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Summary

This report presents the results of tests of commercially produced
glass-fabric honeycomb cores for use in structural sandwich construc-
tion. Detailed descriptions of core materials and testing procedures
are giveh. Included are results of tests of core at 73° F. and 50
percent relative humidity, and after exposure for 60 days at 100° F.
and 100 percent relative humidity. Relationships are given for various
core properties in different directions, but it was not possible to
show a good relationship between core strength and core density.

Design values of core properties, based on tests of commercial core
samples at 73° F. and 50 percent relative humidity and at 100° F.
and 100 percent relative humidity, are presented in tabular form and
as stress-strain curves.

Introduction

Sandwich constructions--comprised of thin, strong facings bonded to
each side of a thick, lightweight core--can be used to produce stiff,
lightweight structural panels that are particularly adaptable to air-
craft where it is desirable to maintain air-foil sections under load.
Other desirable features, such as certain electrical and thermal proper-
ties, can be realized by correct choice of sandwich core and facing
materials. The need for suitable cores has resulted in production of

i’I‘his progress report is one of a series (ANC-23, Item 51-3) prepared
and distributed by the U. S. Forest Products Laboratory under U. S.
Navy Bureau of Aeronautics Order No. NAer 01628 and U, S. Air Force
No. AF-18 (600)-102 and DO (33-616) 53-20. Results here reported are
preliminary and may be revised as additional data become available.

gMaintained at Madison, Wis., in cooperation with the University of Wis-
consin.
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honeycomb-like cores formed of thin sheet materials. Cores made of
sheets of resin-impregnated glass fabric have been tested and success-
ful applications of sandwich constructions having such cores have been
made. These tests and applications demonstrate the practicability of
these cores for radome construction, especially if glass-fabric laminated
facings are used. To meet the needs of designers, this study was under-
taken to establish design values of the mechanical properties of coumer-
cially available glass-fabric honeycomb cores for structural sandwich
construction.

The cores tested were samples of commercial production. Because the
successful design of sandwich depends less on core properties than on
facing properties, no attempt was made to obtain enough samples to
arrive at "guaranteed minimum" values, such as those that are obtained
for meny structural materials. Details of the study were discussed
with the core manufacturers; and the manufacturers supplied twelve
samples of each of ten cores from regular production runms.

Cores

The glass-fabric honeycoub cores were obtained from Hexcel Products,
Inc. and from Western Products, Inc.

Cores obtained from Hexcel Products, Inc. were of the expanded type,
made of glass fabric 112, finish 114 or fabric 21, finish 11k. Two
cores were made of the 112-11h glass fabric, and three were made of
21-114 glass fabric. Four of the cores were made by treating and
bonding the glass-fabric sheets initially with nylon resin, followed,
after expansion, by additional treatment with phenolic resin. Before
addition of the phenolic resin, the core density was about 3 pounds
per cubic foot. The fifth core was treated with a heat-resistant
phenolic resin. The cell sizes were 3/16 or l/h inch, and nominal
core densities were from 4 to 9 pounds per cubic foot. Actual core
designations and materials are given in table 1. These cores were
made in blocks about 4 feet in length (parallel to the direction of
the core ribbons), and each sample consisted of a 1O-inch-long section
obtained from the end of a large block.

Cores made by Western Products, Inc. were of the preformed type. Of

5 cores obtained 3 were of glass fabric 112, finish 114, and 2 of glass
fabric 112, finish 136. Glass fabric with 114 finish was given an
initial treatment of phenolic resin, and then sheets of fabric were
preformed to corrugated sheets that were finally assembled to make

core. Subsequent treatments were given the core by dipping it in
polyester resin solutions. Glass febric with 136 finish was treated
with polyester resin only. The cell sizes were 3/16 or 1/4 inch, and
nominal core densities were from 3-1/2 to 9 pounds per cubic foot. Actu-
al core designations and materials are given in table 1. Cores were
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made in blocks about 3 by 18 by 18 inches, and complete blocks of this
size were obtained as samples.,

A1l core blocks were trimmed square and then placed in a room maintained
at 73° s 2° F. and 50 + 2 percent relative humidity. The sample blocks
were weighed periodically, and no core test specimens were prepared
until the blocks had reached constant weight after about 1 month of
conditioning at 72° F., 50 percent relative humidity. Each core block
was then measured and weighed to obtain the core density in pounds per
cubic foot. The core densities are given in table 1. Maximum and
minimum values plotted against average values in figure 1 show that

the density of individual samples varied from -15 to +20 percent of

the average values.

One small coupon of one sample of each type of core material was care-
fully weighed and then burned in an oven at 1,000° F. to obtain approxi-
mate resin content. The results given in figure 2 showed that cores

of 5 to 5 pounds per cubic foot density had about 50 percent resin;

cores of 5 to 7 pounds per cubic foot density had about 65 percent resin;
and cores of 7 to 9 pounds per cubic foot density had about 75 percent
resin.

Core Tests

Core tests were made to determine properties needed for proper struc-
tural design of sandwich construction. These properties were the com-
pressive and shear properties and the flatwise tensile strength. Since
the various properties may be affected by moisture, all specimen manu-
facturing procedures and all tests were carried out in a room maintained
at 73° + 2° F. and 50 + 2 percent relative humidity. Tests at this con-
dition are called "dry."

In order to determine possible effects of moisture, core specimens were
exposed for 60 days at 100° F. and 100 percent relative humidity. Such
conditions were obtained by plac¢ing specimens on racks over distilled
water in an airtight metal box. The box was stored in a chamber kept
at 100° F. Tests were made at 73° F. immediately after the specimens
were removed from the high-humidity condition. Tests performed after
this exposure are called "wet." Special techniques for bonding loading
fittings to specimens exposed to this condition are outlined in the
following discussions of the shear and tensile tests.

Compression Tests of Cores

Tests were made on specimens compressed in the "T" direction (parallel
to the core flutes); the properties determined by the tests are denoted
by the subscript T. The compression tests were made to determine the
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modulus of elasticity, Eq, the proportional limit stress, fp, and the
compressive strength, FT'

Modulus of elasticity is needed for design to determine loads at which
the sandwich facing will wrinkle (ll).i Proportional limit and strength
data are needed for designing sandwich panels under loads normal to

the facings (z, 13, ;&) and for determining the pressures allowasble for
bonding the facings to the core.

Two compression specimens 2 by 2 inches in cross section and 8 inches

long (parallel to core flutes) were cut from each sample core block.

One was tested in the dry condition and one in the wet condition. Data
on tests of 8-inch-long and l/2-inch-long specimens of aluminum honey-
comb cores (2) showed that the compressive strength of the long speci-
men is the same as that of the short specimen. This would not necessarily
be true if a core had large cells. The long specimen was chosen SO

that deformation gages could be applied.

The ends of the specimens were dipped in resin to simulate the way ends
of core would be coated with adhesive or resin in a sandwich, and to
prevent local end crippling or crushing at low loads. The resin used
was a furane resin formulation catalyzed to cure at room temperature.
One end of a compression specimen was dipped to a depth of 1/8 inch in
the resin, then placed for a minute or two on a paper towel to dry.
Next the specimen was placed on a flat steel plate covered with cello-
phane. A small weight was placed on the specimen, and the assembly was
allowed to cure for several hours at room temperature. The same pro-
cedure was used to treat the opposite end of the specimen.

The compression specimens had open-ended cells. This resulted in more
complete conditioning at 100° F. and 100 percent relative humidity be-
cause it was possible for the moist air to circulate through each cell.

If the ends had been closed by a cast resin or a plaster base, such
circulation would have been impossible., The end reinforcement proved

to be sufficient to prevent localized end failure on all the cores tested.

The compression specimens were placed on a flat, machined, steel block
in a hydraulic testing machine. The load was applied at the top end
through a spherical loading head of the suspended, self-alining type.

Deformations in the specimen were measured with a Marten's mirror com-
pressometer of 2-inch gage length, which was mounted on the specimen at
midlength. The movable head of the testing machine was driven at a
constant rate of 0.003 inch per inch of specimen length per minute.
Deformation readings were taken at equal load increments until failure.

éUnderlined numbers in parentheses refer to Literature Cited at the end
of this report.
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The proportional limit stress and modulus of elasticity of each specimen
were determined from load deformation curves. Individual values, average
values, and standard deviation values of these properties and the com-
pressive strength for the 12 specimens tested of each core material in the
dry and wet condition are given in table 1.

