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SHORT-COLUMN COMPRESSIVE STRENGTH OF SANDWICH

CONSTRUCTIONS AS AIFECTED BY SIZE OF

CELLS OF HONEYCOMB CORE MATERIALYZ

By
C. B. NOItRIS, Engineer

Forest Products Lnbox-al;ory.'Q Foresat SBervice
U.8, Department of Agrioulture

Summery

To determine the effect of honeycamb core oell size on edgewise compreasion of sand-
wich constructions, sandwioh speoimens were evaluated that had aluminum faoings of
various thioknesses and a solid core of Sitka spruce in which a oell of a honeyocomb cors
material was simulated by a round hole. A few tests involving honeycomh cores were made,
and results of these were found to agree with those of the other teata for the stress at the
start of dimpling of the facings, The maximum stress in the facings of the honeyoomb core
speoimens was lower at fanllure than for the specimena with wood cores. At faflurs, the
honeycomh core sandwich apeoimena had a wrinkie-type failure In the facing. with aome
fallure in the bond hetween the faoing and cors,

An empirioal formula waa obtained that can be umed to estimate the oritical stress at
which dimpling of the facing over the cell voids begins,

Ll‘t«svlslon by E. W, Kuenzi and G. H. Stevens of a report by Norris and W. J. Kommers issued under the
same title as Forest Producta L.aboratory Report No, 1817, Auguat 1950.

2'l‘hls progreas report is one of a serles(ANC-23, Item B6%-3)prepared and distributed hy the Forest
Products Laboratory under U.S. Navy, Bureau of Naval Weapons Order No, 19-84-8004 WEPS and
U.S. Alr Force Contract No. 33{637)63-35R. Results here vepartad aro nreollmfeao nod .0




Introdugtion

The edgewise compressive strength of sandwioh constru.!ons with honeyoomh cores
may he limited by the instability of the facings where they span the volda between the cell
walla of the core material, Each small section of facing acts as a plate of roughly oircu-
lar shape, subjected to edgewise compression, The edgewise load on the sandwioh con-
struction may be limited by the dimpling(buckling) of these small plates. The dimpling
streas 18 influenced by the thickness and modulus of elasaticity of the facing, the edge con~
ditions of the plate, and the cell size of the honeycomb material.

The work reported is an experimental study of these effects, Because of the diffioulty
of pradetermining just where the faoings of asandwich with a honeyoomb core will buckle
first, most of the experiments were made on sandwioh constructions having a solid core
of end-grain Sitka apruce, with a single circular hole drilled in them, A number of tests
wera made on sandwloh constructions having honeycomb cores, but the ioocation of the
first buokle was guessed correotly in only three tests. The results at the beginning of
buokling of thome three tests, however, agreed well with those obtained from the tests
involving the other oore materials,

The results of tests in which [ailures were due to oaumes other than the instability of
the fnoings over the core void are not included in this report.

Matorials

The faocings of the spaoimens tested were all 24 ST olad aluminum {n nominal thiok-
nesses of either 0,012, 0,020, 0,032, or ,064 inoh, voniorming to Alr Force=-Navy Asre-
nautioal Specification AN-A-13, January 14, 1943,

The core materials comhined with the aluminum facings were end-grain Sitka spruce or
resin-impregnated paper honeycomb,

The Sitka spruce was olear, straight-grained material of alroraft quality.
The paper-honeycomb core materlnli was made at the Forest Prodycts Laboratory and

had a nominal 3/8-inch, hexagonally shaped cell. This material was formed by the expan-
sion method in the followlng steps: (1) Flat sheets of 10-inch-wide, 40~pound kraft paper
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(weight per 2,000 square feet) wore protroated with about 10 percent of a high-temperature-
sotting phenolie rasin, thinned with alcohol and water: (2) the protreated sheots were striped
on one side with phonolic gluelines npproximately 3/16 inch wide and spaced approximately
3/4 inch apart; (3) the sheets were lald up in a pack, with the stripos in adjacent shcets
staggored 3/8 Inch, and curcd in a press; (4) tho pack was expanded like an accordion to
produce the nominal 3/8-inch cells; (5) the matorial wns impreganted with a phenolic resin
and curod in the expanded form,

Dreparation of Specimons

Faoings

The aluminum sheet faolng material was out 2-1/2 inches wide and 3-1/2 inches long and
then oleaned and etched in a sulfurio acid bath, The prepared sheets were then sprayed,
allowing a 1/2-hour drying period hetween coats, with s8ix coats of a high-temperature-
setting mixture of a thermosetting rosin and synthetto rubber to a total film thiokneus of
approximately 0.003 inoh, They were then air dried 16 hours and then ocurcd at 323° I,
for 1/2 hour,

Sores.

