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Table 3£ Notation

Symbol Definition Unit

a Length of panel inches
b Width of panel inches
t Thickness of panel inches
P Applied compression load 1bs,
8 Applied shear load 1bs.
6. Compression stress 1bs./sq. in,
6, Ultimate compression stress

in pure compression 1bs./sq. in.
T Shear stress 1bs./sq. in.
z, Ultimate shear stress in

pure shear 1bs./sq. in.
Se Total deflection parallel

to compression axis inches
é Unit deflection parallel

to compression axis in./in.
Ss Total deflection perpendicular

to compression axis inches
r Unit deflection perpendicular

to compression axis in./in.
E Young's Modulus of Elasticity 1bs./sq. in.
v Polsson's Ratlo
G Shear Modulus 1bs./sq. in.
G

Apparent Shear Modulus 1bs./sq. in.
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II. SUMMARY

The behavior of flat, unstiffened panels was
investigated for two length over width ratios and
five thicknesses. In each case the panels wsare
loaded until they failed. An empirical relation
was developed for the variation of the ultimate

combined shear and compression stress of the form

&) )

The values of m and n were found to be: m = 1,65
and n « .9 for panels with length over width retio
equal to 2, and m =« 1.4 sand n = 1.3 for panels with
length over width ratio equal to 1 1/3, The sabove
equations agree very closely with the experimentsal
results.

There was a variation in the apparent shesr
modulus under different combined loading conditions,

but no definite result was obtalined,
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III. TINTRODUCTION

For the modern types of 2irplanes which use
stressed skin construction to cerry the external losads
in the most efficient manner, the designers are often
confronted by the problem of psnels losded with com-
bined shesr and compression forces, such as psnels in
the wing, fuselsge, rudder, etc. The method of deter-
mining the ultimate failure stress for panels under
combinec shear and compression forces is lacking.

With these problems in mind, the present research
project was begun two years ago at the Californias
Institute of Technology by Mr., Butterworth, and last
year Mr. Tsubots redesigned the loading mechanism, so
as to load a panel simulteneously by shesr and compres-
sion,

Throughout the test, 178T durslumin sheet wsas used
for the test panels, since it was considered to be =
representative material for structural elements in
modern airplanes. All specimens were cut from the
sheet with grain parellel to the lengthwise direction.
This was done in order to have consistent test results,
becauze duralumin sheet is not en isotropic material;
the physicel properties perallel to the grain are
different from those perpendiculasr to the grain. Five

nominal thicknesses, .010", .020", .032", .040" and .050",



considered to be used widely for stressed skin
constructicn, were used for the psnel thicknesses,
Previously, Mr. Tsubota tested only three nominsl
thicknesses, .020", .032", and .040", but these were
inadequate to obtain the relationship between the
ultimate failure stress and thickness; hence, nominsl
thicknesses of .010" and .050" were included to
obtain more adequate experimental data,

Two different panel dimensions were used for the
specimens., Both were 12 inches in length, but the
widths were 6 inches and 9 inches, and the ratios of
length to width were 2 snd 1 1/3. Inasmuch es s
considerable difference was found in the strength
properties of these two series of panels, further
tests should be made with different lengths and widths
to compare the results with those cobtained for this
research project.

There were ssven combinstions of loading used in
the experimentsl investigastion: shear over compression
ratios of tan 15, tan 30, tan 45, tan 60: tan 75:
compression alone, and shesr alone., The ratios of
shear over compression were made as indicsted, in

order to get enough experimental data correctly

spaced to plot the interaction curve, 4. vs. : .

Enough data was taken for each specimen during

Co

the application of the loads to determine the vari-



ation, if any, of shear modulus, G, for various losd-
ing conditions, For simplicity, the edges of the
panels were simply supported by steel tubes with

slots, making a sliding contsct support.
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IV. EXPERIMENTAL PROCEDURE

(a) Description of the Testing Machine

The apparastus which was used in this resesrch
project was modified by Mr. Tsubota, so as to get both
sheer and compression forces acting simulteneously on
the panel. A very detailed description is given in
Reference 2; hence, onlvy the basic psrts will be dis~
cussed. The only modification which was made, in
order to prevent the bottom edge of the psanel to
rotate, was to put snother roller on the left hand
side of the panel, indicated by s in the drawing
(Fig. 1).

