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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 report No. 1505,3 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. Neither 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.

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

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

3"Flexural Flexural Rigidity 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
(equation 10 of Report No. 1505) is the most general one that can be used- 4-
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 a pplied 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 quite 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 isotro pic 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, just as in Report No. 1505,
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 analysis reduces to that of the individual 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. For

such specimens, neither analysis is suitable because all parts of the speci-
men are too close to the loads or to the reactions.

-It 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 data 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 variations in the modulus of rigidity of the core 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 a duplicate of panel No. 8 and was numbered 8A. 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. Each 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 1/4 to 1/2 inch thick, or paper honeycomb
ranging from about 3/8 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. 112-114), 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 eliminated by visual inspection.

The cellular, 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 7 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 No. 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 marked 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 means

of a dial gage (0.001-inch minimum reading) as the loads were simultaneously
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
Forest Products Laboratory Report No. 1555, page 13, starting with paragraph
36,6

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:
2"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 Aeronautics, Technical Note No. 1529.

6"Methods of Test for Determining the Strength Properties of Core Material for
Sandwich Construction at Normal Temperatures." Forest Products Laboratory
Report No. 1555. Revised 1946.
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1. The modulus of rigidity of the core is exceedingly small.
2. The span of the beam is very short.
3. The facings of the sandwich are thicker than usual.
4. Conditions close to the loads and reactions are examined.

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:

1. The shear stress in the core is uniformly distributed across the core.
2. The stresses in the core, other than shear, are neglected.
3. The shear strains in the facings are neglected.
4. The curvatures of the two facings are assumed to be equal at any

section of the sandwich.

This analysis should be reasonably accurate exce pt in the neighborhood of the
loads and of the reactions.

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 in the determination of the shear stress at failure in the sand.-
Ifidh 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 near 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. 1505 is:

rib
= —D

2 (
+ ab + h–	 1

3
+ h

)
(

4b2I

in which the value of p is given by equation (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 equations involving

E, Xf
P = Ef Xc

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

respectively, in the direction of the length of the strip, and X c andX f are
the values of (1 - 7xy -)7x) associated with the core and facings, respectively),
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(2)

(3)

in which o- and 
7Yx 

are Poissons ratios, may be neglected. Thus the value of

D is the usual engineering value for the spaced facings:

[D _ Er 1.13 + f2 fl f2 (h + c)2.1

- T-	 12 +-7--- h - cT-

For similar reasons:

6 Ef c fl	 h + c
=77 4 -h - c

f c h3

from equation (77) of Report No, 15052, neglecting terms of which P is a
coefficient. In this equation G c is the modulus of rigidity of the core associ-
ated with strains in vertical planed 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:

wPb
- - 2D

_	 -,	 r
a2	

+ab+	 b2 +1	 Pillila	 +1	 sink a d - sinh a (b + d) _1 cosh a (a + b)

-,	 ..... elf 
L

-.--	 -	 	 	 2 2
-	 ba3 cosh a (a + b + a)

 - cosh a al sinh a d	 (4)

where

	

a2 Gc 	 (fl	 f2) 
E cf ff -1 2 T-f

f 3 4- f23	 f 	 ,2
1 	 1-2 (h	 c)-_______

	

12	 4	 h - c -

I- - f13 f23 
12

1 11 2 (h + c)2
1,, -

	

4	 h c
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These three moments of inertia (I, I f, 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 (4) 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 c = 0:

2P Xi, b
w = 	

E
f If

+	 b2a • —

2	 3

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

Equation (4) can be simplified in the range where tanhab is substantially
unity, but Gc and therefore a, is finite. The resulting equation is:

1	 -1
_ Pb	 a2	 b2'	 Pb 1m flf2c 11	 1 I

w- 7 7 + ab 0 5 + 2Gc 	 h7:7)	
c- a	 (1 - e- ad) (5)

This equation is applicable to specimen 9T-6, which had aluminum facings and a
cellular cellulose-acetate core. By assuming Ef 10,000,000 and by determining
values of Gc 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 (4) 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 Gc 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 course,
the average shear stress divided by the average shear strain, or:

1 /1
Tio 7dx

1 rl- ydx
•• o
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where r 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	 G dx
//o

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:

= 	 1 
1 r t

if G

which is the reciprocal of the average reciprocal values of the modulus of rigid-
ity.

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 (Li) rather than equation (1). This difficulty can be avoided by using
the standard 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 standard shear test6 the shear strain is substantially constant along the
specimen. Thus 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 yield a lesser shear strength than does the standard test if the shear
strength varies along the specimen.

In the present state of the art 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 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,maximum 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:

T1 - 2

6f1 [f2 (h + c) + p c(c + fl ) _I
(7)

- c)] -6hf f + p 2 c4
1 2)12 chf

1
f

2
 + (h - c) 4 + 20c 1 - (h - c) [_2h2-

L

In this equation fi is the thickness of the thicker facing and f 2 that of the

thinner facing. Equation (7) yields the shear stress at the junction of the
.pore with the thinner facing ( T 2 ) 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:

6f f (h	 c)
1 2 

12 chf
1
f

2
	(h -

This equation applies at the junction between the core and either facing,
since interchanging the subscripts does not change its value. It follows (not
directly) that neglecting the terms involving A 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:

T 	 h + c = 

c2 + 2cf + f2

If the facings are thin compared to the core thickness, the term f2 may be
3

replaced by f2 and the equation reduces to:

T - 	
h+ c

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 about 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).
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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	 Im sinh a d[ sink a (a + x) + cosh a (b + d -. x) cosh a a (10)
T -h+cI

1 _
cosh ct-fa + b + d

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

Thus the shear stress is not constant along this span even though the total
shear load on the beam is constant. The division of the total shear between the
core and the facings changes along the span. Similar formulas for 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

which, for thin facings, is substantially the same as equation (9). 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 = 12 ) and if ab is large
2

enough so that its hyperbolic tangent is substantially unity 	
2

(
( a2 = 2.6 or greater) , equation (10) can be approximately written:

2

h c I
p	 Im	

;)ab

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, By using the
tangent modulus of failure of 775 pounds per square inch from figure 2 of Forest
Products Laboratory Report No, 1815/ in equation (10), it is found that the shear

J"Effect of Shear Strength on Maximum Loads of Sandwich Columns," by K. H. Boller
and C. B. Norris. Forest Products Laboratory Report No. 1815.

T= p	 Im
h + 0 I	

(11)

T 1-ems2 ( 1 2 )
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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. 150513 are given for the compression
facing by:

PE
7 1 -	 _,E_ 	- x)2D

and for the tension facing by:

PE
f
	(b

1	 f2 (h + c) + (f	 + c)
1 + Y1

y2

1

.••=,

(13)

(14)

2	 h - c +pc

1 f1 (h + c) +	 -2 + c)
- x)

2XfD 2h - c +Pc

in which fl and f2 are the thicknesses of the compression and the tension fac-
ings, respectively; y1 and y2 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 involving p are neglected, these equations become:

P (	 /1'2 h + c 

	

- 21 ‘ u - xi 2 h - c	 71

P) / 1 h+ c
= - 21 '-	 x ' I2	 h - C	 Y2

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

0- 1 = -(b - x) 2 4Y1 h - c
f	 (h + c) f f 22
1

2

1 2

Y2

,	 ,
01 + c)

h72 , (b	 x) f, (h	 C) fif2 (h + c

01 =

(16)
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(19)

f h + c
17177	 Yi

sinh 2 (b + d - x) cosh a - cosh -I. (a + x) sinh a d
(b	 x) a cosh a. (Et +	 + cl)

Im
fF yip

f
l h + c

2 h - c Y2 -
-1

sinh (b + d x) cosha a - cosh a(a + x) sinh d
(b - x) a cosh (a + b + d)

'In

F

Because the bending stresses vary linearly across the facings, the average
stresses in the facings are given by these equations when yi and y2 are zero.

Thus:

P (b - x) 

	

1	 f
1
 (h + c)

P (b	 x) 

	

- 2	 f2 (h + c)

which are the expressions obtained by equating 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 . stresses 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:

(17)

(18)

71 = (b x)

f2 h+ c
2 h - c

and

= (b x)
- 2 21

(

1
2 h c

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. 1505.4 For most prac-
tical sandwich constructions the two sets of equations yield substantially
identical results.

If the modulus of rigidity of the core, and therefore a , becomes zero, the
fraction in the right-hand member becomes unity and these two equations become:
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\ -ax	 - a(b - x)
f2 h + c (f2 + C Im -e	 e
2	 h - c 1 - c I	 Y1

)
2 “(b - x)

(21)

lh+ c
Y2 -

fl
2

h + c Im

IF

- 2x	 -a (b - x)
e	 - e

2	 h - c h - c 2 a(b - x)

-
P	 -
21 (‘ u	 x '

P0- .	 tb x) Y

	

1	 12 I
f

P	 kot,cr = -	 - xl y2

	

2	 2 If

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

If m has such a value that tank 
2J can be considered to be unity v.-- = 2.6 or

tab
2greater), equations (19) and 	 (20) become:

(22)

These equations yield values identical to equations (15) and (16), respectively,
when x = 1.2 and values not far from them for other values of x. For specimen

1
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 ann)ysis 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 gives the specimen number. The second and third columns give the
lengths of spans a and b as shown in figure 3. Span d has a length of 1 inch
for all the specimens tested. The fourth column gives the thickness 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 expression h2 computed from equa-l

4b2
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

A
laminate as 2.866 million. The latter figure was taken from Forest Products
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Laboratory Report No. 1583-A. 8– (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
n,the value of the expression 	 is obtained from the difference of two values
n 2'4b

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 value of this expression is less than 0.4 its accuracy is
doubtful. The seventh column gives the moduli of rigidity of the cores obtained
from equation (3). The values chosen for averaging are marked with a letter
E. 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 reason, values obtained from the expression

,2
n greater than 3.0 were discarded. Values obtained from values of this

4b 2

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 0.4 and 3.0 seems to
eliminate all of the "wild" values of modulus of rigidity.

The eighth column gives the maximum loads applied to the beams. Most of these
load 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
occurred. 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 columns as subsequently described.

The tenth column gives the stress in the thinner facing as computed by the use
of equations (17) and (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 11318 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 greater 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 w4s 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; but the tensile stress

."Effects of Shear Deformation in the Core of a Flat Rectangular Sandwich
W.J. Kommers and C.B. Norris, Forest Products Laboratory Report

No. 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 seem 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 already
given. Sometimes (note specimen 5T12) 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 facing's 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 vas 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 loads, and the fourteenth 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 for the aluminum
facings were taken from the National kdvisory Committee for Aeronautics Technical
Note No. 1512,2 and are shown in figure 4. Those for the glass-fabric laminate
facings are average curves taken from the original data of Forest Products
Laboratory Report No. 182112 for the glass fabric used in the present report,
and are shown in figure 5. 4hen the recorded strains exceeded the limits of
these curves, the stress values were 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 materials tested.

All 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 4 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 a greater strength when they are laminated on the
paper honeycomb cores. This table also gives values from Forest Products
Laboratory Report No. 182110 on the same type of glass-fabric laminate made
between metallic platens. The compressive strength of the facings seems about
equal to the proportional limit stress of the material of Report No. 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.

2"Stress-strain and _aongation Graphs for Alclad Aluminum Alloy 24-ST Sheet,"
by James A. Miller, N.A.C.A. Tech. Note 1512.

12"Mechanical Properties of Cross-laminated and Composite Glass-fabric-base
Plastic Laminates," by Alan D. Freas and Fred Werren. Forest Products
Laboratory Report No. 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 reasonably well with the strengths obtained from edgewise
compressive tests on similar sandwich constructions reported in Forest Products
Laboratory Report No. 1810,11 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 strength 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. 1817
and the computed values were entered in the table. These stressea 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. 1821,12 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 7.

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. Column 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. Columns 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 paragraph 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 5.

Column 11 gives average values of the moduli of rigidities taken from column 7
of table 1. The values used were those followed by the letter "g." Column 12
gives the number of tests associated with the values in column 11. Column 13
gives the values of modulus of rigidity obtained from the shear tests, and col-
umn 14 gives the ratios of those in column 13 to those in column 11.

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

11,Wrinkling of the Facings of Sandwich Construction Subjected to Edgewise
Compression," by Charles B. Norris, Wilhelm S. Erickson, H. W. March,

• C. B. Smith, and Kenneth H. Boller. Forest Products Laboratory Report
No. 1810.

"Short-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. In 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 equal 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 column 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 data 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-11

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

In connection with another investigation, moduli of rigidity were obtained from
strips of sandwich construction tested as centrally loaded beams 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, column 2 the results of the beam tests, and column 3 the results of the
shear tests. Each of the values in column 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,
13

These two tests were performed by A. W. Voss, engineer, at the Forest Products
Laboratory.

Rept. No. 1505-A	 -17-



The bending tests were conducted as described in Forest Products Laboratory
Report No. 1556.1.- (revised Februa ry 1950),. page 7, and the modulus of rigidity
was computed by use of the appropriate formulas on page 9 of that report. The
facings were all 0.02-inch aluminum. The core materials and thicknesses are
given in the table. Various spans were used; the ranges of values of i1 h2 are
given in table 11.	 4.02

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 ieorest
Products Laboratory Report No. 15561 (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 ao. 15556 (revised October 1948), page 13, and
the modulus of rigidity was computed accordingly.

It may be noted that some of the values of „I I-1 2 are outside of the limits pre-

4b2
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.

Measurement of the twodulus of Rigidity at a Particular 
Location in a Centrally Loaded Strip of Sandwich 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 wire, the ends of which were filed to form knife
edges bearing on the outer surfaces of the facings. The central 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 longitudinal 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

14
"Methods for Conducting Mechanical Tests of Sandwich Construction at Normal

Temperatures." Forest Products Laboratory Report No, 1556. Revised
February 1950.
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other end of the beam in a similar position. These mirrors are hidden, in the
figure, by a cardboard 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 a cellular cellulose-acetate core
0.489 inch thick, and the second had an end-grain balsa-wood core 0.505 inch
thick. The span for each specimen was 24 inches.

After the specimens were tested, they were each cut into four shear specimens
and tested as described in Forest Products Laboratory Report No. 155614 (revised
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 3030 pounds per
square inch. The value of lh2 for this test is 0.441, which indicates that

4b
2

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 h 2 is 0.115, which indicates that this value for the modulus is
Tl 

4b
2

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 0.644 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 Report No. 1505.
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( 1) 

(2) 

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 identical in the
two facings. The thicknesses of the two facings, denoted by fl and f2, may be
equal or unequal. It is convenient to identify a facing as 1 or 2 accordingly
as its thickness is f1 or f2'

The cote 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 neglected
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 T denotes the shear stress
transmitted by the core to the facings.

With 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,

dF1
T = 0dx

dF2d•-•..7c	 T = 0

Normal forces,

dS1	d2w
crl Fl –7 =

dx

as	 d2w 0

dx
-I- 72 4- 2 --7 =dx

2

'

Rept. No, 1505-A	 -21-



(7)

Moments,

dM1 1'1
ucbc 1	 2

CIM2	
T f

2
dx	 22	 2 =

Equations (1) neglect the longitudinal components of the shear forces in the
facings. Equations (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,

	

dx (dT)	 71 ..72=
	 (4)

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

(F1 + F2 ) = 0a 

(S + S + c T) + (F + F ) " 14. -- 0

	

1	 2	 1	 2	 2
dx

(Mi + M2) - (Si + S2) + fi + f2 T = 0

2

According to (5), F1 + F2 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, consequently,

F1 + F2 =0
	

(8)

throughout the beam. This relation is assumed in the analysis. 

