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Summary

The results of a number of bending tests made on several sandwich construc-
tions are compared with values computed according to_ the mathematical analysis
given in Forest Products Laboratory neport No. 1505,_ and reasonable agree-
ment is found. This analysis obviously does not give accurate results for
certain extreme constructions. A new analysis is presented that should yield
better results for these constructions. It is shown that the two analyses
agree for usual constructions. WNeither analysis is suitable for very short
beams. It is also shown that if the modulus of rigidity of the core material
is not uniform over the length of the beam, the use of the arithmetical average
in the formulas will not yield proper results; a lesser value, dependent upon
the amount of ununiformity, is required.

lThis progress report is one of a series prepared and distributed under U.S.
Navy Bureau of Aeronautics No. NBA-PU-Nier 01019, 01077, and 00938, Amend-
ment Nos. 1 and 2, and U.S, Air Force No. USAF-(33-038)51-L0OG6E and 51-L326-E.
Results here reported are preliminary and may be revised as additional data
become available.

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

3Flexural ngldlty of a Rectangular Strip of Sandwich Construction," by H.W.
March and C, B, Smith. Forest Products Laboratory Report No. 1505.
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Introduction

The mathematical development in Report No. 1505 (of which this report is a
supplement) is based on a stress function in the form of a polynominal (see
"Theory of Elasticity," chapter 2, by Timoshenko). The polynominal used L
(equation 10 of Report No. 1505) is the most general one that can be used .~
The use of this polynominal limits the number of conditions that can be imposed
at the clamped end of the cantilever beam to three and, of course, also imposes
the conditions that the stress distributions across the clamped end of the
cantilever be those derived from the stress function., In a test such stress
distributions cannot be assured; but, according to St. Vennant's principle, the
stress distribution at a distance from the clamped end is not disturbed by
the particular statically equivalent stress distribution applied at the end,

The three conditions applied at the clamped end are given by equations (46),
(47), and (48) of Report No. 1505. The application of these conditions yield
reasonable numerical results, except when the modulus of rigidity of the core
is exceedingly small or the facings are guite thick.

When two such cantilever beams are put together to form a single, centrally
loaded beam, the longitudinal displacements at the central cross section of

the beam should be zero at all points on the section as well as at the three
positions indicated by equations (46), (47), and (48), The mathematical develop-
ment in Report No. 1505 does not satisfy this condition; in fact a solution
satisfying these conditions even for beams made of a solid isotropic material

is not available,

The form of the equation for the effective stiffness (equation 65 in Report No.
1505) is such that when the modulus of rigidity of the core is reduced to zero,
the effective stiffness is also reduced to zero. This is obviously incorrect
for this extreme case, because the stiffness of the individual facings is still
present. It is correct for the conditions expressed by equations (46), (47),
and (48), and is numerically correct for the test conditions, as the tests
indicate, except for the extreme constructions previously described.

A new mathematical analysis is given in the appendix of this report that may be
applied to sandwich constructions having thick facings and cores of small moduli
of rigidity. This analysis is based on certain simplifying assumptions that
are made at the beginning of the analysis, which, Jjust as in Report No. 1503,
avoid an accurate description of the situation in the vicinity of the loads
and reactions. They approximate the conditions in a test at positions in the
specimen not too close to the loads or reactions. The effective stiffness
obtained from this new enalysis reduces to that of the individuel facings when
the modulus of rigidity of the core is reduced to zero. The equations derived
from this analysis are shown to agree with those of Report No. 1505 for usual
sandwich constructions, except for specimens tested on very short spans. Fer
such  specimens, neither analysis is suitable because all parts of the speci-
men are too close to the loads or to the reactions.

EIt would seem that a more general one could be used, but it is found that the

coefficients of the added terms must be zero for the particular problem
investigated.
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It has been noted that the modulus of rigidity of the core of a sandwich con-
struction determined from date from bending tests is usually less than that
obtained from shear tests of the core material in which the shear strains are
substantially uniform throughout the material. It is shown that this differ-
ence is due largely to veriations in the modulus of rigidity of the ccre mate-
rial along the specimen.

A considerable number of bending tests on various sandwich constructions were
made, and the results were compared with those computed by the method of
Report No. 1505, The agreement between the test and the computed values is
reasonably good.

Description of Test Specimens

The test specimens were cut out of sandwich panels as shown in figures 1 and
2. Thirty such panels were used and 29 of them were numbered consecutively.
The thirtieth panel was & duplicate of panel No. 8 and was numbered 84, Each
specimen was cut to a nominal width of 1 inch, and to a length noted on the
specimen, as shown in figures 1 and 2. The lengths ranged from 36 to 6 inches.,
" The specimens were arranged in duplicate pairs, with one of each pair being
marked T and the other B, Fach specimen number therefore consists of the
number of the panel, the letter of a pair, and a number indicating the length.
Thus the number 2T18 indicates the specimen marked T of the pair of 18-inch
specimens cut from panel number 2,

The panels were made of various facing and core materials of various thick-
nesses. The facings on one side of panels 1 to 10 (excepting panels 4 and 7)
were different in thickness from the facings on the other sides of these pan-~
els, Panels 11 to 29 had facings of the same thickness on each side, The
facings were either glass-cloth laminates ranging from 0,006 to 0.024 inch
thick, or aluminum ranging from 0,012 to 0.032 inch thick. The cores were
end-grain balsa wood ranging from about 1/4 to 3/4 inch thick, cellular
cellulose acetate ranging from about l/h to 1/2 inch thick, or paper honeycomb
ranging from about 3/6 to 3/4 inch thick. The constructions of the various
specimens are given in table 1.

The glass-cloth facings were made from a basket-weave, heat-cleaned glass
cloth (No. 112-11%4), 0,003-inch thick, and a laminating resin of the poly-
ester type (resin No, 1), The laminating was done directly on the core mate-
rial (wet-laminating) with 40 to 45 percent of the resin,

The aluminum facings were 24ST clad conforming to specification AN-A-13. The
dented, wrinkled, and contaminated sheets were climinated by visual inspection.

The cellulary cellulose-acetate cores were made from extruded material contain-
ing about 3 percent of chopped glass. fibers. The material, as received, was
about 5/8 by 5-5/8 inches in cross section, from 4 to 10 feet long, and was
covered by an outer skin that was removed prior to the manufacture of the core,
The density of the remaining material ranged from 6.0 to 6.8 pounds per cubic
foot. It was glued edge to edge to form the cores,
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The balsa cores were made from wood having a density range from 5 to 8 pounds
per cubic foot. The wood was conditioned to a moisture content (5 to T per-
cent) substantially in equilibrium with the atmosphere of the workrooms. The
individual boards were surfaced four sides and then cut across the grain into
slices that were glued edge to edge to form the cores.

The paper honeycomb cores were made of 4,5-mil kraft paper by the method
described in the appendix of NACA Technical Note HNo. 15292.

Specimens of the core materials matched as closely as possible to the core mate-
rials of the panels were obtained and were tested as subsequently described.

Description of Tests

The specimens were tested as beams. They were supported an inch from each end,
and two equal, symmetrically placed loads were applied, as shown in figure 3.
The specimens marked T were placed so that the marked facing was subjected to
compression; those meriked B were placed so that the marked facing was subjected
to tension. The thicknesses of the facings with respect to these markings are
given in table 1.

The deflections, over the complete span, of the specimens were read by meens
of a dial gage (0.00l-inch minimum reading) as the loads were simultaeneously
applied. Thus load-deflection curves were obtained. The values of the maximum
loads and descriptions of the failures were recorded.

Fine-wire resistance gages were affixed to the centers of the tension and com-
pression facings at the centers of the specimens, and the strains were read at
the various loads., Thus strain-load curves for the outside surfaces of each
facing of each specimen were obtained.

The specimens of core material were tested in shear by the method described in
Forgst Products Laboratory Report No, 1555, page 13, starting with paragraph
36.8

Discussion of Mathematical Analyses

The mathematical analysis given in Forest Products Laboratory Report No. 15052

is exact; but it assumes that both facings are hinged at the positions of the

loads and of the reactions, and that the shear stress is distributed across the

core in certain ways at these positions (see Introduction). These assumptions

are quite satisfactory for usual sandwich constructions. They are unsatisfactory

only when:

5"An Investigation of Mechanical Properties of Honeycomb Structures Made of Resin-
impregnated Paper,” by C. B. Norris and G. E. Mackin., National Advisory Com=
mittee for fieronautics, Technical Nyte No., 1529.

O"Methods of Test for Determining the Strength Properties of Core Material for

Sandwich Construction at Normal Temperatures.”" Forest Products Laboratory
Report No. 1555. Revised 1948,
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» The modulus of rigidity of the core is exceedingly small.
. The span of the beam is very short.

« The facings of the sandwich are thicker than usual.
 Conditions close to the loads and reactions are examined,

FW O -

An approximate analysis in which this assumption is not made is given in the
appendix of this report. The assumptions made in this analysis are:

» The shear stress in the core is uniformly distributed across the core.

The stresses in the core, other than shear, are neglected.

The shear strains in the facings are neglected,

The curvatures of the two facings are assumed to be equal at any
section of the sandwich.

O -
e o

This analysis should be reasonably accurate except in the neighborhood of the
loads and of the reactionms.

The following discussion compares the two analyses as applied to the tests
described in this report. It is found that the two analyses are in close agree-
ment except 1in the determination of the shear stress at failure in the sand-
yich beams tested over very short spans., For these beams it is likely that
neither analysis yields results of sufficient accuracy because of the local
effects of the concentrated loads and reactions.

The sandwich strips tested were supported necar their ends and loaded at two
positions equidistant from their centers as shown in figure 3. Load -- central-
deflection curves were plotted. Strains at the top of the top facing and at
the bottom of the bottom facing at the center of the beam were measured by means
of metalectric strain gages and plotted against the load.

Central Deflections

The central deflection as given by the method of Forest Products Laboratory
Report No. 15051 is:

A

r yd N
_-Eb I a b2 he
W—ELE +ab+"—<l+7’7-—-———

5 ey (1)

in which the value of 7 is given by eguation (73) and of D by equation (61) of
that report. For usual sandwich construction the modulus of elasticity of the
core is so small that the terms in these gquations involving

Ap

Ae

el et
Hla

°
I
e

in which E, and Ef are the moduli of elasticity of the core and the facings,

respectively, in the direction of the length of the strip, and Ao and)\f are

the values of (1 - Txy %yx) associated with the core and facings, respectively;
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in which Ty and Tox are Poissons ratios, may be neglected., Thus the value of

D is the usual engineering value for the spaced facings:

(2)

D = Ef f15+f2?5+f1 fo (n + ¢)®
e 12 I h-c

For similar reasons:

Af G h3 h-c¢

T)=T)}+ =

from eqﬁation (77) of Report No, 15052, neglecting terms of which # is a
coefficient, In this equation G, is the modulus of rigidity of the core associ-
ated with strains in vertical planes parallel to the length of the sandwich
strip.

The expression obtained for this deflection from the analysis given in the
appendix of this report is:

i r
I |
= P EE‘+ ab + EE Poln L sinhad = Sinhcx(b + d) _Lposhcz(a + b)
sl 2 4 DL, =t bad cosha (a + b + d)
- cosh 23 sitha d (4)
il
where

a2 - GC )\f (fl + f2) I
Ef cflfe If

-

>3 3
I_fl i R - cﬁ
=T 12 YT OTh - e
£12 + £,°
Ifz__l___?_
12

_ 5% (n+ o)
" L h-c
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These three moments of inertia (I, If, and Im) are the usual engineering ones

for the facings. The first is that for the spaced facings; the second is that
for the facings taken alone; and the third is that due to the spacing of the
facings.

The first term of equation (L) is the usual engineering formula for central
deflection, and the second is the additional deflection due to shear strains
in the core. As the modulus of rigidity of the core is increased, the second
term approaches zero and the engineering formula remains. As the modulus of
rigidity of the core is decreased, the value of the bracket in the second term
approaches the value of the bracket in the first term so that when G, = 0O:

- el
+ b + 2_2.
]

2P Ap b

Ee Ip

w =

mlf‘-’

which is the usual engineering formula for the central deflection of the two
facings taken together but bending separately.

Equation (L) can be simplified in the range where tanhab is substantially
unity, but G, , and therefore a, is finite. The resulting equation is:

= _’ ( T
. P | a2 L b21  m I fifec | 1 -G& 3 -22d 'I
b A *ab‘“}"l*zsc'fé'(h-c)jl*EE % R L e )!f(S)
L N
)

N

This equation is applicable to specimen 9T-6, which had aluminum facings and a
cellular cellulose-acetate core. By assuming Ep = 10,000,000 and by determining

values of G, from the experimental load-deflection curve of the specimen by

means of equations (1) and (5), it is found that equation (5) yields a value 9
percent greater than equation (1). This percentage is greatly reduced for balsa
wood or for the usual honeycomb-core materials. Thus the two analyses -(that
from Report No, 1505 and that from the appendix of the present report) yield
substantially the same results for usual core materials, even for the short

span over which the specimen was tested, The agreement of the two methods is
much closer for specimens tested over longer spans.

Mean Values of the Modulus of Rigidity of the Core

In the derivations of equations (1) and (L) it was assumed that the modulus of
rigidity of the core is constant along the length of the beam. Since the core
materials are never absolutely uniform, this assumption is not strictly true,
particularly for balsa-wood cores. The value of G, that should be used in these

equations is, therefore, a sort of mean value that is not necessarily the
arithmetical average. The general expression for this mean value is, of copurse,
the average shear stress divided by the average shear strain, or:
71
Ll /
."’o de

T ala
1 7t
7

(6)
i yax
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where 7+ and y are the shear stress and the shear strain, respectively, and the
integrations are taken over the length of the specimen. If the facings are
thick and have large elastic properties compared to the core, the value of the
shear strain is substantially constant along the specimen and equation (6) yields

1
T = l/’ G ax
Yo
which is the arithmetical average of the modulus of rigidity of the specimen.
On the other hand, if the facings are very thin so that they carry very little
of the shear load applied to the specimen, and because the shear load is con-

stant along the specimen, the shear stress is substantially constant along the
specimen. Thus equation (6) yields:

which is the reciprocal of the average reciprocal values of the modulus of rigid-
itye :

These two equations yield the same result if the modulus of rigidity does not
vary along the specimen. If it does vary, the second one always yields lesser
values than the first. The value obtained from any particular test lies between
these two values. It follows that if average values of the shear modulus are
desired, thick facings should be used; however, this may require the use of
equation (L) rather than equetion (1). This difficulty can be avoided by using
the spandard test described on page 13 of Forest Products Laboratory Report No,
1555.2 In this way average values of modulus of rigidity are measured; but
these values should be reduced for design purposes, depending upon the vari-
ability of the modulus of rigidity and of the facing thickness.

A similar argument applies to shear strength. If the modulus of rigidity varies
along the specimen, the shear strength is likely to vary in a similar manner,
being small where the modulus is small and large where the modulus is large.

In the stendard shear testé the shear strain is substantizlly constant along the
specimen. fThus the shear stress is small where the modulus is small, that is,
where the shear strength is small. The shear stress is relieved where the core
material is weak, and failure does not take place so readily in these locations
as it would if this were not the case. On the other hand, if the facings are
thin and if the specimen is tested as a centrally loaded beam, the shear stress
in the core is substantially constant along the specimen and failure will take
place at the point of minimum shear strength. Such a test will, therefore,
always vield a lesser shear strength then does the standard test if the shear
strength varies along the specimen.

In the present state of the art it scems advisable to use values of modulus of
rigidity and shear strength of core materials obteined from bending tests in
formulas involving flexure even though such values may be influénced oy the par-
ticular sandwich construction tested. Flexure is involved when the sandwich
panel is bent in planes perpendicular to its surface as in bending and buckling.
It is not involved in face wrinkling, in stress concentrations in the core, and
like instances.
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Shear Stress in the Core

The maxirmum shear stress in the core may be found by the method of Forest Prod-
ucts Laboratory Report No, 1505.2 This method leads to a parabolic distribu-~
tion of shear across the thickness of the core. For sandwich constructions
having facings of equal thickness, the maximum value of shear stress is at the
center of the core. For usual sandwich constructions this value decreases only
slightly toward the facings. For sandwich constructions having unequal facing
thicknesses, the mathematical maximum value may lie outside of the core; then
the true maximum value is that at the junction of the core with the thicker
facing. This value is given by:

-—

6fl [fe(h + ¢c) + pclc + fl)J

rofrg

T1=

'8 N . .
12 chflf2 + (h - c)u + 2oc i.(h - c) [_Ene- olhn - c)] —6hfl €} + p2ck

©

In this equation f, is the thiclkness of the thicker facing and f, that of the

thinner facing. ZEquation (7) yields the shear stress at the junction of the
.core with the thinner facing (72) if the subscripts 1 and 2 are interchanged.