The testing machine was constructed in a manner
to permit various combinations of forces on the panel,.
For only shear load, one end of the tension strap gege
was connected to the fresme, and the load apnlied to
the specimen, by tightening the screw on the tension
strap. In order to get various ratios of shear to
compression load, one end of the loading mechanism
was connected to the besm, and by means of a lever
system the reaction of the shear force was transmitted

as a compression load to the pariel, There were five
slots on the bottom I-besm, end by placing the knife
edge in these slots, it was possible to obtain the

following ratios of shear to compression: I tan 15,

e

tan 50: tan 45: tan 60, and tan 75, Pure compression



load was obtained by placing the end of the loading

ceble, which was connected to the angles, to the frame
and the other end to the loading beam; then by tighten-
ing the loading scfew, the load was transmitted by the

lever system to the panel as pure compression.

Three steel balls were used to get spproximately
a point contact for the transmission of the force.
Knife edges were used as pivot points for the appli-
cation of the loesds. Two Ames diasl gages were used
to measure the verticsl deflection of the panel, and
one for the horizontal deflection. The smallest
division on the dial gages was one-hundredth of s
millimeter,

The tension strap gage was calibrated in =
standard tension testing machine, and a curve of
deflection vs. load was plotted, as shown by Fig. 59.
Since the shear failure load for s nine inch panel
with a thickness of .040" was large, a heavier tension
strap gage was made and calibrated.

Frictional forces in the testing machine was kept

to s minimum by using roller bearings esnd rollers,

(b) Description of the Test

All pansels were carefully cut out from 17ST
duralumin sheet with the grain parsllel to the length-
wise direction. The thickness of the panels weas

messured at three points on each side, and the average

-



value of the measured thicknesses was used to calculste
the stress,

Before the specimen was plsced into the testing
machine, lesd counter weights were plasced on the load-
ing besm to balsnce the loading system for each knife
edge setting. After the system had been balanced, the
panel wes clamped between the angle sections. Slotted
steel tubes were next sttached to the pasnel to support
the edges, and these tubes were clemped until sliding
fit was made, in order to keep the load carried by
the tubes, due to frictional forces, to s minimum,.

The resulting edge support csn be assumed to be nesrly
simply supported.

There were four turnbuckles sttached to the tubes
by pisno wire, which were used to prevent the tubes
from spreading apart when the load wss applied to the
specimen, Care was taken when tightening the turn-
buckles so that no edge moment was applied to the
plate by the edge supporting tubes, At the corners
of the specimen, between the tubes and the angle
sections, additioneal supports were required in order
to prevent 2 local failure from taking plsacse,.

After the pleste was securely fastened to the
apparatus, rollers at both sides of the panel were

tightened to prevent the end of the panel from

rotating, keeping the fixed and the movable ends

-



parallel throughout the test; but actuslly there was
a slight rotstion of the end.

The bottom I-beam with the knife edges was msde
horizontal by adjusting the jack. As the load was
applied, the panel became shorter; hence, to keep the
I-beam level, the jack had to be extended, Also, the
loading cable attached to the angles was kept hori-
zontel throughout the spplication of loed by turning
the screw x, attached to the pulley in Fig. 1.

The load wsas spplied with an increment of about
elght or ten readings, before the ultimste failure
occurred, These readlings were taken to determine
whether there was s veristion in shesr modulus under
various loading conditions; that is, various ratios
of shear to compression., Nesr the maximum load the

panel deflected without any increase in the locad.