Analysis of Compression Test Data

In order to show variations in compressive strength of glass-fabric honey-
comb cores, the strength values were plotted against average core density
in figure 3. As would be expected, the strength increased as the density
increased. The trend shown could be interpreted to demonstrate that
strength increases as some power function of density, but closer exam-
ination shows that for particular core fabric and resin combinations the
strength might vary almost linearly with core density. Since a suffi-
cient density variation of any particular core fabric and resin were

not evaluated to determine straight lines, the general trend of the data
will not be described mathematically.

Examination of average values, given in table 1, for proportional limit
stresses and modulus of elasticity shows that these values increase with
increasing core density in approximately the same manner as compressive
strength values.

An attempt was made to derive expressions for predicting compressive
properties of glass-fabric honeycomb cores such as was done for cores of
aluminum honeycomb (2). However, not enough of any one type of core was
tested in a sufficient range of density so that properties of the basic
core material could be determined with assurance. The effects of vari-
ables such as resin content, type of glass fabric, thickness of finished
glass fabric, and different cell shapes could not be isolated.

The effect of moisture on the compression strength of the cores is

shown by the data presented in figure 4. In this figure, wet-strength
values are plotted as ordinates, and dry-strength values are plotted as
abscissas. The straight line indicates equal strength of the cores when
wet and when dry. An examination of the plotted points shows that the
wet strength of cores treated with phenolic or phenolic plus polyester
resins is almost consistently equal to the dry strength. The wet-strength
values of cores treated with nylon-phenolic resin, or of cores of glass
fabric with finish 136 treated with polyester resin, were only 4O to

TO percent of the dry-strength values. Comparison of wet with dry pro-
portional limit stress values in table 1 shows that exposure to moisture
had about the same effect on proportional limit stress as that on com-
pressive strength values. Modulus of elasticity values for wet and dry
cores, given in table 1, showed that exposure to moisture generally had
little effect on the values, although minor decreases after exposure to
moisture were obtained for some cores.
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Shear Tests of Cores

Tests were made on specimens oriented so that shearing distortion occurred
in the plene defined by the core flute direction, T, and the core rib-

bon direction, L (hence, the TL plane); or the core flute direction, T,
and perpendicular to the core ribbon direction, W (hence, the ™ plane).
The core properties needed for design are the shear modulus, Gy, GTW’
which enter in parameters describing buckling (l) é, 7, 8, 9, lé) and

deflection (1, E! 10, &g) of sandwich; and the shear stresses fTL’ fTw’
Frr,» Fpys which are needed for designing sandwich to carry transverse
loads, particularly as applied to fittings (2, 15, 16).

Shear tests were made on core specimens 1/2 inch thick (T direction;
parallel to core flutes), 2 inches wide (W or L direction; L parallel to
core ribbons), and 6 inches long (L or W direction). Four specimens
were cut from each of 12 sample blocks of each core. The specimens were
bonded between two steel plates 1/2 inch thick by using heavy spreads

of epoxide resin adhesive. The adhesive was cured under light pressure
at room temperature by placing weights on the shear plates for several
days. Wet specimens were cured in the high-humidity chamber at 100° F.
Some of the higher strength cores could not be failed by the bonds
produced by such cures, so they were cured for several additional hours
at 160° F. and 50 percent relative humidity for the dry specimens, and
as near to 100 percent relative humidity as possible for the wet specimens.

Shear specimens were tested by fastening opposite ends of the steel plates
to links hung in a testing machine, and a tensile load was applied to
place shear load on the core in the 6-inch direction. The test speci-
men and apparatus are shown in figure 5. The steel plates and loading
pieces were arranged so that the tensile force was applied along a
diagonal of the specimen. This, combined with the load applied through
links and pins, produced fairly uniform shear on the test specimen as
evidenced by appearance of failures throughout the entire length of the
specimen,

Deformations were measured by means of a dial gage that was accurate

to 0.0001 inch. The gage was mounted to measure the slip between the
loading plates as the load was increased. Shear strain in the core was
then determined by dividing the dial reading by the actual core thick-
ness. Thus, the dial readings included possible slip in the adhesive
bond. The adhesive bond slip was believed to be small, however, because
the core was pressed through the uncured adhesive film until it touched
the steel plates. Therefore, most of the bonding was accomplished through
the fillets formed by the adhesive surrounding the core-cell ends; these
adhesive fillets were quite rigid and showed no signs of permanent defor-
mation after core failure.

During the test, the movable head of the testing machine was driven at
a constant rate of 0.010 inch per minute until failure occurred.
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Deformation readings were taken at equal load increments until failure.
The beginning of failure, signified by hesitation and final dropping
of the load, was observed carefully for possible tearing in the bond
between the specimen and the loading plates. All data for dry speci-
mens represent core shear failures, but the strongest wet core could
not be failed with the present bonding techniques.

The proportional limit stress and shear modulus of each specimen were
determined from load-deformation curves. Table 1 presents individual,
average values; and the standard deviation for proportional limit
stress, shear modulus, and shear strength in both the TL and the TW
DPlanes for core material in the dry and wet condition.

Analysis of Core Shear Test Data

Variations in TL shear strength are shown in figure 6 where dry shear
strength is plotted against average values of core density. : The shear
strength increased as core density increased, but the data scatter was
s0 great that no definite relationship between shear strength and core
density could be obtained. There was a fairly good relationship be-
tween TL shear strength and TW shear strength as shown in figure 7.
Although there was some scatter in the points shown in figure 7 a line
determined by least squares analysis shows that the shear strength in
the weak direction (Fm;) was 59 percent of the shear strength in the
strong direction (FTL$Y

Shear stresses at proportional limit, given in table 1, showed in-
creases corresponding with that in core density and in approximately
the same manner as shear strength values.

Values of the core shear moduli, given in table 1, also increased as
core density increased and about in the same manner as shear strength
values. Figure 8 shows the relationship between the shear modulus of
the core in the strong direction (GTL) and the compressive modulus of
elasticity (ET) of the core in the dry condition. By least squares
analysis a linear relationship was found that showed the LT core shear
modulus to be 20 percent of the modulus of elasticity. A comparison

of the two principal core shear moduli, Gy, with Gy, is shown in figure
9. A linear relationship c¢losely represents the relationship be-
tween Gpy and Gqp,; and by least squares analysis it was found that the

Gryw shear modulus was half of the Gy, shear modulus.

In the compression tests, it was impossible to derive expressions for
predicting shear properties of the glass-fabric honeycomb cores be-
cause effects of variables--such as resin content, type of glass fabrie,
thickness of finished glass fabric, and different cell shapes--could
not be isolated.
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The effect of moisture on the shear strength of cores is shown by data
presented in figure 4 where wet-strength values are plotted against
dry-strength values. An examination of the plotted points shows that
none of the cores has as high a shear strength when wet as when dry.
Cores treated with phenolic resin or with phenolic plus polyester resin
have 80 percent or more of their dry strength after conditioning at

100 percent relative humidity and 100° F. for 60 days. Cores treated
with nylon-phenolic resin or cores of fabric with 136 finish have wet-
strength values of 40 to 80 percent of their dry-strength values. Com-
parison of wet with dry proportional limit stress values in table 1
shows that exposure to moisture in general had slightly more detrimental
effect on proportional limit stress than it had on shear strength values.
Shear modulus values given in table 1 were, for some cores, lower for
wet than for dry core, but the detrimental effect of moisture was nor-
mally not as great for shear modulus as it was for shear strength.

Tensile Tests of Cores

Tests to determine tensile strength were made on specimens in which
tension was applied parallel to the core flutes. In sandwich construe-
tion, tensile strength is usually dependent on the facing-to-core bonds,
which were not investigated in this study. The purpose of this work was
to determine core strength, if possible, and thereby decide whether

face wrinkling (;l) will occur either by tearing of facings from the core
or by buckling of the facings into the core. Thus, if tensile strength
exceeds compressive strength, the sandwich facing wrinkles will occur
by buckling into the core. If the tensile strength is lower than the
compressive strength, as in weaker bonds, the facings will tear from
the core. The data given here should not be construed as representing
actual sandwich construction; they represent maximums that can be at-
tained if bonds are strong enough to fail the various cores.

Tensile tests were made on specimens 1 by 1 inch in cross section and

1/2 inch thick. Five specimens for dry tests and five for wet tests

were prepared from each sample core block. Tensile loads were applied
through l-inch aluminum cubes bonded to the core with a heavy spread of
epoxide resin adhesive. The adhesive was cured at room temperature

under light pressure by placing weights on the blocks for several days.

Wet specimens were cured in the high-humidity chamber at 100° F. Speci-
mens of strong cores were given additional curing for several hours at

160° F. and 50 percent relative humidity for the dry specimens, and as near
to 100 percent relative humidity as possible for the wet specimens.