Usually the value of P is so small that the terms involving it may be neglected
and equation (7) becomes:

68 £ (h+ c)
1fp (2 (8)

. 5 L
12 cnfle + {h - ¢

3
I
relmg

This equation applies at the junction between the core and either facing,
since interchanging the subscripts does not chenge its value. It follows (not
directly) that neglecting the terms involving P is consistent with the assump-
tion that the shear stress is constant across the core.

If the two facings are of equal thickness, equation (8) reduces to:

h+c

If the facings are thin compared to the core thickness, the ternt% £e may be

replaced by £2 and the equation reduces to:

T o= (9)

which is a formula often used in design. This formula is a remarkably good
approximation of equation (7) over wide ranges of facing thicknesses and values
of p. For specimen 9T-6, which has aluminum facings, one of them atout 2-1/2
times the thickness of the other, and a cellular cellulose-acetate core, equation
(7) yields a shear stress only 2 percent greater than equation (9).

Rept. No. .i505-A -9~




The method of analysis given in the appendix also supplies a formula for the
shear stress in the core, For span b it is:

P Iy , . siohad sinh a(a + x) + cosha(b + d - x) cosh aa (10)
“"h+c I coshala + b + d)

T

in which x is the distance from the right-hand load to the section in question
as shown in figure 3.

Thus the shear stress is not constant along this span even though the total
shear load on the beam ig constant, The division of the total shear between the
core and the facings changes along the spen., Similar formulas foxr the central
span and the overhang show that the shear stress is not zero in these spans but
is maximum at the position of the load or reaction and, for large values of a
decreases rapidly toward the interior of the spans.

As the modulus of rigidity of ‘the core increases or the thicknesses of the
facings decrease, the value of a increases and the right-hand member in the
bracket of equation (10) approaches zero and equation (10) becomes

3
!
lav)

-t

m
"h+ec I (1)

thch, for thin facings, is substantially the same as equation (9)e This value
prevails over the length of span b of the specimen except in the immediate
neighborhood of the loads and of the reactions, where it is reduced,

If equation (10) is applied at the middle of span b (x = g. ) and if 22 is large
enough so that its hyperbolic tangent is substantially unity 2 :
N\

%B = 2,6 or greater) , equation (10) can be approximately written:
\ d ab

P_Im [,_ o7
h+c I

(12)

T

This equation applies to specimen 9T-6 below the proportional limit in shear of
the core material where the modulus of rigidity is about 5,000. By applying
this equation to this specimen, the shear stress is found to be about 1/2 per-
cent less than that given by equation (9).

The shear stress in span b under these conditions is substantially constant
along the span except in the neighborhood of the load and the reaction, and the
maximum value is near the midpoint of the span. As the shear stress increases,
however, and the proportional limit is exceeded, the average modulus of rigidity
decreases because the tangent modulus of rigidity is operative, Iy using the
tangent modulus of failure of 775 pounds per square inch from figure 2 of Forest
Products Laboratory Report No, 18151 in equation (10), it is found that the shebr

I"Effect of Shear Sfrength on Maximum Loads of Sandwich Columms," by K. H, Boller
and C., B. Norris, Forest Products Laboratory Report No. 1815.
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stress is about 13 percent less than that given by equation (9). Thus equation
(9) does not give the true shear strength for beams tested on such short spans,
and the shear strengths of these short beams were, therefore, omitted from the
analysis of the experimental data. Of course this method of obtaining the 13
percent value is approximate, The entire stress-strain curve of the core
material should have been used rather than only the tangent modulus at failure.
Bending Stress in the Facings

The bending stresses in the facings of span b, according to the method of
Forest Products Laboratory Report No. 1505;2 are given for the compression

facing by:
PE, £. (h+ ¢) +pc {f, + c)
= - f - _J,; 2 l + y
. 17wy (b-® 3 E e i 1 (13)

and for the tension facing by:

£+
X =PE1, S _l_fl(h+c)+pc(2 c)
2 2AD 2 h-c+pc

s (14)

—

in which f and fp are the thicknesses of the compression and the tension fac-
ings, respectively; Y1 and ¥, are vertical distances from the centers of the

compression facing and tension facing, respectively, measured positively up-
ward; and D is given by equation (61) of Report No. 1505.

If the terms imvolving p are neglected, these equations become:

\
P /fe h +
1 * 'ﬁ(b-x)ké‘ h—_.f}”l) e
/¢
1
o—2=-%(bv-x)(2—2_§-y2) (16)
\ /

If the facings are sufficiently thin so that the cubes of their thicknesses may
be negledted (I = Im), these equations become:

B 4
P 2 Y1 h-c
g4 =<2 (b - x) i
1 ( + F T 2
e £, (a+c) " £.5) (h + ¢)
L- —
.1_) (b - }[) 2 - hy:? h ol C
aT @ fo (A4 e} " 1Ty (3 4 ¢)?
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Because the bending stresses vary linearly across the facings, the average
stresses in the facings are given by these equations when Y and Y, are ZEYO.

Thus ¢

= __P(b-x)
i 3 (h +xci (1)
gl £ ';b - X! (18)

T2 T, (h + ¢)

which are the expressions obtained by eguating the internal and external bending
moments in the usual approximate analysis.

In most sandwich constructions equations (17) and (18) yield excellent approxi-
mations of the maximum bending sitresses at bending failure, because at these
high stresses the stress is almost independent of the strain and, therefore,
the stress is almost constant across the facings.

The bending stresses in the facings, in span b, can also be computed by the
analysis given in the appendix of this report. The equations are:

)—b

2 h+ ¢
5 n-oc TN-<

L 1

P
o']_“"‘72':'["(b"x)

fg h+c¢c _ Eg \\ ginha (b + d - X} coshaa ~ coshaf{a + x) sinh ad (19)
2 h-c T 1 (b ~ x) 2 coshz(a + b+ d) 9
/ i
and
[
P (o 1 h+c -
e —

fl h+c Eg sinha(b + 4 ~ x) coshea - cosh ala + x) sinh a d (20)
2 howe T, Y& (o - x) a cosh 2(a + b + d)

As the modulus of rigidity of the core increases or the thickness of the fac-
ings decreases, a becomes large and the fraction in the right-hand member
approaches zero; thus these equations approach equations (15) and (16), respec-
tively, which were obtained from the method of Report No. 1505.2 TFor most prac-
tical sandwich constructions the two sets of equations yield substantially
identical results,

If the modulus of rigidity of the core, and therefore a2 , becomes zero, the
fraction in the right-hand member becomes unity and these two equations become:
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S
91 7 2If(b’x)y1

P
02---2--i—;(b-x)y2

which give the stresses in the facings acting as two separate beams subject to
the same deflection.

1 a
If a has such a value that tanh = can be considered to be um’:l;:,."(“éjt2 = 2.6 or

greater), equations (19) and e (20) become: -
( / \  -ax -a(b - x)
o == (p.gl 2hte, (2 hrtc Im o -
1L JZEY " ¥ ey T E - 1| TEas-x) |
- (1) _
" ~ / - ax -a(b ~ x)
S fin+e_ . _(f1n+c_In e - e
75 = 57 (b - %) 2 h-c 72 2 h-c TIr Y2 2alb - x)
3 "
(22)

These equations yield values identical to equations (15) and (16), respectively,
when X = =, and values not far from them for other values of X. For specimen

9T-6, which has aluminum facings and a cellular cellulose-acetate core and
which was tested over a short span, equations (21) and (22) agree with equations
(15) and (16) within 5 percent when the shear stress in the core is less than
the proportional limit, and within 13 percent when the core is about to fail in
shear. It follows that, for usual sandwich constructions, equations (17) and
(18) agree reasonably well with this analysis as well as with the analysis

given in Report No, 1505.2

Presentation and Discussion of Results of Tests

The results of the individual tests and computations are given in table 1. The
first column gilves the specimen number. The second and third columms give the
lengths of spans a and b as shown in figure 3. Span @ has a length of 1 inch
for all the specimens tested. The fourth colunn gives the thiclmess of the
upper facing, that is, the facing subjected to compression. The fifth column
gives the slope of the straight portion of the load-deflection curve, with the
deflections being taken at the center of the beam and plotted against the total
load. The sixth column gives values of the expressionqugg computed from equa-

42
tion (1) when using equation (2) for the computation of D. In the latter equa-
tion the value of E for aluminum was taken as 11 million and for glass-fabric

2%
laminate as 2,866 million. The latter figure was taken from Foreést Products
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Laboratory Report No. 1583-A-§ (The strips of sandwich panels having eight-
ply fabric laminated facings reported in the present report were cut from the
panels reported in Report No. 1583-A, It happens that the moduli of rigidity
computed from strips having thinner glass-fabric laminated facings were elimin-
ated from the averages for reasons subsequently'given.) It may be noted that

2
the value of the expression UE_§ is obtained from the difference of two values
b

that are nearly equal for some specimens. The values of modulus of rigidity
obtained from these small differences is far from accurate. For this reason,

if the computed vaiue of this expression is less than 0.4 its accuracy is
doubtful. The seventh column gives the moduli of rigidity of the ccres obtained
from equation (3). The values chosen for averaging are marked with a letter

g. The values obtained from the beams having a 6-inch span were arbitrarily
discarded because equation (1) does not apply in the neighborhood of the loads
or of the reactions. For the same reascn, values obtained from the expression

b~ greater than 3.0 were discarded. Values obtained from values of this

Lo .
expression less than 0.4 were discarded for the reason previously given. These
two limits of tHe expression were roughly determined from a general examination
of the computed values in column seven; the choice of Ol and 3.0 seems to
eliminate all of the "wild" values of modulus of rigidity.

The eighthcolumn gives the maximum loads applied to the beams. Most of these
loads were sufficient to cause failure; however, some of them caused such large
deflections that the test was discontinued. The ninth column lists the types
of failure noted as the test was made. The term "comp' means a compressive
failure in the upper facing. The word "wrinkle" means a compressive failure in
the upper facing, which might be due to wrinkling of the facing rather than from
compression; the word "tension," a tension failure in the lower facing; and

the word "shear" means a shear failure in the core. The word "none" means

that the test was discontinued, because of excessive deflection, before failure
ocourred. These observations of the types of failure were revised after the
computed stresses were obtained. The revisions are shown by letters placed
after the stress values in other colums as subsequently described.

The tenth column gives the stress in the thinner facing as computed by the use

of equations (17) 2nd (18) when placing x equal to zero. The type of failure

is indicated by the small letter placed after each value. These letters are
abbreviations of the words in column 9, but they do not necessarily agree with
them. For example, column 9 indicates that specimen 1B18 did not fail and

column 10 indicates that it did fail at a tensile stress of 31,000 pounds per
square inch. This value of stress is zreater than that computed for other speci-
mens in the same group that did fail in tension. Thus it was concluded that if
the test of specimen 1B18 had been continued, it would have failed at substanti-
ally the stress of 31,000 pounds per square inch. That is, the facing was stress-
ed approximately to its ultimate stress and was stretching so badly that the test
had to be discontinued due to excessive deflection. A similar situation is shown
for specimen 2B8, Column nine indicates a shear failure; out the tensile stress

SiEffects of Shear Deformation in the Core of a Flat Rectangular Sandwich
fanel," W.J, Kommers and C.B. Norris, Forest Products Laboratory Report
Noe 1583~A.
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of 39,900 pounds per square inch is so large that it is assumed that this speci-
men failed primarily in tension and that the apparent shear failure was second-
ary. The shear stress given in column 11 does not secm great enough to cause
failure.

The eleventh column gives the shear stress in the core computed by means of
equation (9). The small letter "s" placed after these values indicates the
specimens deemed to have failed in shear, These indications do not always agree
with the observations noted in column nine for reasons similar to those alrcady
given, Sometimes (note specimen 5712) it could not be determined whether the
primary failure was in the core or the facing. It was assumed, for these speci-
mens, that the failure occurred simultaneously in both places.

The strains in the facings between the two loads were measured as previously
described. Very often the strains of the maximum load were not obtained, and
the last strain reading was taken at a slightly lesser load. The twelfth and
thirteenth columns give the stresses in the facings, computed by equations (17)
and (18), at these lesser lo:ds, and the fourtcenth and fifteenth columns give
the values of the measured strains. The sixteenth and seventeenth columns give
the stresses associated with these strains and were obtained from stress-strain
.curves for the facing materials. The stress-strain curves fer the aluminum
facings were taken from the National Advisory Committee for Aecronautics Technical
Note No. 1512,2 and are shown in figure L. Those for the glass-fabric laminate
facings are average curves taken from the original data of Forest Products
Laboratory feport No. 182110 for the glass fabric used in the present report,
and are shown in figure 5. «hen the recorded strains exceeded the limits of
these curves, the stress values werc omitted from columns 16 and 17.

For purposes of analysis, the data given in table 1 are collected in summary
tables giving average values for the various groups of specimens. In tables 2
and 3 the stresses obtained from equations {17} and (18) are compared with those
obtained from the stress-strain curves and the measured strains. These tables
indicate that the computed stresses are substantially equal to the stresses
obtained from the strains. It is possible that the stress-strain curves used
were not quite proper for the particular matcrizls tested.

A1l of the data on the compressive strength of the glass-fabric laminate are
collected in table 4. The values averaged are those in column 10 of table 1 that
are followed by the letter "c." Table L indicates that the compressive strength
is substantially independent of the facing and core thicknesses over the limits
of the experimental data; also that the facings have substantially the same
strength whether they are laminated on balsa wood or on cellular cellulose~-
acetate cores, but seem to have z greater strength when they are laminated on the
paper honeycomb cores. This table zlso gives values from Forest Products
Laboratory Heport No. 182110 on the same type of glass-fabric laminate made
between metallic plotens. The compressive strength of the facings seems about
equal to the proportional limit stress of the materizl of Heport io. 1821. From
the results of other work now in progress it seems that the lesser strength is
obtained when the facings are made by the "wet laminating" process.

2Stress-strain and slongation Graphs for slclad Aluminum #1loy 24~ST Sheet,"
by James A, ¥iller, N.A.C.A, Tech. Note 1512.

L0njechanical Properties of Cross-laminated and Composite Glass-fabric-base
Plastic Laminates," by Alan D. Freas end Fred Werren. Forest Products
Laboratory Report Ho., 1821.
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Table 5 is a similar table for the compressive strength of the aluminum facings.
The strengths of the facings supported by balsa-wood and by cellular cellulose-
acetate cores agree reesonably well with the strengths obtained from edgewise
compressive tests on similar_sandwich constructions reported in Forest Products
Laboratory Report No, 1810,l£ but they do not follow the curves given in that
report. This might be expected because the conditions under which the face
wrinkling occurs are quite different. The compressive sprength of the facings
bonded to the paper honeycomb core is limited by the critical stress of the small
plates of facing bounded by the cell walls of the honeycomb, This critical
stress was computed by the method of Forest Products Laboratory Report No, 181722
and the computed values were entered in the table. These stresses only roughly
agree with those obtained in the bending tests. The fact that the thicker facings
yield lesser values of compressive strength has not been explained.

A few data were obtained on the tensile strength of the facing materials from

the few specimens that failed in tension. These data are given in tables 6 and
7. The values are those in column 10 of table 1 that are followed by the letter
"t." The tensile strengths of the glass-fabric laminate agree well with those
given in Forest Products Laboratory Report No. 1821,}9 which are also entered

in table 6. The tensile strengths of the aluminum are substantially the same as
those given in .National Advisory Committee for Aeronautics Technical Note No.
15122, which are also entered in table T.

