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Summary

A previous study has indicated that theoretical formulas for the stresses
produced in sandwich panels by a loaded insert are satisfactory for use in
the design of sandwiches having isotropic solid-type cores. This report
presents the results of tests using panels having honeycomb-type cores.
The results show a good correlation between computed and measured values,
and indicate that the theoretical formulas for isotropic cores can also be
used for the design of load-carrying fittings in panele having orthotropic
honeycomb-type cores.

Introduction

This report supplements the previous work dealing with the general problem
of the design of load-carrying fittings in sandwich panels reported in
Forest Products Laboratory Report No. 1845. The previous experimental work
was limited by the procedures used to tests of circular sandwich panels hav-
ing isotropic solid-type cores of end-grain balsa or cork board. The present
study utilizes a different method for determining shear strains in the sand-
wich cores, and reports the results of tests of sandwich panels having or-
thotropic cores of aluminum honeycomb. :

lThis progress report is one of a series prepared and distributed by the U.S.
Forest Products Laboratory under U.S. Navy Bureau of Aeronautics Order No.
NAer 01628 and U.S. Air Force No. AF-18 (600)-102 and DO (33-616) 53-20.
Results here reported are preliminary and mey be revised as additional
data become available.

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

Sandwich panels were fabricated, and shear specimens and circular panels
were cut from them for testing. Each circular panel was tested by load-
ing through an aluminum insert. The differential movement under load of
the top and bottom facings at various distances from the edge of the in-
sert was measured by Tuckerman gages. The method used for correcting these
Tuckerman readings to shear strains as measured on matched shear specimens
is outlined in the appendix to this report.

Strains were measured on the facings of some of the panels by means of
SR-4 resistance-wire strain gages.

Materials Tested

Nine test panels, as descfibed in table 1, were fabricated for test. The
commercial honeycomb-core material consisted of 0.003~inch perforated
aluminum foll formed into 1/4-inch cells of hexagonal shape.

The construction of the core material and the orientation of the planes
involved in this study are illustrated in figure 1. The facings were of
758T clad aluminum alloy, and the aluminum inserts used were turned from
golid bar stock.

Fabrication of Test Panels

The test panels were fabricated as ol-inch square specimens as shown in
figure 2. This permitted close matching between the 20-inch diameter test
panel and the shear specimens that were cut from the remaining portion of
each panel.

The core material was cut to the required thickness with a bandsaw, end
the resulting sections were lightly glued together in proper orientation
to form mats 24 inches square. A 2-inch diameter golid aluminum insert was
carefully machined to the same thickness a8 the core and inserted in the
center of each mat. One-quarter inch diameter holes in both the insert

and the facings permitted accurate alignment of core and facings. The fac-
ings were glued to the cores with a formulation of epoxy resins.

The circular panels and shear specimens were cut to required size with a
metal-cutting bandsaw.

To permit the measurement of the differential movement of the upper and
lower facings of the panels, holes were drilled at the locations shown in
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figure 2. These holes were l/h inch in diameter and penetrated the top
facing and core. A concentric 1/16-inch diameter hole was drilled through
?he bottom facing for a thin bolt which extended above the top facing

fig. 4).

Method of Test

The method used for testing the panels is i1llustrated 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 upper
platen of a testing machine. In all cases, the test panels were simply
supported and not clamped to the base block. A tensile load was trans-
mitted to the panel insert through a flexible cable attached to the lower
head of the testing machine. This method of loading permitted the un-
restricted use of the Tuckermen gages at any point on the upper portion of
the panel.

Of major interest in this study is the distribution and magnitude of core
shear Btresses at various locations in the panel. These stresses can be
determined if the shear strains at the points in question cen be measured.
In the previous study, these shear strains were measured with SR-U4 type
gages imbedded in the core. Because of the discontinuous nature of the
honeycomb core in the present study, a new method for determining shear
strains was necessary. Figure 4 illustrates the method used. The method
consists essentially of a means of measuring the differential movement of
the top and bottom panel facings at a given point. To accomplish this, a
1/16-inch diemeter bolt, extending through the center of the 1/4-inch di=
ameter hole in the top facing, was firmly locked in place on the bottom
facing, as shown. The movement of this bolt with respect to a special clip
glued in place on the top facing was measured by a Tuckerman optical strain
gage. A few trials indicated that the observed movement was proportional,
but not equal, to the shear strain. The method used for obtaining adjusted
values 18 outlined in detail in the appendix to this report.

