were made on duplicate specimens. The average values of critical
stress are given in table 2, as are the calculated values used in plotting
the curves. The reduced moduli§- used were obtained from stress-strain
curves based on tests of the facing materials and were calculated by means
of the formula:

4 E Et
Er -

	

	
(rE+ rEt)2

where E is the modulus of elasticity at a stress and E t is the tangent
modulus at the same stress.

Figures 2, 3, and 4 are reduced modulus curves for facings 0.012, 0.020,
and 0.032 inch in thickness, respectively. The last of these curves was
used for facings 0.064 inch thick.

Figure 5 is a plot of the data taken from columns 2 and 4 of table 2; that
is, the critical stress plotted against the ratio of the facing thickness to
the radius of the cell. The number in the plotted circle refers to the num-
ber of tests represented by the circle. The tails on the circles indicate
the face thickness and the core material of the individual specimens as
given by the chart on the curve sheet.

Figure 6 is a plot of the data taken from columns 4 and 6 of table 2 and
indicates the relation between the ratio of the facing thickness to the radius
of the cell and the critical stress for facing materials that do not exhibit a
yield stress.

Analysis of Data

Mathematical analyses of the buckling of plates indicate that the critical
stress is function of the parameter:

f
R

6
—Timoshenko, S. Theory of Elastic Stability,pp• 156 and 386, 1936, NYC.
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where f is the facing thickness and R is the radius of the hole drilled in
the core material or of a circle inscribed in the hexagonal cell, if the
edge conditions of the plate are held constant. The suitability of this
parameter for the sandwich constructions, having Sitka spruce cores,
was determined by testing 16 specimens, four for each thickness of fac-
ing, all having the same value of the parameter (0.128). The results of
these tests (taken from table 2) are:

Variation of Critical Stress with Facing Thickness

Facing thickness	 Critical stress

Inch	 1,000 p. s. i.

0.012 49.5

.020 44.5

.032 48.8

.064 49.3

The values of critical stress given in table 3 are abstracted from table 2
and arranged according to core material. They show that the critical
stresses are not affected greatly by the type of core material used. The
figures in the body of the table are critical stresses in 1,000-pound units.
The thickness of the facing in each case was 0.012 inch. For the smallest

value of — the critical stresses decrease as the rigidity of the core mate-

rials decreases, but for the larger values this decrease is not marked.

The data seem to justify the choice of the parameter —R' 
and the critical

stresses were plotted against it as shown in figure 5. The critical stress
of the facings supported by the honeycomb-core material is about the same
as that for facings supported by the other core materials. The point repre-
senting the honeycomb core material in that figure is shaded for easy
identification.

The critical stress increases as the parameter increases; but the rate of
increase decreases rapidly, so that the critical stress becomes approxi-
mately constant at about 52,000 pounds per square inch at a value of the
parameter of about 0.20. Thus, for aluminum facings, little is gained by
using a cell radius less than five times the thickness of the facings.

The data from these tests may be generalized to apply approximately to
facing materials other than aluminum. The critical stress is directly pro-
portional to the modulus of elasticity of the facing material. This modulus,
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at stresses above the yield point, may be approximated by use of the re-
duced modulus of elasticity. The critical stresses were adjusted as shown
in column 6 of table 2 and plotted in figure 6. They were also plotted on
logarithmic paper and found to be approximately represented by the form-
ula: 3

2
o 	 = 3 2 x 10

6 (f—)
Er

 cr	 •

That is the formula for curve shown on figure 6 and it roughly represents
the plotted points. The greater critical stresses are very sensitive to
the value of the reduced modulus and, therefore, the points representing
them scatter badly. However, the general formula:

3
E

r f0 = 7 (K)cr

may readily yield reasonable estimates of the critical stress for other
facing materials. The use of the tangent modulus in place of the reduced
modulus should yield conservative results.
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: Facing thickness : Critical stress

)cr

Species : Cell radius : Total thickness

:	 (R)	 (h)	 (f)

Table 1. --Data obtained from the  individual short column compression test
specimens and the stress at which one of the facings buckled

In. In.