Tables 8, 9, and 10 give average values of shear strength and modulus of rigidity
of the three core materials used: balsa wood, cellular cellulose acetate, and
paper honeycomb, respectively. Columns one to four of these tables identify the
specimen groups and give the thicknesses of the facings and cores, Colum 5
gives the average shear strengths, computed by means of equation (9), excluding
specimens 6 and 8. The values averaged are those from column 11 of table 1 that
are followed by the letter "s." Column 6 gives the number of tests associated
with the averages in column 5., Columms 4 and 8 give the averages for specimens
8 and the associated number of tests, respectively. Column 9 gives the shear
strength obtained from shear tests according to the method of Forest Products
Laboratory Report No. 1555,2 page 13, starting with paragreph 36, on core mate-
rial matched to that used in the bending tests, when this material was available,
The values in column 10 are the ratios of those in column 9 to those in column 5e

Colum 11 gives average values of the moduli of rigidities taken from colum 7
of teble 1. The values used were those followed by the letter "g." Column 12
gives the number of tests associated with the values in colum 1l. Column 13
gives the values of modulus of rigidity obtained from the shear tests, and col-
um 1% gives the ratios of those in column 13 to those in columm 11,

A comparison of the values in columms 5 and 7 in these three tables show that the
computed shear strengths obtained from specimens 8 are, in general, greater than.

éi"wrinkling of the Facings of Sandwich Construction Subjected to Edgewise
Compression," by Charles B. Norris, Wilhelm S, Ericksen, H. W. March,
. C. B. Smith, and Kenneth H. Boller. Forest Products Laboratory Report
No. 1810,

Lugport-column Compressive Strength of Sandwich Constructions as Affected by the
Size of the Cells of Honeycomb-core Materials,” by C. B. Norris and
W. J. Kommers. Forest Products Laboratory Report No, 1817,
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those obtained from the other specimens (excluding specimens b). This is due’
to the transfer of shear from the core to the facings, in these short specimens,
as the shear stress approaches its maximum value, as previously discussed.

The values in columns 10 of these tables show that the shear test yields greater
shear strengths than the beam tests., As previously discussed, this is due to the
variation in shear strength along the specimen. 1In the beam test, the core tends
to fail at the location of its weakest shear strength, while in the shear test
the shear strain is substantially constant along the specimen and, thus, the
shear strength is more nearly cequal to the average strength of the specimen. The
average values in column 10 indicate that the balsa wood is most variable in
shear strength (ratio 1.42), the paper honeycomb core is the least variable
(ratio 1.23), and the cellular cellulose acetate is between the two (ratio 1.34).

The values in columns 14 of these tables show that the modulus of rigidity
obtained from the shear test is greater than that obtained from the beam test.
As previously, said, this is due, at least in part, to the variation of the
modulus along the specimens. The shear test yields a modulus, that is the
average for the specimen, while the beam test yields a lesser value. The
average values in columm 14 show the modulus to be most variable for the honey-
comb core (ratio 1.78). The modulus probably varies across the individual cells
of the honeycomb. The modulus is least variable for the cellular cellulose
acetate (ratio 1.06), and the balsa wood is intermediate (ratio 1.46). The
number of specimens reported in table 1 and available for this comparison is
small. More date are given from supplementary tests.

Supplementary Tests

In the series of tests reported in table 1, only a limited number of tests are
available for the comparison of the modulus of rigidity of the core material
obtained by means of the beam test with that obtained by the shear test. Further
data, from another study, are, therefore, included. Also, data from two tests

in which the modulus of rigidity was measured at particular locations in a
centrally loaded beam are given.==2

Comparison of Moduli of Rigidity Obtained from Beam
Tests with Those Obtained from Snhear Tests

In connection with another investigation, moduli of rigidity were obtained from
strips of sandwich construction tested as centrally loaded heams and also from
shear tests made on specimens reasonably well matched to the strips. The results
of these tests are given in table 11, in which column 1 gives the specimen
number, colum 2 the results of the beam tests, and colurm 3 the results of the
shear tests. Each of the values in columm 2 represents the average of the
results from two bending specimens; thus each specimen number applies to four
specimens. Each of the values in column 3 represents the result from a single
shear test.

I§These two tests were performed by A. W. Voss, engineer, at the Forest Products
Laboratory.
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The bending tests were conducted as described in Forest Products Laboratory
Report #do. 155614 (revised Febru~ry 1950), page 7, and the modulus of rigidity
was computed by use of the appropriate formulzs on page 9 of that report. The
facings were all U.02-inch a2luminum. The core materials and thicknesses are
given in the teble. Various spans were used; the ranges of values of;;EEh are
given in table 11. Lib2

The shear specimens having balsa-wood cores were cut from the panels from which
the bending specimens were obtained, and were tested as described in forest
froducts lLaboratory Report Ho. 1556;& (revised February 1950), page 12, and the
modulus of rigidity was computed according to the appropriate formula on page

13 of that report, neglecting the first term in the right-hand member. The
other shear specimens were obtained from core material matched to the panels
from which the bending specimens were obtained and were tested as described in
Forest Products Laboratory Report ios 15558 (revised October 1948), page 13, and
the modulus of rigidity was computed accordingly.

It may be noted that some of the values of th are outside of the limits pre-
b2

viously set, and thus some of the values of modulus of rigidity obtained from

the beam tests may not be accurate. The average values, however, should be

reasonably accurate. There is considerable variation in the individual values.

The modulus of rigidity of the balsa wood obtained from the shear test is, on
the average, 33 percent greater than that obtained from the beam test. This is
probably due to the variability of the balsa wood as previously discussed. The
moduli of rigidity of the hard sponge rubber and of the cellular cellulose ace-
tate obtained from the shear test are, on the average, only 15 percent greater
than those obtained from the bending test. This is an indication that these
materials are more uniform than the balsa wood.

iieasurement of the kodulus of Rigidity at a Particular
Location in a Centrally Loaded Strip of Sendwich Construction

Figure 6 shows a method of test devised to determine the modulus of rigidity of
the core of a strip of sandwich construction at a particular location. The
strip was tested as a centrally loaded beam, as shown. At a position in the
span of the beam three mirrors were mounted. The outer two mirrors were mounted
on very light C-clamps made of wirg, the ends of which were filed to form knife
edges bearing on the outer surfaces of the facings. The centra2l mirror was
mounted on a wire soldered to the outer surface of the upper facing. The shadow
of a cross hair was projected on these mirrors, and its reflection was read on
suitable scales. The relative longitudinzl movement of the two facings was
determined by the differences of the angular movement of the two outer mirrors
compared with that of the central mirror. Similar mirrors were placed at the

L 2

—"Methods for Conducting Mechanical Tests of Sandwich Construction at Normal
Temperatures." Forest Products Laboratory Report Ho. 1556. devised
February 1950.
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other end of the beam in a similar position. These mirrors are hidden, in the
figure, by a cardbocrd shield required to keep the two light sources from inter-
fering. The modulus of rigidity of the core material was obtained by dividing
the shear stress obtained from equation (9) by the shear strain obtained from
the mirrors.

Several tests were made on a single specimen, each test with the mirrors at a
different location. Two specimens were used, both having aluminum facings
0.032 inch thick. The first specimen had & cellular cellulose-acetate core
0.l89 inch thick, and the second had an end-grain balsa-wood core 04505 inch
thick., The span for each specimen was 2l inches.

After the specimens were tested, they were each cut into four shear specimens
and tested as described in Forest Products Laboratory Report No, 15561L (vevised
February 1950), page 12.

The shear stress in the core at the location of the mirrors was obtained from
equation (9), and the moduli of rigidity obtained from the central deflections
was computed from equations (1), (2), and (3) by placing a equal to zero.

The moduli of rigidity computed from data taken from the first specimen are
given in table 12. The modulus of rigidity obtained from the deflection of the
beam was substantially the same from the three tests and is 3,830 pounds per
square inch. The value ofﬁgﬁ_ for this test is 0.LLl, which indicates that

2
Lb
the value of the modulus is reasonably reliable.

Similar data taken from the second specimen are given in table 13. The modulus
of rigidity taken from the deflection readings is 15,860 pounds per square inch.

The value of - QE_ is 0,115, which indicates that this value for the modulus is
lib”
not very reliable,

These are results of individual tests and, therefore, rigid conclusions should
not be drawn from them. The cellular cellulose-acetate core shows some vari-
ability (from 0,792 to 1.123). The balsa-wood core shows a greater variability
(from 0.6LL to 1.655), For the cellular cellulose acetate, the average value
obtained from the mirrors is substantially that obtained from the deflection
measurements, which indicates uniformity of the material, The nonuniformity of
the balsa wood is indicated by the difference in the values obtained in these
ways.

Conclusions

1. The results of the new analysis agree with that of Report No, 1505 for usual
sandwich constructions. For extreme sandwich constructions having thick facings
and cores of very small moduli of rigidity, the new analysis may yield values
closer to those existing in the specimens., Neither analysis is suitable for
very short specimens, nor for the determinations of the stresses near the loads
or reactions.,
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2. The modulus of rigidity of the core that is effective in a bending test of a
sandwich specimen is not the arithmetical average of the modulus for the mate-
rial of the core, but a lesser value. The decrease is largely due to variation
in the modulus along the specimen, and it will not exist if the core material

is absolutely uniform. It seems advisable to use values of modulus of rigidity
and shear strength of core materials obtained from bending tests in formulas
involving flexure even though such values may be influenced by the particular
sandwich construction tested.

3., In general, the values obtained from tests agree reasonably well with those
computed by the method of ileport o. 1505
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APPENDIX

In the following analysis of a sandwich beam subjected to normal loads, the
facings are treated as cylindrically bent plates. The strains in the facings
are taken to consist solely of those associated with bending and stretching,
and it is assumed that the component of normal displacement is identiecal in the
two facings., The thicknesses of the two facings, denoted by fj and fp, may be
equal or unequal. It is convenient to identify a facing as 1 or 2 accordingly
as its thickness is fy or fo.

The core material is considered to be weak in shear and in bending stiffness as
compared with the facing material. The bending stiffness of the core is neglecteq
entirely, and the stiffness of the strip is therefore taken to be that of the two’

. facings separated by a material that offers no resistance to bending. In the
analysis of the shear in the core, it is assumed that the shear deformations are
constant over the thickness of the core.

Conditions for Equilibrium

An element of each of the two facings of the sandwich is shown in figure 7. The
facings are taken to be of unit width, and the symbols F, S, and M denote the
resultant longitudinal force, shear force, and bending moment, respectively,
acting on a normal section. Subscripts 1 and 2 are used to refer these result-
ants to facings 1 and 2, respectively. The symbol 7 denotes the shear stress
transmitted by the core to the facings.

Vith reference to figure 7, which indicates the sign conventions used for forces
and moments, the following condition for equilibrium of the two facings are
derived:

Longitudinal forces,

-
ar
= -
&= "0
................... 1
- > (1)
‘?d;gd-‘l’:o
Normal forces, i
as 2
aw
— .o+ 7, T o0
ax 1 1 dx2
S eemescesescerse=een (2)
as 2
2 a-w
E+32+F2‘d':;2'=0
-
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Moments,

s
aty T
dx -~ Sl il 0
R (3)
%.—_C‘ +1f:.g_0
ax 2" 2 T
>

Equations (1) neglect the longitudinal components of the shear forces in the
facings. TFquations (2) are written on the assumption that the curvatures of
the two facings are the same.

The normal force equilibrium of an element of the core is stated by the condition,

L (er) + 7 =7p=0 (1)

It is assumed that the core is not subjected to longitudinal forces or to
moments.,

The equilibrium conditions for the sandwich element as a whole are obtained by
combining equation (1) for longitudinal forces, (2) and (4) for normal forces,
and (3) for moments., These are written

& (7 +Fp) =0 (5)
a d2w
5 (8 + 8, + cr) + (Fy + F,) = =0 (6)
dx
and
%E (M + M) - (8y + Sp) + £y + f%) T=0 (7
2

According to (5), Fy + F, is constant. Now if the supports do not transmit

longitudinal resultants to the sandwich, and since there are no end loads, the
constant is zero and, consegquently,

throughout the beam. This relation is assumed in the analysise.
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The Components of Displacement in the

Facings and of Shear Strain in the Core

The components of normel displacement in the facings are taken to be determined
by the relation,

e T (©)
12 £ ﬁxa
3
Eofr 2
sl Bl (20)
£ dx
where Ep is the Young's modulus of the facing material, and Ap =1 -112, where

v is the Poisson ratio of the facing material. Relations (9) and (10), written
on the assumption that the curvatures of the two facings are the same, yield

N

M, = 2 (11)
= 11
2 £,3 M '

The shear strain in the core is given by the formula:
. dw
Yox =55 *t & (12)

On the assumption that the shear strain is constant over the thickness of the
core, it follows that u is a linear function of z and this relation can there-
fore be written

U, - T,
N 1 2 , dw
Y ox = — 4 = (13)

where U; is the component of displacement at the lower surface of facing 1 and
U2 is that at the upper surface of facing 2 (fig. 7). From the relation

T = Gy (1)

and from (13),

o e G (15)
A (\ & A ) 2

X

\
dr G deUl dUs Ga%w
o
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Now from the stress-strain relation for the facings

dUl _ AfFl - 6 'Ml)\f (16)
dx ~ £4F 2
1*f fl Ef
and
ax. “rL Yoo,
g .7 B

With the substitution of these expressions into (15),

GAp <jFl Fn 6M; 6 M

ar 2
= = —— e > + Gd°w »
L o

or, from (8)) (9): and (ll))

ra —

[ i
Q_j_?_}_\_f_ '/ (fl+f2) . c+fl+f§ | (18)
d&x T oE, )1 f;f, ) 2

. ik

By differentiation and the substitution of (1)

Y an
aer Ghr 1+ % 12 £y + fe‘\ 1
5 =i == e =5 ¢ + P (19)
ax P 12 £y - / J
Let -
S=Sl+82+c~r (20)

This is the shear load on the sandwich, which, according to (6) end (8), is
constant. From this expression, together with (7) and (11), a second equation
in M1 and 7 is obtained in the form

-8 P
-3 | ax +l\ 5

Lo

y
/f.}-&f,}’ i £+ f
= - ' 1 2 7 .="0 (21)
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By the elimination of B between (19) and (21), it is found that
ax

with

a =

GKf(f1 + fa)I

c flf2 Ef If

12 Im g

f_+ 1
I (; + 1 2)
2

I + If
f1fa | +_£g\
I, ) /
£, + £,°
12

(22)

(23)

(24)

(25)

(26)

(27)

An equation in M, alone can alsg be obtained from (19) and (21). It is, however,

convenient to retain the term.QEI

right-hand member by substitution from (21).

tion of (9) for M, leads to

dx2

the equation:

Ow - m acr. _ AgS
ax £y 4+ o) a2 | BI
GIG+122)‘3X
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in (19) and merely eliminate 7 from the

This process, with the substitu-

(28)

(29)




equation (28) is written

acp _ xS 0
& " Et (30)

The general solutions of (22) and (30) are, respectively,

7 = A cosh aXx + B sinh a x + £% (31)
a
and
)\ine
$ = -4 Hx + K (32)
ZFX

The coefficients A, B, H, and K are determined by conditions at the ends of the
strip and at load joints or points of support, which are defined as follows,

Clamped End

7 =0 (33)
and b =0 (34)
Simply Supported or Free End

dr

== 0 (35)
and

dr

=0 (36)

Reference to (29) indicates that (33) and (34) prescribe zero slope in the
facings and that (35) and (36) require that the curvature vanish. For the
continuation of the solution over load points or points of support, it is pre=-
scribed that r, F;, M;, and dw are continuous.. It is then found from (18) that

———

3x is continuous and from (29) that and %ﬁ are continuous.

When the solutions for 7 and ) have been determined, the deflection is obtained by
integration of (29) on the condition that the deflection vanish at a point of
support,.
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The Solutions for 7, ¥, w and o, for Two-point
Loading with Overhanglb

Let a denote the distance from the center of the strip to a load point, b the
distance from this load point to the nearer support, and d the length of the
overhang, as indicated in figure 3., These various sections of the strip are
referred to as spans, and the letters &, b, and d are used as subscripts to
associate a moment, force, or stress with a span whose length is the same as
the subscript. It is assumed that the strip and the loading are symmetrical
about the centeor of the strip.

In the discussion that follows & separate coordinate X, whose origin is at the
left end of the span, is associated with each span.

