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STRESSES INDUCED IN A SANDWICH PANEL BY LOAD

1
APPLIED AT AN INSERT™

By

W. G. YOUNGQUIST, Engineer
and
EDWARD W. KUENZI, Engineer

2 .
Forest Products Laboratory,” Forest Service
U. S. Department of Agriculture

Summary

This report presents the results of tests conducted to determine the
stresses induced in the core and facings of a flat sandwich panel by a
concentrated load applied at an insert. Test stresses are compared
with stresses computed by using theoretical analyses previously devel-
oped for the bending of a circular sandwich panel under normal load?™
It is concluded that the theoretical analysis is fairly well confirmed by
the tests and therefore may be used to develop proper design criteria
for stresses caused by a loaded insert.

lThis progress report is one of a series prepared and distributed by the
Forest Products Laboratory under U. S. Navy, Bureau of Aeronautics
Order No. NAer 01628 and U. S. Air Force No. USAF 18-(600)-102.
Results here reported are preliminary and may be revised as addi-
tional data become available.

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

éEricksen, W. S. The Bending of a Circular Sandwich Plate Under Normal
Load. Forest Products Laboratory Report No. 1828. Revised 1953.
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In the use of structural sandwich construction, particularly for aircraft
structures, it is often necessary to carry loads into the sandwich through
fittings that allow loads to be applied in a direction normal or inclined to
the plane of the sandwich. The fittings are usually fastened to the sand-
wich by attachment to a small insert that locally replaces the sandwich
core. This insert may be of metal or of denser core, and it is bonded
between the facings at the time the sandwich is manufactured.

The experimental work was conducted on relatively large, circular
sandwich panels that had a small, circular insert at their centers. Loads
were applied at the insert in a direction normal to the sandwich panel.

In order to measure core strains (hence stresses) the work was limited
to continuous cores, one of end-grain balsa wood representing a core of
moderate shear modulus and one of cork board representing a core of
low shear modulus.

After tests had been conducted to determine the stresses induced by
loading at the insert, test specimens were cut from the sandwich panel.
These specimens were subsequently tested, and the values obtained

were used in the theoretical analysis to compute core and facing stresses.

Experimental Procedure

The experimental procedure involved the fabrication of circular sand-
wich panels of cores in which strain gages had been embedded at differ-
ent points. The sandwich was tested by loading through an aluminum
insert, and shear strains in the core were measured so as to obtain
their radial distribution. The sandwich was then carefully cut, and
shear tests were conducted on the core pieces that contained the strain
gages. These tests then gave the relationship between the strain-gage
readings and the shear stress, regardless as to whether the strain gages
read proper shear strain or as to the exact shear modulus of the core.
Thus, the shear stress in the panel could be determined by proportioning
the shear stress of the shear test according to strain-gage readings.

Strains were also measured on some of the facings. Since the facings

were of aluminum alloy, however, the stresses could be calculated
directly.

Report No. 1845 -
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Materials Tested

Five test panels, as described in table 1, were fabricated for test.

The balsa cores were made from wood having a density of about 9 to 10
pounds per cubic foot. The wood was conditioned to a moisture content

(5 to 7 percent) substantially in equilibrium with the workroom conditions.
The individual boards were surfaced on four sides and then cut across the
grain into slices that were glued edge to edge to form the cores. In each
case, the material obtained from one board was sufficient for one panel,
thus insuring close matching of material.

The cork core was made from two edge-glued sheets of granulated cork
having a protein binder. The core was reduced to proper thickness in a
planer.

The facings were of 24ST clad aluminum alloy conforming to Federal

Specification QQ-A-362A. The aluminum inserts used were turned
from solid bar stock.

Fabrication of Test Panels

The installation of SR-4 strain gages at various points within the core
proved to be extremely exacting and largely determined the panel sizes
and the techniques required for fabrication o the panels. The panel
dimensions and gage locations are shown in figure 1. For calibration
purposes, gages were located in a pattern which permitted the cutting
of 2-inch-wide and 6-inch-long sections of the panel, each containing
one gage as shown.