Simultaneous readings of load and strain in the core at two gage locations
were obtained at uniform load increments until a previously determined load,
vwvhich was well within the elastic limit of the panel, was reached. This
procedure was repeated until values had been obtained at all test points

. (fig. 3). Strains were measured in the LT and IR directions on all panels,
a?d also in the L 45° direction on one panel of each thickness (fige. 1 and
2).

Facing strains were determined on one panel of each thickness by means of
SR~L gages of l/h-inch gage length glued to the top facing. These tests
were made prior to drilling the holes in the panel. The gages were glued
on at distances of 1-1/4, 1-1/2, 2, and 3 inches from the center of the
insert. Facing strains were measured in the longitudinal and radial
directions, and also at 45°.
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The shear tests of the specimens cut from the square panels were made in
accordance with the method outlined in ASTM Designation 0273-532 and as
illustrated in figure 5.

Formulas Used

Two of the formulas presented in Report No. 1845 are used and referred to
in this report. They are the formula for the shear stress in the core at

radius (r) .
T(r) = ﬁih + ci I S (l)
in which

K =1 [.l _Jj;dirsinh a(r - b) +Va sinh afa - r) (2)
T L Jab einh aa - b)

and the formula for the facing stress at the edge of the insert

Ph h+ ¢ pa? 3(h + ¢)° (3)

a
O = e————— 1l + log e
r T oe(h + )2 h{ob) 2 _ 12 b "~ h(h - ¢)(ab)

where 7(r) -- shear stress in the core at radius r
: 0, -~ facing strain at radius r
P -- applied load at insert
¢ -=- core thickness
h -~ total sandwich thickness
r -- radius measured from center of insert
a8 -- outer radius of sandwich plate
b -- radius of insert
£t (h + ¢)?
In = =Fh - o)
'
I

~- facing thicknesses; equal or unequal
= Im + If

£+ £'3

G -- shear modulus of the core, associated with core direction
in which stresses are required.

2American Society for Testing Materials, 1952 Standards, Part IV.
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Presentation of Data

The measurements of shear stresses in the cores of the panels are tabulated
in tables 2, 3, and 4., The values in columns 1 to 5 inclusive of tables 2
and 3 were obtained from tests of shear specimens cut from the outer edges
of each 24-inch square panel (fig. 1). The values obtained from tests on
shear specimens from the panels of 1/2-inch nominal thickness were also
used in the computation of values for the 5/&-inch nominal thickness panels
(table 4). Sufficient shear specimens of the required length (9 inches)
could not be obtained from the thicker panels. The distance of the center
of each gaging hole from the center of the panel is shown in column 7.
Column 9 shows the indicated movement at each gaging hole as determined by
the Tuckerman gages. The shear stress in column 10 was computed on the
assumption that the entire indicated movement represented a shear strain.
The values in column 11 were obtained from those in column 10 by the method
outlined in the appendix. The values tabulated in column 12 were computed
using formula 1, with K given by formula 2. The values of parameter K,
from the adjusted test data and as computed by formula 2, are given in
columns 1% and 14 respectively. The data in tables 2, 3, and 4 are pre-
sented graphically in figures 6, 7, and 8.

The measured facing strains and the computed facing strains at the edge
of the insert for one panel of each thickness are tabulated in table 5 and

shown graphically in figure 9.

Results of Tests

The observed and computed values of the parameter K are compared in figures
6, T, and 8. The curves for the computed values of K in the LT and IR
directions for the l/h- and 1/2-inch nominal thickness panels are based on
the average dimensions and properties of three panels of the same nominal
thickness. In general, the values obtained in the LT direction are some-
what higher than the values in the IR direction. The observed values are
distributed fairly uniformily above and below the computed values, and
reach a maximum of about 1 near the edge of the insert. In general, the
experimental points show good agreement with the computed curves.