V. RESULTS

(a) Types of Failure

All panels that were tested fsailed by the forme-
ation of waves as shown by the photogrsphs, Figs. 47-58,
The panels of nominal thickness of .010" for both
g/b ratios failed, by forming a number of secondary
waves at the supporting edges as indicated by Fig. 47
end Fig. 53; thicker panels did not have many second-
ary waves at the edges,

Panels under compression fslled at the center of
the two edges. Before failure, one complete wave formed
with e half wave length equal to half of the length for
both a/b ratios. The wave became deeper and deeper
until local feilure took place at the center of the
penel at both edges, illustrated by Figs. 52 and 58.
When the panels of .010" were loaded by compression
force, one complete wave formed at low stress; as the
load wes incressed, secondary waves formed gt the
supports, the panels failing at many plesces elong the

edges, shown by Figs, 51 and 57 for both a/b ratios,

similer to an Euler failure of a column,
The psnels, when subjected to shesr only, formed
g diegonsl wave, the angle of which was different for

the two panel dimensions. For a/b = 2, the disgonsl

wave ran from one edge to the opposite edge at the

-10-



bottom of the panel; therefore, the angle with the
horizontsl for the wave was greater than 45 degrees.
For panels with a/b = 1 1/3, the waves were nearly
45 degrees when sub jected under shear and combined
forces, The diesgonal wave formed at low stress value,
and it beceme deeper as the load wsas increased; second-
ary waves, induced by the main disgonal weve, formed
at the edge supports. The psnels fsiled locally st
the supports, as shown by Figs., 48 and 54, The panels
with thickness greaster than .010" had only one second-
ary wave at the supports besides the main diasgonsl
wave, but the panels of ,010" thickness hsd many
secondary waves at the supports, and when they failed,
there were three or four local failures on both edges.
The wave formstion for psnels loaded with comp-
ression snd shear waes very similar to those subjected

to shear alone,

(b) Varistion of Ultimste Failure Stress with

Thickness, a/b ratios, and width, b

For a/b =« 2, b = 6 inches, the curve of  vs, t,

thickness, for verious ratios of T is a straight line.

[

-]
The curves for shesr slone and for i% = tan 75 sre very
(4

close together for thicknesses of .0l1C and .020 inches.

The increment between curves do not follow any logical

sequence. The slope of the curves changes for different

-11-



loading conditions, being grestest for shear alone

and smsllest for X = tan 157 The experimentel scatter

<

as shown by Fig. 17 1s not very great, for the loading

condition T = tan 15 the scatter is very small,

c

The curves of t vs, t for a/b = 1 1/3 are nearly
a straight line similsr for the panels with a/b = 2.
As the ratio of %f becomes larger, the curves of ¢ vs, t
deviate from a2 straight line. The slopes of the curves
become greater as the amount of compression ascting on
the panel compared to the shesr force becomes smsller.
The increments between curves become smaller as the

ratio %% increases., For the losding condition in which
compression is the highest, the scatter of experimental
points is very small, and the ultimate sheasr stress is
very low,

For a/b = 2 and b = 6 inches, the curves of T
vs. t for various loading conditions are agsain a
straight line. The slopes of these curves decrease

with the T ratics, and the increments between curves

<

are nesrly constant, except for the case of pure

compression, Fig. 18.
The curves of ultimate compression stress, 4. ,

vs., t for a/b = 1 1/3, b = 9 inches are straight lines,

t

The slopes of these curves for various ratios of =
. c

decrease with the increasing X ratios. For s8/b = 2
<

the increments between the different loading conditions

-12-



of compression to shear were nearly constant, but for
this case the increment increases with the incresse

in the X ratios.
<

(c) Varietioh of the Ultimste Combined Stresses

(1) Varistion of Ultimate Combined Stress

with Thickness, 4. vs., T,

The ultimate fallure stresses were plotted as
6, vs.T for various thicknesses and for two a/b ratios,
For the smaller panels with a/b = 2, sand b = 6
inches, the famlly of curves for the thickness are
shown by Fig. 15 and sre quite similar. By applying
a small compression, there is a slight tendency for
the thinner psnels to incresse the failure shear
stress, This effect is very marked for a panel with
nominal thickness of .010 inches. For thickness of
.050 inches the effect is not very pronounced. When
only compression force is acting on the panel, the
ultimste feilure compression stress is greatly reduced

by the application of slight shear force.