The SR-4 gages had 1/4-inch gage lengths and were mounted in the core
as follows: Two gages were mounted at the selected locations at the
center of the depth of the core and were oriented at 90 degrees to each
other and at 45 degrees to the selected radial line of the core. Lead
wires were carried to the outside edge of each core segment. Two gages
mounted as described above are shown in place on a balsa core segment
in figure 2.

The actual steps used in the fabrication of the panels were as follows:
(1) The core material was fabricated into octagon-shaped mats 20 inches

Report No. 1845 -3-
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wide across the flats. A room-temperature-setting resorcinol adhesive
was used for edge gluing the blocks.

(2) Mats were cut into eight equal pie-shaped sections as shown in figure 1.

(3) SR-4 gages were mounted on the edges of these sections, as previously
described. The pieces were then reglued into the original shape with
adequate glue pressure being applied by means of wedges placed against
the flats of the octagon.

(4) A 2-inch-diameter hole was drilled in the center of the mat into which
an aluminum insert (containing a 1/4-inch central hole), which was ma-
chined to fit for both diameter and thickness, was carefully glued.

(5) The aluminum faces, which also had 1/4-inch central holes, were next

glued in place using EPON 8§, a formulation of epoxy resins. A  1/4-inch
steel pin was used to secure accurate alinement of the core and faces.

Method of Test

The test method wused in testing the panels is illustrated in figure 3. The
20 -inch-diameter panels were accurately centered over an  18-inch-diameter
hole in a heavy base of densified laminated wood mounted on the lower
platen of a testing machine. In all cases, the test panels were simply
supported and not clamped to the base block. Load was transmitted to
the panel insert through a 1-1/2-inch-diameter steel ball resting in the
1/4-inch central hole in the panel. Simultaneous readings of load and
strain gages in the core at two gage locations were obtained at uniform
load increments until a previously determined load, which was well within
the elastic limit of the panel, was reached. This procedure was repeated
until values had been obtained at all eight gage locations. A plot of the
data showed that an excellent linear relation existed between strain-gage
readings and applied load.

After all gages in the core had been read, SR-4 gages of 1/8-inch gage
length were glued to the top faces of panels 4, 5, 6, and 8  The gages
were glued on in pairs, with the gages in each pair placed on diametri-
tally opposite sides of the central insert and at distances of 1/16, 1/4,

1/2, and 1 inch from the rim of the insert. Facing strains were measured
at each of the previously used increments of load. A plot of the data
showed that an excellent linear relation also existed between the strain-
gage readings and applied loads.

Report No. 1845 -4-
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Following the completion of the panel test, eight shear-test specimens 2
inches wide and 6 inches long and each containing one set of the gages in
the core, were cut from each panel. Figure 1 shows the general cutting
pattern used. It will be noted that many of the gages were thus located
near the ends of the shear specimens. To avoid possible end effects,

each specimen was cut off at a point 3 inches from the gage, and suf-
ficient stock cut from a nearby location in the panel was then butt joined

to the other end of the specimen to insure a central location for the gage.
It was assumed that the discontinuity of the specimen would not affect the
results, since for test purposes the specimens were glued between heavy
steel plates, 1/2 inch thick.

The shear tests of the specimens containing the gages were made in
accordance with the method outlined in ASTM Designation C273-51T2

and as illustrated in figure 4 Simultaneous readings of the dial gage,

the SR-4 gages in the core, and load were made at various load incre-
ments until a total load of 2, 000 pounds for the balsa cores and 100 pounds

for the cork cores had been reached.

Theoretical Analysis

The theoretical analysis of a clamped circular sandwich panel under
normal load3 has shown that the shear stress in the core of a sandwich

having a solid, clamped insert under normal load is given by the formula:

) PIm 1 I1 {ar) l:uK.l (ab) - a,K1 (aa)
T(r) = mh+c)I yr  ab I (ca)K (ab) - Ij (ab)K (aa)
(1)
K; (ar) al (aa) - b {ab)
ab I (c|.a).'t(1 (ab) - L (ab)Kl {aa)
where t(r) -- shear stress in the core at radius r