In addition to the data presented, measurements of the relative movement

of the two facings in a L 45° direction were obtained on one panel of each
thickness. In nearly every instance, the values obtained were intermediate
between the values in the IT and IR directions, and therefore were not pre-
sented in detail in this report.

Figure 9 shows the observed direct radial strains at various points on the
top facings of one panel of each thickness, and the computed strains at
the rim of the insert for each panel. For ease of comparison, the strains
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are shown at the arbitrarily selected center load of 100 pounds on each
panel. The strains show a rapid increase as the rim of the insert is
approached. The maximum values obtained at a distance 1/4% inch from the
insert are well below the computed value at the actual edge of the in-
sert. As mentioned previously, the measured strains in the LT direction
are greater than those in the IR direction, with the strains in the L 45°
direction being intermediate. The computed strains are greater in the IR
than in the LT direction. No apparent reason for this discrepancy was
noted.

As pointed out in Report No. 1845, the designer of a sandwich structure
involving load-carrying fittings is interested in the maximum shear and
facing stresses involved, and the points at which these stresses occur.
The present study was limited to one type of core material, one panel
diaemeter, and panels of three different thicknesses. However, the data do
provide a good correlation between the experimental and computed values.

Conclusions

Report No. 1845 indicated that previously developed formulas for the
determination of shear stresses in the core and facing stresses in sand-
wich panels having load-carrying inserts in solid-type cores are satis~
factory for design purposes. The purpose of this supplementary report
was to check the validity of these formulas for use in the design of
load-carrying inserte in sandwich panels having honeycomb cores. Tests
of nine sandwich panels, having aluminum foil honeycomb cores, aluminum
faces, and solid aluminum inserts, show a good correlation between ob~-
gserved and calculated values. This further confirmation indicates that
the formulas presented are satisfactory for design purposes.
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Appendix

Report No. 1845 (and No. 1828, on which it is based) presents formulas for
the determination of shear stresses in the core of a sandwich panel due to

a load applied at an insert. To check these formulas experimentally, an
accurate method of measuring shear strains (hence stresses) in such a panel
under load is required. The experimental work reported in Report 1845 was
limited to tests of panels having solid-type cores in which it was possible
to read shear strains by means of SR-L4 resistance-wire strain gages imbedded
in the cores. To extend the experimental work to discontinuous cores of the
honeycomb type, a new method of determining shear strains within the panel
had to be developed.

The method selected for the measurement of core strains has been illustrated
and described in the main body of this report. From a theoretical stand-
point, the method is objectionable since it is necessary to drill holes in
the panel facings, thus introducing stress concentrations and discontinui-
ties. It was also necessary to disturb the core locally since the l/h-inch
drill penetrated the core to mark the center of the concentric hole in the
bottom face. A few preliminary trials showed that the differential move-
ment due to shear indicated by the Tuckerman gages was roughly twice that
to be expected at any radial section of the panel. A further investigation
of this method was accomplished by running a series of bending tests on
rectangular sandwich strips, since the data obtained could be more readily
analyzed. Figure 10 shows such a sandwich strip under test, and the diagram
in table 6 indicates the placement of the applied loads.

A total of 8 specimens having 0.032-~inch thick facings were tested for shear-
ing, 4 in the LT direction and 4 in the IR direction. The specimens were cut
from panels which duplicated the construction of the l/2—inch thick panels as
closely as possible. The specimens were 15 inches long and 2 inches wide,
with a core thickness of 1/2 inch. The strain measuring techniques used for
the circular panels were duplicated as closely as possible. Strain measure-
ments were made on each specimen at a point 1/2 inch in from one reaction,
1/2 inch from one of the load points, at the exact center of the specimen,
and at a point halfway between one of the load points and a reaction. These
points are labeled 1, 2, 3, and 4, respectively, in the diagram in table 6.
Thus measurements were made at 3 points of equal shear (points 1, 2, and 4)
end 1 point of zero shear (point 3). The differential movement of the two
facings as indicated by the Tuckerman gages are shown in table 6. Some un-
expected differences do occur, but the readings at points 1, 2, and 4 are

of essentially the same magnitude. Three of the specimens showec a zero
movement at the central section, while the remainder of the specimens in-
dicated a limited movement.