Tensile specimens were tested in a self-alining loading fixture as shown
in figure 10. During the test, the movable head of the testing machine
was driven at a constant rate of 0.03 inch per minute until failure
occurred. The beginning of failure, as signified by hesitation and
final dropping of the load, was observed carefully for possible bond
failure.
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Analysis of Core Tensile Test Data

Tensile strength values for dry cores are given in table 1. Because
many specimens failed in the bond between loading block and core, the
data are not truly core-strength values. Tensile strength values are
plotted against compressive strength values in figure 1l. ZEven though
there were bond failures the tensile strength was greater than compres-
sive strength for most cores, and weakest tensile values were at least
about two-thirds of compressive strength.

|
Tensile strength values for wet cores are given in table 1. Most values
were at stress levels exceeding or equal to compressive strength values,
even though nearly one half of the tensile specimens failed in the bond
between the core and loading block.,

Design Values

Core properties are of secondary importance in the design of structural
sandwich constructions because the primary load-carrying portions are
the facings. Therefore, it was not considered necessary to obtain
"guaranteed minimum" values for cores such as are usually obtained for
the facing materials. Statistical analysis shows (il) that if the
minimum value of 12 determinations of a property is used as & design
value, 78 percent of the population will exceed this minimum value 95
percent of the time. On this basis, design stresses were obtained as
minimum values from the sample of 12, both for cores at 50 percent rebda-
tive humidity and 73° F, and for cores exposed at 100 percent relative
humidity at 100° F. for 60 days.

The design stresses are given in table 2. Compressive stresses must be
considered by the designer for determining normal loads allowable in
sandwich manufacture and for determining performance of sandwich under
normal loads. Compressive stresses are particularly important if loads
are concentrated or if they occur at fastenings. Shear stresses must
be considered by the designer for sandwich subjected to flexure, for
sandwich under edge loads, and for sandwich with loads applied at inserts
and fasteners. No design values are given for tensile strength of the
cores because, for the most part, the tensile strength values were
greater than compressive strength; hence, wrinkling of facings of a
sandwich would be determined by load at which facings wrinkled into the
core rather than away from the core (;l). It should be recalled that
bonds were usually strong enough to cause core failures, and that if

in a sandwich the core-to-facing bond strength is less than the com-
pressive or tensile strength of the core, the design must be based on
the core-to-facing bond strength.

Of secondary importance to designers are the elastic properties of
cores; that is, modulus of elasticity and shear modulus values. The
modulus of elasticity, Eq, and the shear modulus, Ggp or Gy, are
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contained in parameters for determining the wrinkling of sandwich facings
under edge load. The shear moduli are also involved in parameters for
describing the buckling of sandwich under edge load and for determining
deflection of sandwich under transverse load. Since the values of these
elastic properties are of secondary importance in design, the values
chosen and given in table 2 are near the average for the particular core;
they are not minimum values,

Entire stress-strain curves for use in design are presented in figures
12 to 31. These curves were drawn by first plotting the stress-strain
data for the specimen having the least strength, thus defining the
general shape of the curve and locating the meximum stress point with
its associated strain. Then the minimum proportional limit stress level
(not necessarily the proportional limit stress for the same specimen
that had least strength) was located on the curve sheet as a horizontal
line. The initial part of the stress-strain curve was then located with
a slope near the average modulus, so that the curve could be faired in
to fit the portion beyond the proportional limit. Modulus values noted
on the curve sheets are also given in table 2.

Since the designer is also interested in weights of various constructions,
the data in table 2 include average density values for the cores, and
the design values are tabulated in order of increasing core density.
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1
Table 1.--Mechanical properties of glass-fabric honeycomb cores™—

