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Summary 

This report  presents the results of tests conducted to determine the 
s t r e s se s induced in the core and facings of a flat sandwich panel by a 
concentrated load  applied a t an insert. Test s t resses a r e compared 
with s t r e s se s computed by using theoretical analyses previously devel-

3 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 tes ts and therefore may be  used to develop proper design cr i ter ia  
for s t r e s se s  caused by a loaded insert. 

1
This progress report  is one of a se r ies prepared and distributed by the 

Fores t 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 a r e preliminary and may  be revised as addi-
tional data become available. 

2 Maintained a t Madison, W i s . ,  in cooperation with the University of 
Wisconsin. 

3Ericksen, W. S. The Bending of a Circular Sandwich Plate Under Normal 
Load. Fores t Products Laboratory Report No. 1828. Revised 1953. 
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Introduction 

In the use of s tructural sandwich construction, particularly for a i rcraf t 
s t ruc tu res ,  i t  is often necessary to c a r r y loads into the sandwich through 
fittings that allow loads to be applied in a direction normal o r inclined to 
the plane of the sandwich. The fittings a r e usually fastened to the sand-
wich by attachment to a smal l  inser t  that locally replaces the  sandwich 
core . This inse r t may be of metal o r of denser  core, and i t is bonded 
between the facings a t the time the sandwich is manufactured. 

The experimental work was conducted on relatively large ,  c i rcular 
sandwich panels that  had a small ,  c ircular  inse r t a t their centers .  Loads 
were applied a t the inse r t in a direction normal to the sandwich  panel. 
In o rder  to measure  core  s t ra ins (hence s t r e s se s ) 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 tes ts had been conducted to determine the s t r e s se s induced by 
loading a t the inser t , test specimens were cut f rom the sandwich  panel. 
These specimens were subsequently tested, and the values obtained 
were used in the theoretical analysis to compute core and facing s t resses . 

Experimental Procedure 

The experimental procedure involved the fabrication of c i rcular sand-
wich panels of cores in which s t ra in gages had been embedded a t differ-
ent points. The sandwich was tested by loading through a n aluminum 
inser t , and shear  s t ra ins in the core were measured so as to obtain 
their  radial  distribution. The sandwich was  then carefully cut, and 
shear  tes ts were conducted on the core pieces that contained the s t ra in 
gages. These tes ts then gave the relationship between the strain-gage 
readings and  the shear s t r e s s ,  regardless  as to whether the s t ra in gages 
read proper shear  s t r a in o r as to the exact shear modulus of the core. 
Thus,  the shear s t r e s s i n the panel could be determined by proportioning 
the shear s t r e s s of the shear test according to strain-gage readings. 

Strains were a l so measured on some of the  facings. Since the facings 
were of aluminum alloy, however, the s t r e s se s could be calculated 
directly. 
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Materials Tested 

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

The balsa cores  were made f rom wood having a density of about 9 to 10 
pounds pe r 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 s ides and  then cut a c ro s s the 
gra in  into s l ices  that were glued  edge to edge to fo rm the cores . In each 
case ,  the mater ia l  obtained f rom one board was sufficient for one panel, 
thus insuring close matching of material.  

The cork core  was  made f rom 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 Federa l 
Specification QQ-A-362A. The aluminum inser ts used were turned 
f rom solid ba r stock.


Fabrication of Test Panels 

The installation of SR-4 s t ra in gages a t various points  within the core 
proved to be extremely exacting  and largely determined the panel s i zes 
and the techniques required for fabrication of the panels. The panel 

dimensions and gage locations a r e shown i n figure 1. F o r 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 a s shown. 

The S R - 4 gages had 1/4-inch gage lengths and were mounted in the core 
as follows: Two gages were mounted a t the selected locations a t the

center  of the  depth of the core and were oriented a t 90 degrees to each 
other and a t 45 degrees to the selected radial l ine of the core. Lead 

Two gageswires  were ca r r i ed to the outside edge of each core segment.

mounted as described above a r e shown in place on a balsa core segment 
i n figure 2. 

The actual s teps used i n the fabrication of the panels were as follows: 

(1) The core mater ia l  was fabricated into  octagon-shaped mats  20 inches 
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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 used 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. 
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Following  the completion of the panel test , eight shear- tes t specimens 2 
inches wide and 6 inches long and each containing one se t of the gages i n 
the core ,  were cut f rom each panel. Figure 1 shows the general cutting 
pat tern 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 a t a point 3 inches f rom the  gage, and suf-
ficient stock cut f rom 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 
resul ts ,  since for tes t purposes the specimens were glued between heavy 
s tee l  plates,  1/2 inch thick. 

The shear  tes ts of the specimens containing the gages were made in 
accordance with the  method outlined in ASTM Designation C273-51T4 

and as il lustrated i n figure 4. Simultaneous readings of the dial gage, 
the SR-4 gages in  the core ,  and load were made a t  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 s t r e s s in the core of a sandwich 
having a solid, clamped inser t under normal load is given by the formula: 

where t (r) shear stress in the core at radius r 
P applied load at insert 
c core thickness 
h total sandwich thickness 
r radius measured from center of insert 
a outer radius of sandwich plate 
b radius of insert 

4American Society for Testing Materials, 1952 Standards, Part IV. 
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The formula for shear stress in the core (formula 1) can be written as 


(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 for which the Bessel 
functions become the exponentials 

(3) 

5 
See Forest Products Laboratory Report No. 1828 for details concerning 

the use 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 and obtaining the ratio of the exponential function to the 
Bessel function. This was done, and the results are shown graphically 

in figure 5 where the values of the ratios using 

actual values of the modified Bessel functions far I1 and K1 are 

plotted against the parameter The curves of figure 5 show that for 
values of as low as 5 there is less than 10 percent difference between 
the exponential functions and the modified Bessel functions. For values 
of larger than 5, the differences between the exponential and Bessel 
functions become gradually smaller as increases. At values of 
less than 5, however, the differences increase rapidly as 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 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: 

(4) 

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 = 1 =1; = 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; 

= 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 
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either exponential functions or modified Bessel functions. As a becomes 
larger and larger, the value of K finally becomes1

r, 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 omitted6 finally resulting in 

The equation for T can be differentiated and maximized with respect to 
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 is plotted against the para-
m e t e r  As becomes larger and larger, the value of T approaches 

–. The position of maximum shear stress is given by the parameter 

b 
g = r t max. 

, and as (ab) becomes large, g approaches unity. This shows 

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

around 

shear stress 
approaches the edge of the insert, the value of T approaches This 
shows that as the limit stress, as determined by the area 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 formula3 

-6 This is discussed in more detail in Forest Products Laboratory 
Report No. 1828. 
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(5)


In this formula Ko and K1 represent the modified Bessel functions 
as defined in Forest Products Laboratory Report No. 1828. If (ab) is 5, 


the ratio = - 1 with less than 10 percent error. 


of (ab), the error decreases, and for smaller values of (ab), the error in-


For larger values 


creases.

are thin so that their individual stiffness can be neglected and (ab) is 


If the sandwich has facings of equal thickness and the facings 


greater than 5 ,  formula (5) can be rewritten to give the somewhat simpler 
expression 

(6)


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 plates 
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. 

7 Timoshenko, 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 

= 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. 
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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 values. 

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 is 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 used 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 used honeycomb, which has nonuniform 
directional properties, be made to check the applicability of the formulas 
to this type of construction. 
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Table 2.--Results of tests of panel 3 and tests of shear specimens cut therefrom 









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



Table 7.--Observed and computed direct radial strains in facings of panels 



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. 



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. 
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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 
cores; panel 8 had a cork core. 
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