The curves of ultimate compression stresses vs,
ultimate shesr stresses for a/b = 1 1/3 are different
from those for a/b = 2, The curve for panels with
t = .010 inches fs different from the rest of the
curves; it is similar to the curves for panels with

a/b = 2. For the other thickness there is no tendency

-13~



for the ultimate shear stress to increase with the
application of small compression force., The effect
of shesr load on the ultimste compression stress is
not as grest as for the panels with a/b = 2. The
curves of ¢, vs. ¥ approach a circulsr shape with the
increase in thickness of the specimen., Experimentsl

scatter is smell for both of the pénels.

(2) Variation of Ultimste Combined Stresses

To indicate the variastion of the ultimate combined
stresses, the ratio of ultimste failure compression
stress to ultimate compression stress without any
shear load was plotted against the ratio of ultimate

shear stress to ultimate shear stress without any

o<, °
#When the values of d: and %% were obtained for

Ce o

compression force, 4 vs.%%.

panels with a/b a 2, for the five thicknesses, the
resulting curves were practically coincident. The
resulting curve has a verticsl tangent with respect

to the %. axis, and the curvature is greatest for

o

lcw 6. values. It has s shape similesr to a cubic

paraﬁgla. The scatter of experimental curves sbout
the mean curve is not very great, especially for
specimens with nominsal thickness of .040 inches as
shown by Fig. 7.

For panels with a/b = 1 1/3 and b = 9 inches,

-14-



the curves of.%%_vs..%: for the various thicknesses
did not fall on one common curve as for the panels
with a/b = 2. The curve for s nominal thickness of
.010 inches deviasted from the others and is similar

to the results for a panel with a/b = 2. Other curves
are more or less symmetrical about a 45°line. These
curves do not have nearly constant slope for low T

as for the panel with a/b = 2 as shown by Fig. 9.

The experimental values are plotted with the mean

curve in Figs. 4-14.

(d) 3tress Strain Disgrams

Shear stress vs. shear strain curves are shown
in Figs. 21-26, Shear stress, T , was calculated from

the following equation:

Z:_S_
A
8 = shesar load

A= bt = width times thickness

Unit shear strain, 7 , was defined sas

AT
Y2
where I, = deflection in the shear load direction
£ = length of the psnel = a

For thin panels the load did not drop off sharply
as for the thicker panels. Near the maximum stress

the curve was poorly defined,bhecsuse it was difficult

.15~



to obtain data, since the specimens deflected without
any increase in the spplied load. For low shear and
compression stresses the curves are nesrly a straight
line, The stress at which the panels buckled was low;
therefore, these curves show how the panels behave

after they have entered the buckled state,

Compression stress vs., compression strain are

shown by Figs, 27-32, The compression strain was

calculated from the following equation:

d. = F

A

where P = compression load

A bt = width times thickness

The compression straein was obtained by dividing the
deflection in the direction of the compression load,

P, by the length of the panel.

& = 2
ya

deflsection in the direction of P

™ A
1] L]

a = length of the panel

Cn
"

compression strain, in./in.

These stress straln curves are similar to the
shear stress strain curves, with a gradusl drop off

of compression load beyond the maximum load for the

thin panel,

(e) Variation of Appsrent Shear Modulus

The spparent shear modulus, G!, was obtained from



the shear stress strain curves by measuring the slope
of the curve at shear stress equal to zero. In order
to get the slope with a reasonsble degree of saccuracy,
the stress strain curves were plotted to a large scale
from which the sibpe was determined.

For all thicknesses the apparent shear modulus
reaches a maximum value when there is a slight comp-
ression on the panel, The rate of increase in apparent
shear modulus with compression 1s greater than the rate
of decrease in G! after the maximum value has been
reached. The apparent shear modulus is greater for
thicker panels, but the value of modulus G'! is much
lower than thé shear modulus obtained from the follow-
ing equation:

G E

2(1+V)
where: E = modulus of elasticity = 10.3 x 108 1bs./sq. in.