H T : 3
Core : Compresaion (T) g Shear {(TL) B Shear (TW) 8 Tensilez
density:- ——=== ==—mmmn e LT Y O T strength’
: Proportional :Compressive : Modulus of : Proportional : Shear 8 Shear : Proportional : Shear g Shear g
:limit strees f:strength F, :elasticity Ep:limit stress fy;: etrength Fry : modulus GrL :limit etress foy* Btrength Fry : modull:us Grw :
: Dry Dry : Wet : Dry :Wet : Dry :Wet : Dry : Wet : Dry :Wet : Dry : Wet : Dry Wet
: (5) : (6) (8) = (9) :(20) & (21) : (22) : (13) : (T4) : (15) : (16) :
22aa,1. P d 1,000 :1,000: F.a.i.:P.e.d,: Poed.:Posld.: 1,000 1,000: Puaof. : Pp.f.: F.e.f.:P.a.d.: 1,000: 1,000:
4 E: ) Dpas.l.; 2 7 i ip.m.L.d 8.1.: H H t peEluif.Bul.T
Core of Glase Fabric 112, Finish 11k, Phenolic Resin, 1/4-inch Cells (Western Products Core BFF 3.5)
3.50 : 133 ;147 : 258 : 302 : 88.7 : 60.9: 79 ¢ 50 : 162 :1k5 :10.8 : 11.6 : 31 : 27 : 76 1 6% : 6.2 :6.0 = 613 : 547
3.55 3 173 : 146 : 260 : 256 : 66.8 : 59.8: 66 : 63 : 16k :187 :12.6:15.2: 29 : 19 : T4« 1 52 : 5.81:5.7 1 525 : 515
3.62 : 208 : 136 : 279 : 279 : 68.2 : 56.5: 50 : 37 : 1hk ;113 : 10.7 :10.8: 29 : 19 : 7k 1 49 : 5.4 : k2 : 633 : 540
3.58 @ 221 ;159 ;@9 : 303 : 58,2 : &h.8: o ¢ W : 185 130 : 13,9 2 13,1 5% & 23 i By b6k 4 7.1 7.1 618 : 523
3.52 : 18 ¢ 13% 338 : 3B : ALY : T6.8: Lo k2 @ 195 & 172 @ 12.% & 127 3 : 1 oz 9% 3 6k :z 6.4 3 7.2 The : 64B
333 ¢ 147 ;160 @336 @ S11 : 63.L oz TL.2: €6 ¢ =8 : 1A% : 186 : 1f.%-: 1.0 A= i ; BAE : 8l : 6.8: 7.k : Tl2: 482
3,57 o+ 184k 163 : 30 : 358 ; EB.L: S6.6: 87 : k1 o 181 ; 1hs : k.0 : 1.9 B ;27 : B ¢ 74 i B,0:7.9 : 660 : 543
3.63 : 159 ¢ 1Bk - Bki 348G 67.% ; Bo.%: B8 ; 79 : 190 @232 : 19.2 @ 2C.3 gh ;3% ¢ 19y : 8% :11.0 1 9.3 : L2y : 367
b0 : 146 ;138 :oeBh ;o312 - 6583599 62 @ 58 & 190 ¢ 157 ¢ 122 : LN ¥ : 20 : B : 67 : 7.33:5.6 1 478 : 508
3.08 : 121 i 135 : 194 b A0 W S s A or B ;118 ¢ B : g3 : 86 25 : 1P : 56 : 31 : 5.13:3.8 : 6I5: 505
2.97 : 110 : 1%k BE1 ;P06 ; bS.1 : 6RL0: 6% : sg : 1%k sae ¢ GO &7 25 3 1% : foO @ 39 3 Wbk 3.8 : 5535 : A473
3.30 : 134 17l 276 7gs - =A% r T1.6: S8 : 500 ¢ 158 ¢ 1Y2 103110 29 0+ 1B : 8BS ; 59 & 5.6 15.3 1 660 : 605
Av. 3.46 ¢ 160 : 150 : 286 : 293 64.0 : 65.3: 68 : 51 : 165 :152 :11.9:12.6: 34 : 22 : 8 : 60 : 6.6 :6.1 : 603 : 521
Min. 2,97 : 110 : 134 : 195 : 177 : 45.1 : 56.5: 50 : 3% : 119 : 84 9.0 8.6t 25 : 12 : 5 : 31 : Llb 3.8 : ko7 367
Max., 4.10 : 221 : 184y : 370 : 359 : 8B.7 : 80C.k: 87 : 79 : 195 : 232 : 15.2 : 20.3 39 : 35 : 107 : 8% :£11.0 : 9.3 : Th2 : 648
8.0, .29 : 35 : 16 : 52 : S6: 10,7 : T.9: 11 : 13 : 26 : 38 : 1.9 : 3.1 : 8 i 8 % 13 316 E 1.71z 1.7 95 : 69
Core of Oiass Fabric 21, Finiah 114, Nylen-Phemolic fisnin, 1/-1nch Celie (Eexcel Products Core NP+1/h-21-i.0]
L6s = 175 1161 :389 :303:103 :90 : 105 : 116 : 316 :293 :2t.5tel.6: Sk : 58 : 163 : 13 : 9.5 : 9.1 :1,193 :1,1908
h26 : 208 ;136 :385 :312:112 : 84 90 : 8% : 251 :24 :17.B :e@l.di: k9 - K1 : 116 118 : 7.3 :15.1 :1,280 :1,200B
4.h3 2 199 : 1M8 : k25 ;313 : 105 88 : 108 : 99 : 266 : 22k - 16.7 ¢ AT.k z 53 = 57 : 130 : 117 - 8.1 : 8.2 1,188 :1,000B
4.58 + 22h ;139 : 496 :2357 : 120 :98 : 133 : 83 : 305 : 186 : 1§.0 : 1A : 66 : 33 : 136 : 86 : 7.5 : 6.1 :1,k72B: T90B
L.37 = 180 : 18 : 456 : 294 : 113 11k : 13h o 92 ¢ 29) : 226 : 17.8 : 166 : 49 & 57 @ 1kl : 110 : 10.3 f 6.7 :1,335 :1,135
h,66 : 240 oz 164 : MA9 ;339 : 120 :99 : 150 : 92 : 318 i 207 : 19.% ¢ lb,k : Sk ;3% oz 136 : 98 8.2 1 9.4 :1,483B: 790
.31 : 221 2137 : 470 299 : 122 :97 : 116 : 75 : 267 :209 : 1A% :16,0: %1 : 58 3 133 : 101 : 8.4 : 5.4 :1,363B:1,091
4,33 : 187 ;100 : 455 : 282 : 108 :112 : 116 : 100 : 261 ; 2kl s E.F: 185 ST o+ 37T : 13k :105 ¢ 7.3 : 7.8 :1,280 : 85
k.32 : 255 3201 :Ah2 ;21 :102 101 : 105 : 100 : 249 : 212 : 153,k :I¥E: L8 1 58 : 135 1105 : 8.8 ;5.5 :L,272 : 975
4.58 : 277 2180 :520 :295: 127 :95 : 126 : 101 : 330 :197 : 16,9 :13.3 ¢ 5T ¢ b2 ; 15k & 97 : 9.7 3 7.1 :1,202 : 960
bog ; 211 ;175 : 436 : 337 : 109 : 9% : 99 : 92 : 271 2% :AT.2:rl7.2: Wz 29 : 130 1116 : 8.2 :10.5 :1,232 : 955B
bh9 : 1h2 201 ;384 :32h : 11k 198 : 106 : 107 : 257 : 226 3 iB.1 r3.p: 58 : S0 : 138 : 118 7.3 : 6.3 :1,383 :1,180B
Av. L ¢ 210 : 161 : kb2 : 300 : 113 : 97 : 116 : 95 : 282 :225 :IT.9 r16.h . 53 . k6 : 137 : 109 : 8.4 : 8,1 :1,307 :1,011
Min. 4.26 : 1k2 ;100 : 384 : 241 : 102 : 8 90 :+ 75 : 249 2186 :15.1 :1D0.5: 1 29 : 116 : 8 1 7.3 : 5.4 1,188 : 790
Max., L.66 @ 277 1201 :520 :339 :127 11k : 150 : 116 : 330 : 295 : 2L.% : 2.6 : £ : 58 : 163 : 136 : 10.3 .l rikB3 11,200
5.D.” A5 0 37 : 30 : k2 : 29 : 8 : 8.8: F1GTAC| NIET-] 29 : 28 : 1.7 35 6.6 : 11 7§ 12 : 13 1.0 : 2.7 : 102 : 149
Core of Ginow Fabric 118, Finiew 11k, Fhenolic and Polyester Reain, 1fu-ipoh Celle (Western Frodycte Care BFF 3.5)
69 ; 338 267 : 546 5 ol B G0 90 : 66 : 2% :u6 : 1k.3 : 15.0 : 57 45 129 : 119 : 9.2 : 8.k ; 563 : 688
?,so : 363 - %L 266 8 222 : 52.6 B ;2,8: 32« 83 320 8 25& 20,8 :15.2: 535 ¢ k1 : 16k - 152 :10.7 lor T332 722
5.65 1 342 ;266 k61 1521 : 75.1:82.6: 130 : 835 : 306 :233 :16.6 :13.9 : 57 : 26 : 147 : 110 :10.% : 9.0 : 678 : T63
S.47 @ 219 r2k2 : k55 @ k22 : 71,9 : 78.2: 91 : 71 : 23k 226 :13.1 :1%.2: 5% : 32 : 16 : 113 : 9.5 : 9.2 ; 648 : 712
6.16 : 245 ;266 ; 457 : 496 : 7.9 : 83.0: 116 : 98 : 3ok : 248 :17.9 :14.5: 6L ¢ ky : 157 : 122 110.2 : 9.3 : 598 : 655
5.36 1 290 i 2%2 : 366 : 359 : T7B8.5 : 69.0: 8 : 41 : 240 :200 :14.8:13.0: Lo : 22 : 116 : 8 : 8.8:7.2 : 5% : 610
5.37 1 272 1170 : 435 : h6h : 76.5 : 99.5: 90 : 58 : 224 :209 :13.9:15.0: 53 : 3 i 12k : 98 : 8.8 : 7.k 1 565 : 647
5. : 208 219 :390 : 326 : 62.8 ; 67.4: 99 : 58 : 217 : 18 :12.6 : 14.0: 48 : 26 ; 105 ; 87 & T.h :7.2 ¢ 600 : 598
5.32 : 35k 243 kP11 443 : 79.2 :79.0r 123 : 58 : 232 :175 :13.8:11.8: 4B : 28 ; 112 : 95 : 7.7 :6.9 ; 522 : 615
5.34 : 195 ;243 4o @ 449 : 68,9 : 77.8: 98 : 7k : 234 :p08 :12.7 :1b.1: 48 ¢ 34 2 107 : 9% : 7.0 : 6.5 : 697 : 668
5.43 1 222 1193 410 : 387 : 71.8 : 78.8: 8 : 66 : 197 :197 :13.2 :13.2: 56 : 2% : 113 : 8 8.6 : 7.h : 620 : 570
6.54 ¢ 233 18k k37 . 468 1 77.5 @ 76.2: T4 ¢ 62 : 210 ;184 :11.6 : 12,0 : Wk : 22 : 105 : 84 : 7.9 :6.9 : 678 : 692
i : H H H H H H H : H H 1 H L 14 H
Av. 5.65 3 275 2k 457 463 : 75.1 :80.3: 100 : 68 : 247 : 215 : 146 :13.6: 52 ¢ 32 : 127 i 104 : B.8:8.2 62k : 662
Min., 5.32 ; 195 1 170 : 366 : 326 : 62.8 : 67.4: T oz B2 ;197 1757 s 116 :11.8: ko : 22 : 105 : B84 : 7.0 :-6.5 t 522 570
Max., 6.54 1 %63 136k 1666 : 664 : B8.6:99.5: 132 : 98 : 330 :25% :20.8:15,0: 61 : 45 : 16k : 152 : 10.7 1ot T35 763
8.p.= 38 : 62 ; 51 : 79 : 91: 6 i 9.5: 20 : 15 : k42 : 28 : 2.6 HENOe 6 8 ¢+ 20 : 20 : 1.2 :18 ¢ 63: 57
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Table 1.--Mechanical properties of glass-fabric honeycamb t:m-e_gl (Cont. )