(3) 

d
dx

and
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The Components of Displacement in the

Facings and of Shear Strain in the Core

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

Eff13
12 Xf

= 'M1 (9)

3	f e 	 d2w

	

I-g--	 2 = -M2

	

f	 dx

where Ef is the Young's modulus of the facing material, and Xf = 1 - v 2, 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

f2
3

M2 fi3

The shear strain in the core is given by the formula:

au	 dw
• = z

	

z x	 dx

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

U1 U2 dw
	7 - 	 + --

ZX	 dx

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 = GYzx
	 (i4)

and from (13),

(fITT
d7 G /--1	 d1.72\ Gd2w
dx	 1:1x	 dx )+	 dx2

(lo)

(12)

(13)

(15)
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(19)

(20)

Now from the stress-strain relation for the facings

dUi A.A. 6 miXf

dx = fiFf 
f1

2 E
f

and

dU2	 XiF2	 6M2Xf

dx2 
f22f	 f2 Ef

With the substitution of these expressions into (15),

dr	 GAT i F1	 F2	 6M1 6 
M2 + Gd2w

ax = cE, 1 fl 	f2	 f 2	 2

L	
f2 

,)	 dx

or, from (8), (9), and (11),

(16)

(17)

d T Gkf 	 F f1 f2) 12 c + fl 
+ f

dx CET / 1 1'11'2	 fl3	 2

By differentiation and the substitution of (1)

/

dx = cEf 	f1f2 1

ci2 T GXf fX:1 f2i) 
T 

12	 fl f2
f3 

C
2

Let

S = S1 + S2 + C T

L
(18)

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

f 3 + f23 \ 1/ f + f2 )

f 5 dx
S+ c 2/

= 0
	

(21)
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By the elimination of dM1 between (19) and (21), it is found that
dx

2
_ a2 T =

dx2

with
Gk (f, + fn)Ia2 	 f	 c 

- c- f1f2 Ef If

A -

I (c
2

f
1
 + f2

I = I
m
 + I

f

flf2	 E f1 + f2
I. =

f
1 

+ f2	 2

113 f23If _
12

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

convenient to retain the term d T in (19) and merely eliminate T from the
dx2

right-hand member by substitution from (21). This process, with the substitu-
tion of (9) for	 leads to the equation:

22 Im S

(22)

(23)

(24)

(25)

2
(26)

(27)

cI	 2d3w 	  d
dx3	 f1 f2d) dx2GI( + 2

(28)

with I and Im given by ,(25) and (26). In the notation

	

w	 c IM 7 d

	

dx	 fl f2)GI c + 2

(29)
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equation (28) is written

	

d24:,	 XfS

	

2 	 EfIdx

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

= A cosh a. X B Binh a X +
2

and

XISx2
.4) = -	 + Hx + K

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

= 0 (33)

and	 = 0 ( 34 ) 

Simply Supported or Free End

and

= 0 (28)

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, Fl, M1, and dw are continuous. It is then found from (18) that

ddr	 dx
dx is continuous and from (29) that, and 	 are continuous.

dx

When the solutions for T and +) have been determined, the deflection is obtained by
integration of (29) on the condition that the deflection vanish at a point of
support.

(30)

(31)

(32)
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The Solutions for r, (jo, w and gx for Two-point

Loading with Overhang 15

Let a denote the distance from the center of the strip to a load point b the7

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 a, 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 center of the strip.

In the discussion that follows a 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 T at the center and free end of the strip
are

T
a 

(o) = 0 (37)

,,and

drd(x)
= 0 at x = d (38)

At the junctures of the spans the conditions of continuity are

dr

Ta( a ) = Tb(°)

j	
drb

(39)

x = a x = b
(40)dx

=
dx

Tb(b) =

uA rb I

Td(o)

dTdi

(41)

(42)
dx	 x = b dx	 x = 0

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

S I
_ (x) =	 sink a d sinh 1(b + d) 
Ta(x)	 cosh aja b dY

ti +fl + 
2

s inh xx	 (43)

15
this section the symbols E and X ere used in place of Ef and X f, respec-

tively.
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(44)

(45)

Sb 
I

m
 -Tb(x)

+ f1 + f2
2

jziall zd sinh 7 (a + x) + cosh  b + d x)cosh a a;,
1 -	

cosh a (a + b + d)

and

Sbm 	 [cosh a(e. + b) - cosh za cosh a(d x)Td(x) -	 f +	 cosh a (a + b + a)
+  1	 2

2

The conditions imposed on 45 are the same as those imposed on T and are there-
fore given by (37) to (42) with T replaced by w . These conditions applied to
(32) yield.

bx

	

P a(x) = .04	 (46)

XS f 2

	

pb ( x) ,_ b 	 2s._ + bx + ab 1?•	 (47)
	EI 	 1 2 )L

XS, b

	

d(x) =	 (a - 12)	 (48)

	

EI	 2

According to (29) and to the fact that

1% (3 ) = 0

b(x) = fx ( 1b ,x, dx + 	

GI( + f1 1.2)
2

CI

Tb(x) dx

From (44) and (47)

w(x) XS
EI

b	 (x3 - b3 )	 b(x	 b2 + ab(x b)
6	 +	 2

cSb Im2

x- b -
Binh ad .,cosh a (a + x) - cosh a (a + b)'         

, + f )2G(	 f 
J..	 2	 IC
2 ) 

cosh (a + b + d)    

cosh a.a sinh a (b + d. - x) - sixth a d.
(49)  

a cosh a ( a + b + d)        
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Similarly, since

wa(a)	 wb(0)

 
(x

wa 	=bc, , :p a ,x, dx +( 	 cI/11 
Ta(x) dx + wb(0)

GI (c + 	 +f22)

and from (43), (46), and (49)
r"-

X S b	 1 2 - a2 , 2.., x	  wa (x) =	 - ab (>

	

Et	 )	 2	 -
3

L	 J

	

r	 i
cSb Im 

2
1 sink ad. - sinh a(b + d.) C cosh ax + b

a cosh a (a + b+ a)	 1

	

G ( ± 
f
1
 + f

2) 
2

1 2 L	 )
2	 -

.--
(cosh as - cosh a (a + b0	- 1- e.	 5' sink a d 1

a cosh a (a ± b + a)

	

L	 j

For the determination of the stresses in the facings, the symbols z 1 and z2 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

	

Fl (x)	 z1 	 21 d w

	

7xl	 f
1	 X dx2

an
F2 (x)

7x2 = f2

z2 E d2w

X	 2 (52)

Expressions for F1(x) and F2 (x) can be obtained from (18) and (8). That for
F1(x) is

F
1(x) _	 (53)

G X	 + f2)	
X (fl f2)	 dx2

(50)

( 51 )

fl f2'\
E flf2(Bcf 1

f
2 	 dT	 2	  d2w
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(55 )
d2w

dx
2

El d'
-X- ax7x2 = T

-f

+
z2f2 	 Elf

1

f (	 f l f2\I
2(c 1-	 2

The expression for L obtained from (29) is now substituted into this formula,
dx

and the resulting expression is substituted into (51) to obtain

_ 	 1 	 El k	 z1f1( fl +2 f) Elf d2w

c
fl f2) f

dx2xl	 dx	 I

Similarly,

(51k)

The expressions for —E1	 and
X dx

are given as fo1lows:

Span a,

E
A.

Elf	 d2w that are to be used in these formulas

(56)

—
X	 dx2

a	 , Sb= o

EIf d
2wa I

= b Sb	
I
If[— +	

m
I

!snh	 (b + d) - sinh a d
cosh a x (57 )

A	 cbt2 4) a b cosh a (a + b + d)

Span b,

EI
7

ddb
=	 - x) (58)Sb(b

EI d2wf	 b
X	

dx
2 	 °la

I f
I (b - x) rsinh (b +d-x) cosh aa - cosh a( a + x) Binh 

I- I 41	 a cash x (a + b+ d)	 1

Span: d,

( 59 )

EI	 did o (6o)
X	 dx

Elf	d
2

w
d SbIm cosh a(a + b) - cosh xa Binh a (d - x) (61)

dx2 -	 I a cosh a, (a + b + d)
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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 = 0. In the
event that there is no overhang, the value d = 0 is used in the formulas for
either two-point or central loading.

tT
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Table 1.--Reoults of IDdividusl meats the c uteri moduli of r idit and steel- at	 of the cores the c uted
tensile and cox:mem:ion strengths of the facings, and the ecrooses sagoc ated with the measured strains

SpeciSen: Span	 Span :Thickness:Slope of: Modulus :Maximum :T yne of:Bending :Shear stress: Computed : Largest	 : Stresses
number : a	 : b	 :of upper : load-	 : of	 : load :failure: stress : in core at :stress in fac-: strain. 	 :associated with

	

facing : deflec- 	 4b2 : rigidity :• : noted :in thin : failure : ing at load : measured in :largest strains

	

tion	 :	 :(ccmputed);-	 ;	 : facing : (ccmputed) : associated : 	 facings
: curve	 ::	 .	 : at	 :	 : with largest . 	  Thin : Thick

:	 •	 : 	 •. 	 :failure :	 :	 strain	 : Thin : Thick :facing: facing
.	 • (corn- :	 : measured :facing :facing :	 .
:	 :	

.	
:	 •.. : puted) :	 :

• •	 •

	

. 	 . 	 .. 	 . 	 •. 	 . 	 . 	 : Thin : Thick :
.	 .
• . 	 : 	 •. 	 •. 	 •. 	 :facing:fecing :	 :	 •

	

.	 •

. 	 : 	  	 . 	 . 	  .	

:

. 	  . 	 . 	

	

(1)	 : (2) : (3)	 :	 (4)	 :	 (5)	 :	 (6)	 :	 (7)	 : (8)	 : (9)	 : (1o)	 :	 (II)	 (12): (13): (14) : (15) : (16) : 	 (17)

: In. : In. 	 In.	 :10 - in. :	 : P.e.i. : Lb.	 :	 : 100	 :	 P.e.i.	 : 100 : 100	 101n 	 'in.: 100 :	 100
t	 :1.. :	 :52:1: 2_:2z1z. :22E-1-EL :PIE_IRL :21'LL: P.LEJL

Group 1 - Glass-cloth-laminate facings 0.006-inch and 0.0205-inch thick; balsa-wood core 0.251-inch thick

	

1136	 : 4.500 : 12.500 : 0.0060 : 745.00 : -0.112 	 	 3.98 : None : 157 	 :	 7.5	 : 157 : 45.9 ;	 500 1	 198 : 143 :	 76
	1336	 : 4.500 : 12.500 : .0205 : 790.00 : 	.049 : 1,260	 :	 3.57 :...do..: 141	 :	 6.8	 : 141 : 41.3 :	 521 :	 174 1 128 :	 50

	

1124	 : 3.000 : 8.000 : .0060 : 210.00 	 	 6.20 : Comp. : 156 c : 11.7	 : 156 : 45.7 :	 514 :	 187 : 147 :	 47

	

1324	 : 3.000 : 8.000 : .0205 : 216.00 : 	 .111 : 1,390	 :	 9.95 : Bone : 251	 : 18.8	 : 251 : 73.5 I	 995 :	 319 t 232 :	 91

	

1T18	 : 1.500 : 6.500 : .0060 : 84.50 : 	 .051 1 4,630	 :	 6.70 : Comp. : 137 c : 12.7	 1 137 : 40.1 1	 474 :	 169 : 135 :	 43

	

1318	 , 1.500: 6.500: .0205 :97.30 :	 .281 :	 820	 : 15.10 : None : 310 t : 28.6 	 t 310 : 90.7 : 1,273 :	 396 : 289 : 1.1.3

	

1112	 1 1.500 : 3.500 : .0060 : 20.20 : 	 .180 : 4,690	 : 14.50 : Comp. : 160 c : 27.5	 ; 160 : 46.8 1	 528 :	 197 : 151 :	 49

	

1312	 : 1.500 : 3.500 : .0205 : 20.20 ; 	 .180 : 4,460 : 24.15 :Tension: 267 t : 45.7	 : 262 : 76.8 :	 910 :	 313 1 213 :	 89

	

1110	 : 1.500 : 2.500: .0060 :	 9.45 : 	.161 : 9,73o	 : 29.70 : Comp. : 234 c : 56.2	 1 234 : 68.5 :	 770 :	 293: 220 :	 75
	1310	 : 1.500 : 2.500 : .0205 : 	 9.70 :	 .244 : 6,500	 : 57.00 :Tension: 449 t : 108.0 	 : 385 : 42.7 : 1,490 :	 469 : 329 : 134

	

116	 : 1.000 : 2.000 : .0060 :	 4.28 :	 .207 : 11,800	 : 40.25 : Cusp. : 254 c : 76.2	 : 254 ; 74.3 :	 942 :	 325 : 267 :	 83

	

188	 7 1.000 : 2.000 : .0205 :	 3.90 : -.080 • 	  64.25 :Tension: 405 t : 121.8 	 : 405 : 118.5 : 1,510 : 	 498 : 331 : 142

	

116	 : .750: 1.250 : .0060 :	 1.09 : -.178 •	  1 52.00 : Comp. : 205 c : 98.4 	 : 205 : 60.0 i	 672 :	 226 : 192 :	 58

	

136	 : .750 : 1.250 : .0205 : 	 1.15 :	 .024 	 $ 109.25 :Tension: 431 t : 207.2	 : 412 : 120.6 : 1,510 : 	 480 : 332 : 138

Group 2 Glass-cloth-laminate facings 0.0105-inch and 0.0205-inch thick; balsa-vood core 0.377-inch thick

	

2136	 : 5.000 : 12.000 : .0105 ; 226.20 : -.061 	 	 7.95 : Comp. : 116	 : 10.1	 : 116 1 59.4 :	 428 :	 218 : 121 :	 56

	

2336	 : 5.000 : 12.000 : .0205 : 230.00 :	 .010 : 1,590	 : 12.00 : None : 175	 : 15.3	 7 175 : 89.6 :	 665 :	 341 : 160 :	 98

	

2124	 : 3.000 : 8.000 : .0105 : 61.20 : -.062 	  22.00 : Comp. : 214 c : 28.1 	 : 214 1 109.7 1	 715 :	 449 1 205 : 112

	

2118	 .875 : 7.125 : .0105 : 26.10 1 -.045 	  22.15 :...do..: 192 c : 28.2	 : 190 : 97.1 :	 630 :	 360 : leo :	 92

	

2318	 : .875 : 7.125 : .0205 : 26.60 : -.013 	  51.00 :Tension: 442 1 : 65.0 	 : 442 : 226.2 : 1,795 :	 885 ; 381 : 252

	

2112	 : .875 : 4.125 : .0105 :	 6.44 : 	 .026 : 51,000	 : 35.60 : Comp. : 178 c : 45.4 	 : 178 : 91.2 :	 550 :	 342 : 157 :	 88
	2312	 : .875 : 4.125 : .0205 :	 6.72 :	 .085 : 15,200	 : 96.25 :Tension: 482 t : 122.8 	 : 482 1 247.0 : 1,812 : 	 782 : 384 : 224

	

21310	 .875 4 3.125 : .0205 :	 3.46 :	 .159 : 14,000	 : 116.00 : Shear : 440 :. ! 148.0 	 : 432 : 221.2 : 1,705 1 	 840 : 366 : 240

	

218	 : .875 : 2.125 .: .0105 :	 1.38 :	 .128 : 37,700	 : 82.75 : Comp. : 214 c : 105.5 	 : 212 1 108.5 :	 700 :	 407 : 200 : 103