Y = Poisson's ratio = 0.3
G = 10.3 x 10% = 3,96 1bs./sq. in.
1+,
For both panel dimensions, the variation of G/
vs.f? is shown by Figs. 45-46.
Due to the fact that there are many possible
sources of errors, tnhe scatter of experimental points

is great in the above two flgures,

«l7-



V. DISCUSSION OF RESULTS

(a) Ultimate Combined Stress

The curve faired through the experimental values

for the 4. vs, {%— has the form of
Ce L4
L \m, [X | h.
(ﬂo) +(T°) /

When the variation of thickness was eliminated by

(1)

using the faired values to obtain 3} and %i from the
curve of 4 vs, t end T vs, t, Fiag.4/and4é’, the
curves for various thicknesses were coincident for

the psnels with a/b = 2. Such success was not obtained
for the panels with a/b = 1 1/3; the .010 inch panel
being very different from the other thicknesses, as
shown by Fig. 9.

Other investigators have used Eq. 1 with different
values for m and n. Wagner found that m = 1 and n = 2
for buckling of flat strip under combined shear and
compression (Ref. 4). Bridget used the formula with
ma«1 and n « 3 for the criticel stress in an unstif-
fened circular cylinder under combined shear and
compression, Two investigators at the Guggenhelm
Aeronautical Lsboratory, California Institute of

Technology, have also used the above formula and

obtained different values for n., DButterworth found
thet m = 1 and n = 4 for panels with a/b =« 2 and 3

-18-



and for thickness of .020 snd .032. His experimental
results sagree very closely for n = 4, Tsubota, with
a aifferent method of applying the combined shear and
compression on the panel, found that it was safe to
use m s 1 and n = 1 for design purposes,

The values of m and n obteined from the present
experimental investigation were: for panels with
a/b = 2, m=2 1.4 snd n = 1.3, and for panels with
a/b

and n = 4 in Eq. 1 is unsafe and also using the

11/3, m =z 1.65 and n = .9; hence, using m = 1

values of m = 1 and n = 1 is conservative, especially
when the compression load on the panel is small,
Furtner tests should be made to determine whether
varying the length and keeping a/b - 2 has any effect
on the values of m and n in Eq. 1, To obtain an
empirical equation for the ultimate combined stresses
which can be used for design purposes, further inves-
tigations should be made for a/b = 3, and 1, so as

to extend the results obtained by this investigation.

(b) TUltimate Stress

On Figs. 15-16 the curves of & vs, T for various
thicknesses were plotted. For panels with a/b = 2 and
for thinner thicknesses, the ultimate shear stress is

3lightly increased by applyving o small compression
load; therefore, after the above mentioned a/b ratios

-]l



have been investigated, it would be advantageous to
investigate panels with slight tension, to ses what
effect it has on the ultimate shear stress,

The tendency to incresse the ultimate shear stress
by small compression load is not present for panels
with a/b = 1 1/3. This may be due to the fact that
the magnitude of ultimate shesar stress for shear alone
is nearly equal to the ultimate compression stress

without sny shear,

(c) Apparent Shear Modulus

Te present investigation has shown that there
is variation in the effective shear modulus with
verious combined losding conditions. An snalysis
was made to determine why the saspparent shear modulus
was low even in the unbuckled stage. This snalysis
was carried out for the caese when the panel was
loaded only with a shear force, and 1s given in the
Appendix.

It was found that the horizontal deflection, i.e.,
the deflection in the direction of the applied shear
force, was caused mainly by the bending deflection snd
the deflection due to sheer was only about 17% of the
total deflection in the unbuckled state.

Further deflection was caused by the rotation of

the ends of the panel. Grest care was taken to keep

-20~



the ends parallel throughout the saspplication of the
load, but actually there was a slight rotation of the
loaded end. If the rotation of the end was tsken into

consideration, the cslculsted values for the apparent

shear modulus were close to the experimental values
obtained from the slope of the shear stress-strain
curve, These results are indicated in the analysis
given in the Appendix,

Another reason why the experimental values for
G' were low for thin psnels was due to the fact that
the thin psanels buckled at very low stresses.