Core : Compression {T) : Shear (TL) i Shenr (W} 1 Tensile
dennity: NPT it e A L S b stremgtnd
: Proportional :Compresalive : Modulue of :  Proportigoal Shear : Froportlooal Shear ] dhaer 3
;1imtt atress Spa:strength Fp ocelastic lt.:r Ep:limit streas r\u_ ntrengt.h !\n_z modulus Gy ilimit otress fy; dtrength Foy o modulus Gmw
= = P e —— e T L L ] am = fm—— '
Dry : Iry : Wal :Dry :Wek : Dry :Wet: DOry : Wet : Dry : Wet ; Dep : Wet : Dry : Wat : Bry i Web : try
{1} : g2} ¢ (3} s {b) e {ml: (B) s fTi: (B) = {9y % 1m) o« { {12; (13} ¢ (1) = {am)o: (X8) = (17 2 U.E}
F.c.f.: 1 P,s,t.: Puu.t, Pas.d. s 1,000: 1,000: B.a,d. = P.e.i.:l‘.n.i. .P.a.:‘..: l!DOG 1,000 A, Poeud.
: T ' E P n,i.:E.EAi.: = pea.lip.eada: 3
Core of Glass Fabric 112, Finish 11k, Nylon-Phenolic Resin, 3/16-inch Cells (Hexcel Products Core NP-§{16-112-6.0)
6.89 600 1 BT e 109 64+ 92 : 460 3333 : 284 :2s0: 92 : 58 : 169 : 8.6 : 1h.7 :1,2%30P 11,1358
6.31 598 : 384 : £93 : 125 : 248 : k52 : W71 :20.0 : 285 : 125 : TH £196 ¢ 10.7 i 10T faiseeind :1,2358
6.41 Ll s bgo : 209 : 175 : 142 : KOS : 33k :17.2 : 28,0 : 100 : 8 D173 : B3 ¢ LA ri.e..e 11,0858
6.00 601 : 377 ¢ £97 : 150 : 1k2 : W79 : 308 :26.0:17.2: 206 : 67 i1k 2 11,8 ¢ 13.2 ;1,280 : ESO
6.40 502 1 461 :92 ¢ 165 : 116 : LB : 266 : o4.8 : 100 : 46 128 : 10.3 : T.6 :1,130 @ TOOR
6.13 523 : 461 :119 : 166 : 123 : 481 : 312 : 23.0 100 88 ;181 : 10.8 ¢ &.6 ;1,780 :1,000B
6.21 : 528 : 415 ¢ £ 97 : 155 & 12 : Lg3 ;256 : 26.7 107 67 : 158 : 11.7 : 11.0 1,28t : 875
6.17 t 350 s 394 298 : 182 : 117 : L31 : 322 : 2k.2 130 84 : 179 : 9.5 @ l0.4 :1,26% 1},1093
6.03 Lol : k29 : $99 : 150 : 100 : 68 : 307 : 20.5 8 88 1155 :12.8 : T.1:1, : fen
6.71 519 1 514 ;115 @ 2bkg ¢ 117 : k8L : 282 : 20.8 133 kel : 147 :10.8 : 3.8 :l,302 : B6OR
6.03 4os : 378 :10h 2 237 0 92 : 426 : 226 : 20.8 92 63 ;130 : 10.1 1 7.9 1,277 : TR
6.1L 420 : h2o £ 97 : 213 : 125 : W31 : 234 : 23.9 207 59 : 116 11,5 & 7.4 11,313} 11,045
Av. 6.28 Loy 433 3102 ¢ 178 : 130 : 456 : 30k : 23.0 106 71 2151 : 10.6 : 9.7 t1,28T0 @ 36
Min. 6,00 350 377 ¢ 192 : 125 : 92 : 405 : 226 : 17.2 8 u6 ;116 : 8,3 : 6.5 ),120 @ £%0
Mu.2 6.89 601 514 : 3119 : 249 : 248 : 493 : k7L : 28.4 133 88 : 196 : 12.8 : 1h,7 1,448 -1,285
s.p.= .28 : & 7 8.7: 37 : b1 o 27 : 64 : 3.2: 15 13 : 25 1.53.- 2.4 B4 : 18
Core of Glass Fabric 21, Finish 114, Nylon-Phenolic Reein, 1/4-inch Cells (Hexcel Products Core NP-1/4-21-6.0)
6.20 97 197 : 867 : 388 :226 H - S8 : 130 : 363 :eo7® 165 :15.9: 66 1 B6 : g2 185 106 Tl
6.39 772 : 274 : 881 o kLT 1D d0e ;115 : I%% : 399 : 3TE : 1y : 3o B @ 58 #h ¢ 1% oz 109 @ 9T ¢
6.33 592 : 171 T8 35F :lef a8 i ke ¢ 1kt : b32 - AMm :ag.s s @bk 6 P2 o 266 : 1R 2.5 ¢ 10.% :
6.35 : 37% i 161 : 670 : @35 =121 s 0 1% ;0 By : Lo8 o osho @ 18 @ k9 : 110 2 F or 258 : 138 : 9.6: 9.3
6.41 ¢ W70 ¢ IhT : ThE PB4 : 16k o+ 165 ¢ kS 1238 185 :29.1: 99 ¢ kg = =28 189 : ST B.3 :
6.51 : 5% 248 H SBE ¢ 129 : 132 : u0h D303 3 19.2 : Db 7R ¢ 5T ¢ EES 1 13T : 1G.R 3.9 ¢
6.32 : 612 175 531 1) WY oz 1B5 . a3 r@ss ;21,5 :lk.2: B6 ¢ S0 : 239 ;D@ M5 5.6
6.37 : 585 197 : 85 95 : 186 : 75 : W68 :212 :23.6:13.8: Th o+ 37 238 : 100 : 12.h : £.9 :
6.23 1 559 : 180 : 765 1 99 201 : 7h o: 453 : 191 : 243 : 10,7 : T 1) 248 9k :12.k - 5.B :
6.27 : 6 ;179 950 $95 : 150 : 100 : 42k : 218 :23.2:10.3: 99 33 267 109 :13.1: 9.5
6.29 : 438 : 202 869 $96 : 167 : 125 : L5 : 298 214 :21.2 : 100 Lo 248 132 : 10.3 : 10.0 :
6.20 : 602 : 126 798 (10 : 151 : 92 ¢ bb7 : 210 :2h.ho:2b9: 84 Lo 2h6 1 :13.0: 8.8
Av. 6.32 : 590 : 188 : 833 : 351 :125 92 ;149 : 115 : 424 : 275 :20.8 : 18k : 85 : 51 : o4 : 126 : 1.4 & Bus :L,%ER o 98
Min. 6.20 : 37% : 126 : 670 : 259 :118 578 98 : Th : 363 :191 :16.5:10.3 : 66 : 33 : 212 : 95 : 9.6 ¢ 5.6 :1,830 : S
Max., 6.51 : T9T = 27% : 950 : hk7 :131 ;i0h ;@01 : 165 : k6B 381 :owk :33.0: 110 ¢ 92 : 267 180 : 13.1 : 10.5 :1,480 :1,350
5.0.5 .092 : 125 ; 41 : 81 : 65 : 3.9 : 9.1: 0 : % : 29 : 66 : 2.6: 6.9: 186 : 16 : 17 : 25 : L.3: L7 b T -
Core of Glass Fabric 112, Finish 114, Phenolic and Polyester Resin, )/16-inch Cells (Western Products Core APF 6 22
7.21 : 295 :3k2 : 611 : 621 : 3 1115 ;07 66 16,6 :15.1: T i 33 : 179 : 90 : 10.6 i 9.5 :1,110 : 97
6.55 : 297 : 370 1631 : 737 : @ 123 = 115 : 66 t21.7 + 217 : 8 i 35 : 157 : 97 : 8.0: 7.6 21,180 :1,012
6.46 : 459 ;470 : T30 : Th6 gé :205 : 138 75 25.3 119.1: 7T + 35 : 180 : 101 : 12.3 : 10.9 :1,053 :1,068
6.51 ; 419 1 46 : 585 : 6h2 : (111 ;124 ¢ 70 11606 21,1 : 45 . 35 i 150 : 95 : 9.5 : 7.0 :1,057 :1,028
6,31 : 509 : UBT 62k : 676 : 5fl :112 ;. 148 ;63 £ 202 :19.0: 57 : 21 : 159 : 8 :11,2: 6.4 : 977 :1,003
6.51 : 506 : 339 : 628 : 696 :100 £ 99« 16k o TH : 2.6 :17.1: 78 : 27 : 171 : 98 : 9.9 : 6.8: 950 :
6.45 ; S84 1 k37 : 610 : 684 ; 3d 121 - 115 95 .22.8:21,5: 66 : 21 164 : 84 :10.7 : 5.6 :1,130 :1,022
6,26 ; h35 2510 :635 : 136 1 56 :108 @ 132 : B3 se5.8:22.0: T8 27 200 : 100 14.0 : 7.9 :1,107 :1,007
6.08 1 470 ;U39 : 693 : 632 : 9B 202 ¢ 149 8L 1 22,9 :20.2: T : 35 :@ 159 : 133 9.5 ¢ 10.6 :1,007 : 922
6.1% ¢ 391 : 506 1 630 : 783 I (120 ¢ 148 73 ; 18.5 : 21.6 62 27 : 180 :113 :12.9 : 8,1 :1,117 :1,122
6.20 & 485 :565 791 : 785 :10% :110 @ 165 : 130 : 25.1 : 26.0 8 35 1 238 158 15.2 : 10,0 :1,013 :1,092
6.46 ¢ 627 : 391 : 64k : 666 : 30 102 197 : 113 2 25,0 - 24.8 ¢ A 39 18 120 10.9 : 8.6 : 5 :1,043
H 4 I H 4 H H H H H
Av, 6.43 + 456 k42 =651 : 700 3 8 :111 ;. 12 o 82 ;21,6 : 20.8: 7O 31 177 106 11.2 : 8.2 :1,056 :1,021
Min. 6.08 : 295 :339 ;58 62183 :99 : 107 : 63 :16.6 ; 15,1+ 45 21 : 150 : 8& : B.0: 5.6 : 930
Max., 7.21 : 627 3565 : 791 : 785 ;109 1123 ¢ 197 : 130 ;25,8 :260: 8 + 39 ; 238 :158 :15.2:10.9 i1, 1Bo 1,122
s D8 .29 : 100 : T : 53 : 561 5 =z 8 3 26 : 20 : 3.9 3.0: 11 = 6 24 : 22 : 2.0 : 1.7 : 56
: 1 H i = = I H L = H
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Table 1.--Mechanical properties of glass-fadric honeycomb co:-enl {Cont.)