	

238	 .875 : 2.125 : .0205 : 	 1.37 :	 .128 ; 38,000	 : 154.50 : Shear : 399 t : 197.0 	: 399 : 204.2 ; 1,425 :	 712 : 317 : 204

	

216	 .875: 1.125: .0105 :	 .467: 1.856 : 9,380	 : 188.00 •	 • 256	 :239.5	 : 256 : 131.4 :	 845 :	 525 : 241 : 129

	

136	 ..875. 1.125 : .0205 :	 .467 : 1.716 : 10,000	 : 207.00 • 	 p282	 : 263.5	 :282 : 144.8 .	 990:	 528 : 231 : 151

Group 1 - Glass-cloth-laminate facings 0.017-inch and 0.0205-inch thick; balsa-wood core 0.504-inch thick 

	

3136	 1 5.000 : 12.000 : .0170 : 100.800 : 	 .072 : 3,820	 , 20.70 : Comp. : 140	 ; 19.8	 : 140 : 116.0 :	 500:	 450 : 143 : 112

	

3336	 1 5.000 : 12.000 : .0205 : 102.000 ; 	 .133 1 2,080	 1 25.80 : None : 174	 : 24 7	 : 174 ; 144.0 :	 730 :	 512,174 : 146
	3T24	 : 3.000 : 8.000 : .0170 : 28.500 : 	 .131 : 4,690	 : 40.40 : Comp. : 182 c : 38.6	 ; 180 : 149.0 :	 740 :	 585 : 212 : 142

	

3324	 : 3.000 : 8.009 : .0205 : 27.500 :	 .049 : 12,500	 : 52.50 :...do..: 236 c : 50.2	 : 236 : 196.0 : 1,010 : 	 705 : 235 : 201

	

3T18	 : .875 : 7.125 : .0170 : 12.300 : 	 .131 : 6,000	 : 40.50 :Wrinkle: 162 	 : 38.7	 : 169 : 134.0 1	 620 :	 540 : 177 : 132

	

3318	 : .875 : 7.125 : .0205 : 12.900: 	 .190 : 4,090	 : 71.50 : Comp. : 287 c : 68.3 	 :287 2 238.0 : 1,260 : 	 870 : 287 : 248

	

3112	 / .875 : 4.125 : .0170 :	 3.100 ;	 .246 : 9,410	 : 94.50 :...do..: 219 c : 90.4	 : 219 : 181.0 I	 830 :	 710 : 237 : 170

	

3312	 : .875 : 4.125 : .0205:	 3.120 :	 .245 : 9,470	 ! 137.50 :...do..: 319 c : 131.4 	 : 319 :265.0 : 1,320 :	 960 : 298 : 272

	

3110	 : .875 : 3.125 : .0170 :	 1.590 :	 .337 : 11,900	 : 114.50 :...do..: 201 c : 109.5 	: 201 : 167.0 :	 730 :	 640 : 209 : 154

	

3310	 : .875 : 3.125 : .0205 :	 1.700 :	 .531 : 7,600 g : 122.50 :...do..: 215 c : 117.1	 : 213 : 176.0 :	 870 :	 630 : 205 : 180

	318	 : .875 : 2.125 : .0170 :	 .672 :	 .590 : 14,800 g : 128.50 :...do..: 154 	 : 122.9	 : 154 : 128.0 :	 552 1	 470 : 158 : 117

	

338	 : .875 : 2.125 : .0205 :	 .717 , 	.785 : 11,100 g : 149.50 :...do 	 : 179	 : 143.0	 a 179 : 148.0 : 	 710 :	 505 1 170 : 144

	

316	 : .875: 1.125: .0170 : 	 .275 : 4.307 : 7,240	 : 250.00 •	 • 158	 : 239.0	 :158 1 131.0 :	 530 :	 485 : 151 : 120

	

336	 : .875 : 1.125 : .0205 :	 .265 : 3.9481 7,880	 : 26600 •	  168	 : 254.2	 : 168 1 140.0 :	 622,	 481 : 151 : 138

Group 4 - Glass-cloth-laminate facings 0.01-inch thick; balsa-wood core 0.750-inch thick

	

4136	 : 5.000 1 12.000 : .0100 . 79.22o	 -.150 	 • 23.75 : Ccmp. • 187 c • 15.6	 :187 	 	 582:	 630 : 166 : 152

	

4336	 : 5.000 : 12.000 : .0100 : 79 . 40 : -.146 	 • 18.70 :	 do. • 148 c • 12.3 	 : 148 	 	 470 :	 462 2 135 : 116

	

4T24	 : 3.000 : 8.000 : .0110 : 22.510	 -.059	 • 34.00 •	 do. • 179 c • 22.4	 : 179 	
	41124 1 3.000 : 8.000 : .0100 : 22.000 	 -.109	 • 26.70 :	 do. • 141 c • 17.6	

452730; 459050a: 112252 a: 143

	

4118	 : .875 : 7.125 : .0100 :	 9.500 : -.028 	  43.30 :	 do. • 203 c • 28.5 	
: 141 	
: 203 	  620 : 699 : 178 : 166

	

4218	 : .875 : 7.125 : .1:010 :	 8.710	 -.131 	  48.25 :	 do. • 226 c • 31.7722 :	 755 : 206 : 180

	

4112	 : .875 : 4.125 : .0100 :	 2,367 :	 .050 : 38,500	 : 39.00 :...do..: 106 c : 25.6 	
: 226 	

	

505 1	 360 : 145 :	 92

	

41112	 : .875 : 4.125 : .0100 : 	 2.417 ;	 .080 : 24,400	 : 61.00 ;...do..: 166 c : 40.1 	
: 106 	
: 166 	 	 580 :	 580 : 166 : 141

	

4110	 : .875 : 3.125 : .0100 : 	 1.225 :	 .120 : 28,200	 : 141.00 :...do..: 290 c : 92.8 	 : 290 	 	 880 :	 950 : 251 : 222

	

4810	 : .875 : 3.125 : .0100 : 	 1.233 :	 .152 : 22,400	 : 125.00 :...do..: 257 c : 82.3 	 : 257 	 	 830 :	 880 : 237 : 207
: 268 	

	

418	 : .875 ; 2.125 : .0100 ; 	 .535 : 	-357 : 20,490	 : 192.00 :...do..: 268 c 1 126.0	 855 :	 910 : 244 : 213

	

438	 1 .875 : 2.125 : .0100 : 	 .540 :	 .384 : 19,100 : 149.50 :...d.o..: 209 c : 98.4 	 : 209 	 	 660 :	 710 : 189 : 170

	

416	 : .875 ; 1.125 : .0100 : 	 .215 ; 3.514 : 7,440	 : 266.50 •	 ' 197	 • 175.3	
: 1.Z.Or 	 	

625:	 650:179 : 157
	.1)100426 	: .875 : 1.125 : .npo :	 .212 , 3.402 : 7,670	 : 199.00 •	 • 147	 : 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

	

5T36	 5.000 : 12.000 : .0305 : 12.830	 - .017	 • 90.50 : Sons : 582 a : 58.2	 ,578 : 227.0 :	 910 :	 240 : 521 : 248

	

506	 5.000 : 12.000 : .0120 : 13.000	 .043 	 ' 93.00	 598 c 1 59.8	 : 598 , 235.0 : 1,800 1 	 286 • 	 288

	

5124	 : 3.000 : 8.000 : .0305 :	 4.100 :	 .291 a 11,500	 : 147.00 :...do..: 631 e : 94.5	 : 604 : 238.0 : 2,490 : 	
365 •	  348

	

5204	 : 3.000 : 8.000 ; .0120 :	 5.950 : 	 .182 : 18,100	 ; 135.00 :Wrinkle: 570 c : 85.5	 : 570 : 224.0 : 1,460 : 262 •	
 272

	

5118	 : .875 :	 .	 : .0305 :	 1.810 : 	 .265 : 15,800	 : 171.00 ; None : 652 c : 109.8 	: 648 : 255.0 : 2,420 :	 305 •	  304

	

5B18	 : .875 : 7.125 : .0120 :	 1.780:	 -257 : 17,6013 g : 127.00 :Wrinkle; 485 c : 81.6 	: 483 : 190.0 :	 770:	 205 : 464 : 217

	

5T12	 : .875: 4.125: .0305 :	 .570: 	.975 : 12,700 g ; 259.00 : Shear : 573 c 1 166.5 s 	 : 573 : 225.0 : 1,310 :	 247 •	 •254

	

5312	 : .875: 4.125 : .0120 :	 .645 :	 .618 : 20,100 g : 199.00 :...do..; 440 	 : 128.0 e	 : 440 : 175.0:	 580,	 180 : 429 : 192

	

5110	 : .875 : 3.125 : .0305 :	 .315 : 1.440 : 15,000 g : 321.00	 537	 : 216.5 e	 1 557 : 211.0 :	 682 :	 420 : 514 : 376

	

5B10	 : .875 : 3.125 : .0120 :	 .545 : 1.764 : 12,500 g : 290.00 :Wrinkle: 486 	: 186.4 a	 : 486 : 191.0 :	 700 :	 207 : 452 : 218

	

518	 .875 : 2.125 : .0305 :	 .169 : 3.508 : 14,100	 : 255.00 : Shear : 268	 : 151.1 s	 : 268 1 106.0 :	 236 :	
106 : 248 : 112

	

528	 .875 : 2.125 : .0120 :	 .174 : 3.455 : 13.600 	.. 218.00	 248	 : 140.1 s	 : 248 : 98.0 :	 220 :	 95 : 230 : 100
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Table 1.--2...1.t5 of	 teeta, the coancted moduli of rigidity and sheer :strengtha of the coree, the cceputed tensile
and compressive strengths yr the facings, and the ntresaoc associated with the measured Strains (continued)

	

. 	 . 	 . 	 . 	 :

	Specimen: Span : Span :Thickness:Slope of : 	 ,2 : Modulus :Maximum	 p5 of:Bending :Shear stress: Computed : 	 Largest	 : Stresses

number : a 1	 b :of upper : load- : ..-=.x :	 of	 : load 'failure' stress : in core at :etreee in few, 	 strain.	 :associated with

 facing : deflec- :	 4b' : rigidity :	 : noted ,Win thin : failure : ing at load : measured in :largest strains

• •	 : tioc	 :	 :(computed):	 : facing : (computed) : associated	 :	 facings
••

tune• 	 1	 .	 : at	 :	 : with largest : 	 • Thin : Thick

• : 	 -' 	 •	 -	 • :failure :	 : strain	 : Thin : Thick :facing: facing

.	
: (cost- :	 : measured	 :facing :facing :	 .

	

:	 : puted) :
• •	

.
-	 •. 	 . 	 .

1	 :	 '.	 •	1 	 :	 .	 .	 : Tu.. : Thick :	 ..	 .	 .
:faaing:facing

	 ,	 ......	 • 	 . 
	• 	 -,--i,	 . 	  	 • 	  : 	  , 	  .	 ..: 	

	(1)	 t (2)	 : (5)	 :	 (4)	 :	 (5)	 :	 (6)	 :	 (7)	 :	 (8)	 :	 (9)	 :	 (10)	 :	 (11)	 : (12) : (13) : (34):	 (15) : (16) :	 (17)

	 •:	  	 e 	  . 	 .	 -.	 .	 •	 .	 a 	

In. : in.	 :	 In.	 :10_ in. :	 : 2...i. :	 Lb. ;	 : 100	 :	 P.a.l. 1 100 : 100 :10'5in-:10-
.
in.: 100 :	 1110

. ---4 .=	 3 	 :-

	

r. BECJIL =	 :	 •	 :WILL' 2.!..1. qm:131, : mn_icatl.. : .8-..
'	 '	 •	 : 222A .  '

Group 6 - Aluminum feting. 0.020-Inch and 0.051-Inch thick; balea-vocd cora 0.753-Loch thick

	

e156	 : 5.000 : 12.000 : 0.0200 : 10.000 : 0.174 : 11,700	 : 135.00 : None : 522	 :	 86.8	 : 522 : 337	 a 1,440 :	 395 	  397

	

6236	 : 5.000 : 12.000 : .0310 : 10.000 :	 .157 : 12,900	 : 129.00 :...do..: 498	 :	 82:9	 : 498 : 322	 : 1,742 :	 575 	  354

	

6124	 : 3.000 : 8.000 : .0200 : 	 2.970 :	 .327 : 14,000	 : 199.00 :...do..: 511	 : 128.0	 : 511 : 330	 : 1,290 :	 387 : 524 : 388

	

6224	 : 3.000 : 8.000 : .0310 : 	 2.950 :	 .300 : 15,300	 : 195.00 :.-do..: 501	 : 125.3	 : 497 : 321	 : 2,590 :	 425 	  380

	

6218	 : .875: 7.125: .0200 :	 1.440 :	 .471 : 12,400 g : 236.00 : Shear : 540	 : 151.35	 : 540 : 349	 : 1,800:	 429 	  426

	

6218	 : .875 . 7.125 : .0310 :	 1.400 :	 .405 : 14,300 g : 208.00 :...do..: 476	 : 133.7 a	 : 476 : 307	 : 1,040 :	 525 	  320

	

6112	 : .875 : 4.125 : .0200 :	 .500 : 1.596 : 10,800 g : 255.00 :...do..: 338 	 : 164.0 8	 : 338 : 218	 :	 350 :	 225 : 339 : 237

	

6110	 : .875 : 3.125 : .0200 : 	 .323 : 2.952 : 10,200 g 1 272.00 :...do..: 273 	 : 174.6 s	 : 273 : 176	 :	 276 :	 178 : 280 : 188
257 : 479 : 262

	

6212	 : .875 : 4..125 : .0310 :	 .465 : 1.336 : 12,900 g : 297.00 :...do..: 394	 : 191.0 s	 : 391 : 252	 :	 485 :

	

6B10	 : .875 : 3.125 : .0310 : 	 .288 : 2.414 : 12,500 g : 282.00 :...do..: 283	 : 181.2 s	 : 283 : 183	 1	 300 :	 185 : 307 t 195

618	 : .875 1 2.125 : .0200 :	 .187 : 6.449 : 10,100	 ; 237.00 :...do..: 162	 : 152.2 s	 : 162 : 104	 :	 158 :	 104 c 164 : 109

628	 : .875 1 2.125: .0310 :	 .177: 6.029 : 10,800	 : 254.00 :...do..: 173	 : 163.2 s	 :173 :122	 :	 170:	 110 : 180 : 118

Group 7 - Aluminum facings 0.012-inch thick; balsa-wood core 0.744-inch thick

	

7136	 : 5.000 12.000 : .0320: 21.000:	 .097 : 10,400	 : 75.00:400c None : 496	 :	 49.6	 : 496 	  95o : 800 : 489 : 518

	

7836	 : 5.000 : 12.000 : .0120 : 20.750 : 	 .079 : 12,900	 : 74.00 ....do..: 493	 :	 49.2	 :I93 	 	 960:	 565 : 490 : 511

	

7124	 : 3.000 : 8.000 : .0120 : 	 5.850 :	 .122 : 18,700	 : 126.00 :Wrinkle: 557 c : 	 83 .6	 : 557 	  1,450 : 1,170 	

	

7524	 a 3.000 : 8.000 a .0120 :	 5.900 :	 .152 : 15,100	 : 127.00 :...do..: 358 c :	 83.8	 : 558 	  2,100 : 1,625 	

	

7118	 : .875 : 7.125 : .0120 :	 2.750 :	 .264 : 10,900	 : 156.00 :...da..: 612 c : 103.1	 T 589 	  2,340 : 2,400 	

	