From (33) and (35) the conditions on 7 at the center and free end of the strip
are

Ta (0) = O (57)
.and

dr(x)

_’gxx -0atx=ad (38)

At the Jjunctures of the spans the conditions of continuity are

(@) =7 (o) (39)
d ar
—%;“awx—" c =1 (40)
Tp(b) = 'Td(o) (41)
I
E@‘ _ d‘l‘d! (42)

With the use of (31) it is found that these various conditions are satisfied
by the functions

S. I
b m sinh 2 d - sinh = (b + 4} .
To(X) = - \ cosh z{a + b + d) e (83)
< Foqu 5 ’
+ 1 2y I g
2
15
lntphii section the symbols E and A 2re used in place of Ef and A g, respec-
ively. s X
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=

3
Sb Tn Jsinh 2d sinh 2{a + x) + cosha(b+d -~ x)coshaag

7.(x) = -
b( (c . £y ; fe) * L cosh 2 (a + b + &) _)
- (44)
and
8 I ;
__b'm cosh z{e + b) - cosh 1a cosh z{d - x) (45)

1Pcl(xJ £ o+ 7 3 cosh2(a + b + 4)
e+ .l __2]3 |_
\ 2

The conditions imposed on p are the same as those imposed on 7 and are there-

fore given by (37) to (42) with 7 replaced by » . These conditions applied to
(32) yiela

RSb bx
Pa(x) = —2 (46)
A8, f 2 K
) b(X) = -'E—I—- "° 22-{— + bx + ab; (2}7)
i .,
, hsb b - 18
# (x) =g (a - 3) G2
According to (29) and to the fact that
CIm x
w(x) = P p(x) ax + e 7, (x) ax
b GI(c + _.l____%>
2 b
P
From (44) and (47)
Ag [~ :
b 3 . ud 2 _ .2
Wb(x)=ﬁ' -(X6b)+b(xeb} + ab(x - b)
o [~ f .~ . “‘L
" sy, I sinh xd “coshx{a + x) - cosha(a + b)> -
o 'b - ey =
£ 2 lcoshﬁt(a+b+d)
G(c + Lt_f?,\ 1© L 7T
coshaa -!sinh a{b+ d - x) -~ sinh 2 C‘_li’)

2 coshazl( a+ b+ d) / (k9)
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Similarly, since

wa(a) = w,(0)

and from (43), (46), and (49)

H (]
w,(x) = g -z
a(x) EL i 2 5

L J
B
| L

‘\Sb b ] x2 _ a2 1.2 ) 1
|

c-lnh_{z,d - Sln-h- ':1\0 + d) ) CCSh ax + b
a cosha(a + b + &) 1

P
+((cosh ag - cosha{a + b) Y . siakhad _] (50)
] x coshale + b + d) N !

C . i
For the determination of the stresses in the facings, the symbols z, and z, are

used to denote coordinates with origin at the centers of facings 1 and 2, respec-
tively, and with direction the same as that of z in figure 7. Then

F1 (x) 23 4o
e e (51)
and
Fp (x)  zp E g2y (52)
Ixp T 1o A =

Expressions for F,(x) and Fo(x) can be obtained fram (18) and (8). That for

| Fl(X) is / P f\
L it
e £.f Phfeler =5—) o
F(x) - — 22 &r _ \ dox (53)
1 GA(r) + £,) dx N (£, # £ ax”
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The expression for g_f}é obtained from (29) is now substituted into this formula,

and the resulting expression is substituted into (51) to obtain
’(— Z. £ E‘.l_-.'-_.i_‘g)?
1 ET 110 2/ Els @v .
Tgl = - |52 - 43 - —- o 5 (5%)
p ( 55 g fg) | T ) ax
n o o iy e o e £
1 3 -

&lg

Similarly _
I £y 4 T\
zpfple + L "2 “) EI, 2
- _ 1 T 4@ < . f dw (55)
X2 T x Az 1 + T ( IN 2 55
£, + f } e ax
fg c 4+ e 2 H r}
BT
The expressions for —— El g}f and __)_\i QE—; that are to be used in these formulas
l\ ¢ dx
are given as follows:
Span a,
ay
EL a .
-)\-— -a-x—- =Db Sb (56)
2 b ¢
EI, aw s U I y _
—= 2 .ps oL g i sish 1(b + @) ~ sinhad} cosh ax (57)
A ax? b | I 1 oncosnl(a+b+d) ‘
\ -
Span b,
a»
B b _ 8
= a5 - Sb(b x) (58)
EI, dw, o i(b ) % m./;mhu(u +d -3 )coshaa - cosh_ a(a+x)sinh'161
A 2 TP | I - X -I——ﬂi a cosh Zla+ b+ d) I
ax L <
(59)
Span-d,
de
E _d _, (60)
Aoax
FI d2w ]
f da _ _ Splm | cosh a(a + b) - coshza sinha(d - x) (61)
A dyg - I acosh a(a + b + 4d)
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The formulas of the present section have been derived for application to a
strip with two-point loading and with an overhang. These formulas become applic-
able to a centrally loaded strip with an overhang upon setting a = O, In the

event that there is no overhang, the value d = O is used in the formulas for
either two-point or central loading.
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Table 1.--Aeauite of individual feats

e g

myuted meduld of rig

of the goras; %be

utad

T

tenaile and comtiredslve uua&gt‘n.u o Ehe rnci._n,gs, and The struopcs sepoaia mea afra
Spec:l.hen. Span Bpl.n Thic]mess Slope of : h2 H lﬂodulu- :Maximum :Type of;Bending ;Shear stress: Computed Largest Stresses
mmber : & : :of upper : load- nm s of load :failure: stress : in core at :stress in fac-¢ etraine :associated vwith
9 o ¢ facing : deflec- : : rigldity : noted :in thin : fallure : ing at load : measured in :largest strains
- t B tion : (computed): : : facing : (computed) : associated facings ey ——e
E 1 H 1 curve g g 3 : at : ¢+ with largest rmarne—-—---—---: Thin : Thick
3 < 9 :failure : H strain : Thin ¢ Thick :facing: facing
& ) ) G 4 : (com- : measured :facing :facing : :
3 ) J 3 : puted) : te==—————s Lmua= : 3
:) 1 L 0 A ¢ Thin : Thick @ :
® H :facing:facing : H :
(1)  :(12) : (13) : (W) = (15) : (16) = (17)
P.g.i. 1100 : 100 10'5m 120"%4in, : 100 : 100

Esi g.si Erin sper in.:p.s.i.: p.s. 8.1,

: b : 7.5 : 157 : 45.9: 500 : 198 : 143 76
1 b B . 6.8 1 o+ b1.3: 521 : 17k : 128 50
: 3.000 : 8. ¥ 11.7 t 156 @ 45.7 : 514 : 187 : 147 by
1B24  : 3.000 : 8.000 0205 216.00 251 18.8 2251 3 T73.5: 995 : 319 : 232 91
18  : 1.500 : 6.500 0060 84.50 : Comp. : 137 ¢ 12.7 2137 : L40.1:  W7h @ 169 : 135 i3
1818  : L3O : .30 : .0205 97.30 : None : 310t : 2B.6 :310 : 90.7 : 1,273 : 396 : 289 113
1T2 5 1.500 : 3.500 : .0060 20,20 : Comp. : 160 ¢ : 27.5 : 160 : W6.8: 528 : 197 : 151 kg
1Bl2 : 1.500 : 3.500 : .0205 20.20 Tension: 267 t : U5.7 1262 : 76.8: 910: 313: 213 89
170 : 1.500 : 2.500 : .0060 9.45 : Comp. : 234 ¢ : 56.2 ;23 : 68.5: TO: 293 : 20 75
1B10 : 1.500 : 2.500 : .0205 9.70 : Tension: 449 t : 108.0 : 385 : 42,7 : 1,k90 : 469 : 329 134
118 : 1.000 : 2.000 : .0060 L.28 Comp. : 254 ¢ : 76.2 25k ; Th.3: 9h2 @ 325 : 267 83
188 : 1.000 : 2.000 : .0205 3.90 : - Tension: 405 t : 121.8 : 405 : 118.5 : 1,510 o8 : 331 142
116 ;o .T50 ¢ 1.250 0060 1.09 : -. Comp. : 205 ¢ : 98.k ;25 : 60.0: 672 226 : 192 : 58
1B6 750 ¢ 1.250 @ .0205 1.15 ¢ :Tension: 431 ¢ : 207.2 : h12 @ 120.6 : 1,510 480 : 332 138
Oroup 2 - Glass-cloth-laminate facings 0.0105-inch and 0.0205-inch_thick; balsa-wood core 0.377-inch thick
2r36  : 5.000 : 12.000 : .0105 : 226.20 : =.06l :t..........z 7.95 : Comp. : 116 :10.1 $116 - 59.4: L42B: 28:-121 : 56
2836 : 5.000 : 12,000 : .0205 : 230.00 : .010 1,590 12.00 : Nome : 175 : 15.3 1175 - 89.6 665 : 341 : 160 98
T2k : 3.000 : 8,000 : .0105 3 61.20 : ~.062 tii.usiiiaat 22,00 3 Comp. : 2k c 3 28.1 s 21k ; 209.7: 715 : L49 : 205 12
2ri8  : .BP@: 7.125 L0105 : 26.10 : -.045 22.15 :...do..: 192 ¢ @ 28.2 :190 : 97.1: 630 : 360 :180 : 92
218 : .875: T7.125 0205 26,60 3 -.013 tumiissiimesi 51.00 :Tension: 442 & : 65.0 :uhp : 226,211,795 : 885 : 381 252
orie  : .875 : h4.125 .0105 6.4 : .026 : 51,000 35.60 : Comp. : 178 ¢ : LS.k £ 178 : 9l.2: 550 : 342 : 157 88
2812 : .875 : h.125 L0205 ;  6.72 @ .085 : 15,200 96.25 :Tension: 482 t : 122.8 : 482 : o247.0 : 1,812 = 782 : 38k 224
2B10 .875 = 3.125 0205 @ 3.46 :  .159 : 1h,000 s 4ot @ 148.0 : 432 :221.2:1,705 : B840 : 366 : 240
218 875 + 2.125 .0105 : 1.38 : .128 : 37,700 .t 2bh.c. :105.5 ;212 :108.5: 700 : 407 : 200 103
288 875 ¢ 2,125 @ .0205 1.37 & .128 : 38,000 : 399 % 1 197.0 : 399 : 20k.2 ; 1,425 : 712 : 317 204
216 8715 1.125 ¢ .0105 A67 0 1,856 @ 9,380 256 ; 239.5 : 256 : 1314 845 : 525 : 241 129
286 .875 1.125 @ .0205 467 @ 1.716 ¢ 10,000 282 : 263.5 1282 : 1448 ; 990 : 528 : 231 151
Group 3_- Glesg-cloth-laminete facings 0.017-inch and 0.0205-inch thick; balsa-wood core 0.504k-inch thick
3r36 1 5.000 : 12,000 : .0170 : 100.800 : .072 ; 3,820 20.70 : Comp. : 1O 19.8 ;140 : 116.0 : 500 : 450 : 143 12
3B36 @ 5.000 : 12,000 : .0205 : 102,000 ; .133 : 2,080 25.80 : None : 174 247 174 ; Ash0 : 730 @ 512 - 17h 146
T2k : 3,000 : 8.000 : .0170 28.500 : .131 : 4,690 40,40 : Comp. : 182 ¢ 38.6 ;180 :149.0 : THO 1 585 : 212 12
32k 3 3.000 : 8.000 : .0205 27.500 ;  .0k9 12,500 52.50 :...do..: 236 ¢ 50.2 : 236 :196.0 : 1,010 : T05 : 235 201
3m8 ; .875: T7.125 : .OL70 12,300 : .13l 6,000 ; 140.50 :Wrinkle: 162 38.7 £ 262 : 1340 ; 620 : 54O : 17 132
3818 : By M1 .0205 12,900 :  .190 4,090 71.50 : Comp. : 287 ¢ 68.3 ; 287 :238.,0 : 1,260 : 870 : 267 2u8
3r2 ¢ .875 : 4.125 0170 3.100 3 .246 9,40 : 9%.50 :...do..: 209 ¢ 90.4 £+ 219 :181.01 830 : 710 : 237 170
3Bl2 : 875 : kK125 .0205 3.120 :  .245 9,470 & 137.50 .do..: 319 ¢ ¢ 13L.4 : 319 ; 265.0 : 1,320 : 960 : 298 272
3110  : .B75 : 3.125 0170 1.590 :  .337 11,900 : 114.50 .do..: 201l c : 109.5 ;201 :167.0: T30 : 640 : 209 : 154
3810 : 875 : 3.125 .0205 1,700 : 531 7,600 B ¢ 122.50 .do..: 215 ¢ i 117.1 : 213 ;176.0 : 870 : 630 : 205 180
318 + .875 @ 2.125 .0170 .672 1 .590 : 14,800 g : 128.50 :...do..: 154 1 122.9 s 154 :128.0: 552 1 470 : 158 117
388 : .875 ¢ 2.125 .0205 ST+ .785 = 11,100 g : 149.50 .d0..¢ : 143.0 1179 : 148.0: 710 : 505 : 170 1h4
316 :+ 875 : 1.125 L0170 .275 : k.307 : 7,240  : 250.00 :. : 239.0 1158 :131.0: 530 : 485 : 151 120
386 : .875: 1.125 .0205 .265 : 3.948 : 17,880 266.00 :-- : 2542 s 168 ; 140.0 ¢ 622 481 : 151 138
Group 4 - Glass-cloth-leminate facings 0.0l-inch thick; balsa~wood core 0.750-inch thic
LT36 12.00¢ 3 .0LOG @ TR0 : G . 1187 c : 15.6 : 582 : 630 : 166 : 152
4836 12,000 ¢ L0100 T9.200 3 g ;W8 e @ 12.3 ) 470 - k62 : 135 116
L2l 8.000 1 .00 ¢ 28,500 ¢ B t179c @ 22k g 530 : 590 : 152 143
Lpok 8000 : 0100 @ 22000 H ..t 1Ml e @ 17.6 : L27 : 450 : 122 n2
47118 T-125 © 0100 3,500 : : 28.5 : 620 : 699 : 178 166
4918 Talgs i o S =131 Gasiisminnni E 31.7 : 722 : 755 : 206 180
k2 4.les L0100 @ 2367 .050 : 38,500 : 25.6 g 505 : 360 : 145 92
412 hoazs y .oaon 3 zhki7 i .080 21+,J+oo ; bko.1 : 580 : 580 : 166 1
410 3.185 1 .CU 1 1.EES o .120 : 28,200 : 92.8 880 : 950 : 251 222
4Blo 3.125 ¢ 0100 :  1.233: .152 : 22,400 : 82.3 830 : 880 : 237 207
48 2.125 1 L0100 : .53‘ : 2357 : 20,490 ; 126.0 855 : 910 : 2k 213
4B8 2.125 : .OlDC 3 s .384% : 19,100 : 984 660 : 710 : 189 170
46 i . 1,125 ¢ 0100 d: : 3.514 7,440 %d75.3 625 : 650 : 179 157
LB6 + 875 : 1.12% @ 0L . Bad 3.h02 ¢ 7,670 : 131.0 485 : 438 : 139 110
Group 5 - Aluminum-laminate facings 0.012-inch and 0.0305-inch thick; balsa-wood core 0.757-inch thick
ST36 5.000 : 12.000 : .0305 PR ) [ S 90.50 : Neste : 588 ¢ & 58.2 : 578 :227.0 : 910 :
5B36 5.000 : 12.000 : .0120 HR ' [ it vent 98200 2..doaat e : 59.8 ; 598 : 235.0 : 1,800 :
STk . 8.000 : .0305 {291 : 11,300t 1B7.00 i...d0..: 631 e : 9.5 + 60k ; 238.0 : 2,490 :
5Bk 8.000 ; .0120 r W18 @ 18,100 ; 133,00 Wrinkle: 570 ¢ : 85.5 : 570 : 224.0 : 1,460 :
5718 5 or L0305 1 JB6% 15, 80c 2 171.00 : Wope : F52 ¢ : 109.8 ; 648 3 255.0 : 2,420 :
5818 7.125 ¢+ .0120 T L2%T : 17,500 g ot 127.K Wrinhlq s« @ 8.6 + 485 : 190.0 : TT0 : 5
5T12 k125 : .0305 FI- 12,700 g : 255.00 @ ¢ :166.5 8 ;573 :225.0 : 1,310 ;247 :......: 254
5B12 4125 : .0120 : JH18 20,100 g : 199.00 : 128.0 8 2o :173.0: 580 : 180 ; 429 : 192
5710 3,125 : 0305 L3152 1840 @ 15,000 ¢ ¢ 321,00 t... + 216.3 8 : 537 +211.0 : 682 : 420 : 51k 376
5B10 B : 3,125 @ .0120 35 ¢ LTEL @ 12,300 g @ 290,00 : 186.4 8 : 48 :191.0: 700 : 207 : 452 218
518 875 ¢ 2,125 1 .0305 W69 .58 : 1,100 2%5.00 151.1 8 : 268 : 106.0 : 236 106 ; 248 112
5B8 875 ¢ 2,125 @ .0120 J1Th % hEs 13,6 218.0C 140.1 8 248 98.0 : 220 : 95 : 230 100
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Specimen: Span : Span :Thicknesg:Slope of : 42 @ Modulus Maximm :Type of:Bending :Shear strese: Computed : Largest : Stresses
number : & b iof upper : load~ 11—2 H of : load :failure; stress : in core at :stress in fac-: straine rassociated with
H H : facing : deflec- : 4p : rigidity : : noted*¢in thin : failure : ing at load : measured in :largest strains

i tien :(computed ) : : facing : (camputed) : aesociated @ racinge immwrmmn-————- —_
£ H g :gurve 5 g : at g : with largest :----- asmmmawr--; Thin : Thick
H H & B H :fallure : s strain ¢+ Thin : Thick :facing: facing
H H 2 3 H E H : (com- : : measured :facing :facing : b
H g 0 : : : puted) : fasmmmmmrr——— by =