Core : Compressicn (T) : Shear (TL) : Shear (TW) : Tensi.
density: H A e e e e e e e e 3 strengt!
: Proportional :Compressive : Modulus of : Proportiomal : Shear 2: Shear : Proportional : Shear 8 Shear B
:1imit stress fp:strength Fy :elasticity Ep:limit streee fqy: strength Fyp : modulue Gpy :limit stress fpy: strength F'm-}" modulus Gy ¢

DryDry :Het;Dry:Hst:Dry :Wet : Dry : Wet : Dry : Wet : Dry : Wet : Dry :Het:Dry:Het;Dry:Het;Dry: Wet

(1) : 20 : (3): (W) : ()1 (6) : (7 : (B) : (9) :(10) : (1) : (22) ¢ (13) : (W) 1 (15) : (16) : (17) : (38) 1 (29) ¢ (20) : (21)

P.n.t :P.a.d. tP.s.di.

.8.14 1,000 :1,000: P.s : P.o.4,: P.8.1,:P.8.1.: 1,000: 1,000: P.s.1, ¢ P.s.i.: P.8.1.:P,8.1,: 1,000: 1,000: P.s.f : P.8.1.
: : 2.!.1.:2.!1:: : : : sp.8.i.:p.s.i.: : : : :p.a8.i.:p.0.1,: H

Core of Glass Fabric 112, Finish 136, Polyester Resin, 3/16-inch Cells (Western Products Core A9-136

8.19 680 : 317 : 82 : Lop: N2 : 85 : 257 : 104 2277+ 19.T: 9 : b : 212 :100 :10.8: k2i._.....: 68
8.08 : 78 : 379: 780 : 50k: 118 : 97 : 231 i...,,. : 24,0 : 81 : 33 : 21k : 85 : 10,6 : 3.5 : 1,105 : 642
8.70 : 704 : U3 : 983 : 536: 120 : s 228 2 : 28,3 : 106 : 33 r 22 : 93 :10.3 : 4.8 :1,162: 597
8.05 : 621 : 386 : 95 : s50k: 110 :102 : 276 : 104 $29.1 :14.8: 206 : 53 : 231 :129 :1.2: 8.2:1,127 : TOB
8,09 : 5% : 367 : 879 : 372: 110 :85 : 248 : 122 : £30,7:21.5: 138 : b1 : 229 :109 : 9.7: 5.7 : 1,217 : 680
7.93 614 ¢ 390 : 761 : S5Th: 109 :92 : 249 : 97 : $33,1;21.1: 125 : 32 : 230 105 :10.9 : k.9 : 1,047 : 525
8.59 515 : 420 :1,005 : kilh: 121 07 : 266 : 89 : 2 26,1 2 18,3 fuuuagannr 36 tiiiaiant 10T oiaaar 5.b @ 1,203 ¢ 808
8.T3 : T39 : 366 :1,060 : 458: 122 190 : 262 : 16 : 31 : 348 :29.5:19.0 : 12k i K9 : 23k 115 111 : 5.9 f L,26T oopieeer
7.0 : 491 : 37k : Th5 : 425: 1k : 95 : 162 : 130 : 462 : 33 :29.8:156: 130 : 53 : 1120 ¢ 10.8 : 5.7 : 1,223 : 850
8.46 : 581 : 370 :1,000 - 479: 117 : : 213 ; 103 268 :28.0:125: 90 : 37 : 229 :121 :10.3: 5.6 : 1,08 : 690
7.87 5T¢ : h92 : 853 : 549: 118 103 : 16k : 81 : 438 :279 :27.5:16.9: 107 : 33 232 : 92 :11.3 : 4,3 ;1,507 : 883
8.03 500 : 459 : 848 : 598: 115 :97 : 16k : 131 : SO7 : 264 :31.5:157: 90 : 45 : 19 : 119 - 8.3 : 5.3 : 1,350 : 967
Av. 8.15 : 623 : 3% 885 : L84: 116 9% : 227 : 115 : k8 :317 :28.8 :17.7: 108 - 41 : 223 :108 :10.5: 5.3 : 1,190 : T30
Min. 7.03 : 491 : 317 : Th5 : 372: 109 :85 : 162 : 8 : 438 :26h :28.0:125: 81 : 32 : 19 : 8 : 8.3 : 3.5 : 1,087 : 525
Marx., 8.7 780 : k92 :1,060 : 598: 122 :107 : 276 : 162 : 531 : 349 :33,1:21.5: 138 : 53 : 23k 129 :11.3: B.2:1,350 : 967
5.D.5  .h6 87 : AT : 104 : T2 A5t 7.5t b2 : 25 : 27 : 34 : 2M: 29: 19 : 7.9: 1?2 : W% : .9: L2: 96: 132
Core of Glass Fabric 21, Finish 11h, Phenolic Resin CTL-Q1[p 1/4-inch Cells (Hexcel Producta Core CTL-1/4-21-8.0
|
8.37 : 1,108 : 845 :i,527 :1,525: bk 151 : 264 : 150 : 6;3 : 4628 : 34,3 : 34,0 130 : 199 : L6l : 382B : 20.3 : 23.k : 1,340B:1,180B
| 8,32 : 1,013 : 836 :1,576 :1,891: 150 156 : 209 : 233 : 598 :LOTB :35.B : 320 : 159 : 198 : L4k - 384B : 16,0 : 20.7 :.......:1.260B
8.38 : 86z : 952 :1,450 :1,b12: 157 :158 : 45 : 21h : 589 : k63B : 37.4 : 30,7 : 18 : 148 : L14 : BO2B : 15.0 : 20.k :
i 8.30 : 1,339 : Tho :1,413 :1,161: ks 15 : 208 : 181 . 525 : W65B :2h.2 :29.8: 175 : 182 : 384 : ho2 : 14,9 : 16.9;
8.01 : 899 : B4 :1,180 :1,136: k¥ s ;263 236 : 578 :396B : 24.1 : 36.3 : 192 : 200 : M7h : 375B : 21.6 : 20.8 ;
8.25 : 1,34k : 838 :1,7hh :1,b60: 14 160 - 197 232 : 565 3 513B : 35.7 : 29.2 : 202 : 190 : LMk : L0IB : 17.1 : 23.2 I,,..r..i1,300
8.32 : 990 :1,262 :1,480 :1,kB0: 160 :1AG ¢ 247 W8 : 556 :217B : 33.4 : 298 : 133 : 184 : 379 : 3398 : 17.1 : 13.1 : 1,190 :1,0108
8.17 : 1,120° :1,228 :1,270 :1,568: 150 15T ¢ 263 200 : 548 : 383D : 26,8 :25.3 : 12k : 158 : L16 : 269B : 20.7 : 20.1 : 1,170 :1,170
8.35 : 1,060 :1,390 :1,542 :1,830: 158 159 ¢ 271 : 20k : 599 : boB : 28.7 :23.1 : 126 ; 116 ; 417 : 316B : 18.1 ; 18.8 : 1,307 :1,325B
8.19 : 950 :1,257 11,798 :1,6k6: 16 :158 ¢ 285 . 159 . 58 : 29UB : 27.6 : 24.6 : 14k ; 190 ; b13 : 280B : 17.0 : 21.2 : 1,168 :1,145B
8.05 : 895 :1,037 :1,57% :1,172: 198 :150 : 2635 : 100 : 542 : 193B : 26,7 : 32.4 : 173 : 17k : W27 : 220B : 20.2 : 26.8 : 1,283 :1,125
8.09 : 1,153 :1,280 :1,31% :1,308: 1% :15% : 282 : 198 : k2 : 37IB : 22.6 : 25.h : 166 : 167 : k29 : W8 :18.2 : 17.7 : 1,232B:1,205B
H o * H t H H H H H H H H 1 H H H : :
Av. 8.25 . 1,058 :i,043 :1,h50 :1,399: 19% 1% : 250 : 188 : 568 : 384 : 29.8 :29.3 : 156 : 176 : 425 ;351 : 18,0 : 19.4 : 1,21 :1,218
Min. B8.01 : 82 : Th9 ;1,180 :1,1%: 1a ke : 197 : 100 : 525 : I93B : 2.6 :23.1 : 12k : 16 : 379 :220B : 14,9 : 13.1 : 1,168 :1,010B
| Max.p, 8.38 : 1,34k :1,390 :1,790 :1,6h8: 161 :16% - 285 ; 236 : 625 :513B : 374 : 26,3 : 202 : 200 : A7k : B18 : 21.6 : 23.4 : 1,340B:1,430B
. S.D.= .13 : 160 : r 8L : 211: |-l EHC S ] 30 3 k2 : 30 1010 : 5.2: 40: 26 : 25 : 28 : 62 : 2.2 2.9 : 69 : 108
Core af Glmwa Fabric 112, Finlsh 136, Folyester Sesin, 1/b-ineh Calls (Western Sroducts fore BE-136)
8.5, 901 : 322 : g9uL: 565: 102 : 70 : 15 : 66 : 3%k :230 :17.7 : k.0 : 66 : 37T : 212 ;120 :11.2 : 7.5: TI0: W37
8,25 : 674 : 258 ; Big: ATh: 96 :65 : 139 : T3 : ;215 :18.0:11.2: 67 : 49 : 185 :105 :10.2: 5.8: 785 : L3
8.5 : 6% : 335 : 310 : 593: 106 :75 : 19 : 117 : 351 :287 :2L.2 : 140 : 62 : ¥ : 196 : 9 ;1.7 : hd: 780 : ko2
8.70 : BW7: 93¢ ¢ 596: 100 :72 : 132 : 165 : 312 :260 :20.2:105: 8 : k1 : 199 - 118 : 11k 6.2: T : b8
, 8.05 : 493 : 249 ; Boo - 506: 9k :68 : 137 : 88 : 32h :211 :16.3 :208: 57 : b9 198 : 107 3100 : 6.0: T2 : 405
_ 8.78 : 64 : 373 551 @ 639 9% T3 146 97 304 219 :15.3:125: 65 : M 8 : 95 :10.6 : 5.1 : T3 : 533
7.57 470 @ 233 : 505 $ 71 ¢ 1k 12k - 312 :20h :17.6: 8.5: 66 : 45 : 218 ;12 :109: T.1: TH: 398
8.59 581 : 393 : B55 582: 108 : 7k : 147 90 369 206 :20.2:11.3: 66 : 45 : 206 :115 ;104 : 6.3 : 757 ;i 560
1 8.24 370 : 340 : 511 ; 6M3: 96 79 : 138 T35 : 34k 213 :21,1 :11.1: 65 : 46 185 : M6 : 9.6 3 T.2: 1B 59
7.9% 1 660 : 345 : Thl : 535: 102 :65 : 16 : 111 : 332 :239 :17.3 :10.7: 65 i 50 202 :12h :10.1: 6.5: 803 627
8.54 : 786 26 1,007 : 632: 108 79 ¢ 129 : T3 : 306 :238 153 :108: 63 : 37 201 : 120 :20.5: 6.5: 680 : 638
8.15 : 539 : 34 : mlk : S6h: 106 : 8 ;. 15k : 90 : 267 248 :18.8 .11 : 66 : 37 179 : 110 : 9.7 : 5.8: T80 : 552
Av. 8.32 : 639 : 324 : B8 : S5T1: 100 : T3 : 137 : 97 ¢+ 32k 2% :18.2 :125: 67 : 43 : 195 : 111 :10.5: 6.2 54+ 522
Min. T7.57 : 370 : 233 ; 7kl : k7h: 90 :65 : 1k 66 : 287 206 :15.3: 8,5 : 57 37 :+ 178 9% : 9.6 : L. 680 : 405
Max,, 8,70 : 901 : 393 ;1,007 : 6h3: 108 : % : 154 : 165 : 369 : 287 :gl.2 :1lh.1: : 50 : 218 ; 124k : 11,7 : 7.5 803 : 638
} SDS U4 : 161 : 50: &9 : 56 6.0: 5.4 13 28 : 26 24 : 2.1 : 3.1 : 6.8 : 4.8: 13 - 9.6: .7 : .9 37 :
(Sheet 3 of 4)
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1
Table 1.--Mechanical properties of glass-fahric honeycamb cores~ (Cont.)