Sitka spruce core

In.	 :	 1,000 p. s. i.

material

S	 1 0.0625 0.532 0.012 42.9

2 .0625 .532 : .012 53.0

3 .0625 .532 : .012 48.0

4 .0625 .535 : .012 58.4

5 .0625 .527 .012 57.6

6 .0938 .531 .012 49.8

7 .0938 .532 .012 49.8

8 .0938 .529 .012 48.0

9 .0938 .528 .012 50.3

10 .125 .530 .012 56.4

11 .125 .530 .012 53.0

12 .1875 .531 .012 39.0

13 .1875 .532 .012 43.2

14 .250 .534 .012 28.5

15 : .250 .534 .012 34.5

16 .250 .537 .012 31.7

17 .250 .535 .012 31.2

18 .250 .534 .012 30.3

19 .250 .529 .012 29.2

20 .3125 .532 .012 27.0

21 .3125 .532 .012 27.2

22 .3125 .530 .012 25.1

23 .3125 .528 .012 22.2

24 .375 .527 ; .012 18.4

25 .375 .529 .01Z 19.1

26 .375 .528 .012 18.7

27 .375 .534 .012 19.5

28 .500 .522 .012 13.2

29 .500 .526 .012 13.1

30 .0625 .548 .020 57.6

31 : .0625 .550 .020 60.2

32 : .0625 .549 .020 57.6

33 .125 .552 .020 51.3

34 .125 .551 .020 51.4

35 : .125 .548 : .020 54.3

36 : .1563 .542 : .020 43.3

37 : .1563 .544 : .020 43.5

38 : .1563 .544 .020 43.4

39 : .1563 .544 .020 47.8

40 .1875 .552 .020 50.2
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Table 1. --Data obtained from the individual short column compression test speci-
mens and the stress at which one of the facings buckled (continued)

•	 :

Species : Cell radius : Total thickness : Facing thickness : Critical stress
(R)	 (h)	 (f)	 :	 (crcr)

In.	 In.	 In.	 :	 1,000 p. s.i.

	S 41	 :	 0.1875	 :	 0.548:	 46.40.020

	

42	 :	 .1875	 :	 .549	 .020	 :	 46.5

	

43	 :	 .250	 :	 .552	 .020	 :	 34.0

	

44	 :	 .250	 :	 .551	 .020	 :	 39.6

	

45	 :	 .250	 :	 .554	 .020	 :	 38.5

	

46	 :	 .3125	 :	 .550	 .020	 :	 31.3

	

47	 :	 .3125	 :	 .552	 .020	 :	 31.4

	

48	 :	 .3125	 :	 .548	 .020	 29.4

	

49	 .375	 :	 .547	 .020	 :	 26.8

	

50	 .375	 :	 .548	 .020	 :	 29.5

	

51	 :	 .375	 .554	 .020	 :	 27.1

	

52	 :	 .375	 .555	 .020	 :	 31.0

	

53	 :	 .375	 .555	 .020	 :	 30.8

	

54	 :	 .500	 .558	 .020	 :	 23.5

	

55	 :	 .500	 .557	 :	 .020	 20.0

	

56	 .125	 .571	 :	 .032	 56.5

	

57	 .125	 .572	 :	 .032	 54.3

	

58	 :	 .125	 .569	 :	 .032	 56.0

	

59	 :	 .1875	 .570	 .032	 46.7

	

60	 :	 .1875	 .568	 :	 .032	 48.5

	

61	 :	 .1875	 .570	 .032	 :	 50.5

	

62	 :	 .250	 .565	 .032	 :	 47.7

	

63	 :	 .250	 .567	 .032	 :	 47.5

	

64	 :	 .250	 :	 .567	 .032	 .	 46.75

	

65	 :	 .250	 :	 .565	 .032	 52.7

	

66	 .3125	 .575	 .032	 :	 41.3

	

67	 :	 .3125	 .572	 .032	 :	 41.5

	

68	 .375	 .572	 :	 .032	 :	 39.8

	

69	 .375	 .572	 :	 .032	 38.6

	

70	 .4375	 .571	 :	 .032	 36.8

	

71	 .4375	 .571	 :	 .032	 35.0

	

72	 .500	 .571	 :	 .032	 32.7

	

73	 .500	 .571	 .032	 33.2

	

74	 .500	 .626	 .064	 49.5

	

75	 .500	 .627	 .064	 49.9

	

76	 .500	 .627	 .064	 48.7

	

77	 .500	 .627	 .064	 49.0
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Table 1. --Data obtained from the individual short column compression test speci-
mens and the stress at which one of the facings buckled (continued)

Species : Cell radius : Total thickness : Facing thickness : Critical stress
.	 (R)	 :	 (h)	 .	 (f)	 :	 (a-cd

In. In. In.

core material

: 1,000 p. s.