H H H H & g : Thin ¢ Thiek :

rrm e b e o e e ——aat

6} (9
] immmee e ————— -

210, im, @
iper 1h.

b,

3 Jin.:
tpiRil.t pafi.l,:poT im.:per im,:p.a..

E

groyp £ - Alumitos faciogs 0.0 , and 0.051-1nch thick; balea-woad cors 0,753~ 1och thick

36 5,000 : 12.000 : 0.0200 : 10.000 : O.17% : 135.00 : None 86.8 s 522 : 337 ;1,440 ¢ 395 :..... 397
6B36 5.000 : 12,000 : .0310 : 10.000 : .157 1 129,00 :.. 82.9 s 498 - 322 :1,Th2 :
6T2% : 3,000 : 8.000 : .0200 : 2.970 : 327 +199.00 ... 128.0 : 511 : 330 : 1,290 :
682k 3,000 8,000 : .0310 : 2,980 : .300 1 195.00 f..» 1 125.3 : h97 @ 321 : 2,590 :
6718 875 7.125 : .0200 : 1.hh0 : .47 1 236.00 : : 1513 e 50 : 349 : 1,800 :
6B18 875 7.125 : .0310 : 1.h00 : .405 : 208.00 t.. . 133.78  : 476 307 1,040 :
6112 875 ¢+ k.25 @ .0200 : 500 @ 1.596 1 255.00 :...dd. 6h.0s :338 :218 : 350 : 225 : 339 237
6B12 875 @+ h.25 @ L0310 465 1 1.336 : 297.00 :...do. 191.08 391 1252 : 4B5: 257 : 479
6110 75+ 3.125 @ .0200 3 323 ¢ 2,952 ¢ : 272,00 :...d0..: 17h.6s :2735 176 : 276 : 178 : 280 188
6B10 875 3,125 : .0310 : 288 @ 2,414 : 282,00 :...do..: 181.28 : 263 185 300 : 185 : 307 : 195
618 : 875 2.125 : .0200 : 187 ¢ 6,49 : 237,00 :...do..: : 152.28 @ 162 : 104 158 : 104 : 164 109
688 875 1 2,125 @ 0310 : 177 @ 6.029 : 10,800 z 254,00 :...do..: 173 i 163.28 :173 : L2 : 170 : 110 : 180 : 118
Group 7 = Aluminum facings 0.012-inch thick; balsa-wood core O. f4s-inch thick
TT36 : 12,000 @ .0120 : 21.000 : .097 : 10,400 : 75.00 : None La.6 1496 Euniimani
TB36 112,000 : 0120 : 20.750 : .OT9 : 12,900 : TE.0O :,..do..: " - : 93 -
7T2h : 8.000 : .0120 : 5.850 : .122 : 18,700 : 126,00 :Wreinkia: 557 ¢ :  B3.8 : 557
B2k : 8.000 : .0120 : 5.900 : .152 : 15,100 : 12T.00 :...40..% ] 83.4 1 558
TT18 : 7.125 : .0120 : 2.750 ¢ .264 : 10,900 : 156,00 ...do..: 612 e 103.1 T 589
7818 ¢ 7.125 : L0120 : 2.650 : .204 : 14,200 : 151.00 :.Nems : 593 ¢ @ 59.6 : 590 B
12 s 4,125 ¢+ L0120 ¢ 780 ¢ .TIh ;12,100 g : 213.0¢ : Shear : 454 : lwo.B e : LBh il
TB12 ¢ h.125 @ L0120 : LTh0 1 (608 : 14,200 g - 262.00 :Wrinkls: 593 ¢ : 1T3.2 = : 593 L
TPL0 :o3.125 @ .0120 490 1 1.k : 10,400 g @ 190,00 f...do..: 328 ; 126.08 @ 328 ¢ B
TB10 ¢ 3,125 @ .0120 : U465 ¢ 10343 ;11,200 g . : 147,38 389 ¢ :
T8 ro2.25 ¢ 0120 : .230 : 2.687 : 12,000 g : 3p.8a 343 ¢ :
88 ;2,125 ¢ 0120 245 ¢ 3,026 : 10,700 : 138.4 8 i 340 g
TT6 ;1,125 ¢ .0120 ¢ J167 @ 21.279 ¢ 5,400 : 238.¢ : 223 H
86 1.125 : ,0120 : Jad : 18,215 ¢ 6,400 : #Zn.B ;250 H
Group 8 - Alumirum facings 0.012-1nch and 0.019-inch thick; balsa-wood core 0.505-inch thick
8r36 : 5.000 : 12.000 : L0130 i 36.000 ¢ 033 51.00 : Rome @ 490 : bg.o ;N0 : 309 ¢ 1,061 :
8B36 : 5.000 : 12.000 : .O1E0 : F5.500 000 51,00 1,..do..: 450G H 1 H ) : U9 1309 11,5140
8rak  : 3.000 : 8,000 : .0150 : G.62D :  .OLL 87.00 :...80.: 570 : B : 570 130+ 2,630 :
8B24k : 3.000 : 8.000 : ,0L2¢ : Z.000 ¢ OM2 ) Wprinkle: 53T ¢ @ Bo.S : 537 + 3%9 : 1,360
eri8 875 : 7.125 : 0150 : bL.2%0 : 088 :Tenedon: 6% t 3 110.7 : 616 : 489 ;2,620 ;
8818 875 7.125 : L0120 @ L.E20 i P09 Wrinkls: 624 ¢ : 105.2 F 0
ar12 815 4,195 ; oa%0 - 1,180 : L2 3 g : .
8p12 875 : 4.125 : L0120 & 1.230 : 510 ¢ 13,500 g : hesr : 685 ¢ ¢
ario 875 3,125 @ 0180 B85y LB oz 1h,300p : do.o: 49T
8810 875 @ 3.125 1 L0120 SB0 2 BAT : ak,a0D g ot Lodo..: 566 ¢
818 875 2,125 : .0lg0 V572 : 2.°88 11,500 g ¢ .odo.. 353
888 75 @ 2.125 : .D}EQ : 358 ¢ 2,185 : 18,000 g vewdos i B1D
8r6 875 1.125 : .U01%0 JAfh ;o 9095k 1 k0o eenat 254
886 875 : 1.125 .ox2n 20k« 150199 @ 6,100 ¢ Rl9.00 fesssassi 197
Group 84 - Aluminum facings 0.012-inch and 0.019-inch thick; balsa-wood core 0.50l-inch thick
8aT36 12,000 : .0120 : 35.000 ; -.003 50,00 : ;o W84 g :306.0 : 905 : 325 :
8AB36 12.000 : .0190 : 35,000 : =.040 53,00 : 51.3 : 518 :325.9: 695 : 335t
aar2} 8.000 .0120 : 10.250 : .138 88,00 : 8.2 : 569 : 359.0 : 1,880 : 440 :
8AB2L 8.000 : .0190 : 10.000 : .066 : 87.00 ; 8s.2 : 562 : 355.0 : 1,790 : 400
8aT18 7.125 + .0120 : 4.580 : .210 : 116.00 112.8 : 630 : 398.0 : 2,460 : 530
8aB18 T7.125 L0190 : k.58 @ 197 s 113,00 ¢ 109.4 : 610 : 385.0 : 2,660 : U465
aT12 4,125 L0120 :  1.200 : 377 : 187.00 ¢ 181.18 : 6235 : 394.0 - 2,460 : 510
8aB12 %.125 : .0190 : 1.200 : ,358 : 204.00 : 197.3 8 : 605 : 38.0 : 1,970 : 1,760
8aT10 3.125 ¢ .0120 : .T20 : .959 S nOeBO000CBaoD o luasrasesesssiasssmairro--dtinRRa NI
8aB10 3,125 : .0190 715 ¢ J946 : 171.00 : Shear : 132 D 165.78 ;432 :273.0: W17 : 267 :
8ar8 2,125 : .0120 365 @ 2,119 : 238,00 :...do..: 408 : 230.0a : ko8 ;258.0 : 4BO: 257 :
8ABS 2.125 : 0100 : 339 1.809 : : 208.00 :...do..: 358 FR - I B s 926.0: U450 : 295 :
8aré 1.125 : .0120 : .198 : 12,721 g 5 : pe6.8 . 250 :158.0 : 240 : 1,480 :
8AB6 1,125 : .0190 : .197 & 12.601 260.0 : 244 : 154,0 @ 223 : 1,540 :

o

roup 5 = Alvmimim facings O,0G12-inch ard G.0%1-ioch thick; cellular cellulsse-acetabs cors 0.502=-1inah thick

9136 : 5,000 ; 12.000 : .0310 : 31.880 : .200 : L4600 i 53.00 : Nams 1 50T e < 50.6 @ 507 @ 196.0 @ 1,112 @ : 258
9B36 : 5.000 : 12,000 : ,0120 : 32.200 : .283 : 3,300 i LL.0O ‘Wrinkis: ndec : .8 : 418 S0 TATH & s 187
grak  : 3,000 ; B.000 : .0310 : 9.500 : 435 : L,B00 g ;865 e @ Bu.rae ot 565 @ 218.0 : 2,550 ¢ + 326
9r1i8 : 875 : 7.125 : L0310 :  h.T50 @ 594 k500 g < s 59k ¢ : 998 e 58k : 930.0 : 2,500 : : 292
9B18 : 875 : 7.125 : .0120 : 4.B80: 622 : k300 g e e L Sl [EELELE
9T12 875 4,125 ; .0310 : 1.540 : 1.597 5,000 g 1 1 385 : 106.08 :36% a0 : 355 ¢ 1bT z 358 ¢ 199
9P20 ¢ JB75 : 3.125 : .0120 : 925 1 2.598 =300 & ¢ ;%8 : 9l.8a 258 : 9e.2: 208: 99 1 235 103
9r8 878 ¢ 2,125 : .0310 622 ;. 6.941 4,200 ¢ 204 : HN5.0e @ 204 79.0 195 ¢ Bo : 208 o)
988 875 ¢ 2,125 ; .0120 625 ¢ 6,934 4,200 ; wb.A e ;196 75.8 190 Bs 1 203 gv;
916 ;875 : 1.125 @ .0310 376 1 35,051 @ A,008 : 12h.1 D136 o+ WS0 s 107 ¢ 45z ua ;¥
9B6 : 875 ¢t 1.125 ; .0120 : L6k 45,000 ;2,300 ; u6.9 110 : ke.w 125 : 58 a3 5%
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Group 10 - Aluminum facings 0.012-inch and 0.030-inch thicks paper honeysomb core 0.Th6-inch thick

o 030 13.750 : =0.006 :...,;.ua.rt 88.00 : Rone : 57& : 574 1 230.0 :
012 14,000 : L0899 : 29,100 : 83,00 :...do..t :osh : 215.0 :
.030 .080: ,172 : 18,700 : 128.00 do,.: 556 : 3.5 1 222,0 :
.012 080 ¢ 161 : 19,900 : 144.00 :Wrinkle: 628 ¢ : .2 : 2%1,0 ¢
.030 840 0 246 16,600 : 164.00 : None : 63 : 106.9 : 256.0 :
.012 930 @ .276 14,600 : 154,00 :Wrinkle: 598 0 : 100.7 T 259.0
.030 560 1 797 15,100 g : 280.00 628 1 1825 8 : 251.0 :
.012 S5 : 865 : 13,900 g : 264.00 172.1 e : 237.0 :
+B30 342 1 1,578 : 13,300 g : 263.00 1713 s : 178.0°:
.012 2350 : 1.586 13,100 g : 322.00 210.2 » 1 219.0 1
.030 .187 ¢ 3,620 : 12,600 : 431.00 281.0 » : 199.0 :
012 2197 : 4,058 : 11,300 : 334,00 217.8 s i 150.0 :

Group 11 - Aluminum fasings 0.032-iech thick; balsa~wood care 0,506=1fch thic
.0320 10.170 .328 7,800 Iﬁ.o
.0320 10.330 .348 7,300 : 148.0
.0320 WS40 r 220 ,500 = 167.0
.0320 4.880 192 13,100 161.0
0320 1.::22 483 14,000 g : 231.00 : Shear : 411 215.0 8
.0320 1. s Jh66 14,400 g : 216 : 201.0 »
0320 696t 1345 : 11,100 g 193.0 &
.0320 656 1 1,166 : 12,700 g : 198.0 s
.0320 230 : b9 @1, a g 243.0 8 Suasbernd
0320 258 1 5.731 9,600 : 223.0 8 8 erarm el
np 12 - Alumievm facings 0.032-inch thick; balsa-wood core 0.390-fnch thick
+0320 +000 : .21% 9,000 : A1%.00 : Noos ¢ 418 129.0 H Pannumnad
.0320 : 400 0 193 9,900 : 11T.00 t,,.da,.: k33 132.0 ' e
.0320 : 2800 ¢ .160 : 12,000  : 135.00 :Wrinkla: 500 154.0 : Tamnnanal
0320 : 400 507 : 10,100 g : 168,00 : Shear : 426 214.0 : B aasrdy
.0320 : 2180 @ L322 : 15,800 223.0 :
.0320 : 040 1 .997 : 11,200 g : ; 202.0 ;
0320 : .900 @ 697 : 16,100 g : : 257.0 : =00
0320 285 : 3.2k : 13,600 ! ;. 253.0 3 TarnaaEE?
0320 : 292 : 3,215 : 13,100. : 220,00 :...de..: 1T : 254,0 H [} s
rOw = Aluminwn facings 0.020-inch thick; balsa-wood core O..
.0200 58.670 : .14 7,000~ : £8.8
.0200 59.330 S 5,600 3 64.8
0200 29.000 : .154 5,200 w4
0200 28,500 : .145 5,500 = 2.
.0200 T750 : 22 8,100 & ﬁ'f.g
.0200 7.500 : .20L : 10,500 : v
.0200 2.980 : .o 10,600 g : 19%.8 ] F -
.0200 2.950 : .46 :11,200¢g : 208.1 » Tesanawsd
.0200 775 1.591 5 11,000 g : 198.8 AR
0200 58 ¢ 1485 ;11,800 g - 133 25324 s eSS
roup 14 < Aluminum facings 0.012-inch thick; balsa-wood core 0.260-inch thick
.0120 93.600 : ~:i092 Z..hrewasrer 20,80 ¢ Nome : 380 45.6 Foooooool
.0120 k5,500 :  .019 : 26,5000 : 31. 50 tee.do.,: 483 57.9 ¥ wifum e
.0120 45.500 : .019 3 : 33,80 :Wrinkle: 517 ¢ 62.0 Tqrmmnag?
.0120 1n.700 : . 32,600 : 61.20 :...d0..: 575 ¢ 112.7 Homood s
.0120 1n. : .062 21,300 : 62.00 : Fone : 587 c 115.0
.0120 L0 ¢ 136 21,300 : 94.00 :Wrinkle: 594 ¢ 172.8
.0120 L.h50 ¢+ 136 21,200 : 98,00 :...do..: 617 ¢ 180.2
.0120 1.010 :  .591 18,500 g : 119.50 : Shéar : 389 219.8 s Nttt
.0120 1.120 ¢ .917 : 11,900 g 84,50 : Bhear : 275 155.3 s S+ e e ]
Oroup 15 - Alumimum facings 0.032-inch thiok; celluler cellulose-sostate core 0.496-tnch thick
11.000 : 419 ;5,900 . : 120.00 :Wrinkle: Cuuaasr?
11,000 : .398 : 6,200 : 100,00 -
5.280 : 27 : 9,000 : 127.00 Pennnnnal
5.030 : .195 : 12,700 . : 128,00 B TTTTTI ]
1.800 : .847 : 7,800 g : 150.00 Srrpnaast
1,850 :  .911 : 7,200 g : 154,00 P
892 1 2,006 : 7,200 g : 155.00 Pusnnnnat
875 ¢ 1.9%0 7,’hoo g : 148.00 F—
359 @ 8.56% : 186.00 P
.388 ¢ 7.919 6,900 r 179.00 :...d0..: 113 S am R

1,360 : 503

3T : 370

-2t S —
k65 : bh2
370 : 4
26l 27%

~
.