Core : Campreesion (T) g Shear (TL) : Shear (TW) : Tensile
density: CCECELEEE LT LT ERE T —— g EELEEELTE IR strengt
: Proportional :Campreesive : Modulus of : Proportional @ Shear 2: Shear : Proportional : Shear 8 Shear
:1imit stress fy:strength Fr :elasticity Br:limit stress frr: strength Fpp“t modulus Gpp, :1imit stress fmy: strength FTVZ’ modulus Gy :

Dry:Hat;Dry : Wet : Dry : Wet : Dry : Wet : Dyy :Het:'Dry:Het;Dry:Het.:

(6) : (T : (8) : (9) :(10) : (L) : (12) : (13) : (1b) : (15) : (16) : (17) : (18) : (19) :

n: 26 : 2l

:P.s.di. :P.8.1.:P,8.1.:P.84: 1,000 :1,000: P.s.1i, : P.s.1.: P.8.1.:P.s.1.: 1,000: 1,000: P.6.1. : P.s.1.: P.s.1.:P.e.1i.: 1,000: 1,000:
g : g g B g.s.l.:g.s.l.z 8 g : :E.a.I.:z.s.I.: g g :p.8.i.:p.a.1.:
Core of Glase Fabric 112, Finish 11k, Nylon-Phenolic Resin, 3/16-inch Cells (Hexcel Products Core NP-3/16-112-9.0)

9.23 83k : 300 :1,252 : 526: 137 :100 : 321 : 13 : 568 : 376 :29.0 :25.9 : 116 : 99 : 355 : 208 : 12.6 : 9.5 : : 1,130B
944 936 : 248 31,318 : 511: 136 97 : 19k : 108 : 60k : k15 : 334 : 28,0 : 106 : 132 : 396 : 270 : 16.3 : 1k.0 : 1,090B
9.23 989 : 318 :1,550 : 510: 133 :103 : 318 92 : 627 : 346 28,0 :21.6 : 108 : 108 : 405 : 220 : 4.6 : 12.3 :. 1,370B
9.32 805 : U433 :1,612 : 517: 150 :102 : 279 98 : 586 :325 :29,5:16.7: 18 : 75 : 358 ;160 : 15.2 : 9.2 9958
9.32 765 : 520 :1,513 : 684: 16k :130 : 313 : 172 : 638 : 371 :36.1:26.6 : 125 : 62 : 35k ; 187 : 1h.1 : 10.6 8708
8.93 : 914 : 35k :1,h70 : 622: 1B :101 : 231 1 102 : 573 : 340 : 32.0 : 20.5 100 @ 50 : 372 :13178 :15.4 : 9.8 1,0858
8,90 :1,038 : s5Lo :1,b7h : 557: 153 :110 : 27 : 109 : 61b : 168 :33.7 : 1k.3 : 109 : 75 : 34k 181 ; 15.1 : 10.0 : 995B
8.89 : 1,022 : 524 :1,563 : 616: 152 :106 : 300 : 151 : 605 : 330 : 32,3 : 14.6 : 132 : 58 383 166 : 17.2 : 8.5 715
9.16 930 : 381 :1,512 : 632: 159 :110 : 184 : 175 : 615 : 340 : 31.% : 16,7 : 115 71 381 185 : 14.8 : 9.8 460B
9.08 : 8% : 278 :1,507 : 489: 154 :98 : 264 : 132 : 609 :25% :31.5 : 10.7 : 100 : L1 351 : 125 : 15.4 : 5.7 9058
9.16 : 1,057 : 450 :1,621 : 705: 159 :116 : 29k : 110 : 608 : 371 : 29.h : 18.8 11k 62 : 393 86 :18.1: 9.5 790
9.23 : 890 : 495 :1,683 : 673: 167 :121 : 360 : 13h : 655 : 412 : 36.0 : 22.5 : 13k 62 : 393 179 : 17.8 : 9.9 840
Av. 9.16 918 : 403 :1,506.: 587: 151 :108 : 275 : 127 : 608 :337 :31.9 :19.6: 1k : 75 : 374 : 178 : 15.6 : 9.9 937
Min. 8.90 :. 763 : 2L8 :l,252 : k89: 133 :97 : 18k 92 : 568 :168 :28.0:10.7: 100 : 50 : 344 : 8 :12.6 : 5.7 : 1,265 : LEOB
Max., 9.hh 21,057 : 540 :1,683 : 705: 167 :121 : 360 : 175 : 655 : W15 : 36.1 :28.0: 134 : 132 : ko5 : 270 : 18.1 : 14.0 : 1,512B; 1,370B
$.0.5 .18 9% ok ; 122 77: 11 : 10 53 = 28: 25 : 68 : 2.6 : 5.2 : : W6 2 1.6 2.0 : 90 : 232

1
“Tusts were conducted on specimens conditiomed to constant weight at 73° F. and 50 percent relative humidity designated as "dry"; end on specimens exposed for
60 days at 100° F. and 100 percent relative humidity (tested at T3*® F.) designated as "wet".

gvS . D.--standard deviation.
2]3- -designates bond feilure.