7218	 : .875 1 7.125 : .0120 :	 2.650 :	 .204 : 14,200	 : 151.00 : Nuns : 593 c : 	 99.6	 : 590 	  2,280 : 2,540 	

	

7012	 : .875 : 4.225: .0120 :	 .780 :	 .714 : 12,100 g : 213.00 : Shear : 484	 : 140.6 a	 : 484 	  855:	 550 : 474 : 510

	

7812	 : .875 : 4.125 : .0120 :	 .740 :	 .608 : 14,200 g 1 262.00 :Wrinkle: 593 c : 173.2 • 	 . 593 	  1,960 : 2,330 •	

	

7110	 : .875: 3.125: .0120 :	 .k90: 1.444 : 10,4C0 g : 190.00 :...do..: 528	 : 126.0 d	 ! 328 	 	 332:	 312 : 327 : 319

	

71110	 : .875 : 3.125 : .0120 : 	 .465 : 1.543 r 11,200 g : 226.00 : Shear : 389	 : 147.3 .	 : 389 	 	 47o :	 367 : 398 : 370

	

718	 : .875: 2.125: .0120 :	 .250: 2.687 : 12,000 g : 295.00 :Wrinkle: 345 	 : 105.8 c 	: 545 	 	 357 :	 323 : 344 :340

	

7138	 : .875: 2.125 : .0120 :	 .245 : 3.026 : 10,700	 : 291.00 : Moms- : 341	 : 192.4 .	 :340 	 	 348:	 320 : 337 : 327

	

716	 : .875: 1.125 : .0120 :	 .167 1 21.279 : 5,400	 : 360.00'	 • 223	 • 238.0	 • 223 	  207:	 202 : 216 : 214

	

72)6	 : .875: 1.125 : .0120 :	 .148 : 18.215 : 6,400	 : 411.00 	 - 255	 • 271.B	 :250 	 	 214.5:	 231 : 253 : 240

Group 8 - Aluminum facings 0.012-inch and 0.019-inch thick; balsa-wood core 0.505-inch thick

	

Or36	 : 5.000 : 12.000 : .0190 1 36.000 : 	 .033 : 25,200	 : 51.00 : None : 490	 :	 49.0	 : 4490 : 309	 : 1,06-1 :	 755	 • 448

	

8B36	 : 5.000 : 12.000 : .0120 : 35.500 : 	 COO •	 • 51.00 . ...do- : 490	 49.0	 • 490 : 509	 : 1,310	 342 	  347

	

8124	 : 3.000 : 8.000, .0190 :	 9.620:	 .011 : 18,400	 : 89.00 :-..do..: 570	 :	 85.6	 : 570 :360	 : 2,650 :	 462 	  594

	

8224	 : 3.000 : 8.000 : .0120 :	 9.880:	 .042 : 44,200	 : 84.00 :Wrinkle: 537 c :	 80.5	 : 537 : 339	 : 1,360:	 373 	  377

	

8r18	 : .875 : 7.125 : .0190 : 	 4.250 1	 .088 : 27,000	 ; 115.00 :Tonaion: 656 t ; 110.7	 1 616 : 469	 : 2,620 :	 690 	  449

	

8218	 : .875 : 7.125: .0120:	 14.620:	 .209 : 11,300	 : 1.10.00 :Wrinkle: 624 c : 105.2 	 :599 : 578	 : 2000 :	 452 	 ''432

	

8212	 : .875 : 4.125 : .0190 ,	 1.180 :	 .422 : 16,800 g 	

	

8212	 : .875 : 4.125 : .0120 :	 1.230 :	 .510 :: 15,900 S : 189.04 : Sheer : 625 c : 161.6 a 	 : 625i : 395	 : 2,260 :	 490 	  41.83

	

8110	 : .875 : 3.125 : .0190 :	 .685:	 .867 : 14,200 g : 199.00 ,..-clo--: 497	 : 191.0 e	 : 497 : 314	 :	 500:	 305 : 492 	  505

	

8810	 : .875 : 3.125 : .0120 :	 .680 :	 .867 : 14,200 g : 226.00 :....10-.1 y66 c : 217.3 A	 : 566 : 358	 : 1,440 :	 390 	  594

	

808	 : .873: 2.125: .0190 :	 .572: 2.288 : 11,500 g : 196.00 :...do-.: .535	 : 189.0 a	 :533 : 212	 :	 526:	 205 : 330 1 214

	

8B8	 : .875 : 2.125: .0120 :	 .58: 2.123 : 12,400 g : 246.00 :....d0..1 419 	 : 236.7 1 o43.9 : 265	 ; 525: 265 : 416 : 2F

	

8r6	 : .875 ; 1.125 . .2190:	 .164 : 9.954 1 0,400	 : 53.S.ao •	 -264	 : 303.5	 : 2e4 : 180	 :	 570:	 176 . 276 :

1
05

	886	 : .875 : 1.125 : .0120 :	 .228 : 1.193 : 6,100	 : 219.00 •	 • 197	 : 210.2	 : 197 : 125	 :	 195 :	 118 : 204 ' 124

Group 8A - Aluminum facings 0.032-inch and 0.019-inch thick; bales-wood core 0.501-inch thick

81=136 : 5.000 : 12.000 : .0120 : 35.000 ; -.003 	  50.00 : None :1485	 :	 48.4	 : 485 : 306.0 :	 905:	 325 : 483 : 330

62236 : 5.000 : 12.000 : .0190 : 35.000 : -.040 	  53.00 :...do..: 514	 :	 51.3	 : 514 : 325.9 ,	 695 :	 335 : 515 : 328

	

82124 : 3.000 : 8.000 : .0120 : 10.250 : 	 .138 : 13,400	 : 88.00 :...do..: 569	 a	 85.2	 : 569 , 359.0 : 1,880 :	 440 	  440

	

82224 : 3.000 : 8.000 : .0190 : 10.000 :	 .066 : 28,100	 : 87.00 :...do..: 562	 :	 84.2	 : 562 : 355.0 : 1,790 : 	 400 	  368

82118 : .875 : 7.125 : .0120 : 	 4.580 :	 .210 : 11,300	 : 116.00 :Wrinkle: 671 c : 122.8	 : 630 : 398.0 : 2,460 : 	 530 	  509

84218 : .875 : 7.125 : .0190 :	 4.580 :	 .197 : 12,000	 : 113.00 :Tension: 650 t : 109.4	 : 610 : 385.0 : 2,660 :	 465 	  396

	

82112 : .875 : 4.125 : .0120 : 1.200 :	 .377 : 18,400	 : 187.00 :Wrinkle: 623 c : 181.1 e	 : 623 : 394.0 : 2,460 : 	 510 	  500

84812 : .875 : 4.125 : .0190 :	 1.200 :	 .358 : 19,300	 : 204.00 : Shear : 679	 : 197.3 .	 : 605 : 382.0 : 1,970 : 1,760 •	

81110 : .875 : 3.125 : .0120 :	 .720 :	 .959 : 12,800 g •	 •	 •	 '	 •	 •

82310 : .875 : 3.125 : .0190 :	 .715:	 .946 : 12,900 g : 171.00 : Shear : k32 	 : 165.7 a	 : 432 : 273.0 :	 1417:	 267 : 418 : 273

	

8118	 : .875 : 2.125 : .0120 :	 .365 : 2.119 : 12,300 g : 238.00 :...do..: 408 	 : 230.0 a	 . 408 1 258.0 :	 480 :	 257 : 401 : 264

	

8628	 : .875 : 2.125 : .0190 :	 .359: 1.809 : 14,400 g : 208.00 :...do..: 358 	 : 202.0 a	 : 258 : 226.0 : 450:	 295 : 450 : 297

	

8216	 : .875 : 1.125 : .0120 :	 .198 : 12.721 : 7,300	 : 276.00	 • 250	 • 266.8	 • 25o : 158.0 •	 240 • 1,480 •	

	

8626	 : .875 : 1.125 : .0190 :	 .197 : 12.601 : 7,40o	 : 268.00 	  244	 a 260.0	 : 244 : 154.0 :	 223 : 1,540 : 232 : 164

OtJup 9 - Ai...a.= facade 0,012-inch and 0.051-1nch thick; cellular calluleee-acetate core 0.502-111ch thick

	

9136	 : 5.000 : 12.000 : .0310 : 31.880 : 	 .200 : 4,600	 : 53.00 I Mora 1 507 . :	 50.6	 : 507 : 196.0 : 1,112 : 	 250 	  256

9B36	 : 5.000 : 12.000 : .0120 : 32.200 : 	 .283 : 3,300	 : 44.00 :Wrinkle: 418 c :	 41.8	 . 418 . 3.65.0: 573: 17 : 498 : 187

9124	 : 3,000 : 8.000: .010 :	 9.500 :	 .435 : 4,800 g : 89.00 : Shear : 565 a : 	 84.7 a	 :565 : 218.0 : 2,550 : 332'	 • 526

9216	 1 .875: 7.123: .0310 :	 14.750:	 .594 : 4,500 g : 104.00 :.......: 594 c a	 99.8 e	 :5944 : 230.o : 2,500 : 	 290'	 ' 292

91:18	 a .875 , 7.125 : .0120 :	 4.880 :	 .622 : 4,300 g •	 1

9212	 : .875 : 4.125 : .0310 :	 1.540 : 1.597 : 5,000 g : 111.00 : Shear : 565 	 : 106.0 a	 : 365 , 141.0' :	 5551	 167 538 : 195

9210	 7 .875: 3.125' .0120 : • .925: 2.598 : 3,300g . 96.00 :..-do..: 258	 :	 91.25	 1 258 a 92.2:	 228 :	 99 : 235 : 193

	

926	 : .875: 2.125: .0310:	 .622 : 6.941 ; 4,200	 : 120.00 :...do... 204	 : 115.0e	 : 204 : 79.0 :	 195;	 60 : 205 t	 55

	

928	 : .875 : 2.125 1 .0120 :	 .625 : 6.934 : 4,200	 . 116.00 :...d.c..; 196	 : 110.3 a	 : 196 : 75.8 :	 190 :	 85 1 205 :	 69

	906	 : .875 a 1.125 : .0310 :	 .376 : 35.051 : 3,000	 : 130.00 •	 • 116	 : 124.1	 : 116 : 45.0 :	 107 :	 45 : 112 a	 46

	

9B6	 : .875 1 1.125 ; .0120 : 	 .464 a 45,000 a 2,300	 : 122.00	 • 110	 : 116.9	 : 110 : 42.4 :	 125 :	 58 : 152 :	 59
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Table 1.--RANtilta. of individual tests, thm,gemputed moduli of rigidity And Omar etrengthe of the corm, the ocm1arced Manila
Chi covvremies strengths or tke facing', and the &tresses mancisted vith the &samosa strains iemstimedl

Specimen: Span : Span eThicknese:Sloge of : 	 2 : Modulus :Maxima :Type of:Bonding :Shear stress: Computed 	Limpet	 t Stressesnumber.: a	 :	 b :of upper : load- : h9- : of	 : load :failure: stress : in core at :strew In fam.	 strains	 :emaciated with	facing : deflee- :	 4b2 : rigidity C	 : noted :in thin : failure : lag at load mesared In clarinet atrains	'Ciao :	 :(computed):	 :	 : facing: (4:Imputed) : associated	 facings	 : 	 .......
•. 	

.

	

=rib :	 :	 .	 .	 2 at . -'2	 : with Urgent 	
: strain	

: Thin : Thick

	

failure:	 Thin : Thick :facing: facing

	

.	 t	 r	 ,;) (con- :	 : measured	 :facing :facing ::	 I	 •

	

. 	 : 	 •

	

. 	 t	 :	 :	 ; puted):	 • 	 	 :	 :	 •
•. 	 : 	 . 	 ;.	 r	 s	 1	 7 Thin : Thick : 	 .	 i:	 •

	

. 	 s	 .	 ;	 .	 1	 4ming:feeing : 	 1	 1	 ......-	 ... 	 	 	 -..- --- 	 . 	 	 •	 	 . 	  I 	 1 	(1) : (2) 1 (3)	 r	 (4)	 :	 (5)	 !	 (6)	 1	 (7)	 :	 (8) : (9) : (10) :	 (11)	 : (12) : (13) 1 (14) : (15) : (16) : (17)	 : 	 • 	 	 •	 :	 .......2 	 2	 . 	  I 	 	
'In 

•	 z-		10-3 in. :	 : P.e.i. :	 Lb. :	 : 100	 : Pos.i.	 : 108 : 122 :10-.:10:Jim.: 100 1 100
• •	 :p..U.1). :	 :	 : p41,1, :	 %IA! P411L-31.L-.D.,2•27AL:

Group 10 - Aluminum facing. 0.012-inch and 0.030-inch thick; peer honeycomb oar. 0.746-inch thick

10136	 : 5.000 : 12,000 : 0.030 2 15.750 : n0.006 	 • 88.00 : None : 574 273	57.4 	 :51111 • 230.0 : 1,590 : 267: 	10836	 : 5.000 : 12.000 : .012	 : 14.000 :	 .049 : 29,100	 : 83.00 :.'..do..: 541	 :	 54.1	 : 541 : 215.0 : 1,1.13 : 232 : 507 : 23910124	 : 3.000: 8.000: .030 : 4.080: 	 .172 : 18,700 : 128.00 :...do..: 556 	 2.3	 : 556 : 222.0 : 1,190 : 245 	
 ;7110324	 : .875 : 8.000 : .012	 : 4.080 ,	 .161 : 19,900	 : 144.00 :Wrinkle: 628 0 :	 c 628 : 251.0 : 2,125 : 298 : 	10118	 : .875: 7.125: .030	 :	 1.840 :	 .246 : 16,600	 : 164.00 : None :635	 : 306.9	 t633 : 254.0 1 2,480 1	 330: 	  30710818	 : .875 : 7.125 . .012 : 1.930 : 	 .276 : 14,600 : 154.00 :Wrinkle: 598 o : 100.7 	 1 398 1 239.0 : 1,760 : 280 : 	  284

19212	 : .875: 4.125: .030	 :	 .560:	 .797 : 15,100 g : 280.00 : Shaer : 628	 : 182..	 : 628 . 251.0 : 2,180 1 292 •	   30110B12	 .875 : 4.125 : .012	 :	 :575 :	 .86, : 13,900 g : 264.00 :Wrinkle: 592 0 281:

	

: 172.1 •	 : 592 1 237.0 : 1,630 : 280 •	10110	 : .675 , 3.125 : .030	 :	 .342 : 1.578 : 13,300 g : 263.00 : Shear : 446	 : 171.3s	 11:1:6 : 178.0: 420 : 180 : 420 : 190
10310 T .875 : 3.125 : .012	 :	 .350 : 1.586 : 13,100 g : 322.00 1...do..: 548	 : 210.2 a	 : re : 219.0 : 1,190 : 245 : 514 : 2551078	 1 :875 : 2.125 : .030	 :	 .187 : 3.620 : 12,600	 : 431.00 :...do..: 498	 : 281.0 •	 : 98 : 199.0 : 490 : 192 : 41*2 : 202
1038	 : .875 . 2.125	 .012	 :	 .197 : 4.058 : 11,300	 : 334.00 :...do..: 374 	 : 217.8 a	 I 374 : 150.0 : 427 : 161 : 380 : 171

Grog 11 - Aluminum faclaga 0.052-inch thick; Bal....1a3cS car. 0 .5 16•11:1,h thick