The two materinlas usod for cores woro propared by Lthu following proocedures. Individual
oore blanks wore cut from largo blocks to 1/2 inch in thiockness (grain direction of wood
oores was orfonted parallel to the thicknoss dimension) 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 pre-
dotermined size. The thickneass dimension. hoing n eriticn) facter i not unlfovim, was not
allowed to vary moro than 0.002 inch overtho cross seotlon ol each speocimen. The honoy~
comb core blanks were macle inthesnmoway, oxcopt that no additional holes were drilled.

Sandwioh

The facings and core malerials wore then assemioed Iinlo separate specimens, employ-
ing a high~temperature-setting, acld-catalyzod (20 percent) phenolic cesh ».. e hond
belweon the prepared facings and the cores, This resin was a room-temperatare-sctting
adhesive, and tho wood specimoena were allowed to cure in the press under 100 pounds of
pressure per square inch for 16 hours, The honeycomb core specimens were made In a
similar manner, except that the pressing was made at 25 pounds per square inch,



After removal from the press, the speclimens were cut with a circular saw to 2 inches
in width by 3-1/16 inches in length, A final milling cut was Laken on the longer dimension
to insure aquare and parallel ends in conlact with the loading heads of the testing mechine,
The {inal length was 3 inches,

All specimens were conditioned to approxlmate constant weight in a room maintained
at 66 percent relative humidity and 75° I', Electric rosistance strain gages were attached
to ench facing of each specimen with a commercial adhesive and allowed to cure for 48
hours,

Test Mothods

Figure 1 indioates the position of a typical specimen in the testing machine. The wires
to the strain gages were attached to a strain indioator calibrated to indicate the strain of
the feoings in mioroinohes. Two dial gages (0.001 inch least reading) were placed at right
angles to each faolng, one ovor {he center of the hole in the core and one near the edge of
the apecimen, All the tests ware made inthe same hydraulic testing maohine, Deformations
and deflections as indioated by the straln gages and dial gages were recorded for equal
inorements of lond until the apecimen failed,

The spacimens were laterally supported adjacent to their ends and as a preliminary
adjustment, each sapocimon was lightly lnaded to determine if there might ba slight ecoen-
tricity of loading, am indiocated by unequal strainm; if mo, the position of the specimen was
adjusted until its facings wero equiully londed, as indicated by equal strain in hoth faoings.
The dial gages at the venter of ench face indloated the lateral deformation of the unsup-
ported plate over the hole in tho core material. The dials at the edges of the specimen
were umsed to determine if there was any iwisiing or shiiting of the specimen within the
maohine during the loading period that might influence the lateral deflection readings.
FFrom these readings, a load-:'eflection curve was plotted, Curves similar t o those
oxhibited by flat plates subjeotrd to edgewime compresaion were ohtatned. Figure 2 is the
type of ourve obtained when the load was plotted against the facing lateral defleotion for
a specimen with aluminum f{ncing and Sitka spruce core with a 1/2-inch hole, The load at
which buckling of the facing over the hole began (dimpling) was picked at the point in the
curve where the deflecticn started to increase.

Since it was necessary toknow this stross=strain characteristics of the facing matertals
over the full range of the strains encountered in the sandwich tests, tests were required
of coupons of the aluminum sheets in edgewise compression. The thin sheet materinl was
Iaterally supported by thin spring steel fingers to prevent buckling during the test, This




support did not measurably affect the edgewise compressive delormation, A Marton’s
mirror compressomoetor, having a L-inch gage length, was atlached to the contral portions
of the edges of tho spocimon, This method of testing sheet material was originally doviaed
for the testing of thin plywood ﬂgecilnona and is more fully describod in Forest Products
Laboratory Report No. 131G6-D~ or Standard D 805 of the American Society for Testing
and Materials, Theso tesie are summarlzod in the stress-sirain curves of ligure 3 and
In figure 4 wherc the parametor FA/E' Is plotted for various values of F. Values of tho
tangent modulus of elnsticity, E', were determingd from the slope of tho stress-strain
curve at various valuos of I, The valuoof A=1 ~ i~ wns assumed constant for Polsson’e
ratio, u =0.3.