End grain balsa wood

B-1 0.250 0.530 0.012 31.1
2 .250 .528 .012 31.1

3 .375 .527 .012 : 13.6
4 .375 .526 .012 : 14.9
5 .500 .525 .012 : 11.8
6 .500 .522 .012 : 11.3

7 .375 .541 .020 : 31.5

Cellular hard rubber core material

R-1 .250 .520 .012 22.5
2 .250 .412 .012 22.6
3 :	 .250 .426 .012 25.85
4 :	 .375 .514 .012 17.6
5 :	 .375 .523 .012 18.6

6 :	 .375 .426 .012 14.6
7 .375 .428 .012 17.5
8 :	 .500 .523 .012 : 8.0
9 .500 .523 .012 : 8.2

10 .500 .423	 : .012 : 7.6

11 :	 .500 .428	 : .012 : 8.5
12 :	 .375 .442	 ': .020 : 25.0
13 :	 .375 :	 .442	 : .020 : 26.8
14 :	 .500 :	 .440	 : .020 : 20.0
15 :	 .500 .437	 : .020 : 18.7

Paper honeycomb core material

H-1 .1875 .529 .012 37.0

2 .1875 .526 .012 37.0

3 .1875 .526 .012 35.6

Rept. No. 1817 (Sheet 3 of 3)



Table 2. --Average critical stresses and calculated parameters

Facing : Critical :Number: Ratio of face : Ratio of reduced 	 : Critical stress
thick- :	 stress	 :	 of	 : thickness of : modulus to modulus: + ratio in
nese	 :	 a-	 : tests :radius of cell: of elasticity	 : column (5)cr 

(1)	 :	 (2)	 :	 (3)	 (4)	 (5)	 (6)

In.	 : 1,000 p. s.i. :	 :	 1,000 p. s. i.

Sitka spruce core

	

0.012	 52.0	 5	 0.192	 0.228	 217285..05

	

49.5	 4	 .128	 .282

	

54.7	 2	 .096	 .186	 294.0

	

41.12	 •	 .064	 .555	 74.0:	 .

	

30.9	 :	 6	 :	 .048	 .948	 32.6

	

25.4	 • 4	 •.	 .0384	 1.000	 25.4

	

18.9	 4	 .032	 1.000	 18.9

	

13.2	 2	 .024	 1.000	 13.2

	

.020	 58.5	 3	 .32	 .130	 450.0

	

52.3	 3	 .16	 :	 .186	 281.0

	

44.5	 4	 .128	 :	 .370	 120.2

	

44.7	 3	 .107	 :	 .365	 122.4

	

37.4	 3	 .080	 .630	 59.3

	

30.7	 3	 .064	 .928	 33.1

	

29.0	 5	 .053	 .992	 29.2

	

21.8	 2	 .040	 1.000	 21.8

	

032	 55.6	 3	 :	 .256	 .170	 327.0

	

48.6	 3	 :	 .171	 .245
210938.53

	

48.8	 4	 .128	 .240

	

41.3	 2	 .102	 .435	 94.9

	

39.2	 2	 .085	 .505	 77.6

	

35.9	 2	 .073	 .630	 57.0

	

32.0	 2	 .064	 .785	 40.8

	

.064	 49.3	 4	 .128	 .232	 212.8

Balsa core

	

.012	 31.1	 2	 .048	 .940	 33.1

	

14.3	 2	 .032	 1.00	 14.3

	

11.6	 2	 .024	 1.00	 11.6

	

.020	 31.5	 1	 .053	 .892	 35.3

Hard rubber core

	

.012	 25.5	 3	 .048	 1.00	 25.5

	

17.1	 4	 .032	 1.00	 17.1

	

8.1	 4	 .024	 1.00	 8.1

	

.020	 25.9	 2	 .053
	

1.00
	

25.9

	

19.4	 2	 .040
	

1.00
	

19.4

Paper honeycomb core

	

.012	 36.5	 3	 .064	 .732	 49.8
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1
Table 3. --Variation of critical stress with core material-

: Spruce : Balsa : Rubber :Honeycomb

	

0.024	 : 13.2-2	 :	 11.6-2	 :	 8.1-4	 • 

	

.032	 : 18.9-4	 :	 14.3-2	 :	 17.1-4	 .. 	

	

.048	 : 30.9-6	 : 31.1-2	 : 25.5-3	 • 

	

.064	 : 41.1-2	 	  :	 36.5-3

1
—The value after the dash is the number of tests represented

by the preceding figure.

f

R
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Figure 1. --Short-column compression test apparatus, showing the
sandwich specimen placed for test, the position of the loading head,
the end supports, and the dial and metalectric gages.
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