Shear stress Computed 1 Largest t  Btresses
of : losd :failure: strees : in core stress in fac-] strains sassociated with
: rigldity ¢ ¢ noted :in thin : failure ing st load 1 measured in :largest
(computed) : 3 : faoin ( ¢ 1
¢ H : W " vith largest j==smmermssem===: Thin @ !hlak
2 H s failure strain r Thin Thick :facing: fas
t r 3i (oom- measured :faoing neu‘ : :
r : ¢ puted) i i i z 2
H ] H Thin ; Thick 1 X t
H ] 1 xmuu rnsla‘ t ]
lmrewnrmm—a) 3 H - jeesssrs leveenmn | mrevene fvrew vr | snereeee.
m : (8 : (9 : (20) () (!2) . (13) x (15) : (26) : (17)
3 ILLRETTTY | - m———
P.s.i. ¢ Ib. : : 200 P.ai. : 120 .:m_5m.x 200 : 100
g : : peBei. 2.-.1 ¢ Pe8.1.iper ﬁ +:POr in.:p.8.1.: p.o.1.

taawrrai 273
: 507 : 239

267
o8 ;
310
280
%
280
180
243
1%2
161

2
14
3
AV

".«éééuu""

630 17
618 : »18

364 : 370

T2
82 : 501
820 : 508

VAV AV AV
aaus&

1 23k

426
466
230
e

w
*

365
363

35 sa1

; 513

t 1,735 Saadarrtedaarrrag
T 2,595 fraeranieinrmrans

2,300 tuuesmuiannnrannn

345 : 378 :

25 : 257 : 2%
372 : 3™ ¢ 391
315 ¢ 300 1 320
828 : 369 1 A28
307 : 3T : 310
291 1352 : 300
293:: 282 : 299
9% 3 190 1 205
3187 : 187 : 197
120 : 110 127
15 : 100 122
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Tnble L.--Besults of ipdiridual tests, the computed woduli of rigiditr and shmar etrongthn of the corss, the computod teansila
afd coMpreawive oirangths of the facings, and the Biresoes nasoclated Witn tha measyred ¥iTeins icontimisd

Specimen: Span
number : a

Span :Thickness:Slope of : 5 Hodulus Maximum Ty:-o ofiBending :Bhear streas: Computed largeet :  Strenaes

b :of upper : load- : —‘.,\h; g of : lped :failurm;: stress : in cors st ietraan in facer strains :aspociated vith
H : facilng : deflec- : i~ : rigldlty « : noted :in thin 3 fallues  : ing-st iokd : massured in tiarpgest atruine
H 3 : tion = 1 {comprated H : faring ! {compated) : asaonimtad 2 tatings femaasr e ——
. : : curve = : A . i ) whil ARG C=e===me e e—— Thin : Thick

atrain : Thin ¢ Thick :facing: facing
fmaing cfacling : :

lmmmmmne ] EeE e | o o f e

£)] 6y {1

16T32  : 5.000 :
16B32  : 5.000 :
1672k : 1.000 :

16116 I BT75:
16B16 : B
16712 @ 875 :
16B12 85
1618 o .875 ¢
1688 : 87

171832 : 5,000 @
17T12 :875 :

17B12  : 875 :
1718 : J875 :
1788 1 JB75 :

189132 @ 5.000 :

18116 875
18816 i 875
18r12 875
18B12 87
1818 875

In. : Pup.i,

Group 16 - Alyminum facings 0.032-inch thick; cellular celluloge-acetate core 0.370-inch thick

10,000 : 0.0320 : 2£0.000 : 0526 : 3,k 11B.8 D 3TL Taeeamee: 455 @ 390 2392 ggg

10.000 { .0320 : 21.800 : .8%31 : 2,20¢ v B9.6 + 280 290 :+ 291 :290 :
10.000 ¢ .0320 : 10.000 : 423 ¢ 4,3t 1189 : 374 488 : 392 : Lok : 395
: 10,000 : .0320 : 10,700 : .530 & 3,400 103 . : 318 339 : 327 : 330 : 331
6.125 : .03520 : 3.580 : 1.173 @ 4,160 Wi.38 27 286 : 279 : 289 : 283
6.125 : .0320 : 3.650 i 1.257 : 3,80 g I¥aY 6 253 268 : 276 : 272 : 282
4.125 : 0320 : 1,700 : 2.337 : 4,50 : I1%5.8 B @ 200 215 : 208 : 225 : 218
h.25 : .0320 : 2.300 : 3.852 : £,8 : Sh.f e o 12h 130 : 138 : 139 : 146
2.125 : .0320 : 666 : 9.3k0 @ 4,300 - 171,88 - 114 120 : 120 : 127 @ 127
2.125 : .0320 .860 : 12,805 : 3,1K 15.1 8 %6 81 8 : 8 : &

Group 17 - Alumimum facings 0.020-inch thick; cellular cellulose-acetate core 0.24k-inch thick

10.000 : .0200 : 66.880 : .209 : 3,600 : 34.00 : Nome : 323 : 6.6 350 : 365 : 339 : 369
6.125 : .0200 : 9.030 : .31 : 5,800 : 69.00 :Wrinkle: 402 ¢ : 131.1 160 : 507 : 394 : L96
k125 : .0200 : 3.870 : .B4T : 5,200 g : 63.00 : Shear : 247 : 119.7 s 260 1 265 : 266 : 272
4,125 : .0200 : 3.600 + .668 : 6,600 g : 85.80 :...do..: 336 : 163.08 355 : 367 : 341 : 370

2.125 : .0200 : -.967 : 2.082 : 7,900 g : 108.80 :...do..: 219 - 206.9 8 251 : 231 : 240 : 243
2.125 : .0200 : 1.016 : 2.318 : 7,100 g : 106.00 :...d0..: 214 i+ 201.5 & 229 : 231 :237 : 243
Group 18 - Aluminum facings 0.012-inch thick; cellular cellulose-acetate core 0.247-inch thick
10.000 ; .0120 : 115.000 : 098 : 4,800 : 27.00 : Bome : 435 c i S52.1 Ziiimmmiarre-calitinanairraaansiesassainanannn
: 10.000 : .0120 : 110,000 : .022 : 21,400 : 1h.0K :  27.0 206 : 218 : 217
: 10,000 : .0120 : 53.500 : 153 : 3,100 @ 27.10 : L 523 L3 ;432 o M2
: 6,125 : ,0120 : 17.000 : L4100 : 3,000 g : F.30 s 66.28 371 : 332 @ 3Th
6.125 : .0120 15.800 +  .324 : 3,800 1 27,46 : 1 52.98 260 : 282 : 266
4,125 ; ,0120 : T.200 ¢t .47 : 2,900 g @ L42.00 : 81.1 e 270 : 283 - 276
4,125 ¢ ,0120 : 6.400 : .T19 : 3,800 g : LZ.50 : &.le 269 : 316 : 275 .
2,125 : .0120 : 1.820 : 2.597 : 4,000 g : 77,30 : T 149.2 8 ohy : 262 ; 252

Group 19 - Aluminum facings 0,032-inch thick; paper honeyvamb core 0.755-inch thick

19732 : 3.000 : 12.000 : .0320 : 5.920 ¢ 402 6,600 g : 180,00 :Wrinkle: 428 c 114.0 ;422 riuuiwels 935 @ 630 : 819 @ 513
19B32 : 3.000 : 12,000 : .0320 : 5.920 : .381 : 7,000 : (! R | a3 c @ 130 : 543 : 615 : k21 : 512
19r24% ¢ 1.000 : 10,000 : 0320 : 2.780 : .50k i 7,600 g : 1L c 120.0 Lor : keh : 369 : k25
19B24%  : 1.000 : 10.000 : ,0320 : 2,810 : .528 : 7,200 g : 181.C e 21.0 420 : 405 : 376 : 409
19T16 875 6,125 : .0320 970 @ 1.298 : 7,900 g : 22% 3.0 265 : 283 : 272 : 201
19B16 875 ¢ 6.125 : .0320 975 ¢ l.282 : 7,900 g : 1k7.0 & 280 : 295 : 286 : 301
19112 875 = 4125 : .0320 460 - 2.398 : 8,700 g : 15k.6 6 189 : 203 : 200 - 21
19B12 875 : h.125 : .0320 : 480 ¢ 2.686 1 8,400 g : E : 156,08 207 : 198 : 218 : 206
19718 875 ¢ 2,125 ¢ .0320 : 219 : 12.k22 ; 6,800 : 264,00 :...d8. : 1EB.0'm : 108 : 108 : 110 : 114
1988 .875 2,125 1 .0320 232 : 13.279 : 6,400 1 235.0C¢ r...du..3 163.0 8 : 108 ‘!iiewensi 100 @ 110 : 11T & 116
Group 20 - Aluminum facings 0.032-inch thick; paper honeycomb core 0.634-inch thick

T 000 aog : B.A%D s W36k ¢ 6,100 : 152.00 :Wrinkle: 27 c 114.0 Ry : T8k - B3 : 517
OB 1 3,000 @ Jo%an o B30 : 358 ¢ 6,200 162,00 :...do..: 456 ¢ : 122.0 1 b56 : 1,020 1 W77 @ 525
200 110000 0820 ¢ 3.5%0 @ W35 @ 9,000 190.00 : : b6 c @ 143.0 6 : 900 : &7 : 521
20B24 @ 1.000 L0320 : 3.600 ¢ .387 ¢ 8;200 o 195.00 .2 458 c : 146.0 : 458 898 - 468 : 521
20T16  : .875 L0320 : 1.170 :  .895 : 9,400 g : 218.00 3 : 164.08 : 31k 344 : 322 : 348
20816 875 : : .0320 : 1.180 : .962 8,800 g : 220.00 ; 165.0 8 31k 327 : 311 : 332
20712 875 : .25 : .0%320 : 2565 @ 1.970 = 9,500 g : 227.00 : 170.0 & : 218 225 ; 22k : 233
20B12 875 : k.25 : (0320 : .580 2.159 : 8,600 g : 247.00 : : 185.0 = 238 217 : 200 225
2018 875 2.125 : .0320 ! 211 - 7.840 : 9,000 : 270.00 202.0 n 134 138 : 137 146
2088 875 2.125 : .0320 T 266 : 10.535 6,700 : 268,00 201.0 B 134 128 : 137 135

Group 21 - Glass-cloth-laminate facings 0.02h-inch thick; balsa-wood core 0.498-1nch thick