Further theoretical investigations should be
made to find the explanation for the incresse in the
apparent shesr modulus with slight compression force
on the panel., The data obtained for this research

project can be used to check the analysis,

(d) Conclusion

The resnlts obtained by this investigation are

not conclusive enough to formulate any general empiricsl

formula for the combined ultimate stresses which can

be used by the designers, The present resesrch project
should be continued until such a general formuls is
obtained, which can be used with confidence in desighing

airplane structures,

-2] -
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Apparent Shear Modulus, G', for ¢ Flat Penel with

S1light Rotation of the Loaded End

Panel losded at the end with
a load, P, while there is a
slight rotation of the end
through en sngle £ .

2, Assumptions:

a. Plate is held rigidly st the fixed end.
b. Shesr deflsction shall be considered.

¢. Section are 1l to the neutrsl axis,

d. Couple applied at the loaded end will hold the

section // to the fixed edge.

e. Plate is not in the wave stage.

3. Method of Solution

a. Obtain the expression for K in terms of G] and E.

K = £ actual . M=z EL (¢
# theoretical (Ky)

b. Find the relstionship between % and T.
¢c. Determine %, from %ue.and K.
;9 - ends are held parallel.
v theo. =

d. Determine the values of XK for various GJ.

(1) Also determine f‘éwfor each value of K.

T .



e. Plot the experimental results of %, vs. T.
(1) The value of K can be determined from
the slope of the curve.
f. Comparison between calculated G! and actusl Gl.

g. Conecluslons,

Solution

1. Ge' a3 a function of M= lj.ex (KSO)
ey

where v =« total defiection at end due to

the bending and shesr deflection.

b, Expression for WM.

M = EI (;( @)
£

K = Pactusl P ectusl = experimengal
% theo. value of P

£ theo. the ends are

held perallel

¢. Expression for ;” theo,

(1) Slope of the neutral axis without the
end moment, M,

~-85-
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— 2 ’”%

T 4 The expression for v at y =
’_:,_’%——*——A-x considering the fixed end is
- ¢ rigidly fixed and slso the
b shear deflection.

v p /
f

Copx3 _ ppx, PR2 2 PCT g
(V)“f‘”" A: §} er F 3er T 5 Ic (L-x

Slope at any point

d(V)mzo)a pPx* _ pL~ D
dx 3ET AEI 5 IG

g 3 - hence
1\}/¢
AN
pr . pe”
- e
?f ten ;a aeL 5 I6
from which

P 3 e~
S et (aEI+5 IG)

PN S
AEI K} IG

-85
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(4)

(5)

(7
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From (7a) 2 (sctual) can be expressed in terms

of ;0 (theoy by applying correction factor, XK.

Py 2 Pe”
;o(actual) =K \(Zer T IG) (8"
snd M = _EI o _ (Pl' 2 PCV) :
3 # - AEL 5 IG (9)

d. Finally the expression for 2 becomes

)'= palv + i pr /Q K _EL EI ( pl'r % /SPCV
3L 5 IG  aEt 2EI | 5 IE

(10)
Pc*~
= H-3K _
llEI( ) TG (1 K)
c=b .2 a _
for 2 o 2,
. _E
G 2.6
Substitute these vslues into (10)
I2EL
! 1L
pﬂf[ Ao3K) 4 2 2b (o *”J
= PL™(.3333- a5K +.0(5 —.03>5 K
SR J (11)
= PLY [ 3993 - 2825 K
but
P = U b't Ll_i
2
and
I b3 _.b_’,—-a= -tLB
172~
32)
G’ = .:S_.: ,()2{: { #
Y s [.3713-.;3;5@ 12)

E
(+9) (3983 - . 2335K)

"
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Sclve for K from eq. (i)

(#9)(3983-.2825K) Ge= E

hence

K = Ge(48)(3913)-E

(13
(us)( 2925) Ge )