11732 : 5.000 : 10.000 : .0320 : 10.170 :	 .328 : 7,800 : 168.00 : Nam 1 468	 : 16.0	 : 488 	  898 : 500 : 481 : 49011832 : 5.000 : 10.000	 .0320 : 10.330 : 	 .348 : 7,300 : 159.00 :Wrinkle: 462 c 1' 1148.0	 : 462 : 	  885 : 539 : 480 : 50911124	 : 1.000 10.000	 .0320 : 4.940 :	 .220 : 11,500	 : 179.00 :...do..: 323 c : 167.0	 : 525 	 : 1,450 • 1,240 •	11E24	 : 1.000 10.000	 .0320 : 4.880 : -192 : 13,100 : 173.00 :...do..: 503 c : 261.0	 : 503 : 	 • 1,235 .	 855 : 319 : 51911116 1 .875 : 6.125 1 .0320 : 1.450 :	 .485 : 14,000 g : 231.00 : Shear : 411	 : 215.0 •	 : 411 : 	 • 504 : 417 : 409 : 419
11816 , .875 : 6.125	 .0320:	 I.440 :	 .466 : 14,400 g : 216.00 :...do..: 584 	 : 201.0 s	 : 384 	  1175: 390 : 400 : 39111212 : :875 : 4.125 : .0320 : 	 .694: t 1.345 : 11,100 g : 208.00 :...do..: 249 	 193.0 • I 249 	  230 : 245 : 238 : 25311.812	 I .875: 11.1.25: .0320 : - .656: 1.166 : 12,700 g : 213.00 :...do..: 255 	 198.0.	 : 255 : 	  253:	 242 : 261 : 253
1118	 1 .875 : 2.125	 .0320 :	 .230: 4.759 :11,600 • : 262.00 :...do..: 161	 2113.0. : 162 t 	  161 : 153: 170 : 164
1.188	 : .875: 2.125	 .0320 :	 .258: 5.731 : 9,600	 : 240.00 :...do..: 148	 : 223.0.	 r 148 e 	  147 :	 142 : 155 : 151

Group 12 - 21wsitua racito 0.052-1nch thick; balm-wood core 0.590-inch thick

•1202	 : 5.000 : 10.000 : .0320 : 17.000 : 	 .213 : 9,000 . 115.00 r None 7 418	 ; 129.0	 : 418 : 	  532 : 630 : 417 : 513
12332	 : 5.000 :10.000 • .0320 : 16.1100 • 	 .193 • 9,900	 : 117.00 :...do,.: 433	 132.0	 : 433 	 • 535 : 618 : 418 : 522
121324	 1 1.000 : 10 ..000 : .0320 : 7.800 :	 .160 : 12,000	 1 135.00 :Wrinkle: 5CO:c : 154.0 	 : 500 	  1,069 : 1,360 : 503 	12116	 : .875: 6.325: .0320:	 2.1100:	 .507 : 10,100 g : /88.00 : Shear : 3:26	 : 214.0 •	 : 1426 	12316	 .875 : 6.125 : .0320 1	 2.180 :	 .322 : 15,800	 : 196.00 :...do..: 446	 : 223.0 •	 : 1444 	

912712	 .875 , 5.325: .0320 : 1.040 : 	 .997 : 11,200 g : 177.00 :...do..: 271 	 : 202.0. :271 	  :8: : 652295; ialt : lg.121312	 .875: 4.125 1 .0320 :	 .900:	 .697 ... 16,100 g : 225.00 :...do..: 544 	 : 257.0 s	 : 344 : 	 	 560:	 370 : 345 : 373
.1278	 1 .875 : 2.125 : .0320 :	 .285: 3.124 : 13,600	 : 220.00 :...a0... 173	 : 253.0.	 :173 : 	 	 175:	 175: 185	 1851238	 : .875 : 2.125 7 .0320:	 .292: 3.215 : 13,100. : 220,00 :...do..: 173	 : 254.0 •	 ; 173 : 	 :	 173;	 176 : 184 : 186

Group VI - Aluminum facings 0.020-inch thick; balsa-weed core 0.257-inch thick

13132	 : 5.000 : 10.000 t .0200 : 58.670 1	 .11%: 7,000 	 : 39.50 : gene : 356	 :	 68.8	 1 356 	 :	 405: 364:37058813332	 : 5.000 . 10.000 . .0200: 59.330:	 .141 : 5,600	 : 59.5o :...do..: 356	 :	 68.8	 :356-	
l3T24	 : 1.000 : 10.000 : .0200 : 29.000 :	 .134: 5,200	 : 55.00 :.,.do..: 478	 :	 92.4	 • 478 	

:	 405 :	 375 : 370	 378
1,298: 712 • 	 51513824	 1 1.000 ... 10.000 	 .0200 : 25.300:	 .145 : 5,500 : 53.00 :...do..1 478	 :	 92.4	 : 478 	  1,070 :	 822:501: 501	 518

13116	 1 .875: 6.125 : .0200 : 	 7 . 750:	 .262 : 8,100	 : 90.80 :Wrinkle: 501 .111 :1.57.0	 • SOI 	  1,220:	 820:508	 518
15816	 ! .875 : 6.125 : .0200 :	 7.300 !	 .201 : 10,500	 : 54.00 : Sues : 515 0 t 163.8	 : 519 	 1,610: 232 	•

13112	 : .875: 4.125. .0200:	 2.980 7	 .440 : 10,600 g 1 114.50 7 shear : 426	 : 198.8 s	 : 426 	
 1, 	 •

	

650; 465 : 4142	 426
13S12	 : .873: 4.125 : .0200 :	 2.950 :	 .416 : 11,200 g : 116.00 :...do,.. 431	 : 202.1 •	 : 451 : 	 1 690 :	 470 : 449	 1166
1318	 ! .875 : 2.125 : .0200 :	 .775 ! 1.591 : 11,000 g : 114.50 :...de..: 220	 1 198.8 A	 : 220 1 	
1538	 , .875 : 2.125 , .0200:	 .758: 1.485 7 11,800 g : 131.50 :...do..: 256	 : 252.8 .	 : ?36 • 	

: 225 :	 220 : 234	 230
I 270: 264 : 274	 272

Group 14 Aluminum facings 0.012-inch thick; balsa-vood core 0.260-inch thick

24.80 : None • 380	 396: 350 : 365	 35414B32	 : 5.000 : 10.000 : .0120 : 93.600 : -.092 	 	 45.6	 • 380 	
:14124	 . 1.000 : 10.000 : .0120 : 45.500: 	 .019 :26,500 	 : 31.50 :...do..: 483	 57.9	 • 450 	  1440	 620:385	 515

14324	 : 1.000 : 10.000 : .0120 : 45.500 : 	 .019 : 26,500	 : 33.80 :Wrinkle: 517 c : 	 62.0	 : 517 :.	 • 610 :	 912 : 435	 521
14116	 : .875 : 6.125 : .0120 : 11.700 :	 .040 :. 32,600	 : 61.20 :...do..: 575 c : 112.7	 573 	 • 1,549 : 1,735 •	
14316	 : .875 : 6.125 : .0120 : u.800 :	 .062 : 21,300 : 62.00 : None : 587 c 	 115.0	 • 587 	 g 1,975 : 2,535 • 
14112 : .875 : 4.125 : .0120 : 4.450 :	 .136 : 21,300	 : 94.00 :Wrinkle: 594 e I 172.8	 • 594 	  1,540 : 1,605 •	
14312	 : .875 : 4.125 : .0120 :	 4.450 :	 .136 : 21,200	 : 98.00 :...do:.: 617 0 : 180.2	 : 617 	 • 2,180 : 2,300 • 

•1418	 .875: 2.125: .0120: 1.010:	 .591 : 18,500 g : 119.50 : Shear : 3e9	 :219.8.	 :389 	  424: 345 : 378 3481438	 : .875 : 2.125 : .0120 : 1.120 : 	 .917 : 11,900 g : 84.50 : Shear : 275 	 : 155.3 •	 : 273 	 • 250 : 250 : 257 1 259

Group 15 - Aluminum facings 0.032-inch thick; cellular cellulose-acetate core 0.496-inch thick

15132 : 5.000 : 10.000 : .0320 : 11.000 : 	 .419 : 5,900 : 120.00 :Wrinkle: 354 c 	 113.0	 1 354 c 	15	
391

1332	 • 5.000 r 10.000 : .0320 : 11.000 : 	 .398 : 6,200	 : 100.00 :...do..: 297 	 95.0	 • 297 	
 55/ : 372 : 5114 

15124	 1.000 7 10.000 : .0320 : 5.280 1	 .274 : 9,000 ; 127.00 :...do..: 376 0	 120.0	 r 376 I 	 	
We: 313:300	 320

: 405 1 428 : 369	 428
15324	 : 1.000 : 10.000 : .0320 :	 5.030 :	 .195 7 12,700 : 128.00 :...do..: 379 • 1 121.0	 1 379 . t 	  415 r 307 1 374	 310
15116 : .875 : 6.125 : .0320: 1.800: 	 .847 : 7,800 g : 150.00 : Shear : 272 	 : 142.0 • : 272 : 	  372: 291 1 352	 300

29915316	 : .875 : 6.125 : .0320 :	 1,830 :	 .911 7 7,200 g : 154.0G :...do..: 279 	 ; 146.0 a	 • 279 	 c 274 : 2952951.cs 282
15112	 .875: 11.123: .0320 :	 .892 : 2.016 : 7,2110 g : 155.00 :...do..: 189	 : 1117.0.	 :189 I 	

	

179 :I ll : 18719°	 2°519715B12	 1 .875 : 4.125 : .0320 :	 .875 : 1.940 1 7,1:00 g : 148.00 :...do..: 181	 : 140.0- •	 : 181 : 	
1518	 : .875: 2.125: .0320:	 .359 : 8.564 : 6,40o : 186.00 :...do..: 117	 : 1g:: :	 : 11.11 : 	  305: 120 : 110	 127
1538	 : .875 : 2.125 : .0320 :	 .388 : 7.919 7 6,900 : 179.00 :...do..: 113	 	  102 : 115 : 100	 122
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21511111 1.--2exult y ui indiridnel tA gta, the computed moduli or rigidity and sheer strengths of the cores, the competed tenoilm

end t011PrO. 1131, strengths of tae rminge, and the •irsosem eameciated ulth the mooeured otraino (Continued)

. 	 :

Specimen: Speui : Span :Thickneee:Slope of : 	 2 : Modulem 714seinann :Typo of:Bending :Shear streon: 	 Computed	 :	 largest	 : Strom:ea

number : a	 :	 b	 :of upper : load- : u.,:!;1 :	 of	 : lode :foilurs: stress : in care et :stream in fee.: 	 strains	 :asoocieted with

	

1 facing : deflec- :	 : rigidity :	 : notod :to thin : failure : ingot loud ; emeaurnd in :largest etroina

.	 -	 s	 tion :	 1(coMputed):	 .	 : faring 2 (computed) : ace:minted 	:	 reel:Igo	 : 	
•

	

I	 s	 :CU1-78	 1	 2	 :	 2 at	 :	 Thin : Thick. -	 largos: . 	

•-	 . 	 : 	 :: 	 strain	 : Thin : Thick facing: facing

	

2	 •

	

.	 :	 .	
Sri:114re 1

: omaoured	 :facing :fazing

	

7	 I	 .	 7	
: (cc.- : . 	 •-•Y1, //cited) :	 ,	 n

	

:	 :	 .

	

.	 :	 :7	 1 Thin : Thick :	 7	 .

	

!	 !	 T	 2	 .	 :	 •.	 :f0A31:42fatite :	 2	 :

	 i 	 2-. 	 ...... 	 : 	 a-	 •
(1)	 :	 (2) :	 0)	 :	 (4)	 1	 (5)	 :	 (6)	 :	 (7)	 :	 (A)	 :	 (91	 :	 (1.A)	 :	 (11)	 : (12) : (13)	 : (/4)	 1 (15)	 (16) : (17)

• n	 • 	  . 	 , 	 •	 •
	  : . 	 . 	

' 	 :g-- '	 ,,,	 .	 0 ..

/n. 	 In.	 :10". in. :	 : P.o.i.	 :	 /M.	 ' la°	 : Ft o	 : lAq :: 1227 .7.14-1.t".1.0 10. : 1.4 t 10

	

: EL211- :	 . 
-	 : s	 ' Pan!, 7

Group 16 - Aluminum facings 0.032-inch thick; cellular cellulose-acetate core 0.370-inch thick

16T32	 : 5.000 : 10.000 : 0.0320 : 20.000 	 0.526	 3,400 g : 95.50 :Wrinkle: 371 c : 118.8	 : 371 	  455 : 590 : 592
 :392

16124	 : 1.000 : 10.000 : .0320 : 10.000 : 	 .423 ; 4,300 g : 96,30 :...dc..: 374 o : 119.9	 : 374 	 	 488
290 ::	

392
291 :

: 40
290 : 298

4 : 39516B32	 : 5.000 : 10.000	 .0320 : 21.800 :	 .831 : 2,200 g : 72.00 :...do..: 280 c : 	 69.6	 1 280 	

16224	 : 1.000 : 10.000 : .0320 7 10.700 :	 .530 : 3,400 g : 83.00 :...do..: 323 o : 103.2	 : 318 	 	
339 :	 327 : 330 : 331

16016	 : . 875 : 6.125 : .0320 :	 3.580 , 1.173 : 4 o 100 g 7 114,00 : Shoor : 273	 : 141.9 a	 : 273 	 	 286:	 279 : 289 : 283

16B16	 : .875: 6.125: .0320 :	 3.650 7 1.257 : 5,80D g :106.30 :...do..: 255 	 : 132.5 •	 :253 	 	
268 :	 276 : 272 : 282

16012	 : .875 : 4.125 : .0320 :	 1.700 : 2.337 : 4,500 g : 125.00 :...do..: 200 	 : 1.35.6w	 :200 	 	 213:
	 208 : 225 :218

161312	 : .875 : 4.125 : .0320 ; 	 2.300 : 3.852 : 6,800	 : 76.50 :...do-.: 124 	 :	 94.6 a	 124 	 	 150:
	 138 : 139 : 146

16T8	 : .875 : 2.125 : .0320 :	 .666 : 9.340 : 4,304 	: 136.00 !...id..: 11 1. 	: 171.8 2,	 III: 	 	 120 :	 120 : 127 : 127

1628	 : .875 : 2.125 : .0320 :	 .860 7 12.805 : 3,100 	 : 92.50 :...do..: 76	 : 115.1 n	 - 76 	 	 81:
	 84 : 86 :	 89

Group 17 - Aluminum facings 0.020-inch thick; cellular cellulose-acetate core 0.244-inch thick

17232	 : 5.000 : 10.000 : .0200 : 66.880 : 	 .209 : 3,600	 : 34.00 : None : 323	 :	 64.6	 : 323 	 	
350 :	 365 : 339 : 369

17216	 : .875 : 6.125 : .0200 :	 9.030 :	 .341 : 5,800	 7 69.00 :Wrinkle: 402 c 7 131.1	 • 400 	
•	 460 :	 507 : 394 : 496

17212	 : .875: 14.125: .0200 : 	 3.870 :	 .847 : 5,200 g : 63.00 : Shear : 247 	 : 119.7w	 • 247 	
•	 260:	 265 : 266 : 272

17B12	 : .875: 4.125 : .0200 : 	 3.600:	 .668 : 6,600 g : 85.80 :...do..: 336 	 : 163.0 s	 • 336 	
•	 355 :	 367 : 341 : 370

1718	 : .875 : 2.125: .0200 : 	 ..967 : 2.082 : 7,900 g : 108.80 :...do..: 219 	 : 206.9 a	 • 219 	 •	 231 :	 231 : 240	 243