-- applied load at insert

-- core thickness

total sandwich thickness

-- radius measured from center of insert
-- outer radius of sandwich plate

-- _radius _of insert

o = 3o g
1
1

4
“American  Society for  Testing  Materials, 1952 Standards, Part IV.
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[ o (o)’
m 4 (h - c)
f, f - facing thicknesses; equal or unequal
I= I!_n + Ii'
S S
£ 712
= G(h -c)I
Ecff I

G -- shear modulus of the core

E,

| Y]

E =
2

'Ef -- Young's modulus of facings
v -- Poisson's ratic of facings

I; (ar), Kj{ar) -- modified Bessel functions™

The formula for shear stress in the core (formula 1) can be written as

- (93]
'r(r)_ = m K (2)

where K represents the entire bracketed quantity involving the modified
Bessel functions. Then the variation of K can be examined to determine
shear-stress variation. It is rather difficult to determine the variation
of K because of the modified Bessel functions involved, but it is possible
to begin by examining K for large values of {ar) for which the Bessel
functions become the exponentials

ar
e
I {ar) = pg—
-ar S (3)
K]_ (u.r) = - g "Z—'C—l';

2
See Forest Products Laboratory Report No. 1828 for details concerning
the wuse of these functions.
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The extent to which equations (3) actually represent the modified Bessel
functions can be determined by evaluating the expressions for various
values of {ar) and obtaining the ratio of the exponential function to the

Bessel function. This was done, and the results are shown graphically
) . J/2mar v 2ar _
in figure 5 where the values of the ratios 1 (ar) an K (ar) using

actual values of the modified Bessel functions far Il(ar) and Kl(ur), are

plotted  against the parameter (ar). The curves of figure 5 show that for
values of {ar) as low as 5 there is less than 10 percent difference between
the exponential functions and the modified Bessel functions. For  values
of {(ar) larger than 5, the differences between the exponential and Bessel

functions become gradually smaller as ar increases. At values of {ar)
less than 5, however, the differences increase rapidly as ar becomes
smaller. The formula for shear stress in the core has the Bessel

functions  appearing as  products, etc., which may lead one to expect

that, even though the exponentials are considerably different from Bessel
functions at small (ar) values, the value of K as determined by exponen-
tials may be much nearer the value of K as determined by using modified
Bessel functions. Substitution of equations (3) into the bracketed expres
sion of formula 1 results in exponential functions which can be written as
hyperbolic ~ functions, thus:

k=11 _Jr—fb_sinh a{r - b) +Ja sinh afa - r)
Jab sinh a(a - b)

T @

In order to investigate the effects on K, values of K were computed
using exponential and modified Bessel functions for a value of a as low
as 1. 0. Convenient parameters excluding panel size and insert size
cannot be formed because of the transcendental form of the expressions
involved. Therefore, the problem was solved for a  "worst" case--one
in which an insert 2 inches in diameter was placed in a sandwich 8 inches
in  diameter. This seemed to represent one of the smallest panels likely
to be used, and a larger panel would result in less differences between
values calculated by using exponential functions or modified Bessel
functions. Curves representing the radial variation in core shear stress
are presented in figure 6. For a = 1{ab =1; aa = 4) the modified Bessel
functions give the maximum shear stress in the core approximately 10
percent greater than the exponential functions. For @ = 2.5 (ab = 2. 5;
aa = 10) the maximum shear stress in the core is only about 1 percent
greater than that given by the exponential functions, and at larger values
of a essentially no difference exists between determination of K by using

Report No. 1845 -7 -
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either exponential functions or modified Bessel functions. As a becomes

larger and larger, the value of K (finally becomes%, which is equivalent
to saying that the shear stress in the core is given approximately by the
load divided by the circumferential core area at a radius r.