21732 5.000 : 10.000 : .0240 : 51.500 : .026 : 18,500 : 5%.00 ¢ Mone : 212 : 50.8 1 212 202 : 217
21B32 5.000 : 10,000 : 0240 : 19.500 : -.051 ‘iaaurssanen 92030 ...do.o: 1R : 50.5 : 211 213 : 207
2172k 1.000 : 10.000 : .0240 : 25.500 : 150 : 3,300 52.00 : Comp. ! 208 = 495.8 : 208 : 209
2182k 1.000 : 10.000 : .0240 : 25.500 : 172 =z 2,900 @ 50.30 f...do..: 204 ¢ 48.2 : 201 = 228 : 195
21716 875 : 6.125 : .0240 : 6.620 : JA78 7,400 @ G250 3...40..7 230 C 88.6 - 226 i ;285 225
21B16 875 : 6.125 : .0240 : 6.880 218 : 6,000 : B3.80 :..ido... 2 ¢ 80.2 2 205 1222 ¢ 209
21712 875 4,125 : ,0240 : 2,320 ; .206 : 14,100 : 154.B0 ¢...do..3 235 ¢ 148.3 : 249 r 226 : 239
21812 d 4,125 : 0240 : - 2.k00 : .22k : 12,800 164,50 : Shmar : 27k c 157.5 :2n r 260 @ 257
2178 : 875 : 2.125 : .02k0 .600 @ .951 : 11,200 g : 204, 192.6 8 : 170 : 189 : 173
2188  : .875 : 2.125 : .02L0 : 710 1.662 @ 6,500 g 1 LBA.ED 178.7 8 : 158 i.iiea..: 605 : 652 : 17h @ 157
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fable 1l.--Rosulto of individual
‘ fpscimen: Span @ Span :ThicknesstSlopd of : a i Modulum :Marimim :Type of :Bending :Shear wiresw: (ompaoted = largnst :  Stresves
Dagbay @ & b :of upper : lomd- : Sh of : lond fellure: strees : io zore st :ntrenn in fRewr streine ;asacciated with
-] H : facing : deflec- : n yp2 ¢ rigldivy : noted t1n thin @ fallurs < ing at load : womsursd in hrguc etrains
H : H : tiom ! compated) : i : Tacing (u'putcd} : mocuhad ¢ PUCIOZE  immemcmmmeea n——
H : 1 1 curve H ) : at th largest t==e——-=--------=! Thin ¢ Thisk
’ 1) H B ] H T 3 atruin : Thin t Thick !’icing facing
b 2 : H H T +  mesasured mm; ‘ming 4
g 1 It 3 : : g T 5 :
- H H H T H H ¢+ Thin : Thick : H 1
} H 1 * H s ) ] ifacingrincing : ¥ 1
e Ll : il . : 1- s e T o e ol e Rl e
' ()« (& : (3} ¢+ (% : (% : (8 = s {12) ¢ (13) ¢ () : %) ¢ {26) ¢ (X7)
- i H H T ————— H ;..u-uu:»»u--»»‘A»-----‘---—--— - D ———————
Ia. In, i Em. 3073 4n. : : 5 +100 v 100 :10°P4M.:107n,: 100 : 300
: tper 1. 3 L tp.a.i.: p.a. a4, ipar Par in.:peT fu.:p.B.l.: p.l.!.
Group 22 - Glass-cloth laminate fucings 0.024-inch thick; balsa-wood core 0.373&_-7_1n_c_h_ thick
22732 5.000 : 10.000 : 0.0240 91,200 : 0,188 : 2,000 : Z8,30.: Nops @ 148 : 35.6 148 610 : 691 : 175 : 165
20832  : 5.000 : 10.000 : .02k0 : 92,500 : 225 : 1,600 : 28,10 :...de..: T 35.3 N7 610 : 652 : 15 : 157
2212k : 1.000 : 10.000 : .02k0 44,000 : 140 : 2,600 : &6.20 : Comp. : 4B e : 58,0 : 22 942 : 1,120 : 267 : 260
. 2082k 1.000 : 10.000 : .0240 44,200 : L4 : 2,600 : L2.50 :...dp..: 285 : 53.7 : 223 : : 260 : 229
20716 875 ¢ 6.125 : L0250 © 11,700 :  .225 : 4,300 : 7h.AD ;...d0..: 239 e : 93.6 i 266 : 239
22B16 875 ¢ 6,125 ¢ L0240 ¢ MLB00 : ATT @ 5,500 @ EB.CO :Wrinkle: 218 0 ,:  85.5 A 1l:251 : 220
22712 : 875 : h.1PS5 : .02%0 : 4,129 : .236 : 9,000 : 1hD.5D : Comp, : %% 8 1 176.7 : £ 308 : 28
20B12 875 ¢: 4125 @ .0240 4,150 :  .294% : 7,200 : 183.50 :...de..: 2T e 3 156.) ) 1289 : 26k
2218 + 875 : 2,125 : .0240 @ 1.050 :  .975 : 8,100 g : 157.50 : Shnar : 153 ; 17288 ¢ 660 : 166 ': 159
2088 875 ¢ 2,125 @ L0240 1.030 : 1.058 : 7,600 g : 124.%0 :€omp, : 139 : 156.58 : 167 : 137
[ 2% - Glbas-cloth laminate facinge ¢.084-inch thiok; balem-wokl core 0.
25132  : 5.000 : 10.000 : .0240 : 208.000 .262 900 : 13.00 :Wrinkle: 99 : 23.9 t £125 : 1L
23832 : 5.000 : 10,000 ¢ .0240 : 210.000 : .351 : 700 : 13.00 : Nome : 100 : 24,0 i :125 @ 116
23T24  : 1.000 : 10,000 : 0240 : 97.000 : ,186 : 1,300 : 21.90 : Comp. : 68 c : L40.b t 209 : 189
23B2F  : 1.000 : 10,000 : .0240 : 95.000 : .17l : 1,400 : 22.20 :Wrinkle: 171 c : 41.0 ¥ =198 : 183
56 : 875 : 6.125 : (0240 : 24,800 : 222 ; 2,800 : U650 ¢ Camp. : 219c : 8.8 =267 : 239
23p12 : 875 : §.125 : .02k0 : 8.880 : .305 : 4,600 : 69.50 :Wrinkle: 221 ¢ : .128.1 E; 985 : 254 : 230
' 23812 g : hass5: .oRko : 8.800 :  .257 : 5,400 : b1,00 :...do..:130c : T5.6 + 155 @ 132
' 2318 2125 : 0240 : 2,070 = .T29 : 6,900 g : 134.00 :.Shear : 220 ¢ ; 247.3 s B} Cooc coood
2388 2,125 : 0240 : 1,980 : .522 : 9,700 g : 136.50 :.,.do..: 220 ¢ 1 251.08 : :259 : 231
Group 24 - Glass-cloth-laminate facings 0.024-inch thick; cellular cellulose-acetate cors 0.498-inch thick
24132 ¢ 5,000 : 10,000 : ,0240 : 53.000 : .211 : 2,400 @ LE.OO :Wrinkia: L85 ¢ b fga : 139 - 198 : 176
24B32 : 5,000 : 10.000 : 0240 : 48.500 : 11T i...oee..sf RS0 Comp. 215 ¢ 51.2 T - B3z 211 196
2pr2h  : 1.000 : 10.000 : .0240 : 25.000 : .16 : 4,300 ;38,80 :Wripkde: 13% e 33.3 : 518 ;554 : I8 - 136
24B2h  : 1.000 : 10.000 : 0240 : 25,600 : L1501 : 3,30¢ @ 60.80 : Camp. : 2b3 o 58.2 2 Sz on 262 : 2k9
24716 : 875 : 6,125 : . 0240 6.760 203 : 6,500 ¢ 60.00 :Wriokle: 147 o 67.4 H 4 - : 15k @ ko
' 24B16 : 875 : 6.125 : .0240 : 6.800 : LATE : 7,500 : ©5.80 : Thear : 16} ¢ 63.0 : 567 = ‘72 : 186 : 162
: 24712 ¢ L875 : 4125 : .02k0 : 2420 ¢ .233 12,406  : 12L.80 : Comp. : 206 o 119.6 :
| 2478  : .875 : 2.125 : .02k0 :  .695 : 1,50k 1 6,700 g : 135.50 :...do..t 115 : 129.88 & 369 : 52 ;106 ; 112
| 2488 : 875 ¢ 2.125 ;0240 690 : 15.020 : 7,200 g : 157.00 :...de..: 133 : 150,18  : 131 k8o : 520 31837 : 128
|I Group 25 - Glass-cloth-laminate facinge 0.024-inch thick; cbllhilar cellulose-acetate core D.}'[Sainch thick
25T32  : 5.000 : 10.000 ; .0240 : 90.000 : 116 : 3,100 : 29,30 ; Kome : 153 : 36.6 : 605 : 660 : 173 159
25B32 : 5.000 : 10.000 : 0240 : 92,000 : .183 : 2,000 : 29.%0 :...d0.,: 153 ;3.6 : 592 ; 669 : 169
25724 : 1,000 : 10.000 : 0240 : 43.500 : 157 : 2,300 : 55.00 : Comp. : 287 c ; 8.8 : i 1,190 : 1,350 : 329 304
} 2582k : 1.000 : 10.000 : .024O0 : 42,000 : .087 : 4,200 : 47,40 :,,.d0..: 24Te @ 59,3 E . 2 : 1,091 : 246 253
25116 : 875 : 6.125 : .,0240 : 11,200 : 161 : 6,100 : " £0.50 :...d0..: 257 e @ 100.6 . 1,010 : 1,130 - 285 261
25816 : .875 : 6.125 : .0240 : 11,300 : .180 a 5,400 : 85.%0 1...do..: 2T @ ¢ 106.7 t 1,030 : 1,168 : 289 269
25112 : 875 : 4,125 : .02h0 : 4,200 : .212 : 9,900 : I00.00 : Shesr : 215 : 83,0 . o 775 875 : 222 206
| 25812 : .875 : A.125 : .0240, : B.200 : 213 : 9,900 : 95.00 r...do..: 204 : 1188 a ‘. 35 810 : 210 191
2518 : .875 : 2.125 ; .0240 9835 : 948 : B,600 g : 1ZK.00 :...do..: 136 £ 1958 0 i : k90 : %25 : 140 : 129
25p8 : 875 : 2.125 : .0240 : 1.335 : 1.098 : 7,400 g : 122,50 :...do..: 136 T 183,28 136 faaaawsad 500 : 535 13 @ 131
Group 26 - Glass-cloth-laminate facings 0.024-inch thick; cellular cellulose-acetate core 0.249-imch thick
26132 5.000 : 10.000 . .OB4D : 202.000 : .252 : 900 : 13.50 : Nome : 103 g bue : 465 : 127 16
26B32 5.000 : 10,000 : .08k : 155.000 @ .192 : 1,200 : 13.80 :...do..: 105 : ke : 470 = 127 17
26T2h 1.000 : 10,000 : L0240 : B88.8n0 : 076 : 3,100 : do..: 202 i 870 : 967 : 248 226
26824 1.000 : 10.004 : L0240 @ $1.200 @ 113 1 2,100. : 25.20 :...do ] 820 : 890 : 234 209
26116 B75 1 6,325 LOPkG : 24860 AT @ 3,700 : [ g 1,160 : 1,280 : 822 : 290
26B16 875 : 6.135 : 020 ; 23,800 : 13 : 5,200 : 1,010 : 1,150 : 284 .: 265
26112 875 hi,aes: ogbe @ Bssoo: 206 - 6,800 5 806 : 780 : 23 : 185
26P12 875 : b.izs : LoEkp : B,200 @ .296 @ b,700 & 70.50 fi.@0..: 222 ¢ s 832 : 956 :238 : 22k
2678 875 & 2,005 ¢ .08ko @ R.0B0 : 669 : T,700 g ¢ 87.50 : Bhear : 142 B i 535 : 573 :155 : 1h0
2686 875 : 2.125 Lombs « aoho o 667 : 7,700 g ¢ 89.50 t...do..: 145 s 550 : 601 : 157 : 1h5
Group 27 - Glass-cloth-laminate facings 0.02i-inch thick; honeycamb core 0,747-inch thick

27T32 3,000 : 12,000 : .02k0 : 23.600 : .12 i BL.B0 : Comp. : 265 & 53.1 : 265 tawsaaa bt B8 ;. 882 @ 2k2 : 207
27832 3.000 : 12,000 : .0240 : 26,200 : 0Ll ;7650 :...d0..: B8 2 90T : 80 900 = 253 : 211
27124 1.000 : 10.000 : .0240 : 11.200 : .063 : THOD :.,.de..:@lle & 50.6 i 86 : 219 : 195
272k 3 1.000 : 10.000 : .0240 : 11.600 : 103 § 100,20 Wriokls: 271 c @ 65.0 t 1283 : 271
276 B75 ¢ 6,125 ¢ .02k0 @ 3.050 1 .73 : 180.30 :...do..; 299 ¢ ¢ 116.8 t £1312 & 27

875 ¢ 6.125 ¢ .02k0 : 3,200 : .IT1 : 166,%0 i..:do..: 216 e ¢ 108.1 t 1274 : 273
2712 875 ¢ h.125 ; .02k0 990 : 052 : 295,00 : Comp, ; 99 c : 191.6 : » 282 @ 2i1
27812 875 ¢ 4.125 :- ,0240 : 1,130 :  .266 : k8,00 :...do..r Eff ¢ -1 16100 i 272 : 233
2718 875 ¢ 2.125 ¢ ,02k0 W31 @ 1,364 : 314,00 : Shear : 140 : 204,08 = :195 : 170
2788 875 ¢ 2,125 ¢ 0240 34 1.738 T 34,50 5 Comp, : 198 L 225.78 98 : 103
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Table 2.~Computed stresses in glass~fabric-laminate facings compared with those
obtained from strains T T T '

Specimen; Thin or top facing : Thick or bottom facing
group 1—---— e
tFormula : Strain : Hatio : Humber :Formula s Strain : Ratio : Number
: : tof tests : : : : of tests
"" D Busud. b Pobuds t 1 Besete # Homeke o S
Balsa-wood cores
1 : 23,800 : 21,500 : 0,903 : 12 : 7,000 :+ 8,300 : 1.186 1?2
2 : 28,400 : 2L, 700 : «869 : 10 : 14,500 ; 14,700 : 1.013 ; 10
3 120,500 + 20,900 & 1.020 + 12 : 17,000 : 16,800 : 988 : 12
L Lt 19,800 i 18,300 : 925 PR 19,800 : 16,000 : .803 10
21 : 21,100 : 21,800 : 1.032 P00 21,100 ; 20,900 : 991 © 10
22 ; 20,500 ; 23,200 : 1,131 : 10 : 20,500 : 21,200 : 1,032 : 10
23 : 16,600 : 19,900 : 1.199 L8 16,600 17,900 1.078 : 8
Av, :........:......u-: 1.001 : 74 :........:........z 1,010 ; h
Cellular cellulose~acetate cores
2l : 16,700 : 17,300 : 1.036 : 8 : 16,700 : 16,200 : .970 : 8
25 : 20,600 ; 22,100 : 1.072 10 : 20,600 : 20,600 ; 1.000 ¢+ 10
2% 18,200 : 21,200 ; 1.165 10 : 18,200 ; 19,200 ; 1.055 ; 10
Av, :;....-..:........: 1.022 : 28 :........:.....-..: 1,011 i 28

Paper honeycomb cores

27 : 25,400 : 24,300 : ,957 : 10 : 25,400 : 21,800 : L858 : 10
28 : 2L, 200 : 2k, 500 : 1.012 : 10 : 2li, 200 : 23,200 : #9259 i 10
29 : 22,200 : 23,200 : 1.0LkL : 10 : 22,200 : 21,600 : 2973 1 10
B¥e  eveeesenteseeeenet 1000k 1 30 teerererniremseeent 930 ¢ 30

Rept. NO. 1505—A




Table 3.--Computed stresses in aluminum facings compared with those obtained
from stains

Specimen: Thin or top facing : Thick or bottom facing

ErOoUp !-messccccscsescccsscrscrsnann - T
:Formula :Strain : Ratio : Number :Formule : Strain : Ratio : Number
: : : :of tests : i :of tests

Balsa-wood cores

5 : 43,400 : 40,800 : 0,941 : 7 : 19,800 : 24,400 ; 1.232 : 12
6 : 30,400 : 32,500 : 1,069 : 7 : 25,100 : 28,100 : 1.120 : 12
7 ¢ 41,100 : 40,800 : .993 : 7 : 41,100 ¢ 41,400 : 1,032 : 7
8 s 41,700 : 41,300 : .991 : 3 : 33,900 : 37,600 : 1,109 : 11
81 : 43,900 : 45,300 : 1.031 : 5 : 32,800 : 37,000 : 1,129 : 10
11 : 34,000 : 34,600 : 1,018 : 9 ¢ 34,000 ¢ 35,000 : 1,029 : 9
12 : 34,400 : 34,600 : 1,006 : 8 : 32,200 : 36,900 : 1,145 : 7
13 : 37,800 : 39,400 : 1.042 : 9 : 38,900 : 41,400 : 1.064 : 10
4 ¢ 40,200 : 36,400 : ,906 : 5 : 40,200 : 39,900 : 993 : 5
AVe Zearasanciyasansaat 1,00 ¢ 60 eesmvnralovsnanvel Leo106 2 83

Cellular cellulose-acetate cores

9 : 28,400 : 28,600 : 1.007 : 5 ¢ 14,900 : 18,700 : 1.256 : 8
15 : 25,600 : 26,100 : 1,020 : 10 : 25,600 : 27,000 : 1,054 : 10
16 : 23,800 : 25,500 : 1.071 : 10 : 23,800 : 25,600 : 1.076 : 10
17 : 29,000 ¢ 30,300 : 1,045 : 6 : 29,000 : 33,200 : 1.1hk : 6
18 : 30,000 : 30,400 : 1.013 : 8 : 30,000 : 30,000 : 1.000 : 8
AV. YRR IR 1.05)4 . 39 Chwpssmd s annp by l.lOO 3 11'2

Paner honeycomb cores

10 : h8,100 g h6,100 : W95G 5 : 22,000 : 25,500 : 1.159 : 12
19 : 27,700 : 27,900 : 1,007 : 10 : 27,700 : 31,000 : 1,120 : 10
20 & 31,400 : 31,500 : 1,002 : 10 : 31,400 : 35,000 : 1,115 : 10
870 Haoonobool aooooocns Oaess) 25 teveseses i rarrwudts I ~IsES g 32

ee a0

. - . .
. . .

Rept » Iqo L[] 4'505 -A




Table 4,--Compressive strength of glass-fabric-laminate facings

: Number

Specimen : Facing Core Ratio : Compressive
group e thickness : thickness : : strength : of tests
Inch Inch Po5sis :
Balsa~wood cores
1 : 0.0060 : 0.251 41.8 19,400 6
L . .0100 : 750 3 750 19,800 12
2 e 0105 : OTT : 35.9 20,000 4
3 ; 0170 : S0k : 29.6 20,300 3
21 r ~0240 : L98 ok 20.8 ¥ 22,400 6
22 0240 : STh 15.6 2,900 6
23 L0240 : 2hT 10.3 19,300 T
3 .0250 ! S0k 20.2 : 26,400 b
AV. :OQQoiltclvnini:-rqfl!#'..ld:til-l'Iit-lnii: 21,100 : h?
Cellular cellulose-acetate cores
2L : 0.024 : C.k98 18,500 6
25 : 024 : B (- IS 26,600 h
26 : 024 249 19,700 k
Av. :‘."!F-"'II!liii;!.'ilililiil: 21,200 lh
Paper honeycomb cores
27 - 0.024 0,747 : : 27,200 8
28 - .024 N4 S : 26,500 7
29 : 024 A95 3 23,300 5
AVQ Teoeseqra il i it aa B ANT SO O - . 26,000 20
From Forest Products Laboratory Report No., 1821
2 0.125 : 0 : : 20,800 6
(Compressive stress at provortional limit)
: 125 : ) : : 37,800 6
(Compressive strength)
Rept. Ilo. 1505-A




Table 5.-~-Compressive strength of aluminum facings

Specimen : Facing : Core : Ratio : Compressive : Number
group s thickness : thickness : - strength : of tests
Inch 3 Inch 3 t P,5,ie

Balsa~wood cores

12 : 0.032 ; 0,350 : 12,2 : 50,000 1
13 g .020 ' 257 1 12,8 : 51,000 2
11 2 0352 : BH06 1 15.8 : 46,700 3
PN : 012 : 260 1 21.7 : 57,800 5
8A : 012 : 501 ¢ b7 : 64,700 : 2
8 : 012 ; H05 k2.1 ;58,800 : ki
7 : .012 : LT 1 62,0 ;58,300 : i
5 : .012 P BT & 63,1 : 58,400 3 7
AV. Oy g g e 57,100 | 29

Cellular cellulose-acetate cores

16 : 0.032 : 0.370 : 11,6 : 33,700 : h
17 s .020 : .2kl : 12,2 2 4G, 200 5 1
15 3 .032 - L9610 15.5 : 35,200 : L
18 : 012 : 2h7 0 20,6 : Lo, 300 : 3

2 : .012 ; S02 @ 41,8 : 52,100 s L
Av, :.-...1.4..-.-.q-:4.1-ps----vw;¢vr|+fl-*-!v: 1-1-07700 : 16

Panper honeycomb cores

20 : 0.032 : 0.634 19.8 : 4k 700 L
10 § L0332 ¥ S5 & 23.6 : 10,100 L
10 : 012 1 R T 62.1 . 60,600 3
AV. ;'4!lilti-l.-lill;".lﬁl‘l-lIl;iiiii!litli.: J""T;)'I'OO ; 11

