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PRELININARY DATA O¥ BUCKLING STRENGTH OF
CURVED SHEET PAXELS IN COMPRESSION

By Eugenc E,. Lundquist

SUMMARY
This papel presents the results obt‘lnod in conpres~
sion tests of eight stiffencd panul¥. The radius-thicknecss
ratio of the skin betwecn stiffencrs varied from 400 to in-
il nastivie i

.

Fron these fow tests, it is concluded that the critical
conpressive stress for a curvod shoct between stiffcners is
equal.to the larger of the following;

a 140, (a)t The critical coupressive stress Tor an un-
stiffencd circular cylinder of the saze radius-
thiclkness ratio

(b) The critical compressive stress for the
sane sheet when flat
INTRODUCTION

In the design of airplane structures, it is desirable
to know the effect of curvature on the strength of the thin
metal. skin., A nunber of yoars ago, the TACA undertook the
investigation of the strength of thin-walled dersalunin eyl-.
inders., The cylinders were tested in a varicty of loadiig
conditions, and in all cases fallure occurrcd through in-
stability of the cylinder walls., One of the conditions of
loading was thht of axial coupression, .The results of
those coupression tests are given in reference 5

As an extension of.the cylinder investigation, 1t was
decided to study the critical buckling load for thin curved
sheots_ between stiffencers. . The purpose.of this report.is

¢ tosts on the first group of

to prescnt the results of i
=3

h
specinens in this new estigation,

+

Ivay ¢, Poterson, forn ev“" of the JACA "staff, per-
forned the experinental work in this investigation,




The material used in this investigation was. 245-T
aluminum alloy. As all.specimens wore loaded within the
elastic range of the material, the modulus of elasticity,
E, 1is the only matcrial property of concern, This value
was assumed to be 10,600,000 pounds per square inch in all
the calculations of this paper.

The speeimens tested in this invegtigation were made
as shown in figure 1, The width of the outstanding flange
of each stiffcner at. the side edges of the sheet, by, 1is
given in table I, The different values of Dy were se~
lected so as to force buckling to occur in the sheet be-
tween stiffeners and still provide as much support as pos-
sible agsinst deflection normal to the sheet,

The angle type of stiffener was selected because of
e low rotational restraint that it provided at the side
lges of the sheet, The use of two stiffeners at each
side edge of the sheet was decided upon in order to sta-
bilize thoroughly these edges against displacements normal
to the sheet, '

All specimens are designated by their radius-thickness
ratio, r/t, In some cases more than one test was made on
a given specimen, Thus, the designation of a test is the
radius-thickness ratio of the specimen, followed by the
number of the test on that specimen, For example, test lao,
1318-1 represcnts the first test on the specimen with
r/t = 1318, : '

In all caltulations of stress in this report the areas
used were det erminced from the weight of the speccimens,
Eence all the dimensions given on figure 1 should be re-
garded as nominal,

s )

APPARATUS AND HETHOD

All spccimens were tested in a 300,000-pound compres-
sion testing machine, Strains were measurcd by Tuckerman
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optical strain gages of 2-inch gage length on the front
and back side of the sheet at each of the locations shown
in figure l. The loading heads of the machine were as-

justed so as to bear uniformly on the specimen as indicat-—
) o &

ed by strain gages. As the ends of the speclamen had becn
carcefully machined flat, this method of toegting was prace

tical although it did take some time te adjust the loadin
heads of the machinec.

Vo reliable deflection readings werc taken in the
tosts., It was reasoned that the difference in the strain
readings on front and back of the sheet was an accurate

o~
S

measure of the ‘change in curvature, ~Accordiang teo bthe the-

ory of small deflections, which apbliss for all stresses
up to the buekling losd, the defleation for a ¢ uck
shape is proportional to the curvature It was considsre
that the strain readings of the T‘ucléeruul optice a
gages were more accurate than the deflcection recad
that could be obtained with the cquipment at hand.

DETERMHINATION OF CRITICAL BUCKLING LOAD

ﬂcs buckled suddenly by a snap diaphragm action, a
nied by a loud report. Those having r/t m o and
d not gilve such a cloc 1y dofined reritienl  buclkline

int, * Bor these latter speclimens, there was a gradual

S 41

growth of deflection that made vi*ual detection of the
critical lnad impossible, In order to obtain the
buckling load for these two swecinens, resort was

the nethods of analyzing experinental obhservations

lTems of elastie stability as zgiven ip refereonoce 2
nethod is an analysis of the groxdh of deflection
load and consists of plotting (y-y,)/(P-P;) as
against (y—yl) as abscissa

Of the eight spccinmens tested, those with hig
13 a

y o o
3 O b

.

P
& n
]

He
o e
o
-+
o

L,“
o
He 13
w B
O

<
=
)

(@]

H

Q1 e

Fo ct 13

=
®
ot

where

P and y - load and corresponding doflection, rew
spectively

P, and y, initial values of P and y, respoc-
tively
The inverse slope of the straight line obtained is
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The results of the foregoing type of analysis as ap-

plied to the specinen with r/t = w.and 1318 'are given

in tableg II to V, inclusive, and in figure 2. In this ape
plication the symbol y is. the differcnce in strain rsad-
ings betwecen the two strain gages at the center of the

shieoa b, i

RESULTS

The results of these tests are given in table VI and
figures 3 and 4, Figure 3 has becen preparcd to show how the
strains abt the middle of the: sheet wvaried b the criti-~
cal buekling loads: It 1ls obsenyved freml d 3 Thalt in
cach ftecst the two strain gages on the front back of the
shect roveal a gradually incroasing differcacce of strain
as the critical load is approachcd. For the specimens with
r/t = @ pond 1318, the gradual incrcase in the difforence
of strain continucd through the critical load, whercas for
all othor spccimeans there was an abrupt change in the stirain
roadings at the critical load causod by the snap diaparagn
scbionig =is the intonsdlsy or for@o of the snhyp d s
action increascd with 1ﬁcrcas¢rg curvature, tae
Zagcs Were re: ovod just before .the buckling load
in the casc of the specincns with =/t = 473, 432,