If the circular sandwich is large and has a small circular insert, many
of the terms of formula 1 can be omitted® finally  resulting in

PI aT
(r) = _m o
T w(h + c) I

1 K (ar)

where T =177 (ab) K| (ab)

The equation for T can be differentiated and maximized with respect to
(ar) so that it will finally result in the determination of the maximum
shear stress in the core and its position. The results of this procedure
are given graphically in figure 7, where T 1is plotted against the para-
meter (ab). As (ab) becomes larger and larger, the value of T approaches
1

:—E. The position of maximum shear stress is given by the parameter
1

b
g:—a

and as (ab) becomes large, g approaches unity. This shows
T'1 max.

that the point of maximum shear stress approaches the edge of the in-
sert as (ab) increases. Thus, as the position of maximum shear stress

approaches the edge of the insert, the value of T approaches a"llg. This
shows that as the Ilimit stress, as determined by the area around the

insert, is approached, the larger the plate or the larger a becomes.
It should be noted that a becomes large as the core shear modulus in-
creases, but that a becomes smaller if the facings of the sandwich or.

the sandwich core are thickened. This means that the more rigid the
core, the higher the core shear stress; or the stiffer the facings and
sandwich, the lower the core shear stress.

The facing stresses are maximum at the edge of the insert and are given
for a plate with clamped outer rim and clamped insert by the formula®

éThis is discussed in more detail in Forest Products Laboratory

Report No. 1828.
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. , )
_P Im +'f_—’ 1 2a i a
Il = U O 4J C T2 ey
. a“ -b J

1 ZIm Imf Ko(ub)

“eb{f(+c) 25 | Kj(ab) (5)

In this formula K, (ab) andKj(ab) represent the modified Bessel functions
as defined in Forest Products Laboratory Report No. 1828. If (ab) is 5,

K o(ab)
the ratio ————r = 1 with less than 10 percent error. For larger values
Kj {ab)
of (ab), the error decreases, and for smaller values of (ab), the error in-
creases. If the sandwich has facings of equal thickness and the facings

are thin so that their individual stiffness can be neglected and (ab) is
greater than 5, formula (5) can be rewritten to give the somewhat simpler

expression ...

Ph h+c 2a° a 3(h+ c)2

“r T (h+ )2 Lt 3(@b) "2 5285 "R - c)py | ©

The analysis has not been carried out for stresses in a panel simply
supported at the outer rim and clamped at the insert. It would be ex-
pected that shear stresses in the core would not be greatly affected by
type of support at the outer rim. The facing stresses, however, might
be considerably greater at the edge of the insert if the outer rim were
simply supported rather than clamped. The difference in stress would
increase as the panel size decreased. Analyses of homogeneous platesz
show that bending stresses in a plate twice the size of an insert or hub
are about 85 percent greater when the outer rim is simply supported
rather  than clamped. If the plate is 20 times the size of an insert or
hub, the stresses are still about 30 percent greater when the outer rim
is simply supported rather than clamped.

Presentation of Data

The results of all tests for the determination of shear stresses in the
cores of the five panels tested are tabulated in tables 2 to 6. Column 2
indicates the actual distance of each gage from the center of the panel.

zTimoshenko, S. Theory of Plates and Shells. New York, 1940.
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The readings of the SR-4 gages in the panel cores are tabulated in
column 3. Column 4 gives values for shear strains in specimens cut
from the core and measured by a dial gage, and column 5 gives the
comparable readings of the SR-4 gages in the core. The actual shear
stress in each shear specimen is shown in column 6. Since all speci-
mens from one panel were subjected to identical loads, the slight dif-
ferences shown were actually due to dimensional variations. The
modulus of rigidity at eight points in the panel, as determined by the
shear-test specimens in which strains were measured by a dial gage,
is shown in column 7. The average value shown for each panel was
used in all computations. The shear-stress ~ values shown in column 8§
for the sandwich panel were obtained by proportioning the shear stress
applied on the shear specimen according to the ratios of strain-gage
readings for the panel to readings for the shear-test specimens. The
computed values tabulated in column 9 were computed using formula (2)
with K given by formula (4). The values in column 10 are those obtained
in test, while theoretical values computed by formula (4) are tabulated
in column 11.

The measured and computed facing strains in panels 4, 5, 6, and 8 are
tabulated in table 7 and shown graphically in figure 9. The computed
strains shown were computed by means of formula (5). The measured
strains in columns 4, 5, 6, and 7 are each the average of two values
measured at two directly opposite points on the panels.