From Forest Products Laboratory Report No, 1817

0.052 - Y T L 73;000 Y TR LY
.012 :""!"‘-'Iliili.!:‘u#’ltiii"l‘l': 5"*’,000 :'puavftnro

Rept. No, 1505~A




Table 6.--Tensile strength of glass-fabric-laminate facings on balsa cores

Specimen group : Facing Q Core : Tensile

: Number
thickness : thickness : strength : of tests
R R Inch . Inch ¢ Pasele 1
1 : 0.0060  :  0.251 35,800 4
2 ; 0105 ; 337 L4, 100 ; 4
A¥e  Mammmsssmmenssitionon snammane . ko,000  : 8

From Forest Products Laboratory Report No. 1821

0125 : 0 s 39,300 2 6

Teble 7.--Tensile strength of aluminum facings

Specimen group : Facing g Core : Tensile : Number
: thickness g thickness : strength : of tests

o i e i 2 i e i | g —————

Inch S Inch P.s.i.
8 : 0.012 f 0.505 65, 600 1
8a : »012 ; 501 : 65,000 1l
AVe  leea.. beetvamcinlursore-san .-E 65, 300 2

From National Advisory Committee for Aeronautics
Technical Note No, 1512

: 0.032 : 0 :  68,k00 : 2
g : : (Longitudinal)

.032 : 0 . 65,800  : 2
g : : (Transverse)

.
-

Rept. No. . 1505-A




Table 8.--Shear strength and modulus of rigidity of balsa-wood cores

Spec-: Facing :Core : Average shear strength :Average modulus of

imen : thickness :thick-: ¢ rigidity

group: ‘N6S5 (ruemrmsmmw P e e L e ot
5 R :With-:Num-: Of :Num-:Shear: Batanend- :Num-:Shear :Ratio
5 s :out :ber :gpec.:ber :tests: :ing :ber :tests :
g g :spec,: of : 8 : of : : ttests ¢ of @ :
S 3 : 8 :tests: :tests : :  ‘dests: g

(1) : (2) 2 (3) 2 (b) s (5) s (6): (7) : (8): (9) :(10): (12) :(12): (13) :(14)

:Ihch :Inch :Inch :15.57.{.: :P.'s.i.:' ‘R S0y tP,S.ist tPeS.ie:

Aluminum facings

11 o 0328 1 eeeset0.506:201.5:
12 .032-.- PR -390:22”-0:
20202 auprnnt «275:20044;
b012  canann? o260t 0enans

:255‘0: 2 -i.-.u-oo..-15 Q00
:255‘5: 2 -ooc---cc-n.12 hOO
:21508: 2 ............11,200'
:187.6: 2 :.....:.....15,200'
:240 :1.63:12,000.
+258  11,31:13,800
!-..-.:....:15,100:
216 :1.27:15,000¢
2&5 +1,48:12, 200'

]
T XERAKE N LE LR}

vot

P Y YT

-
N

o-‘ooo.o.oq-..

=

:ogdooo:oao'o

§20,10021.68
:19,300:1,40
001055
-15 300 :1.24

8 : .012:0,019 : ,505:196.7: :212,8:
8aA : ,012: .019 : .501:181.4: :216.0:
5 @ .012; ,0305: .757:170.5: : 145.6:
6 : L020: JO31 : ,753:166.0: iR & i

4&00;183-5; 50 ;2é1.7; 18 P () [ he 13,000' 38 :-4c-¢--l-h6

A\ & & O\ N W F

y
L
2
9]
T i 012:aensant Wb:147.5: b 1193,1
)
3
L
6

N R R

M e

»

| %o Bpoonodbnoooogd

| Gless-fabric-laminate facings

:185.6:
+164,6:
:249,2:

21 -
22
25

.OEM:;.....: h98u'¢aoc'
-OEh:}biqo- §\37h'1000!‘
aozh:oontoo 027h'iﬁ-l4:

.;-t:-q.|: 8,800: 2 :v.-v-o:g’.o.

*
--cdwcloo-- 7,800 2 levsccsincsce
R TS 8 300: 2 tavecosisinan

O OO
Y Do

es ke o8 ae e

» - . [ . .

. - - PR N » » ‘ o - - .

Av, :dlccq-hatuta .----:f.fgnzotq.:l9998: rrremleDpen 8,300¢iﬁor=--i--t:i‘0'0
. . . a - L) + - . -
L] - L L L] L] s » L -
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Table 9.--Shear strength and modulus of rigidity of cellular cellulose-acetate

coxes

Spec~-:

:Core :

-

Facing Average shear strength :Average modulus of
imen : thickness :thick=-: ¢ rigidity
group: INESS warrmEr-——sssE—m—sEEET S —SS e e meme e —m e e ———
6 ] :With-:Num-: Of :Num-:Shear: RatuxBend* :Num-:Shear :Ratic
3 3 ;out sber :spec,:ber :tests:: :ing :ber :tests :
: 2 :spece: of : 8 : of : : ttests ¢ of : :
: s 8 :tests: :tests' 3 stests: :
(1) : (2) : (3) (&) : (58) : (6): (7) = (8) (9) (10) (11) (12) (13) (14)
.Indn anh Inch P..1; tBsela: :Rs.l. :P.s.l. :P.s.i.

15

16 -
A7
18
9
Av, :

P

25
26

Av.

.00052:Iii#ll:o.h96:lh3.8:

. . .
e FIREr TR ERE SN

s aa _sa

:t-qq.:iiiili:iitll:127.h:

Aluminum facings

0052:1ot41¢:
.Oeo:iiiiil:
0017:---;1-:

.370:131,2:
2hhak1 2
2h7 0. 1 4
502 B5. u 4

....:113.7: 18

.012:0.031 :

4 :173%.0:
L :143.4:
2 :204,2:
:149.2:
:112.6:

;1h9.h:

.

.
.

T,400:
3,700z
6)700;
3,400:

4, 800:

. . . . .
ce90ocsosamamn T T EEEEER Y]

. . . . [
o Fr BB S RER R s o anharfREHT

. . . . "
A pFAEER AN TN E NN EE RN

=N

. - . . n
ep P aas bRk b e d b dbd r PR Fan

: 5,100:1.06

%
.

: 128 21.3h

$ el

.
.
.
-
. -
- .
3

L]

9 4 5,000 23 teunsnsiannns

.
N B E R RN E NN

Glass-fabric-laminate faéings

002)4:.1.-‘1‘.:
.Ogh:i"ill:
‘O2h:|v--vi:

'1‘98:"l‘.:
376:121,9:
.249:132,8:

0
2
2
b

+140.0:
:153.5:
1162.0:

2151.8;

. -
a xd A AdasbBEEN

7,000:
8,000:
T,700:

7,600

. . .
HEIEERE RN
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o890 0000990 P I IR I AR I BERE N
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Table 10.--Shear strength and modulus of rigidity of pawuer honeycomb cores

Spec-: Iacing :Core hverage shear strength :Average modulus of
imen : thickness :thick-: ¢ rigidity
group: INESS jmm==mramesmres——m——sseameesoeens $mmrm - ——— e
: sWith-:Num-: Of :Num-:Shear:Ratio:Bend~ iNum-:Shear :Ratio
: :out :ber :spec,:ber :tests: :ing tber :tests :
: :spec.: of ¢ 8 : of : ; ttests ¢ of : s
: : 8 te sts. itests: : : stests: :
(1) : (2) : (3) : (4) : (5 ) 2 (6): (7) (8) : (9) (10) (11) (12) (13) :(1k)
:Inch Inch :Inch Rs.l.. :Ils.i.: :g}s,i.: :P.s.i.: :P.s.i.:

Aluminum facings

L '165 R O e Poro e el AnTalatals 7:800.
u '201 6 2 o.."o:..‘.' 97LOO

2hod: 2

19 :0;032:001-00:04"55:15000
20 i 4032:4eassa: 634:171.0

226 -1 23 13, Boo‘ :2k,600:1.78

205 )'l' 6 -.oqoooooio 9)700. 15 :' ..... :...-.

s o3 oo

P

10 : .012:0.050 - .7&6218&.0: I

'!.llc
o oo e o>

Av, :-lnon:...---:...,.:168.5: 12

Glass-fabric-laminate facings

27 H .OEh:..;.-.: -7h7:1¢4-o: O :213.8: 2 :;;-o;:inni:loyTOO: .l'-l":*‘i“
28 i 402U :iienene: 52Ttemesn: O :1T73.H: 2 tiaaaal.essd 7,300:

D9 1 02U taareeas BB ranrant O 1209.2: 2 fsuiaseieasa:l2,800:

= -
s rk P FAR: $OGO OO

[\CR S \V)

Tatsrsmikones
3 H : 8 . M 3 . . . ° 2 L
AV. :01111:11-1}-:'i!i$:iti|l:1‘li:l9896: 6 :-.---:--90= 9,800: ? [ R RN Y

- .
. -
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Tabls 11.--Moduli of rigidities obtained from sandwich eirips baviasg
0,02-1nch alhmiom facings and teated a8 centrally loaded

beama compared with thode chiminsd from ehear teats

Balsa-wood cores :Hard sponge-rubber cores: Cellular cellulose-
___________ s Esss s sEEEG e ———————————aama = acetate cores
Specimen: MNodulus of :Specimen: Modulue of : ammmas

number : rigidity : number : rigidity :Specimen: Modulus of
e LT R H : b H rigldity
: Beam : Shear : ¢ Beam : Shear : lammmmm——mm————
: tests : tests : : tests : tests : : Beam : Shear
H : : : : : : tests : tests
(1) = (2 z (3 : (B : (5) : (6) = (7)) : (8) = (9)
:P.s.i. ¢ P.s.i, ¢ : P.s.i.: P.8.1.: : P.s.i,: P.B.1.
Cores %/16-inch thick : Corea 3/16-inch thick : Cores 8-1pch thick
K2 i .ot I
s from 0.064 to 0.707 ! =g from 0,841 te [ N —5 from 0,305 to
by ooy 2.950 Pohy 6.015
AABSO ;14,400 : 13,540 : 1AHSA0 : 4,075 : 4,790 : BAESO : 7,950 : 5,510
k 9,800 : 15,480 : : 1,105 ¢ 3,640 : : 5,210 : 1,087
. IABS1S : 14,700 : 16,700 : lamEbs : 2,605 : 2,660 : 348515 : 3,625 : 2,910
: 11,210 : 11,570 : : 2,835 ¢ 3,30 : : 2,575 : 6,930
1ABS30 : 14,700 : 15,350 : IAHRO : 4,390 : 1,620 : BABS30 : 3,645 : 4,230
» 14,600 : 11, : T b,B80 ¢ 2,440 1 2,065 : 4,710
1ABSKS : 8,500 : 12,340 : IAMR9O : 1,260 : 5,570 : 3ABELS : 2,845 : k240
: 10,900 : 14,850 - 13,085 : 5,320 ¢ : 5,645 : %,190
1ABRO : 16,400 : 16,890 : 3AHRO : 5,255 : 3,060
213,400 : 24,680 :AV......i 3,397 3 5,565 : 2,435 : 5,760
1ABR30 : 8, £ 13,040 RAtlo...iseaseani Q6 : BAHR3O : 4,095 : 4,780
: 11,900 : 12,890 : E : 2,410 : 5,900
1ABR60 : 13,200 : 15,040 : Cores 5/16-inch thick .: 3AHRGU : 5,735 : 5,030
f : 10,900 : 25,900 : 2 : : 2,760 : k,070
1ABR9O : 11,300 : 14,400 : nB from 0585 t0 3ABR30 : 3,305 : 7,180
: 13,300 : 20,960 : hpe 1,620 : : 2,810 : 2,720
Av,.....: 12,570 : 15,970 : 2AHSC : 3,120 : 5,500 :Av,.....: 3,872 : 4,520
Ratio, ..., ---sras 1.29 5 1 2,105 : 6,330 :Ratit. ciweeanans 117
: 2AESIS : 1,D70 : 3,450 :
Cores 5/16-inch thick : : b070 : 2,700
h2 T PAHRO : j,g & i,ﬁg H
b . 0.4 H P2y HE H H
'-'“2 from 0.013 0 033 | jipns ;3,585 14,320
3 : 3,060 @ 4 kO :
2ABSO  : 18,100 : 20,110 : 2AERGO : 4,115 : 4,300 :
: 13,700 : 34,500 : + 3,335 : 5,890 =
P 2ABS1S5 : 14,900 : 19,800 : ZAERIC : k475 : 3,860 :
1 13,400 : 15,690 : o
2ABS30 : 11,500 t 24,700 :AY......: 3,201 : 4,222 :
: 11,800 : 17,550 :Batlo.ssssssssansn 1352 3
2aBSk5 : 10,900 : 14,920 : :
: 10,600 : 18,200 :Av. ratiossesecss 1AT :
2ABRO  : 15,500 : 15,400 : :
: 11,800 : 13,500 = 4
2ABR30 : 14,000 : 23,820 :
: 10,700 : 17,100 :
2ABR60 : 22,400 : 13,080 ]
: 10,700 : 28,500 :
2ABR9O : 11,600 : 18,100 : 5
: 15,400 : 19,250 g
Av......z 13,570 : 19,630 : :
Ratioracacavarnins 1.‘5 : :
Cores 3/8-inch thick
n2 :
n—5 from 0.153 to 0.944
4y . :
3ABSO  : 10,900 : 13,200
: 13,400 : 16,540 :
3ABS15 : 10,200 : 19,380 : H
: 12,500 : 15,640 H
3ABS30 : 12,800 : 9,830 - :
: 10,000 : 11,300 ¢
3ABS45 1 13,300 : 13,060 H
: 10,500 : 19,450 - :
3ABRO  : 19,300 : 28,800
: 16,900 : 19,250
3ARR30 : 12,000 : 13,760
: 12,600 : 16,400
SABR60 : 12,600 : 16,700
: 11,400 : 16,4B0 : F
3ABR90 : 11,600 : 8,910 : :
: 12,300 : 14,300 :
H 1
AV..paeat 12,650 : 15,690 - s
Rati0.ua.u.nruinnn 1.24 i =
| Av. rati0.curre-1- 1.33 = ¥

I Rept. Ko. 1505-A
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Table 12.,--Moduli of rigidity of specimen having 0.032-inch aluminum fac1ngs
and a 0.489~inch cellular cellulose-acetate core

.
.

Distance of 5 Moduli of rigidity
miITorS from T e e e e o T e Bk B ke e B W e B P ap o e [ e Pl Py e e kel Byl S
central load : From mirrors : From shear tests

T —— T ——— e S -

: Right end : Left end : Individual values

: H : divided by average :
In. £ P.Seie 4 PuSels : PeSeie ¢ P.s.ie P.s.i,.
: : : H %,10C0
3 3,930 3,190 : 0.975 : 0.792 : 3,250
6 4,525 L,h10 : 1,123 : 1.09% : 3,200
9 4,060 4 4,060 : 1,008 : 1.008 : 3,200
AV. H j"’,ojo :.‘Q.ool‘.l:iit-iit'i: 5)200
Table 13,--Moduli of rigidity of specimen having 0,032-inch aluminum facings
and & 0.505 end~-grain balsa-wocd core
Distance of : Moduli of rigidity
Mirrors froll [—=-mecrm e G s s s S S S e —————
central load : From mirrors ¢ From shear tests
Right end : Left end :; Individual values :
: 3 : divided by average :
& : Ptsﬁio : PiSoio ; PQS)_i. : P.;Salo_: POS'IQ
2 : 21,500 ; 24,800 : 0,791 ¢ 0,912 : 30, 300
Y :+ 23,200 : 31,500 853 ¢ 1.158 31,700
6 : 30,600 : 17,500 : 1,125 : J6Mh 29, 400
8 ¢ 45,000 : 23,400 : 1,655 : .860 25,100
Av, : 27,200 Csacanbianmiavispnannl 29,100

Rept. No. 1505-A
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Figure L.--Stress-strain curves of 24ST sheet
aluminum (from figure 1, N.A.C.A.
Technical Note No. 1512).
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Figure 5.--Stress-strain curve of 112-114 glass-cloth laminate,
cross-laminated (from Forest Producte Laboratory Report
No. 1821 data).




Figure 6.--TIllustration of test apparatus for two supplementary tests.




Figure 7.--Element of sandwich strip.




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55