A fow toats were made Lo determine the proportios of the Sitka spruce core malerial in
ocompression. Compression tests on 3-inch-squaroe and 8-inch-long olear specimens were
made in acocordance with procedures presented In Amorioan Soclely for Testing and
Mater{als Test Method D 143-52. The modulus of olasticity in compression perpendioular
to the grain direotion was found to be 137,000 pounds per square inoh,

Presontation of Data

The reaults of the individual tesis are givenin table 1. From one to six toats were made
on duplioate speoimens. In tablo 1, the load and fuoing stress at which dimpling (buokling)
of tho faolng over the simulated cell void begins and the maximum load at failure are
presented,

The exporimental facing stress for a sandwich in odgewiso comjproasion {8 normally
ocomputed by dividing the odge load by the facing area, thus negleoting any load carried by
tha uwsunl mandwich cors of low stiflnoss, Coros of Siika apruce, however, havo olastio
modull that are not nogligible; honcoe the load supported by tho cors must bo considered.
To correct for the load carried by tho core, a formula wns dorived for computing the
facing stressos in tho elastic range, Hero the assumptions were made that the strains in
faoings and core are equal, and that core width 18 reducod by the diameler of tho hole.
Thia formula is:

LY [)
) A = (L

ath + -if‘(h - )L

§l‘wh'n'rlzit, C. B., and Voss, A, W, Buckling of Flal Plywood Plates in Compression, Shear, or Combined



where F la facing stress, P is specimen edge load, i is facing thickness, b is speoimen
width, 8 is diameter of core cell hole, t.c is core thickness, [ le facing elastic modulus,

and E_q is core elastic modulus,

Formula(l)with E = 137,000 pounds per square inoh and E = 10,000,000 pounds per
square inch was used to compute experimental facing stresses at heginning dimpling,
given in table 1, provided the computed streas was below 27,000 pounds per square inch
(proportional limit stress)., At stresses greater than 27,000 the facing stress wos deter-
mined by entering the atress-strain ourves given infigure 3 with the atrain reading given
hy the electrio strain gages attached to the facings at the dimpling load.

Maximum specimen loads are alao given in table 1 and serve to indicate that loads
from a few percent greater to several times greater than beginning dimpling can he
withatood before failure, Analysis of maximum loads waa not attempted beoause failures
of faolngs over asolid core with a hole may not apply to realistio conatructions with honey-
comb cores, The observed failures consiatad largely of a growth of the dimple toward the
specimen edges, with resultant hond failure between facing and core, thua tending to

resemble a large froing wrinkle,

Analveis of Date

The stress at which buckling of a flat plate of isotropio material under edge load coours
is well defined in the literature as given by the formula

1 e 8
F =k Eeby (@

where E' is the effective elastic modulus of the plate material; A=1 - un. with  as
Poisson’s ratio of the plate material; t is the plate thickness; g Is the plate size; and K

is a buckling coeffioient dependent upon plate shape and edge support,

The coefficient, K, for aplate of the shape of a core cell and for the type of edge support
on this plate 18 not known, A reasonable value of K can be determined from the experi-
mentnl data for dimpling stressea of facings of various thicknesses over core cells of
various sizes, Values of F)\/E ' were determined from the experimental dimpling etress
and the elastlo modulus for stresses helow proportional limit values and for tangent

modulus of elastioity at the experimental stress for stresses above proportional limit

values, The latter determination of F)\/E' values was made by entering the curves of
firure 4 with expertmentnl afreas valuea., The resultant values of FA/EY are glven in

LY
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soatter in the data shown In figure G, the trend is fairly well desoribed by t/g to the
second power(slope of 2:1 of a straight line on a iogarithmioc graph) and a buckling
coefficlent of 2. Sixteen of 17 data points fall above the line in the elastic range and hailf
the data fall above the line beyond the elastic range. The theoretical line for & simply
supported square plate which has a huokling coelfioient of 4 is also shown in figure 5.

Conolusions

An approximation to the facing stress at which dimpling of the facings of a sandwich
with a core of open cells oan be made with the formula

1e 8
F-B)\.