1728	 : .875 : 2.125 : .0200 :	 1.016 : 2.318 : 7,100 g : 106.00 :...do..: 214 	 :. 201.5 a	 • 214 	 •	 229 :	 231 : 237 : 243

Group 18 - Aluminum facings 0.012-inch thick; cellular cellulose-acetate core 0.247-inch thick

18032	 : 5.000 : 10.000 : .0120 : 115.000 : 	 .098 : 4,800	 : 27.00 : None : 435 c	 52.1
181332	 : 5.000 : 10.000 : .0120 : 110.000 : 	 .022 : 21,400	 : 14.00 1 Glum : 226	 :	 27.0	 • 226 	 	

215 :	 206 : 218 : 217

18024	 : 1.000 : 10.000 : .0120 : 53.500 :	 .153 : 3,100 : 27.10 :Wrinkle: 437 c	 52.3	 • 437 	 	
597 : 443 : 432	 442

18016	 : .875 : 6.125 : .0120 : 17.000 : 	 .410 : 3,000 g : 54.30 : Shear : 338 c :	 66.2 e	 • 338 	 	
340 :	 371 : 332	 374

18B16	 4 .875 : 6.125 : .0120 : 15.800 : 	 .324 : 3,800	 : 27,40 :...do..1 270	 :	 52.9 e	 • 270 	 	
275 :	 260 : 282	 266

18012	 : .875 : 4.125 : .0120 :	 7.200 : ..947 : 2,900 g : 42.00 :...do..: 279	 :	 81.1 e	 • 279 	 	
278 :	 270 : 283	 276

18212	 : .875 : 4.125 : .0120 :	 6.400 :	 .719 : 3,800 g 7 4/.50 :...do..: 	 1	 82.1w	 , 282 	 	 318 :	 269 : 316 : 275

1818	 : .875 : 2.125 : .0120 :	 1.820 : 2.597 : 4,000 g : 77.30 7...do..7 265	 1 149.2 e	 : 265 	 	
255:	 244 : 262 : 252

Group 19 - Aluminum facings 0.032-inch thick; paper honeycomb core 0.755-inch thick

19232	 : 3.000 : 12.000 : .0320 :	 5.920 :	 .402 : 6,600 g : 180.00 :Wrinkle: 428 c : 114.0	 : 422 	 	 535 :	 630 : 419 : 513
:

19232	 : 3.000 : 12.000 : .0320 :	 5.920 :	 .381 : 7,000	 : 178.00 :.„do..: 423 c : 11).0	 : 423 	 	
543 :	 615	 421 : 512

19124	 : 1.000 : 10.000 : .0320 :	 2.780 :	 .504 : 7,600 g : 189.00 :...do..: 375 c : 120.0 	 : 375 	 	
401 :	 424 : 369 : 425

19224	 : 1.000 : 10.000 : .0320 : 	 2.810 :	 .528 : 7,200 g : 191.00 :,..do..: 379 c : 121.0	
: 376 	 	 420 :	 405 : 376	 409

19016	 : .875 : 6.125 : .0320 :	 .970 : 1.298 : 7,900 g : 225,00 : Sheer : 274	 : 143.0 o	
: 274 	  265 :	 283 : 272 : 291

19B16	 : .875 : 6.125 : .0320 7	 .975 : 1.282	 7,900 g : 232.00 :...do..: 281	 : 147.0 .	 : 282 	 	 280 :
	 295 7 286 : 301

19012	 7 .875 : 41125 	 .0320 :	 .460 7 2.398 : 8,700 g ; 242.00 ;...do..; 198 	 : 134.0w	
:198 	 	 189:	 203 : 200	 211

191112	 : .875 : 4.125 : .0320 :	 .480 : 2.686 : 8,400 g : 246.00 :...do..: 203	 1 156.11. a	
7 203 	 	 207 :	 198 : 218 : 206

1918	 : .875 : 2.125 : .0320 :	 .219 : 12.422 ; 6,800 	 : 264.00 :...do..: ILI 	 : 168.0 e	
: 111 	 	 104 :	 108 : 110 : 114

1928	 : .875 : 2./25 : .0320 : 	 .232 7 13.279	 6,400	 1 256.00 :...dc..: 108	 : 163.0 a	 : 108 	 	 100:	 110 : 117 ; 116

Group 20 - Aluminum facings 0.032-inch thick; paper honeycomb core 0.634-inch thick

592 :	 784 7 431 : 517
20132	 : 5.000 : 12.000 : .030 : 	 8.330 :	 .364 : 6,100	 : 152.00 :Wrinkle: 427 c : 114.0

	 : 427 	

20852	 : 3.000 : 12.000 2 .0320 ... 	 8.170 :	 .358 : 6,200	 : 162.00 :...do..: 456 c 7 122.0 	 : 456 	 	
858 : 1,020 : 477	 525

20124	 : 1.000 1 10.000 : .0320: 3.590:	 .354 : 9,000	 : 190.00 : Shear : 446 c : 143.0
	 :446 	  677:	 goo : 447 : 521

20224	 : 1.000 : 10.000 : .0320 : 	 3.600 c	 .387 : 8,200	 : 195.00 :...do..: 458 c : 146.0 	
: 458 	 	 792 :	 898 : 468	 521

20016	 : .875 : 6.125 : .0320 :	 1.170 :	 .895 : 9,400 g : 218.00 :...do..: 314	 : 164.0 e	
: 314 	 	 324 :	 344 : 322 : 348

20216	 : .875 : 6.125 7 .0320 :	 1.180 :	 .962 : 8,800 g : 220.00 :...do..: 315	 1 165.0 0	 E 314 	 	 314 :	 327 : 311	 332
915

20112	 : .875 : 4.125 : .0320 :	 .565 : 1.970 ; 9,500 g : 227.00 :...do..: 220 	 : 170.0 s	 : 918 	 	 :	 225 7 224 : 233

20212	 : .875 : 4.125 : .0320 :	 .580 : 2.159 : 8,600g 7 247.00 :...do..: 239 	 - 185.0 s	
: 238 	  190 •	 217 : 200 : 225

2008	 : .875 : 2.125 : .0320 : 	 .211 7 7.840 z 9,000	 : 270.00 :...do..: 134	 : 202.0 o	
: 134 	 	 130 :	 138 : 137 : 146

2028	 : .875 : 2.125 : .0320 :	 .266 7 10.535 : 6,700	 : 268.00 :...do..: 134 	 : 201.0 a
	 : 134 	 	 130 :	 128 : 137 : 135

Group 21 - Gla8e -Cloth-lallinate facings 0.024-inch thick; balea-vood core 0.498-inch thick

21032	 7 5.000 : 10.000 : .0240 : 51.500 :	 .026 : 18,500	 : 55.00 : gone 7 212	 :	 50.8
	 : 212 	 	 705 :	 920 : 202 1 217

21232	 : 5.000 : 10.000 : .0240 : 49.500 : -.051 	  52.80 :...ffie. : 211	 50.5	 : 211 	 	 742 :	 880 : 213 : 207

21024	 : 1.000 : 10.000 : .0240 : 25.500 : 	 .150 ; 3,300	 : 52.00 : Imp. : 208 c :	 49.8	
: 208 	 	 788 :	 892 : 226 : 209

21224	 : 1.000 : 10.000 : .0240 : 25.500 :	 .172 : 2,900	 7 50.30 :...dc..: 201 c :	
48.2	 • 201 	 	 782 :	 830 : 224 1 195

21016	 : .875: 6.125: .0240 :	 6.620 :	 .178 7 7,400	 : 92.50 1...do..: 226 0 :	
85.6	 : 226 	 	 860:	 960 : 245 : 225

21216	 : .875 : 6.125 : .0240 :	 6.880 :	 .218 7 6,000	 : 63.87) :..4.... 205 .. : 	 80.2
	 : 205 	 	 175 :	 890 1 222 : 209

21012	 : .875 1. 4.125 : .0240 : 	 2.320 :	 .206 : 14,100	 : 1514.80 :...clo..: 255 c • 148.3	
: 249 	 	 790 : 1,030 : 226 : 239

21212	 : .875 : 4.125 : .0240 :	 2.400 :	 .224 : 1.9,800	 . 164.5:: : 04mir : 271 c : 157.5 	 : 271 	 	
915 : 1,110 : 260 : 257

2108	 : .875: 2.125 : .0240 :	 .600 :	 .951 : 11,200 g : 201.00 1...do..: 171	 : 192.6 e
	 :170 	 	 660:	 725 : 189 : 173

2128	 : .875: 2.125: .0240 :	 .710: 1.662 : 6,500 g : 185.50 :...dc..: 158 	 : 178.7e
	 1158 	 	 605 :	 652 : 174 : 157
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Table 1.--Reaulto of indirlduel toots, the computed moduli of rigidity and Elmer strengths of the 	 te computed tensile
and 6661,7606i .66 otrangthi of thn facing., and the etreseee na pooleted with the 6.566uPpa mtraimiloontinend) 

Specimen: Spen : Span :Thickness:Slope of : 	 Modulo. :Nazism& :Typo or:Bazding :Shear vtree.: Ccmpotnd a	 Largest	 : Stremee.
nosber :	 a	 :	 b	 :of upper : load- :	 42	 of	 : load :failure: actresa : in core at maitre.e in fac-:	 strain.	 :...ocieated vith

facing : defies- : q Ta7

	

rigidity :	 : uotadtin Shia : failure ling et load : Measured in	 :largest strain,
• :	 ;	 : ticn :	 (computed):	 : facing :.: (ccsistedl c e*Poolmted	 :	 facings	 ; 	 --
z	 I: et	 p	 : Thin 2 17516kI CUSTe	 :	 I vith largemt : 	
I	 1	 .	 •	 :	 : fs1111110	 :	 etre1n	 : Thin 1 Thick :ruins. facing
:	 I: 	 : (ccs-:•

	

; putad)	
: mmetmared :facing :facing : 	 r

.	 ..	 4	 :	 •	 I 	 •	 :	 :
.• .	 •	 .	 , 

	
:	 :	 1	 : Thin : Thick :

:	 :	 •

	

.	 :	 •• I i	 :	 cfscispf..1ng :	 I	 I	 •
	 , ------- ------- : --.......;....	 • 	 	 :	 	 :	 --.

(1)	 : (2) :	 (3) :	 (4)	 :	 (5)	 :	 (6)	 (7)	 :	 (8) : (9) : (10) :	 (11)	 : (12) t (13)	 : (141 1 (15) a (16) 	 (17)
	  : 	 : 	 • 	  ; ...-- ---. : 	 . 	 . 	 .	

: In. :	 /n. :	 In.	 :10-5 in. :	 : P.s.i. :	 Lb. :	 : 100	 :	 P.e.i.	 : 100 t 100 :10'1e.:10-5in.: 100 a 100
.	 .	 .	 'REL-2-1z. :	 : p ,, :	 . ,II:J.a : ZILI::1P.T.J41L'ill-idlz:ZILJLL:-P-.AZIA

Group 22 - Glass-c,loth laminate Mingo 0.024-inch thick; balsa-wood core 0.574-inch thick

222.732 : 5.000 : 10.000 : 0.0240 : 91.200 : 0.188 : 2,000 : 28.30:: None , .6	 : 35 .6 	 , 148 	
 21T, :24:IT

; 	:
g;

	

22/132: 5.000 : 10.000 : .0240 : 92.500 : -A225 : 1,600	 : 28.10 :...d...: i47	 :	 35.3	 :147 	
22124	 : 1.000 : 10.000 : .0240 : 44.000 : 	 .140 : 2,600	 : 45.20 : Clasp. : 2426 :	 58.0	 :242 	 	 942 : 1,1.20 : 267 : 260
22224	 : 1.000 : 10.000 : .0240 : 44.200 : 	 .143 : 2,600	 : 42.60 :...dn..: 225 0 :	 53.7	 , 223 	 	 915 :	 980 : 260 : 229
22016	 : .875 : 6.125 : .0240 c 11.700 :	 .225 : 4,300	 : 74.50 :...do..: 239 0 :	 93.6	 : 239 	 	 938 : 1,045 : 266 : 239
22216	 : .875 : 6.125 : .0240 : 11.400 :	 .177	 5,500	 : 68.0o :Wrinkle: 218 c ,:	 85.5	 t 218 : 	 	 881 :	 941 : 251 : 220
22012	 : .875: 8.125: .0240 :	 4.120 :	 .236 : 9,000	 : 140.50 : Comp, : 503 o t 176.7	 : 284: 	  1,105 : 1,272 : 308 : 289
221112	 : .875 :: 4.125 : .0240 r.	 4.150 :	 .294 : 7,200	 : 125.50 :...d...: 276 0 : 156.1	 1 261 : 	  1,030 : 1,134 : 289 : 264
2208	 : .825: 2.125: .0240 :	 1.050:	 .973 : 8,100 g : 157.50 : Shofar : 155	 : 172.8 s 	:153 	  580: 66o : 166 : 159
2288	 : .875: 2.125: .0240 :	 1.030 : 1.058 : 7,600 g : 124.50 : Comp. : 139	 : 156.5e	 :139 	 	 586:	 562:167:157

Group 23 - Glass-cloth laminate faring. 0.024-inch thick; balan-w ydd core 0.247-inch thick

23032	 : 5.000 i 10.000 : .0240 : 208.000 :	 .262 :	 900	 : 13.00 :Wrinkle: 99	 :	 23.9	 2 1.99 	 	 438 : 445 : 125 : 111,
233332	 : 5.000 : 10.000 : .0240 : 210.000 a	 .351 :	 700	 : 13.00 : None : 100	 :	 24.0	 1 100 	 	 429 :	 463 : 123 : 116
23024 : 1.000 : 10.000 1 .0240 : 97.000 : 	 .186	 1.300	 : 21.90 : Ccap. : 168 c :	 40.4	 : 168 	 	 730 :	 Boo : 209 : 189
231324	 : 1.000 : 10.000 : .0240 : 95.000 a 	 .171 : 1,400	 : 22.20 :Wrinkle: 171 c : 	 41.0	 : 171 	  693 :	 772 : 198 : 183
23016	 : .875: 6.125: .0240 : 24.800 : 	 .222 : 2,800	 : 46.50 : Comp. : 219 c :	 85.8	 • 219 	 	 940 : 1,030 , 267 : 239
251312	 : .875: 6.125: .0240 : 8.880:	 .30 1 4,600 : 69.50 :Wrinkle: 221 c : 128.1	 :221 	  891: 985 : 254 : 230
251112	 : .875: 4.125: .0240 :	 8.800 ,	 .257 : 5,400	 : 41.0o :...d...: 130 c :	 75.6	 . 127 	 	 540:	 538 : 155 : 132
2308	 : .875 : 2.125 : .0240 : 2.070 : 	 .729 : 6,900 g : 134.00 :.Shear : 220 c : 247.3 e 	 • 217 	 . 
2388	 : .875 : 2.125 : .0240 :	 1.980 :	 .522 : 9,700 g : 136.5o :...do..: 220 c : 251.0 e	 ., 222 	 '	 920 :	 990 : 259 : 231

Group 24 - 01.as-cloth-laminate facings 0.024-inch thick; cellular cellulose-acetate core 0.498-inch thick

24032	 : 5.000 : 10.000 : .0240 : 53.000 : 	 .211 1 2,414	 : 46.00 :Wrinkle: 181.