Results of Tests

Figure 8 provides a ready means for comparing the observed and com-
puted shear stresses in the panels. The observed values shown and also
tabulated in the tables are those obtained at the arbitrarily selected loads
applied to the panels. Excellent straight-line  relationships were obtained
in  plotting load increments  against ~measured  shear-strain  increments,
thus indicating that the relationships obtained would apply throughout the
elastic range of the panels. Only the computed values for panel 6, which
had a balsa core (& = 19.16), and for panel 8, which had a cork core

(a = 3.52), are shown in figure 4, since panels 3, 4, and 5 were similar
in construction to panel 6 and gave almost identical computed values. The
relationships  between computed and observed values for panels 3, 4, 5,
and 6 are very good both as to the maximum values obtained and as to the
indicated trends.

Report No. 1845 -10-
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Of interest in design are the maximum values obtained and the point at
which  these  values occur. The practical limitations in the placement of
gages and also the limited number of tests made do not permit an accu-

rate  determination of these  values from the test data. As indicated in
figure 8, however, the test data do provide good estimates of these wvalues.

The observed values for panel 8, which had a cork core {@ = 3.52), are
generally less than the computed values, with the maximum  observed
value being about 80 percent of the computed value. It is possible that
additional  tests may have given a better correlation.

Figure 9 shows the observed direct radial strains at various points on
the top faces of four of the test panels and the computed strains at the
rim of the inserts. The observed values show a rapid increase as the
edge of the insert 1is approached; however, it was not possible to check
the strains at the actual rim insert.

Conclusions

Tests of four sandwich panels that had solid end-grain balsa cores,
aluminum facings, and solid aluminum central inserts show a good
correlation between observed and theoretically computed shear stresses
in the cores. Although the tests are limited in number, the close cor-
relation  obtained  between  observed and  calculated values  indicates  that
the  formulas  presented  are satisfactory  for  design  purposes. The test
of a single panel that had cork-board core gave an observed maximum
value about 20 percent less than the computed value.

Observed facing strains in the test panels showed a rapid increase as
the insert was  approached, to that extent confirming the theoretical
analysis; however, the actual maximum strains occurring in the test
panels could not be checked by the test method used.

The test methods wused in this study necessitated the use of solid cores
with  substantially  uniform  properties in the radial and tangential  direc-

tions. It is recommended that some additional tests of panels with
cores of the more commonly wused honeycomb, which has  nonuniform
directional properties, be made to check the applicability of the formulas

to this type of construction.

Report No. 1845 -11- 1.-16
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Panels were 20

" inchees in diameter with a solid aluminum

insert 2 inches in diameter and faces of

clad aluminum 0.032 inch thick
Panel ; Description of core : Average ; Parameter
No., i-s-mmem—cce=ea Hmm———————— ;7 panel : a
: Type : Density : Shear : thickness :
: : ! Moduluse : 3
()« @ (3 ¢ () (5) : (6)
; ;Lbs. per : P.g8.i. Inch ;
: t cu. ft. ¢ : :
% :End- : : : :
: grain: H : !
. Balea: 9.7 : 36,160 : 0.588 : 20.14
4 :,.d0..: 10.1  : 33,090 : 561 ¢ 18,48
5 :..d0..t 9.3 : 38,560 : 563 1 19.99
8 :Cork : : : :
: board: 28.7 : 1,146 : 587 3.52
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Table 2.--Results of tests of panel 3 and tests of shear specimens cut therefrom