Table 1.--Data obtained from sandwich edgewlsze compreasion specimens

Sandwich : Facing : Core : t/# :Load per apecimenl: Facing :FA/E' at,
thicknaeas :thicknass : cell : L L Y tatress (F):dimpling=
: L talze, :Dimpling :Maximum : at
t o8 : : tbeginning :
: : : H tdimpling
In, Inn @ Iny ¢ t by ¢ Lby : Pes.d,
S8ITKA SPRUCE CORE . i

0.532 : 0,012 : 1/8 : 0,096 : 2,800 : 3,560 : 47,000 : 0,0245 i
831 ,012 :3/8 : ,032: 1,400 : 2,660 : 25,000 : ,00228 :
S332 012 :3/8 1 .032; 1,800 : 2,920 : 28,000 : ,002%4 E
5334 012 1/2 024 ¢ 1,200 ¢ 2,240 : 20,500 : .00186
.83 ¢+ ,012 gy 1/2 ¢ ,0246: 1,000 : 2,260 : 17,000 : ,001%4 !
537 ¢ 012 o 1/2 + ,024: 1,400 1 2,220 : 24,000 : ,00218 ;
338 012 1/2 + ,024 ¢+ 1,400 : 2,380 : 24,300 : ,00221
A4 012 ¢1/2 + 0246 : 1,300 : 2,380 : 22,200 : ,00202
329 012 11/2 ¢+ ,024 3 1,600 : 2,520 1 27,400 : ,00249
332 012 +8/8 ¢+ .019: 1,000 : 2,020 : 17,300 : ,001%7
330 012 ,5/8 + ,019: 1,100 : 2,060 : 19,100 : ,00174 :
528 012 1 3/4 1+ ,016 1 800 : 2,020 : 14,100 : ,00128 i
822 012 ¢+ 1 1+ 012 560 1 1,760 1 10,200 : ,0009) :
526 012 ¢ 1 1+ ,012, 800 : 1,520 : 14,600 : ,0013) {
348 020 :3/8 | ,083: 3,600 : 4,520 : 36,000 : ,0076 i
347 020 ¢+ 3/4 ¢+ ,027: 1,600 ¢ 3,520 : 18,000 : .00164 %
5348 020 : 3/4 ¢ ,027 : 1,600 : 3,460 : 18,000 : ,00164 :
A354 ,020 : 3/4 ¢ ,027 ¢ 2,000 : 3,420 ¢ 22,500 : ,00204 :
A72 032 ¢ 1/4 : ,128 : 6,300 : 8,220 : 43,000 : ,02%8 i
569 032 :1/4 ¢ ,128 : 6,000 : 8,440 : 43,000 : ,N200 -
570 032 :3/8 : .085: 4,800 : 7,50 : 34,000 : ,0060
.568 032 :3/8 : .085: 5,400 : 7,620 : 38,500 : ,0107
574 .032 :5/8 : ,051: 4,800 : 5,620 : 32,500 : .0050
.572 : ,032 :5/8 : .051: 4,800 : 6,500 : 32,500 : ,0050
572 032  : 3/4 : ,043 : 4,800 : 6,120 : 31,500 : .0044 .
572 032  : 3/4 : ,043: 5,200 : 6,240 : 35,500 : .0073
.572 032 : 3/4 : 043 : 4,800 : 5,960 : 33,000 : .0053 d
571 .,032 . 7/8 ; .037: 4,000 : 5,620 : 28,500 : .0032
572 : .012 : 7/8 : .037 : 4,000 : 5,540 : 28,500 : ,0032

571 .032 :7/8 : ,037: 4,000 : 5,780 : 28,000 : .0030



Table 1,--Data obtained from sandwich edgewise compression specimena--Cont'd,

Sandwich : Pacing : Core : t/a :Load per apecimenl: Facing :FA/E' at

thickness :thicknesn : cell : e LT LT Y tatreas (F):dimpllngg
: 14 tsize, : tDimpling :Maximum : at
| : : ' tbeginning :
: : : H tdimpling
In, ¢+ Iy ¢ Ine: b ¢ Lby ¢ Bymydy
SITKA SPRUCE CORE
0.571 ¢ 0,032 : 1 1 0,032 : 3,200 : 35,500 : 23,700 : 0.00216
5371 : 032 : 1 : L032: 3,600 : 5,400 : 28,000 : ,0030
PAPER HONEYCOMB CORR
. 329 ! 012 1 3/8  .032: 600 : 1,600 : 12,%0 : ,001ll4
1826 012 t 3/8 ¢ .032: 1,3% : 1,50 : 28,100 : .0028%%
526 012 ¢ 3/8 : ,032: 1,3%0 : 1,%40 : 28,100 : .002%%

4
4gpecimens of 2-inch width, .
3!' is tangent elastic modulum at facing stross and A = 1 = u  where y = 0,),
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Figure 2.--Typleal load deflection curves showing dimpling of 0,012 inch aluminum facing over a 1/2-inch
dlameter hole in sitka spruce coro,
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