Eight shear specimens were also cut from the test panels and tested as
previously described and as illustrated in figure 5. The results of these
tests are also listed in table 6.
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The adjustment factors for conversion of indicated Tuckerman readings to
shear strains were determined in the following manner. The shear stress
at mny point between the load point and reaction of the sandwich beam
(using average dimensions) was found by means of the usual sandwich
formula: '

T = P

ih + ci b

in which P = total load applied to specimen
h = total sandwich thickness
¢ = core thickness
b = width of sandwich

In the LT direction, this formule indicated an average shear stress of
46 .5 pounds per square inch in a beam carrying a 100 pound load. When
the average movement indicated by the Tuckerman gages at points 1, 2,
end 4 on all four beams (0.001147 inch per inch) was considered to be
entirely due to shear, the indicated shear stress in the beam (using
the average modulus of rigidity of the material as determined by the
shear tests, 69,675 pounds per square inch) was found to be 79.9 pounds
per square inch. Thus a reduction factor of 0.582 is required to reduce
this value to the computed value of 46.4 pounds per square inch. Simi-
larly, the reduction factor in the IR direction was found to be 0.650.

It is believed that the correction factors are adequate for the purpose
intended, but a few limited tests were conducted in an attempt to better
understand the mechanics of the problem. Shear tests were conducted as
{llustrated in figure 5, using both a dial gage for indicating movement
and a Tuckermen gage reading the movement of a pin extending from facing
to facing of the heavy metal plates. They gave identical results, in-
dicating that the two methods are comparable for this type of loading.
Reversal of the unsupported end of the glued-on clips did not change the
magnitude of the readings obtained. Readings obtained with the fixed
knife edge of the Tuckerman gage resting directly on the facing and the
movable knife edge on the projecting pin were almost identical to the
readings obtained with the gage supported on the glued-on clip, if the
separately measured facing strains adjacent to the pins were teaken into
account. This indicates that strain readings obtained by supporting the
gage on the glued-on clip were not affected by facing strains.

A clip of special design for supporting the Tuckerman gage gave values
differing 25 percent from the average when the clip was reversed in posi-
tion. This special clip had sharp knife edges on one end that rested in
line with the bolt that extended through the bending specimen. The other
end of the gage rested on a small steel ball. The average value obtained
was sbout equal to that obtained with the glued-on clip.

If a sandwich beam having relatively thin facings and a non-uniform core
(two materiels of high and low rigidity placed alternately along the

Rept. No. 1845-A 8-




length of the beam) is subjected to a bending load, the slope of the fac-
ings in sections of uniform shear will be influenced by the underlying
core., The facings in the area of core with the low modulus of rigidity
will assume a steeper slope than the adjacent sections. The extent that
this condition holds true for a honeycomb-core sandwich with thin facings
is not known. If this condition were present in a beam of such material,
the method used in this study for measuring shear would be expected to
- Indicate shear-strain values that would be too high, since no core
material was present at the points of shear measurement. The effective
core shear modulus would then be very low at the point of measurement,
thus allowing large local strains.

The error in indicated shear strain should decrease with an increase in
facing thickness. To check this probability, a few additional tests of
beams having facings of different thicknesses were made. The results of
these tests are also tabulated in table 6, and are shown graphically in
figure 11. All of the data in table 6 were obtained under identical loads
and methods of loading, thus making direct comparison possible. The addi-
tional beams tested differed only in the thickness of facings used. TFigure
11 shows that there is a rather uniform decrease in indicated shear strain
as the thickness of facing increases, with the 0.06l4-inch thick facing
glving values almost equal to the theoretical shear at the point of
nmeasurement.