Gage : Distance of gage ;: Panel test : Test of shear Specimens’  ; Shear etrain at : Modulus : Shear stress in penel at & E
No. : from center : : : 2,000-pound load : of H 400-pound Load :
H of pansl H H H s rigldity H -
t : 8R-k strain- ¢ Shear strain ¢ SR-lL strein- : : : From test data : Computed by : From ! Computed by
H : gage resdings : In core a2 : gage readinga : H t Col. 3 col. & ° formula t test data : formula 4
H : in core 3 determined by : in core H H 1 Col. 5 E " i : H
: H 1 dial gage H H H H H : H
(1) (2) T G) : () : (5) = (6) oM (8) :(® o (o) : ()
Inches In./in, In./in. Ie./in, P.a.i. P.s.i. P.g.i P.a.i.
1 : 1.25 +  0.00260 : 0.00432 : 0,00410 : 177.6 : k6,350 : 112.6 : 90.8 : 0.985 : 0.794
3 : 1.50 _2 00169 : SO0k : 00386 : 166.1 : k2,050 : T2.7 : 6.2 : 636 : LB6T
5 : 1.7 : .00212  : 00608  :  .o0ks8  : 180.5 : 33,500 83.5 : 6sh. : .0z 572
T : 2.00 : .00210 : 00534 : L00LLS : 165.6 : 35,020 : 77.6 : 57.2 : 679 : 500
8 3.00 : .00088 L0058 : 00455 168.1 : 32,500 : 32,5 ;381 oz .8 4 .333
ho: 4.00 : L0093 : 00553 : .00ks8 : 167.2 : 31,840 : 33.2 : 28.6 : 291 s .250
6 : 5,00 . .000T7 s L0841 ;00600 : 181.8 : oh oo : 23.3 R T 200
2 : 6.00 : Q0062 : LO0k34 : .00368_ : 167.5 : 13,580 : 28.2 : 15.1 : .2n7 : 187
av, : : s 00959 -t .ookh9 i : 36,160 : : : :
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of tests of panel 4 and tests of

ahear dpecimens cut therefrom

Gage : Distence of gage : Fanel test ; Test of shear specimens : Shear surain at ; Modulus Shear siress in panel at : 19
Ho.o from center : : 2,000=-pound load : of LOQwpound load
H of panel : : - : : rigidity ie=- —— B e L
H : S5R~4 strasin- : Shear strain : SB-% strain~ = : : From test dats  : Computed by @ Froxm : Computed by
: gs.ﬁ resdings : in core as gage resdings f - . Col. 2 % col. & formula test dats formula b
: i core ¢ determined by * in core H : P Cal. B : -
: H dial gage ¢ : H : H :
() : (2) : ) ' (5) (5 : {6) oA s (8) A9 ooy 2 (a1)
i Inches : In./in, H In./in, P Imufin. ! P.s.i. F.a.i., ¢ P.ag.l P.s.i. : :
1 = 1.25 : 0.00214 : 0.00415 T D.002T3 : 166.3 ¢ k0,230 3 130.9 T118.9 : g.871 T 0.791
3 ¢ 1.50 : 00225 : 00517 E L0025k ¢ 166.9 t zp,280 127.8 t100,2 : B850 BET
5 & 1.75 : 00173 : L DOkEY : 00280 t 166.7 oz 930 2 103.0 : 35.9 : L85 571
T ¢ 2.00 : L0R150 : 0569 : L00582 : 168.1 ¢ 29,580 h6.0 : 5.1 : L4390 % 500
8 : 3,00 : LOD0B7 L0okk1 00290 : 167-2 t 37,920 ¢ 50,2 : 0 50.1 t .33kt 333
y L.00 Q008G L0530 L00518 169.2 31,950 k1.3 C37.6 : .315 .250
6 : 5.00 © 00075 : L0069 : .00%68  :  167.2 T 26,580 : 30,1 :o30.1 : .87 i .200
2 6.00 : 00057 L0560 ¢ 00338 ; 169.5 ;30,220 1 28.6 ;25,0 s 190 1 167
Av. : : : L0516+ .00318  : i 33,090 : . : ‘
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Table 4,—Hesults of tests of pansl 5 and testa of shear specimens cut therefram