In order to study the effect of the radius~-thickness
ratie, r/t, on thé critical strain, fcr/E, figurec 4
was preparcd. The lines labelecd A, B, and G lon *oaiel Nl g
ure are tho sarne as lines A, B, and C in figures 7 and 9
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longitudinal stiffeners. DThe fa
figure 4 plot along line:r B .and
heled =/t = o, 1indicates that

stress for a curved sheet betwee
the larger of the following:




(a) The critical conpressive s
unstiffened circular cylinder of the
thickness ratio

When these tests were planned it

t wae expected to find
that in all cases curvature would raise the critical con-—
pressive stross:over that for the flat specimen r/t = o,
(Sec equation (276), p. 470, of reference 3.) Why tho ex-
perinmental point for tho specimen with x/t = 806 fails to
chock standard théory in this rospect (sce fig, 4) has not
yet been explained, Additional tests are being made in the
cominise” of a Turther! study of ‘this poink,

From these few tests, it is concluded that the criti-
cal conpressive stress for a gen scif
to t©

ers is equal he larger of the following:

(2) Tho critical compressive stress for an un-
stiffencd circular cylinder of the sane radius-
thickness ratio

ritlical comnpressive stress for the isan

utical Laboratory,
for Acronautics,
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TABLE II.- TESToo -1

TABLE I.- DIMENSIONS OF SPECIMENS

P y =3 y-y1
(1b) (in.) is) {1al) 5
(in./1b)
200 0 0 0 o
1000 .000002 800 .000002 (o} 2500x10
2000 .000004 1800 .000004 .2222
000 .000008 2800 .000008 .2857
000 .000016 00 .000016 L4211
5000 .000022 800 .000032 L6667
6000 .000060 5800 .000060 1. o3u5
6500 .oooozu 6300 .oooogu 1 4921
7000 .000142 6800 .0001542 2.0882
TABLE III.- TEST 00 -2
P ¥ P-Py V=¥ Y=y
(1b) (1n.) (1) (1n.) =
(in./1Db)
200 0 0 0 =
1000 .000002 800 000002 0.2500x10~¢
2000 000004 1800 .000004 2222
000 .000004 2800 .000004 .1l2g
000 .000012 800 .000012 .3158
5000 .000022 800 .000022 583
5500 .ooooag 5300 .000030 .5660
6000 .0000 5800 .0000L6 .79%1
6500 .000072 6300 .000072 1.1429
7000 .000112 6800 .000112 1.6471
7250 .000132 7050 .000132 1.8723
TABLE 1IV,- TEST o -3
P y P-P y=91 y=y1
(1v) (in.) (1b (in.) P-P1
(in./1b)
500 0 0 0 &
1000 .000020 500 .000020 4,000x10-8
2000 .000018 1500 .000018 1,200
000 .000020 2500 .000020 .800
000 .000026 3500 .000026 L7483
4500 .000032 4000 000032 .800
5000 . 000036 4500 onooa .800
5500 .000048& 5000 .000048 .960
5000 .000070 5500 .000070 1273
6500 .000108 6000 .000108 1.800
6750 .000126 6250 .000126 2,016
7000 .000154 6500 .000154 2.369

iz Radius of sheet Outstanding flange of
t in.) angle stiffener, bp
(in.)
oo oo 1.51
1318 103.0 1.21
806 63.3 1.08
634 49.5 1.08
2 422 .87
78 373 .87
432 %3.8 .75
400 el .75
TABLE V.- TEST 1318-1
P y P-P y-y1 y-y
(10) (1n.) (11} (1n2) =
(in./1b)
500 0 0 0 = 5
1000 .000002 500 .000002 0.4000x10~
2000 -.000002 1500 -.000002 = 1333)(1
000 .000012 2500 .000012
000 .000012 500 .000012 u
4500 000018 000 .000018 ﬁ
5000 -000020 U500 .000020 uu
5500 .000026 5000 .000026 25200
6000 000040 5500 .000040 72713
6500 ~000068 6000 000068 1.1333
6750 .000086 6250 .000086 1.3760
7000 .000110 6500 .000110 1.692
7250 000142 6750 .000142 2.103
TABLE VI.- TEST RESULTS
(E = 10.6 x 10°)
Test 2 Area, A Buckling Buckl
t (sq in. ) load B atggea,mg for
(1b) (1b/eq 1nF
o -1| oo 1.3100 7,430 670 =
w -2| oo 1.3100 7,630 S;SZO 2:2;9x10
-3| o 1.3100 7,660 5,850 5.519
1%2? 1318 L}gg 7,670 5, &50 5&2
£ 1.1 6,250 ) ;
ggﬁ—g or Bl 7,800 275 23%’25
-2 131 7,910 6,850 6.562
5h2_1 2 1.1029 7,280 6560 :
L7g-1 | Lys 1.1020 9,030 £ oBE
h2-1 b2 1.0668 9,330 21%38 g-;ig
00-1 | 400 1.0668 11,050 10, 360 9,77k
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Figure |. = Test specimen.
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