The data in table 6 show that the amount of deflection at the center of

the span (col. 3) varies with the facing thickness, since all the beams
were subjected to the same shear stress. The tests tabulated in table T
and shown graphically in figure 12 were made to check any possible effect
of thie variation on the indicated shear measurements. The data in the
upper portion of table 7 were obtained using progressively shorter dis-
tances between reaction and load point on the same specimen. In each

case, the shear was measured at the center point between load point and
reaction (location 4 of sketch in table 6). The plotted points in figure
12 indicate that the indicated shear strains remain practically uniform
under the. varying amount of deflection which occurred. The comparable
value for specimens having 0.032-and 0.064-inch facings (from table 6)

are also included in table 7 and figure 12 for comparison. The deflections,
slopes, and radii of curvature values shown in columns 7, 8, and 9, respec-
tively, were computed from the measured center deflections, and are based
on theoretical values at the neutral axis of the beams rather than the
actual conditions that may be present at the facings.

In conclusion, it has been shown that the method of measurement used for
determining shear strains in the core of a sandwich panel is not an exact
method, since the results are influenced by the facing thickness. How-
ever, reasonable values can be obtained by proper calibration techniques.
The calibration factors presented in this report apply only to the par-
ticular type of material tested and identical methods of test.
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TabLe 2l --Descrlption of test panels. Panels were 20

Tnches in dlameter, with & Bolid aluminum
insert 2 inches in diameter, faces of clad
aluminum 0.0%2 inches thick, and a honey-
comb core of 0.003 inch thick foil, 1/4-
inch cell size.

Panel : Average ; Shear modulus of core : Average parameter O
No. PANELl  fmmmemmme—— e —————— S m e S S S =R
+thickness:IT direction:IR direction: IT direction:IR direction

D @ s ey s 5) :  (6)
mmmmmm ;——£;0£ s P.s.i. ; P.s.i. . :

A-1 @ 0.321 : 75,700 ¢ 32,630 3

A-2 2 322 : 80,030 : 33,500 :

A-3 325 ¢ 83,800 ¢ 27,730 :

Av. :  .32% :+ 79,850 ¢ 31,400 : 21.908 13.738
B-1 3 .568 80,730 ¢ 29,820 :

B-2 :  .8567 : TT,430 ¢+ 32,160 :

B-3 : .568 88,130 : 32,980 : g

Av. i .568 : 82,100 & 31,650 ¢ 29.291 ¢ 18.186

c-1 ¢ .812 : : :

c-2 812 t : :

Cc-3 813 : i :

Av. ¢ 812 : : 29.103 @ 19.562
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al thickness (Cortinued)

Omixn

Test of circular panel

Table 3.--Results of tests on panels of 1/2-inch n

Tests of shear specimens
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Table 5.--Distribution of facing strains of sandwlch panels at an
‘applied center load of 100 pounds

Orientation: Computed : Meesured radial facing strains at

of core g

it e e e 4 o e e o o

of straln :facing straingi-=e—ee-mccccacaa- o e e e e T
gage with : at edge of : r =1.25" : r =1.50" : r =2,00" ¢: r = 3.00"
respect to : insert ' . : :

ribbon=- : r=1" : s

direction ] :

e £ e o o 0 B B O o et St

(1 (2) : (3) = (W) (5) (6)
. In./in. K I;°-EE; : I n.gin In./in. ; In./in.

Panel A-3 (Average thickness = 0.261 inch)

LT : 0.000530  : 0.00019% : 0.000198 : 0.000116 : 0.0000T4
L 45° tuiiveeiieeeses: .000180 ¢ .000151 ¢ .000107 : .000063
IR : .000652  : .00017l : .0001k9 : .000093 : .000060

Panel B-2 (Average thickness = 0.504% inch)

T : .000%26 ¢ .00010% : .000089 : .000072 : .000039
T U5%  tiiieereseneses: 000122 3 .000089 : ,000072 : .0O0042
LR : .000421 : .000100 : .000077 : .O00057 : .OO0OLO

Panel C-2 (Average thickness = 0.748 inch)