M 110 k15
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/2

3

MAXIMUM AND MINIMUM CORE DENSITY (BRC.E)
)

D z 4 & 8 10

AVERAGE CORE DENSITY (PC.F)

Figure 1. --Range of core density for glass-fabric honeycomb cores
at 73* F. and 50 percent relative humidity.
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Bept. No. 16861

2 4 & 8
CORE DENSITY (PC.F)

Figure 2. --Yariation of resin content with core density for
glass-fabric honeycomb cores.
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Figure 3. --Minimum, average, and maximum compres give
strength values of glass-fahric honeycomb cores at 73° F.,
50 percent relative humidity.
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Figure 5. --Apparatus for shear test showing steel plates,
specimen, and dial arrangement for measuring deforma-

tion between plates.

(M 83718 F)
.7

Rept. No. 1861




700

LEGEND:
Q 112 FABRIC, 114 FINISH gi. I
N-Fh
600— A 21 FaErRic, 114 FINISE l
- OO0 112 FABRIC, 136 FIKISH
_ i{i P PCLYESTER RESIN
: 500 — P PHENILIC RESIN |
= N RYLON N-Ph
=]
[L |
N-Ph
oy 200
l
2 )
= | oPh-P
- ‘? 7 P
Iﬁl:'l 300' 5
I_G'; N‘H’Ii O
% OFh-F
¥
@ 200, &
O Ph
.-'r:?c;"
% 2 4 &€ & i0

W, CORE DENSITY (RCF)

Figure 6, --Minirmurn, average, and maximum TL shear strength

values of glaes-fabric honeycomb cores at 73° F., 50 percent
relative humidity .
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12

Grw, SHEAR MODULUS IV TW FPLANE (1,000 PS.1.)

0 10 20 30 40 50
Gr, » SHEAR MODULUS IN TL PLANE (1000 RS.1.)

Figure 9. --Comparison of shear moduli Gy, and Grw of
glass-fabri¢ heneycomb cores at 73° F., 50 percent

] 99 G relative humidity.
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Figure 10.--Test apparatus for tension flatwise test of sand-
wich core material showing specimen and fitting for apply-
ing load.
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strength of glass-fabric honeycomb cores at 73" F., 50
w110 31 Percent relative hurnidity. P

Rept. Ho, 1861 =28u




200 — ]
/60 r/
3 /
& /
(y
ﬁ;;ﬁkﬁ
~
% /
S /
% 80 -l
e /; LEGEND: ;
W .
“g CORE COEDITIORED AT 73" F.,
Q /' 50 PERCENT RELATIVE HUMIDITY
L / fﬁl = 130 p.osls; Fp= 193 PaBels,
40 | Ep = 45,000 p.s.d. |
/ — = (ORE EXPOSED FOR 60 DAYS AT 100° F.,
W/ 100 EEREEHT-RELAEEvE HMIDITY
tr g 13 eRiBadp s 41T Beoede
ATERA&'.—' GG!;?E DENSY ?"?r J46 EG‘.::'?
i

7] 0002 Q004 0.006 Q008 GO0
COMPRESSIVE STRAIN
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phenolic resin, l/4-inch cells {Western Preducts core BPF
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Figure 13. --Compressive stress-strain deeign curves for glass-
fabric honeycomb core of fabric 21, finish 114, nylon-phenolic
resin, 1/4-inch cells {Hexcel Products core NP-1/4-21-4.0}.
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Figure 15.--Compressive stress-strain deeign curves for glass-
fabric honeycomb core of fabric 112, finish 114, nylon-phenelic
resin, 3/1b6-inch cells, {Hexcel Products core NP-3/16-112-
6.0}
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resin, 1/4-inch cells (Hexcel Products core NP-1/4-21-6.0].
M 110 396
1841 B3




700

600

500 - ” S

400 £
/

S

LEGEND:

CORE CONDITTONED AT 73° F.,
50 PERCENT RELATIVE HUMITDTTY
fT = 295 P-ﬂii-, FT = 583 PIE'iI

COMPRESSIVE STRESS (FS.7)

200 Ep = 58,000 p.s.i.
— — (CRE EXPOSED FOR &0 DAYS AT

150° F., 100 PERCENT RELATIVE
HUMIDITY. fp= 339 p.s.l.,
FT = 521 PIEIil,

100 ET = :I_‘LE,ODG DeBsls

AI;’E:‘?AG‘E G‘ﬁ:ﬁf QENS!]T Y 643 PF‘.F
o
o 0002 Q004 Go0e o008 Q.0/0

COMFPRESSIVE STRAIN

Figure 17. --Compressive stresa-strain design curves for glass-
fabric honevcomb core of fabrie 112, finish 114, phenolic and
polyester resin, 3/16&-inch cells {Western Products core APF
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Figure 18. --Compressive stress-gtrain design curves for glasa-
fabric honeycomb cores of fabrie 112, finish 136, polyester
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Figure 19. --Compressive stress-strain design curves for glass-
fabric honeycomb cores of fabric 21, finish 114, phenclic resin
CTL-91LD, 1/4-inch ceils (Hexcel Products core CTL-1/4-21-
8. 0).
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Figure 20, --Compressive stress-strain design curves for glass-
fabric honeycomb cores of fabrie 112, finish 136, polyester resin,
1/4-inch cells (Western Products core B2-138).
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Figure 21. --Compressive stress-strain design curves for glass-
fabric honeycomb core of fabric 112, finish 114, nylon-phenolic
resin, 3/16-inch cells {Hexcel Producte core NP-3/16-112-%.0).
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Figure 22. --Shear stress-strain design curves for glass-fabric
honeycomb core of fabric 112, finish 114, phenolic resin, 1/4-
¥ 110 ko2 inch cells (Western Products core BPF 3.5).
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Figure 213. --Shear stress-strain design curves for glass-fabric
honeycomb core of fabric 21, finish 114, nylon-phenolic resin,
1/4-inch cells {Hexcel Products core NP-1/4-21-4.0},
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Figure 24, --Shear stress-strain design curves for glass-fabric
honeycomb core of [abric 112, finish 114, phenolic and polyester
resin, 1/4-inch cells {Western Products core BPF 5. §).
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Figure 25. --Shear stressg-strain design curves for glass -fabric
honeycomb core of fabric 112, finish 114, nylon-phenolic resin,
3/16-inch cells {Hexcel Praoducts core NP-3/16-112-6.90).
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Figure 26. --Shear stress-strain design curves far glasg-fabric
honeycomhb core of fabric 21, finish 114, nylon-phenolic resin,
1/4-inch cella (Hexcel Products core NP-1/4-21-6.0).
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Figure 27. --Shear stress-strain design curves for glass-fabric

honeycomb core of fahric 112, finigh 114, phenolic and polyester
Tesin, 3/16-inch cells {Western Products core ADPF b, B).
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Figure 28. --Shear stress-strain degign curves for glags-fabrie
honeyecomb core of fabric 112, finish 136, polyester resin,
3/16-inch celle {Western Products core A9-136).
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Figure 29. --Shear stress-strain design curves for glass-fahric
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Figure 30, --Shear stress-strain design curves for glasa-fabrie
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1/4-inch cells (Western Products core B8-136),
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Figure 31. --Shear stress-strain design curves for glass-fabric

honeycomb core of fabric 112, finish 114, nylon-phenolic resin,
3/16-inch cells (Hexcel Products core NP-3/16-112-9.0).
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