Assume E = 10.3 x 106 1bs./sq. in.

for which

K = 1915 Ge~ 10.3 x Jo*

13.59 Gg¢

(132

2. Now express f; a3 a functicn of ¥ =«

L

bt
pr> . Pe”
8. Bz K(J.EI+ 5 IG> L4)

G =

£
a6 2

Substitute these values into eq. (#) so as to

obtain a simple expression for %
(55) 2 (9%
59,( = K [ + 5t E J

+L3 tl
2E r7a 3¢ 2.6

H)

gt (0OGE)
K (za M E ]

2114 K X,
E

i

(14s)
For P Xal

theo

L8 z'g(zimj (l.e., no rotastion of the ends;
thes. they sre held parasllel).
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b. & cen be obteined from B, and %

exp.

where:

50'( = K ;otbeo.

(1) From the figure it can be shown thst

spexp. = Pibeo. = y&?v (15)
(I- K) ?‘ﬁbt.a.

._;_ ( 11.:1—)(1—*()

1

2., The values of K for various Gé values

’ ¢
. - . (o]

8. K = G, (19.15) Io’3>«l
13.59 G

In deriving this expression for K, the vslue

of G was tsken to be = B = B Y e 0.3
Z(1+9) 2.6
G. K AN
75 . 402 1.58
1.C0O .655 . 908
1.25 . 805 .B514
1.50 . 906 .248
1.80 .945 .145
f - at (16)
xp.
[,. /\/ - 7
2.63 x70-t
2 is the slope of
the curve
L= 01- a

2£3 x /o~ F
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for t = .040

g o (156-108)x 1o

< 48x 1o
(%200 - 1200) #Ex
K - - "‘-8 X ’0”1 _ 8'7
263 % Job -

G! from the graph of Ge' vs., K.

= 1.28 x 10°

4. Calculation of /%,,‘from Experimental Dsta

tan ﬁ‘p.__’_ (éN*(ﬁE‘ 5)
3
or ?;‘P.& éN" (Jg—éé)

C

4. Ge‘ in terms of G and X.

, pL> A bPer L EX (DL" Pe>
; AR - 2 s, 2 Fe
a. V= 3ET 5 "IG  AEr K 7 \Zert 5 Ic

- PL lL pe™
-3 K A -
T ( ) + e (2 I()
C = }—7- - .L@ &-
2T, b
. PLT (43K (2-K
1 [( 12 E )+ soc—)]
P 3
1 B — I:.t’e_
Lt ) 1A
- 2P
Ge - T;- = —n—'
.’i&y[g‘k 3K) 4 (;z m
tee IR E
(1A

{*E

L2 ¢3;<) (

4 [ 9o EG
3 326G~ ado KG + 24E -1 KE

G - SEG
20G (#-3K) + 3E (2-K)
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(17)

(17a)

(18)



G- ~3EG. (2-K) (19)
20 Go (H-3K)-SE

6. Comparison between the calculsted values of G! end
the experimental results.

8. G! was calculated by the following method:
(1) The value of K was determined from the
curve of f;nvs. T for esch thickness,

(2) G! wasdetermined from the equation

G' =

E by using
¢ 483383 = .28B25K)

the experimental values of XK.

b, The calculated and experimental G! sre plotted
on page 92.

(1) The calculated values of G! are higher
than the experimental results.

() 6% = 5 EG
20G(4-3K) + 3E(2-K)

L {]

5 E
20(4-3K + 8 gT2~R y

b (20)

a
c
G
The calculated values of G! are larger than the

experimental values because of the following reasons:

(a) In obtaining the value of G!, the value of

3 was sssumed to be B \ but if G is
+.

-3



actually less than the assumed value, the
calculated G! will be lower, if this correct
G is used.

(b) GY will be lower if the vslue of K is

taken to be smaller thsn the experimentsl

result.

7. Conclusion:
a. Further careful study should be made to

determine why the csalculated G! is larger than
the experimental G;; whether 1t is due to the
varistion of G or K, or due to the buckling

phenomena,
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o T
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n 1
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