LT : .000202 ¢ .000080 : .000066 : .000055 : .000031
LU® t,icenenn vesee? 000063 : .00004% : .000043 : .000023
IR : .000270 T .000051 : ,000044 : .000030 : .000025
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Table 6.--Details of loading and shear strains in core of rectangular

Sandwich strips at an applied load of 100 pounds .

e

£
z

£

2
o 2f 2 37—
ST
1

[_f ]:!
|
..iglp_ 134 piEd
7 LOADING DIAGRAM z
7
7 P
Iz
THEORETICAL. SHEAR DIAGRAM
: : : 3
Specimen:Orientation:Deflection: Shear strain in core at location :Modulus of
No. 1 of corel : at center:-- - “— mmmemmmme==?! rigidity
: : of span ¢ 1 : 2 : 3 : L ¢ of core
: : H : H H : material
1)+ (@ :+ (3 : HB o (5 : (6) : (D = (8
- - & - Mt ] —-mfu-n------—: —— - - -
: : Inch : In./in. : In./in. ¢ In./in. : In./in. : P.s.d.
Specimens with 0.032 inch thick aluminum faces
AB 2 : R : 0.054 : 0.00212 : 0.00268 : 0.00000 : 0.00254 : 34,120
AB 3 : R : .055 : .0022% : ,00355 : .00000 : .00256 : 27,760
BB 2 : R 5 ,052 . : ,00218 : .,00235 : .00037 : .00203 : 31,500
BB 3 i R : . .05k : .00193 : .00218 : ,000k2 ¢+ .00223 : 27,700
Av. : H .053 : _.00212 : .00269 : .,00020 : .00234 : 30,270
CB 2 T : .049 : .00108 : .00153 : .00000 : .00120 : 68,100
CB 3 H T : .0k9 : .00127 : .00106 : .00019 : .OOl22 : 65,200
DB 2 t T : .0b8 : .00091 : .00062 : .00033 : .00113 : 82,600
DB 3 : T : .049 ¢ .00135 : .00117 : .000kO : .00121 : 62,800
Av. : i .49 : .00115 : ,00110 : .00023 : .00119 : 69,675
Specimens with 0.012 inch thick aluminum faces
\ A
| A2 B2 R : ,125 : ,00310 : ,00262 : .0002k : .00235 :
| A2 B3 : R H 21 : .00266 : .00227 : .00000 : .00227 &
Av. ] : .12% ¢ ,00288 : 0024k : ,00012 : 06231 :
Al B2 H T s 117 : _.OOllt’? : ,00311 : .00000 : .00139 :
Al B3 H T s .118 ¢ .00181 : .00208 : .00106 : .OOLTT :
Av. : .118 : .00164 : .00260 : .00053 : .00158 :
Specimens with 0.064 inch thick aluminum faces
B2 B2 : R : .024 ¢ ,00155 : .00178 : .00000 : .00178
B2 B3 R . .024 : .00151 : .00155 : .0003L : 00163 :
Av. : H .02k : ,00153 : 00166 : ,00016 :  .001T0 :
Bl B2 : T s .020 : .00066 : .00078 : .00000 : .00066 :
Bl B3 s T : .021 : .00077 ¢ .00070 : .00000 : .00085 :
Av. H 8 .020 : .00072 : .00074 : .00000 : .00076 :
T .
=In all cases the R or T symbols (Figure 1) indicate the orientetion with respect “

to the long dimension of the bending specimen.
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and T

R (radial),
shear stresses were measured in

Directional orientation re-
the LR, IT, and in the longitudinal direction at 45 degrees to
o

in the report.

1tudinal),

Figure l.--Section of a block of aluminum honeycomb core material
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Figure 2.~-Details of pamnel comstruction showing core orientation,
location of insert, location of points at which shear strains
were determined, and the distribution of shear specimens cut from

each panel.
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Read-

and the test re-

acing

£

inch gage length

ial movement between the top facing

ing (movable knife

which have a 1

Load is applied to the top of the central
and the bottom fac

The strain gages,
are set to read the different
)

inates in a spherically seated cable clamp which is visible in the
(fixed knife edge on clip

insert by applying a tensile load on a flexible cable which term-
Strains were read by means of the autocollimators shown

ings were taken simultaneocusly at two points,
peated until readings at all points were obtained.

edge resting on protruding bolt attached to bottam

shear stresses in core.