Gage ; Distance of gage ; Panel test ; . Teat of shear specimens ' Shear strain at ; Modulug ; Shear stresa in panmel at : K
Ho. t from center H H : 2,000-pound load : of H 500-pound load :
: of panel H H - : i rigidity : H
H + SR=k strain- ; Shear strain : SR-4 strain- : H ¢ From test dats @ Computed by ¢ From : Computed by
3 ¢ gege readings : in core as 1 gage readings : : 100k, 3 . pnoy, 6 ¢ formula  : test deta ¢ formula k
: : in core : determined by : in core s : : Col. 5 * T H ;
: : + dial gage ¢ : H : B :
(1) : (2) ) TS s () ok 6 o (D (8) :(9) o+ () : ()
: Inches :  In.fin, :  In.fin. ¢ In.fin. : P.g.1i. ¢ P.s.i. : P.s.4, :  P.s.i. : :
H 3 3 . R H H H H H H H .
i s 1.25 : 0.00172 : 0.00435 : 0,00230 : 167.2 1 38,460 125.1 +  118.9 s 0835 ¢ 0.T9:
5 : 1.50 s 00158  :  Lo0k2T oz .00260 & 167.5 : 39,200 : 101.8 s 99.8  : 680 1 .667
5 1 1.75 : Gage dead : : : : : :
7 : 2.00 :  .00LI9  : L0577  +  .00230  : 6.7 : kh,200 86.2 2 T8 . 1 5T6 i 500
& : 3.00 : 00087 :  L00kOB  : L0025k  : 167.5 s 41,080 : s7h o k99 1 38t 333
5 o: £,00 s .00072  : L0046 i .00285 166.9 : 36,600 2.2 f3TA : .82 250
6 : 5.00 : 00050 i .00Mk3 .0026h  : 166.7 : 37,560 & 28,4 i 299 s 18 : .200
2 : 6.00 ¢ .00055 ¢ .00516 ¢ ° .00288  : 169.2 : 32,800 : 38.3 s sh9 o+ .26+ .67
Av. : T L0037 ¢ 00263 = : 38,50 : : : :
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ghear specimens eyt therefrom

Ho.

Distance of gage
from center
of panel

FPangl test

Test of akear specimens

SRl straine

gage readings
in core

Shear strain

iz core asz
determined
dlal gmge

by

1 SE-b strain-

gage readings
in core

TR TR T RR LT}

Shear atrain &bt
2,000-pound load

Modulus
of
rigidity

Ak sk oAk sEoad

TR

Shear stress in panel at
EOQ-povmd loagd

Frem test deta

Zal 3 oo, 6

PP T T

Frum

test data

(1)

(2)

L T LR LT LT

(3)

(&)

T L L]

(3

(1)

(@)

(10}

o F o =~ W we

~ Aw,

B T

T L R

Inches
1.25
1.50
1.75
2.00
3.00
k.00
5.00
£.00

P TIE T

P

LT T T TP

P I I L I L LI Y TR

L I T T T

In./in,
0.00421
- .oes5e5
00547
00403
+00LOk
~00600
.00l31
LO0LTT
LO0LTE

L T T A L L]

In./in,"

0.0025k
00271
00272
00250
00286
00572
.00330
00372
. 00306

D TR S TR T BT

P TR

B L LI TR TR T I TR

FE R R T e N L TR T I R 1]

B T T S T L T

ar ad 4n amm

F.8.1.

P.e.i.

38,730
31,860
30,50
41,340
41,400
27,850
28,800
35,050
35,810

L T I R O~ B LI LT S T T T

98.4
135.9
96.8
.7
i b
1.4
29.9
23.8

: Computed by
r  formla
)

;" P.a.i.
120.0

' 100.9

L T T R T L L LT

B 4e mE AN am AR ek ke A4 KR am

L R I T R T e T TR L]

0.650
884
ko
493
359
273
.18
157

[T TA

e ee as

T T T T T |

TR
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Table 6.--Results of tests of panel 8 and tests of shear specimens cut therefrom