	

1;11.32.	 '. :I; 	 	 737
690 ::
	 833

759 .
: 211

198 :: 
196
176

24232	 : 5.000 : 10.000 • .0240 : 48.500 : -.117 	  53.50 • COMF. : 215 c
24024	 : 1.000 : 10.000 : .0240 : 25.000 :	 .L16 : 4,300	 ; 34.80 :Wrttakis: 139 e :	 33.3	 : 139 	 	 51.3:	 555 : /48	 136
241124	 : 1.000 : 10.000 a .0240 : 25.600 : 	 .151 : 3,500	 : 60.80 : Comp. : 243 a : 	 58.2	 : 243 	  922 : 1,071 : 262 : 249
24016	 : .875 : 6.125 : .0240 :	 6.760 :	 .203 : 6,5oo	 : 60.00 :Wrinkle: 147 c : 67.4	 : 147 	 : 540 : 575 : 154 : 140
24216	 : .875 : 6.125 : .0240 : 6.800:	 .171 : 7,50D	 : 65.80 : Shear : 161 0 : 63.0	 :161 	  587: 672 : 168 : 162
24012	 : .875 : 4.125 : .0240 :	 2.420 :	 .233 : 12,400	 : 124.80 : Comp. : 206 o : 119.6 	 :205 	 '
2408	 : .875 : 2.125 : .0240:	 .695 • 1.504* 6,700 g : 155.50 :...do..t 115 	 : 129.8 s	 :21.5 	 •	 369:	 452 : lo6 : 112
2428	 : .875 : 2.125 : .0240 :	 .690 : 15.020 : 7,200 g : 157.00 :...d...: 153 	 150.1 a	 : 151 	 •	 480 :	 520 : 137 : 128

Group 25 - Glass-cloth-laminate facials 0.024-inch thick; cellular cellulose-acetate core 0.376-inch thick

25032	 : 5.000 : 10.000 : .0240 : 90.000 : 	 .116 : 3,100	 : 29.50 ; Nune :153	 :	 36.6	 :155 	 •	 605 ,	 660 : 173	 159

25024	 : 1.000 : 10.000 : .0240 : 43.500 : 	 .157 : 2,300	 : 55.00 : amp. : 267 c :	 68.8	 : 287 	
i	 592 :	 669 : 169	 160

1,190 : 1,350 : 329 : 304
252332	 : 5.000 : 10.00C : .0240 : 92.000 : 	 .183 : 2,000	 : 29.3o :...do..1 153	 :	 36.6	 : 153 	

25824	 : 1.000 : 10.000 : .0240 : 42.000 : 	 .087 : 4,200	 : 47.40 2..,do..: 247 c :	 59.3	 : 247 	 	 862 : 1,091 : 246 : 253

	

t	 261. 1,010 : 1,130 : 285 :25016	 : .875 : 6.125 : .0240 : 11.200 :	 .161 : 6,100	 : 80.50 :...do..: 257 0 : 100.6	 : 257 r 	
25216	 : .875: 6.125 1 .0240 .1 11.300 :	 .180 a 5,400	 : 85.50 :...d...: 272 a : 106.7	 : 272 	  1,030 : 1,168 : 289 : 269

251312	 : .875 : 4.125 1 .0240 J :	 4.200 	 .213 : 9,900	 f 95.00 :...clo..: 204	 : 118.8 a 	: 202 	 : t	 735:	 810 : 210 : 191

	

:	 775 :	 875 : 222 : 20625112	 : .875 : 4.125 : .0240 :	 4.200 :	 .212 : 9,900	 : 100.00 : 21:ram- : 215	 : 125.0 e	 : 213 	

2508	 : .875 : 2.125 : .024o :	 .983 :	 .948 : 8,600 g ; 125.00 :...d...: 156	 : 153.6 is	 :136	 •	 490:	 525 : 140 : 129
2588	 : .875: 2.125: .0240 :	 1.353: 1.098 : 7,400 g : 122.50 :...do..: 136	 : 115.2 n	 : 136	 •	 500:	 535:143 : 131

Group 26 - Glass-cloth-laminate facinite 0.024-inch thick; cellular cellulose-acetste core 0.249-inch thick

26032	 : 5.000 : 10.000 . .0240 : 202.000 : 	 .252 :	 900	 : 13.50 : None : 103	 :	 24.7	 : 103 	 	 446 :	 465 : 127 : 116
26232	 1 5.000 1 10.000 1 .0240 : 195.000 : 	 .192 : 1,200	 : 15.80 :...do..: 105	 :	 25.3	 : 105 	 	 442 :, 470 E 127	 117
26024	 : 1.000 : 10.000 : .0240 : 88,80o :	 .076	 3,100	 : 26.40 :...do..: 202	 1	 48.4	 : 202 	 	 870 :	 967 : 248 : 226
26224	 : 1.000 1 10.000 : .0240 : 91.200 :	 .113 1 2,100. : 25.20 :...do..: 192	 1	 46.2	 : 192 	 	 820 :	 890 : 234 : 209
26016	 : .875: 6.125 1 .0240 : 25.800 : 	 .171 : 3,700	 1 59.00 : Comp. : 276 c :108.1	 :276 	 • 1,3.60 : 1,280 • j122	 290
261116	 : .875 : 6.225 : .0240 ; 23.800 :	 .113 : 5,200	 : 54.50 :...do..: 255 c	 :69.8	 • 255 ..	 • 1,010 : 1,150 : 284	 265
26012	 : .875 : 4.125 t .0240 :	 8.550 :	 .206	 6,800	 : 74.50 :...do..: 235 c : 136.4 e	 : 183 	•		 883026;	 780 	 ,: 221854
261112	 : .875 : 4.125 : .0240 :	 8.200:	 .296 : 4,700	 : 70.50 :...do..: 222 c : 129.1 s	 :217 	
2608	 : .875 : 2.12): .0240 : 1.020:	 .669 : 7,700 g : 87.50 : Sheer : 142	 160.3 a 	: 141 	 	 ' 535: 573 : 153 : 140
2626	 : .875 : 2.125 . .0240 :	 2.040 :	 .667 : 7,700 g : 89.50 :...do..* 145	 : 163.8 s	 : 144 	 •	 550 :	 601 : 157 : 145

Group 27 - Glase-cloth-leminate facing. 0.024-inch thickirper honeycomb core 0.747-inch thick

27032	 : 3.000 : 12.000 : .0240	 23.600 :	 .142 	  81.80 : Corp. . 265 c	 53.1	 • 265 : 	 t 648 : 882 : 242 : 207
27232	 : 3.000 : 12.000 : .0240	 26.200:	 .011 	  76.50 • ..do..: 248 . a 49.7	 :248 t 	 	 890:	 900 , 255	 211
27224	 : 1.000 : 10.000 : .0240 : 11.200 :	 .063 : 1/,600	 : 78.00 :•„do..: 211 0 :	 50.6	 : 211 •	  	 765 :	 826 • 219 : 195
27224	 i, 1.000 : 10.000 : .0240 : 11.600 a 	 .103 : 7,300 : 100.20 :Wrinkle: 271 c : 65.0 	 a 271 1 	 c 1,005 : 1,180 : 283 : 271
27016	 : .875 : 6.125 : .0240 :	 3.050 :	 .173 : 11,600	 : 180.50 :...do..: 299 . : 116.8	 a 296 •	 : 1,119 P 1,191 : 312 : 273
27216	 : .875 : 6.125 : .0240	 3.100 a	 .171 : 11,600	 : 166.50 :....do..: 276 c : 108.1	 : 268 •	 	 970 : 1,190 : 274 : 273
27012	 : :875 : 4.125 a .0240 :	 .990 :	 .052 : 84,400	 : 295.00 : Comp. : 329 . : 191.6	 : 329 : 	  1,000 : 1,038 : 282 : 241
271112	 : .875 : 4.125 : .0240 :	 1.130 :	 .266 : 16,600	 : 248,00 :...a0..: 277 . ; 161.0	 : 277 •	 	 960 : 1,000 1 272 : 233
2708	 : .875 : 2.125 : .0240 :	 .311 : 1.364 : 12,000 g : 314.00 : Shear :180	 : 204.0 6	 : 180 ; 	  683 :	 713 : 195 : 170

:27338	 : .875 : 2.125 1 .0240 :	 .341 : 1.738 : 9, 1300 g : 344.50 ; Comp. : 198	 : 223.7 6	 : 198 2 	 	 343 :	 404 : 98	 103
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Table 2.--Computed stresses in glass-fabric-laminate facings compared with those 
obtained from strains 

Specimen:	 Thin or top facing 	 Thick or bottom facing
group 	

:Formula : Strain : Ratio : 'dumber :Formula : Strain : Ratio : Number   
:of tests :	 :	 :	 : of tests

=	 .s.i.	 F.s.i. :    F.s.i. : P.s.i. :

Balsa-wood cores 

	

1	 : 23,800 : 21,500 : 0.903 : 	 12	 : 7,000 : 8,300 : 1.186 :	 12
'	 •	 •	 •	 ::	 •	 •	 •	 •	 •

	2	 : 28,400 : 24,700 : .869 : 	 10	 : 14,500 : 14,700 : 1.013 : 	 10
:	 .	 ..	 .	 .. :	 .• •

	

3	 : 20,500 : 20,900 : 1.020 :	 12	 : 17,000 : 16,800 : .988 : 	 12
:	 :	 :	 .	 •.	 • •.

	

4	 : 19,800 : 18,300 : .925 : 	 12	 : 19,800 : 16,000 : .603 : 	 12
• •

	

21	 : 21,100 : 21,800 : 1.032 :	 10	 : 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 : 	 8	 : 16,600 : 17,900 : 1.078 : 	 8
:	 :	 :	 -	 :	 :	 :	 •

• :	Ay.	 •	 •  . 	 : 1.001 :	 74	 •	 • 	 1.010	 74

Cellular cellulose-acetate cores 

	

24	 : 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
:	 .	 .. :	 ..	 .

	

26	 : 18,200 : 21,200 : 1.165 :	 10	 : 18,200 : 19,200 : 1.055 :	 10
:

	

Av.	 : 	 •	 • 1.022 :	 28	 :.. 	 •	 - 1.011 :	 28

Paper honeycomb cores 

	

27	 : 25,400 : 24,300 : .957 : 	 10	 : 25,400 : 21,800 : .858 : 	 10

	

28	 : 24,200 : 24,500 : 1.012 : 	 10	 : 24,200 : 23,200 : .959 :	10
.	 ..	 ..	 .

	

29	 : 22,200 : 23,200 : 1.044 : 	 10	 : 22,200 : 21,600 : .973 :	 10

	

Av.	 • 	 •	 • 1.004 :	 30	 :	 • 	 • .930 :	 30
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Table 3,--Computed stresses in aluminum facings compared with those obtained
from stains 

Specimen:	 Thin or top facing	 Thick or bottom facing
group :-

:Formula :Strain : Ratio : Number :Formula : Strain : Ratio : Number
:of tests :	 :of tests

•	

P.s.i. : P.s.i.:

	

	 : P.s.i. : P.s.i. :

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	 : 41,10o : 40,80o : .993 : 	 7	 : 41,100 41,400 : 1.032 : 	 7
8	 : 41,70o : 41,300 : .991 : 	 3	 : 33,900 : 37,600 : 1.109 : 	 11
8A : 43,90o : 45,300 : 1,031 :	 5	 : 32,800 : 37,000 : 1.129 :	 10
11 : 34,000 : 34,600 : 1.018 : 	 9	 : 34,000 : 35,00o : 1.029 :	 9
12 : 34,400 : 34,60o : 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
14 : 40,200 : 36,400 : .906 : 	 5	 : 40,200 : 39,900 : .993 :	 5
Av. •	 • 1.004 :	 6o	 	 • 1.106 :	 83

Cellular cellulose-acetate cores 

9	 : 28,400 : 28,600 : 1.007 : 	 5	 : 14,900 : 18,70o : 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 : 30,30o : 1.045 :	 6	 : 29,00o : 33,20o : 1.144 :	 6
18 : 30,000 : 30,400 : 1.013 :	 8	 : 30,000 : 30,000 : 1.000 :	 8
Av. •	 • 1.04 •	 39	 	 • 1.100 :	 42

Paper honeycomb cores 

10 : 48,100 : 46,100 : .959 :	 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
Av. • 	 • 0.995 •	 25	 ........ 	: 1.133 :	 32
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Table 4.--Compressive strength of glass-fabric-lsminate facings 

•
•

Specimen :	 Facing	 • Core
group	 • thickness : thickness :

Ratio : Compressive : Number
: strength : of tests

r .

Inch	 Inch	 P.s.i. 

Balsa-wood cores 

	

1	 o.006o	 :	 0.251	 41.8	 19,400	 6

	

4	 .0100	 :	 .750	 75.0	 19,800	 12

	

2	 .0105	 -.	 .377	 :	 35.9	 20,000	 4
	3	 .0170	 •.	 .504	 :	 29.6	 20,300	 3

	

21	 4240	 :	 .498	 20.8	 22,400	 6

	

22	 .0240	 :	 .374	 :	 15.6	 24,900	 6

	

23	 .0240	 :	 .247	 :	 10.3	 19,300	 7

	

3	 .0250	 :	 .504	 :	 20.2	 26,400	 4

	

Av.	 :... 	. 

	

....• 	 	 21,100	 47

Cellular cellulose-acetate cores

	

24	 0.024	 :	 0.498	 :	 18,500	 6

	

25	 .024	 :	 .376	 :	 26,600	 4
	26	 .024	 :	 .249	 :	 19,700	 4

	Av.	 . .. 	 • 	 •	 21,200	 14

Paper honeycomb cores 

	

27	 0.024	 :	 0.747	 :	 :	 27,200	 8
	28	 .024	 :	 .627	 :	 :	 26,500	 •.	 7
	29	 .024	 :	 .495	 :	 :	 23,300	 :	 5

	Av.	 :411114,0.‘	 • 	 rellOo:	 :	 26,000	 20

From Forest Products Laboratory Report No. 1821

:	 0.125	 .	 o	 .	 :	 20,800	 :	 6
(Compressive stress at proportional limit)

	

.125	 .	 0	 •

	

.	 •.	 37,800	 :	 6
(Compressive strength)

:	 :	 :
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Table 5.--Compressive strength of aluminum facings

•

	Specimen :	 Facing •	 Core	 Ratio	 : Compressive : Number
group	 • thickness : thickness :	 :	 strength : of tests

••	 Inch
	

Inch
	 P.s.i. 

Balsa-wood cores 

	

12	 •. 0.032	 0.390	 :	 12.2	 :	 50,000	 1
	13	 :	 .020	 .257	 :	 12.8	 :	 51,000	 2

	

11	 :	 .032	 .506	 :	 15.8	 :	 49,700	 3

	

14	 •.	 .012	 .260	 :	 21.7	 :	 57,800	 5

	

8A	 •.	 .012	 .501	 :	 41.7	 :	 64,700	 2
0

	

0	 :	 .012	 .505	 :	 42.1	 :	 58,800	 :	 4

	

7	 :	 .012	 .744	 :	 62.0	 :	 58,300	 :	 5

	

5	 :	 .012	 .757	 :	 63.1	 :	 58,400	 :	 7
. .