Figure 3.-=Circular sandwich panel under test for determination of
photograph.
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Figure 4.—-Cut-away view showing Tuckerman strain gage in position for
measuring differential movement of top and bottam facings. Double
nuts secure the 1/16-inch diameter bolt to the bottom facing. The
aluminum clip supporting the strain gage is glued to the top facing
of the panel.
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Figure 5.--Apparatus for conducting shear tests of specimens cut
from the test panels.
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. O COMPUTED VALUES IN LT DIRECTION
: 0 9i! ~——— COMPUTED VALUES IN LR DIRECTION
[ —-— COMPUTED LIMIT VALUES, K= ,—’ q=o
\ O TEST VALUES PANEL | A (LT DIRECTION)
; o ® 7EST VALUES PANEL 1A (LR DIRECTION)
‘ A TEST VALUES PANEL 24 (LT DIRECTION)
A TEST VALUES PANEL 24 (LR DIRECTION)
O TEST VALUES PANEL 34 (LT DIRECTION)
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RADIUS OF PANEL (r) (INCHES)

Figure 6.--Computed and observed radial variation in shear stress
in the cores of panels of 1/4-inch nominal thickness.
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Figure T7.--Computed and observed radial variation in shear stress

RADIUS OF PANEL (r) (INCHES)

in the cores of panels of l/2—inch naminal thickness.
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O T7EST VALUES PANEL /C (LT DIRECTION)
@® TEST VALUES PANEL 1C (LR DIRECTION)
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Figure 8.--Computed and observed radial variation in shear stress
in the cores of panels of 3/h-inch nominal thickness.
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é LEGEND: .
ORIENTATION OF STRAIN GAGE WITH
PANEL | peSPECT TO RIBBON DIRECTION OF CORE
o
0.0006 A 45 i =
A-3 O ® (]
B-2 A A A
C> c-2 D X -
NOTE - LARGE SYMBOLS INDICATE COMPUTED VALUES
0.0005

0.0004

0.0003

DIRECT RADIAL STRAIN IN FACINGS (INCH PER INCH)
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0.0001 A 8
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™ é T’
0 |
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Figure 9.--Relation between computed radial facing strains at the
edge of the insert and observed facing strains near the insert.
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LEGEND:

O SHEAR STRAINS MEASURED IN LR PLANE
[\ SHEAR STRAINS MEASURED IN LT PLANE

————COMPUTED SHEAR STRAIN LR PLANE
—-— COMPUTED SHEAR STRAIN LT PLANE

0.003

0.00z

0.00/

INDICATED SHEAR STRAIN IN CORE [(IN/IN.)

oorz 0.032
FACING THICKNESS (INGH)

Figure 1l.--Relation between the indicated shear strains in the
core, and facing thickness of sandwich beams subjected to
bending loads. (All specimens were subjected to the same
ghear stress.)

Z M 106 603

0.064




LEGEND:

O SPEGIMEN WITH 0.012 INGH FAGING THICKNESS
[0 AVERAGE OF SPEGIMENS WITH 0.032 INCH
FACING THICKNESS

[\ AVERAGE OF SPEGIMENS WITH 0.064 INGH
FAGING THIGKNESS

——=-——COMPUTED SHEAR STRAIN
0.003

INDICATED SHEAR STRAIN IN CORE ///V.//'/‘u’.)

0.002
O O- -~ ==mmm—m- 0
o -
[
0.00/
A
Or
) 0.02 0.04 0.06

! DEFLECTION OF BEAM AT POINT OF SHEAR MEASUREMENT (INCH)

Figure 12.--Relation between indicated shear strains in the core,
and deflection of sandwich beams subjected to bending loads.
(Deflection measured at the neutral axis at the point of shear
measurement. )
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