Gage ' Distance of gage ; Panel teat ; Test of shesxr specimens ; Shear strain at - Modulue ; Bhear streds in penel at ; K
Ho. : from center : : : 100-~-pound load H of H To=-pound load :
: of papel : : H : rigidity : H
: r SR} strain- : Shear strain : SR-% strain- : : ; From test data ¢ Computed by : From + Computed hy
: : gage readings : in core a3 @ gage readings : : 100l. 3 oy, g ¢ formla  : test Qata : formula L
H H in core : determined by : in core : 1 « Col, & * T : '
H H : dial gage : H H H H H H
(1) : (@) : () : (%) : (5) : (6) Mk (8) s (9 : (1) :  (n
: Inches : In.fin. ¢ tn./in, : In./in. : P.s.i. s Pus.i. P.a.l. t P.e.d.  t :
1 : 1.25 : 0.00255 :  0.00618 :  0.00256% - 8.32 T 1,33 : 9.0 s 9.2 : 019 :  0.428
3 1.50 : 00192 : 00678 : 00230 ¢ 8.29 : 1,205 : 6.9 : 1.3 . .3 .526
5 . 1.75 : L0070 : 00676 : 00199 : 8.32 ;1,831 . 7.1 S T 75 S R .518
7 2.00 : 00150 : 00723 : 00206 : 8.32 i 1,151 : 6.1 . 03 ;282 479
8 : 3,00 : L0012 : .00816  : 00278 8.38 ;1,026 5.3 : 7.2+ .99 .533
b e 1.00 . .00108 00736 ¢ .00253 8.33 s 1,13 s 3.6 : S ;.66 .250
6 : 5.00 : 00082 : .00780 00227+ 8.32 ;1,067 : 3.0 : b3+ LG .200
2 s 6.00 . .00089  : 00875 : 00257 8.33 i 998 : 2.9 : 3.6 ¢ .13 ¢ 167
Av. : : i wom3 : .03 835 & 1,146 : : : :

1
—Based on average of the otker T gages.
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Table 7.--Observed and computed direct radial strains  in facings of panels

Panel : Applied : Computed _ " Measured radial facing strains at
-No. 3 center : facing straing jrew~eemccemvacccedvemancen e rer e m——cr——a——— ——————
: load : at edge of tr=1-1/16 in, : r = 1-1/bh din. : r = 1-1/2 in., : r = 2 in.
: : ingert r = 1" : : 3 :
(1) «+ (2) (3) : (k) : (5) : (6) : (7)
: Pounds < In./in. : In./in. : In./in. : In,/in. : In./in.
L : 500 0.00209 : 0.00086 H 0.00051 : 0.00044 : 0.00029
5 ¢+ 500 .00200 : .00068 : .00042 : .00038 : .00026
6 : 500 .00206 : .00076 s .00037 : .00032 : .00025
T 5 .000%6 : 00042 : .00023 : .00007 : .0000k
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Figure 1. --Details of panel construction, locations of SR-4 gages
in core, and the cutting pattern used to obtain shear specimens
after the panels were tested.
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Figure 2. -SR-4 gages in place on one section of balsa core before it was reassembled
into the circular panel. Three lead wires were run to the outside edge, with the
central wire being common to both gages.
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Figure 3. --Cork core panel under test. Load was applied through
a steel ball bearing to insure concentric loading of the insert.
Two sets of gages were read at one time, and the test was re-
peated until all gages had been read.
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Figure 4. --Apparatus for conducting shear tests of specimens
cut from the test panels.
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Figure 5. --Relationship between exponential functions and

modified Bessel functions.
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Figure 6. --Radial variation in shear stress in the core of a
sandwich panel 8 inches in diameter with a central insert
2 inches in diameter.
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Figure 7.--Maximum shear stress in the core and its radial
position for a large, circular sandwich panel with a small,
normally loaded, circular insert.
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Figure 8.--Computed and observed radial variation in shear stress
in the cores. Panels 3, 4, 5, and 6 had balsa cores and aluminum

faces; panel 8 had a cork core and aluminum faces.

Z M 97829 F



DIRECT RADIAL STRAIN IV FACINGS
(INCH PER INCH)

THIS DOCUMENT PROVIDED BY THE ABBOTT
TECHNICAL LIBRARY

ABBOTTAEROSPACE .COM

Q0025
LEGEND :
AN PANEL 4
B0 AANEL 5
Qo020 & PANEL 6 ]
® O PANEL 8
NOTE : OPEN SYMBOLS, TEST VALUES;
CLOSED SYMBOLS, COMPUTED VALUES.
918.0/]
0.00/0§
A
O
O
Qo005 A
o) 8 %
o 8
0 T Q
/ L5 2 25

RADIUS OF PANELS (r) (INCHES)

Figure 9.--Relationship between computed radial facing strains
at edge of insert and observed facing strains near the insert.
All panels had aluminum faces. Panels 4, 5, and 6 had balsa

panel 8 had a cork -core.

cores;
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