	Av.	 • 	 .... 	 	 	  •	 57,100	 29

Cellular cellulose-acetate  cores

	

16	 :	 0.032	 0.370	 :	 11.6	 :	 33,700	 :	 4

	

17	 :	 .020	 .244	 :	 12.2	 :	 40,200	 :	 1

	

15	 :	 .032	 .496	 :	 15.5	 :	 35,200	 :	 4

	

18	 :	 .012	 .247	 :	 20.6	 :	 40,300	 ..	 3

	

9	 :	 .012	 .502	 :	 41.8	 :	 52,100	 ..	 4

	Av.	 : 	 	 • . 	 :	 40,700	 ..	 16

Paper honeycomb cores 

	

20	 0.032	 0.634	 :	 19.8	 :	 44,700	 4

	

19	 .032	 .755	 :	 23.6	 :	 40,100	 :	 4

	10	 .012	 :	 .746	 :	 62.1	 :	 60,600	 :	 3

	

Air. 	 •	 •	 47,400	 :	 11

From Forest Products Laboratory Report No. 1817

0.032	 	 • 	 :	 73,000
.012 	 .4 . 	 	 54,000
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Table 6.--Tensile strength of glass-fabric-laminate facings on balsa cores 

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

Inch	 :	 Inch	 :	 P.s.i. 

	

1 •	 0.0060	 .. 0.251	 :	 55,80o	 4

	

2	 :	 .0105	 :	 .337	 :	 44,100	 4

	

Av. 	 • 	 40,000	 8

From Forest Products Laboratory Report No. 1821

	

0.125	 :	 o	 :	 39,300	 6

Table 7.--Tensile strength of aluminum facings 

:	 •	 •

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

Inch	 Inch	 :	 P.s.i. 
:

8	 0.012	 :	 0.505	 :	 65,600	 1

8A.	 .012	 :	 .501	 :	 65,000	 1

Av.	 •	 65,300	 2

From National Advisory Committee for Aeronautics 
Technical Note No. 1512

	

0.032	 o	 :	 68,400	 :	 2
(Longitudinal)

	

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

Rept. No. L505-A



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

Spec-: Facing
imen thickness

:Core •
thick-:

Average shear strength :Average modulus of
: rigidity

group:	 :ness • 	 r 	 :
:With-:Num-: Of :Num-:Shear:Rstb:Bend-

: 	 :out :ber :dpec.:ber :tests: 	 :ing
:	 :	 :spec.: of • 8 • of :	 :	 :tests

8	 : .thsts:	 :tests	 :	 •

(1) : (2) : (3)	 : (4)

:Inch :Inch :Inch :P.s.i.: 	 :F.s.i.:	 :P.s.i,:

Aluminum facings 

11 :0.032: .... 	 :0.506:201.5: 4 :233.0:
12 :	 . 	' 390:224.0: 4 :253.5:
13 : .020: 	 • .275:200 n4: 2 :215.8:
14 : .012 • 	 	 : .260: 	 .: 0 :187.6:

7 • .012:▪ 	 • .744:147.3: 4 :193.1:
8 • .012:0.019 . .505:196.7: 3 :212.8:

8A : .012: .019 : .501:181.4: 3 :216.0:
5 • .012: .0305: .757:170.5: 4 :145.6: 2 :216
6 • .020: .031 : .753:166.0: 6 :157.7: 2 :245

• •	 •	 •
• •	 .	 •	 •

Av. 	 	 •	  .. :183.5: 30 :261.7: 18 •

Glass-fabric-laminate facings

	

21 •	 0 :185.6: 2 • 	 ...: 8,800:
„.: 7,800:

	

23 •	 0 :249.2: 2 .: 	 :'....: 8,300:
.	 .	 .	 •	 •

	

.	 .	 .	 ;	 :	 •	 •	 .	 .	 .

	Av. : 	 	 .	 • • .:199.8: 6 : 	 : . .,.: 8,300•
•

:Num-:Shear :Ratio
:ber :tests •
; of •
;tests:

: (5)	 (6): (7) : (8): (9) :(10): (11) :(12); (13) :(14)
•

:P.s.i.:	 :P.s.i.:

2 : 	
2	 ... • 	 :12,400.
2 : 	
2 • 	  : ..

••	 •	 •

2 :240 :1.63:12,000:
2 :258 :1.31:13,800:
2 : 	  :	 '13,100:

:1.27:15,000:
:1.48:12,200:

•
• •

*1  42:13,000: 38 :

4 	
3 :......: 	
4	 ......
2 :••••••:•••••

5 :20,100:1.68
6 :19,300:1.40
4 : •10, .... :•••••

4 :22,900:1.53
6 :15,300:1.24

•1  46

.22 :	 0 :164.6: 2 : 	

	

.024: 	 • .498:.....:
. . 	: .374:.....:

	

.024: 	: .274: 	 :

2 :1, 0 411• ••:,,00 ,1

2 : ...... : • • • • •

2	 •-.• • • • • :

• • •
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Table 9.--Shear strength and modulus of
cores

rigidity of cellular cellulose-acetate

dIM•••••n

rength	 :Average modulus of
rigidity

:Shear:RatixtBend- :Num-:Shear :Ratio
:tests:,	 :ing	 :ber :tests :
:	 .	 :tests : of :	 •
:	 •.	 • :tests:	 •.
: ----- :-....-: ------ :----: ------ : -----

(9) ;(10): (11) :(12): (13) :(IIO
	 ..-:____: ------ :__-_: ------ : -----

Spec-: Facing	 :Core :
	 Average shear st

linen : thickness :thick-:
group:	 :ness : 	

•
	 :With-:Num-: Of :Num-

.	 :out :ber :spec.:ber
:spec.: of : 8 : of

8 :tests:	 :tests

(1) : (2) : (3)	 : (4) : (5) : (6): (7) : (.8)

:Inch :Inch :Inch	 :P.s.i.:	 :P.s.i.:	 :P.s.i.:	 :P.s .1.:

Aluminum facings 

15 :0.032 • 	 :0.496:143.8: 4 :173.0: 2 :.,...: 	 • 7,400: 4 •	 •

16 : .032• 	 : .370:131.2: 4 :143.4: 2 : 	  : 	 • 3,700.: 7 :. - 	
'17 : .020••  244:141.2: 2 :204.2: 2 • 	 • 6,700; 4 : 	
18 : .017 •	247: 70.1: 4 :149.2: 1 :	 • 3,400: 4 : 	

:	 :
9 : .012:0.031 : .502: 95.4: 4 :112.6; 2 : 128 :1.34: 4,800: 4 : 5,100:1.06

▪ •	 •	 •	 •	 •	 •
• •	 ••	 •	 •	 •

Av. :

	

	 •113.7: 18 :149.4: 9 . 	 •	 • 5,000: 23

Glass-fabric-laminate facings

24 : .024: 	 498: 	 • 0 :140.0: 2 •	 • 7,000: 2 •	 •
25 : .024: 	 376:121.9: 2 :153.5: 2 :... -- : --- .: 8,000: 2 : ------ :.....
26 : .024:	 •	  249:132.8: 2 :162.0: 2 : 	 : 	 : 7,700: 2 •

:	 .	 :	 •	 •
.	 •	 •	 .	 •	 .	 •

.Av . 127.4: 4 :151.8: 6 •	  :....: 7,600: 6 •:
•
•

•
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Table 10.--Shear stren•th and modulus of ri idit of •a er honeycomb cores

•

Average shear strength :Average modulus of
rigidity

:ness :
:Bend- :Num-:Shear :Ratio
:ing	 :ber :tests :
:tests : of :	 •

:tests:

: (11) :(12): (13) :(14)

:P.s.i.:	 :P.s.i.:

Aluminum facings 

19 :0.032:.. 	 '0  755:150.0: 4 :165.1: 2 :...	 • 7,800: 7 : . 	 • 	

	

20 : .032: 	 634:171.0: 4 :201.6: 2 •	 ..	 9,100: 4 •	 .  •
•

.	 •	 .

	

.	 .	 :	 •	 .	 •	 •	 •	 •

10 : .012:0.00 : .746:184.0: 4 :249.4: 2 : 226 :1.23:13,300: 4 :24,600:1.78

	

:	 :	 •	 •	 •	 •	 •	
•	 .
• •	

•	 •
• •	 .

Spec-: Facing :Core :
imen : thickness : thick-:
group:

:With-:Num-: Of
:out :ber :spec.
:spec.: of : 8
: 8 :tests:

(1) : (2) : (3)	 : (4) : (5) : (6): (7)

:Inch :Inch :Inch

:Num-:Shear:REedo
:ber :tests:
: of :
:tests:

:(8) : (9) :(10)

:P.s.i.:

Av. • ....	 -163.3: 12 :205.4: 6	 9,700: 15 •• • 

Glass-fabric-laminate facings

27 : .024: 	 .: .747: 	 : 0 :213.8: 2 ; 	 •	 '10,700: 2 • 	
28 : .024: ...... : .627:. 	 ' 0 :173.4: 2 : . 	 :....: 7,300: 3 : 	 •.....
29 : .024: 	 : .495• 	 • 0 :209.2: 2 : 	  :....:12,800: 2 : 	....

:	 :	 :	 :	 .	 •	 •
• •	

.

Av. : 	 •	 •	 - 	 •	 •198.6: 6 : 	  :....: 9,800: 7 • 	: 	
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BABBO • 3,120 - 5,300 :AY
• 2,105 6,330 :Ratio 	

: 2AES15 : 1,970 : 3,450 :
: 4,070 : 2,710 :

2A2R0 : 3,795 : 2,310 :
2,485 : 4,110 :

: 242E30 : 3,585 :_4,320
: 3,060 : - 4,440 :

: 2A2260 : 4,115 : 4,300
5,555 : 5,290 :

2A2290 : 4,475 : 3,860 :

:Patio 	
3,201 : 4,222:	 	Av

1.32

-1.17 :

	-3,872 : 4,520

:AT. ratio

1.17

Table 11,--Boduli of rigidities obtained from sandwich strips having
0.02-inch aluminum facinfts and tested as centrally loaded
beams compared with those obtained from shear teats 

Balsa-wood cores

Specimen: Modulus of
number :	 rigidity

Beam : Shear
tests : tests

(2) E	 (3)

:Hard sponge-rubber cores:	 Cellular cellulose-
: 	 	 acetate cores
:Specimen: Modulus of : 	
: number :	 rigidity :Specimen: Modulus of
	  number :	 rigidity

:	 :Beam : Shear :
tests : tests :	 : Beam : Shear

.	 .	 .	 : tests : tests

:	 (4)	 : (5)	 : (6)	 :	 (7)	 : (8)	 : (9)
•

: P.s.i. : P.s.i.	 : P.s.i.: P.s.i.:	 : P.s.i.: P.s.i.

Cares 3/16-inch thick

h2d--7 from 0.064 to 0.707
44'

Ws°	 14,400 : 13,540
9,800 : 15,480

1A8515 : 14,7oo 1 16,700
: 11,210 : 11,570

lABS30	 14,700 : 15,350
14,600 : 11,980

1ABS45 : 8,500 : 12,340
10,900 : 14,850

lABRO	 : 16,400 : 16,890
13,400 : 24,680

lABIR30 : 8,760 : 13,040
11,900 : 12,890

1ABR60	 13,200 : 15,040
: 10,900 : 25,900

1AHR90	 11,300 : 14,400
: 13,300 : 20,960

: Corea 3/16- Inch thick : Cores 3/8- such thick

	

.q t-,5. f179:;:l241 to	 : n 132

	

:	 4.42

4 1A1930 : 4,075 : 4,790 : 3AB50 : 7,950
:	 ,4105 : 3,640 1 : 5,210

: lABB45 : 2,605 : 2,660 : 30E15 : 3,625

	

3,320 :	 : 2,575
: lAHRO : 4,390 : 1,620 : 3aRs30 : 3,645

: 2,065: 4,880 : 1,440 :
: 1AE1190 : 1,260 : 5,970 : 3A2S45 : 2,445

: 5,645.i 3,025 : 3,320 :
:51.2110 : 5,255

:Av	 3,597 : 5,565 :	 : 2,435
:Ratio 	  0.99 : 3A4230 : 4,095

2,410
: Cores 5/16-incb.thtck -: 3AKR60 : 5,735

	

h2 fin= 0.383 to	
: 2,760

i 5AHR90 : ;:g.g
1 4b2 1.ft?

from 0.303 to
6.015

: 5,510
: 1,087
: 2,910
: 6,930
: 4,230
: 4,710
: 4,240
: 4,190
: 3,060
: 5,760

4,780
5,900

: 5,030
: 4,070
: 7,180
: 2,720

AT 	 • 12,370 : 15,970
Ratio 	  1.29

Cores 5/16- inch thick
u2
s from 0.013 to 0.433

4b-
2ABS0 : 18,100 : 20,110

: 13,700 : 34,500
2ABS15 : 14,900 : 19,800

: 13,400 : 15,690
2A2230 t 11,500 1 24,700

11,800 : 17,550
2A2245 : 10,900 : 14,920

: 10,600 : 18,200
2ABR0	 15,500 : 15,400

11,800 : 13,500
2ABR30 : 14,000 : 23,820

10,700 : 17,100
2ABR60	 22,400 : 13,080

10,700 : 28,500
2ABR90	 11,600 : 18,100

15,400 : 19,250

• 13,570 : 19,630Av 	
Ratio 	  1.45

Cores 3/8- inch thick

h2n--7 from 0.153 to 0.944
4b4

3ABS0	 : 10,900 : 13,200 :
: 13,400 : 16,540

31.2815 : 10,200 : 19,380
: 12,500 : 15,640

3A2250 : 12,800 : 9,83o -
: 10,000 : 11,500

3ABS45 : 13,300 : 13,060
: 10,500 : 19,450 :

31.320 : 19,300 : 28,800 :
: 16,900 : 19,250

3ABR30 : 12,000 : 13,760 :
: 12,600 : 16,400

31.3260 : 12,600 : 16,700
: 11,400 : 16,480

3ABR90 : 11,60o : 8,910
: 12,300 : 14,300

Av	 • 12,650 : 15,690
Ratio 	  1.24

Av. ratio 	  1.33

Rept. Ro. 1505-A

Z M 88539 F



Table 12.--Modulitofaa .having	 aluminium uminum facings
and a 0.489-inch cellular cellulose-acetate core 

Distance of	 :
mirrors from
central load :

Moduli of rigidity

From mirrors	 : From shear tests

: Right end : Left end : Individual values
•.	 : divided by average :

	

In.	 : P.s.i.	 : P.s.i. : P.s.i. : P.s.i. ; 	 P.s.i.
• •:	 3,100.	 .	 .

	

3	 3,930	 3,190 : 0.975	 : 0.792 :	 3,250

	

6	 : 4,525	 4,410 : 1.123	 : 1.094 :	 3,200

	

9	 ; 4,060	 : '4,060 : 1.008	 : 1.008 :	 30200

	Av.	 -.	 4,030	 •........*., • 	 •	 3,200
:	 :	 • 

Table 13.--Moduli of rigidity of specimen having 0.032-inch aluminum facings 
aala21 1 05 end-grain balsa-wood core

Distance of :	 Moduli of rigidity
mirrors from : 	
central load :	 From mirrors	 : From shear tests

: Right end : Left end : Individual values :
: divided by average :

	

Tn.	 : P.s.i.	 : P.s.i. : LA111 : P.s.i. :	 P.s.i.
• •	 •.	 .	 ,	 .	 .

	2	 : 21,500	 : 24,800 : 0.791	 : 0.912 :	 30,30o
.

4	 : 23,200	 : 31,500 :	 .853	 : 1.158 :	 31,700

	

6	 : 30,600	 : 17,500 : 1.125	 :	 .644 :	 29,400
.

	

8	 : 45,000	 : 23,40o : 1.655	 :	 .86o :	 25,10o
: 	 :	 :	 r ; :

	Av.	 27,200 	 • 	 29,100

Rept. No. 1505-A
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Figure 4.--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 Products Laboratory Report
No. 1821 data).



Figure 6.--Illustration of test apparatus for two supplementary tests.
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Figure 7.--Element of sandwich strip.
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