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A Study of the Properties of Various
Extruded Sections Commonly Used as Stiffeners in
Aircraft Construction.

by J. N. Smith and J. N. Murphy
California Institute of Technology

Foreword

This is a report on workrperformed during the year
1936-7 in the structures laboratory of the California
Institute of Technology. The work for this past year
has been somewhat exploratory in naﬁure inasmuch as it
was necessary to design apparatus and to determine best
testing methods. These preliminary problems have, how-
ever, largely been solved during this year, and it is
felt that the continuation of the research in the coming
vear should make available to the designer much needed
information regarding this very commonly used type of
structural element.

Purpose of the Investigation

Recent investigations have developed methods of
calculation the column properties of stiffener sections
made up of formed flgt sheet, and further research work
is being carried out on this problem by a number of lab-
oratories. (References 1 and 2). However, one of the
most important types of stiffeuner section used in modern
airplane construction is the extruded shapé, and in par-
ticular, the bulb angle is used extensively by a large
number of manufacturers. For this reason, this research
program was started in an effort to obtain design data
on extruded sections when used as stiffeners, and the
first problem was the investigation of the properties of
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twelve representative bulb angles.

In order to make a systematic study of a problem
such as this, it is necessary to alter the variables in-
volved individually over the range of values which are of
interest. This would mean, in the case of the bulb angle,
the variation of probably the following more or l?ss ine-
dependant variables

A a2 Length of leg containing bulb

B = Length of secound leg

Ti« Thickness of leg containing bulb

Tg= Thickness of the second leg

R =z Radius of the bulb
However, the above method of attack on the problem would
mean an elaborate set of extrusion dies in order that
each variable might be changed in sufficient steps in
order to obtain the optimum value. It was therefore de-
cided to ché%e from the lists of ektruded bulb angles
that were in cbmmon use at the beginning of the research,
a number of representative sections covering as wide a
renge of the above variables as was possible. The twelve
angles chosen are shown in Fig. 1A and the dimensions of
these sections are given in Table 1I.

The problem was divided into two major fields of
study, namely,

Part I--An investigation of the above twelve
bulb angles when used alone as pin ended columns under
concentric compression load.

Part II--An investigation of the action of
the same bulb angles when attached to sheets of differ-

ent thicknesses,
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Part I
An investigation of twelve typical bulb angles when
used as pin ended columns under concentric compression

load.

Description of Specimeuns

The cross-sections tested are shown full size in
Fig. 1A, and the properties of these sections are given
in Table I. It should be noted that, since these sections
are extruded, their dimensions may vary counsiderably from
those given in the specifications. It was therefore ne-
cessary to check all dimensions and to recompute the sec-
tion properties. From the above table it is seen that
the variation from the specifications is so large in some
cases that an appreciable affect on the allowable design
loads would be expected. It is also noted that the de-
viation from the specificationé is non-conservative in
almost as many instances as it is conservative. All
specimens were formed of 24ST aluminum alloy.

The lengths to be tested were chosen oun the basis
of two factors of interest to desiguners. PFirst, they
were chosen so as to cover the range of bulkhead spacings
commonly used. S?cond, limits of lengths chosen were
such aé to insure covering both the long and short col-
umn range. For these reasons, lengths of 22, 164, 11,
and 54 inches were selected for testing. |

D;scription of Apparatus

)

In order to obtain a true hinged end condition of
the columns under test, an end fitting was constructed.
A half inch ball was sunk into the base plate of this
fitting and rested on a circular hardened plate which in
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turn lay upon the base plates of the compression testing
cage. The ends of the bulb angle were clamped into the
fittings in which adjustments in two directions were
provided, enabling the centroid of the buldb angle to be
located directly over the center of the ball.

The adjustments in the fittings enabled any eccen-
tricity present in the set-up to be removed. Two dial
gauges were used to determine if any eccentricity was
present. One gauge was mounted on a bracket attached
to the cage, the other was held by a rigid bar mounted
on flexible tabs which in turn were fixed between the
circular end plates and the eunds of the compression cage.
The dial gauge plungers rested on the sides of the bulb
angle at the midpoint of the column., Since any restraint
of the column was most undesirable, it was necessary to
remove the plunger main springs of the gauges, having
only the hair springs acting. The photographs show
clearly the construction of the end fittings and the
method of setting-up the specimens.

Tgsting Procedure

The bulb angle was mounted in the end fittings and
placed in the compression cage. The circular bearing
plates were then inserted between the balls and the base
plates of the compression cage. A slight load was ap-
plied to the column in order to hold it in the machiune
and then it was placed approximately vertical by means
of a level. The dial gauges were then attached and the
load increased, a change in the readings of the gauges
denoting the presence of initial eccentricity which was
removed by the adjustments in the end fittings. When
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the load could be increased to about a third of the an-
ticipated final load without a change in the dial gauge
readings, it was assumed that all initial eccentricity

had been removed. The dial gauges were then removed and
the load increased steadily until failure. The tests

were made on two Riehle Bpos. testing machines, the long-
er columns in a 3,000 pound capacity unit and the shoster
columns in a 30,000 pound capacity unit. The type of
failure, failing load, and the description of the specimen
during the loading and at failure were recorded.

Length Correction

Due to the fact that the end fitting is a rigid
structure, a correction on the length of the column must
be made. This is done in the following manner, using a
method suggested by Karman and given in detail in the
original p?ger of Parr and Beakley:

s N N The'moment equation for the

beam shown is:

d’y/dx? s -Py/EI (1)
the solution of which is

Y = Acoa‘JP/EI . x (2)
AB and CD are of infinite rig-
idity and hence are straight
lines, therefore, at x= L/2

tan & s -dy/dXx =

y = ad = -ady/dx

or
A cosVP/EI L/2 = -a [ -A“VP/EI sin\/P/EI L/é]

or

cot'VP/EI L/2 = a'VP/EI (3)
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which can be solved for the Tuler buckling load of a

column for any value of a.

o

cot B/EI L/2 = O
or
2., 2
P =TM°BI/L
Putting

VP/EI 1L/2 = 2

equation (3) may be rewritten as

Z tanZ = L/2a

and

Vm@I=2m&

or

P = 42°81/L2

For a = 0O,

we obtaiu,

and, comparing equation (6) with equation (4) it is seen

that the effective length is given by
Lesr =TL/2Z

therefore:

a' = (Lggp - L)/2 = L(T/22 - 1)/2

or, substituting from equation (5)

a' = a(T/2 - Z)tan 2

and

a/L = 1/22 tanZz

consequently, if we take different values of Z we can

calculate corresponding values of a' and a/L.

Z tanz
ﬂyg oo
17T/36 1 11.43
5T/12 3.732
/3 1.732

since

Leff = L + 2a(a'/a)

a/L
0
0.029
0.102
0.275

(&)

a'/a

1.000
0.999
0.982

0.907

eff
24 .24

18.73
13.21

7.62



Theoretical and Experimental Failure Values

Knowing the column effective length, it is now pos-
sible to proceed with a study of the theoretical curv:s
of failure, .For this type of section there are three
types of failure which are possible. These are:

a. Column failure

b. Local failure

c.\Torsional failure
Nearly all of the specimens tested fell into the first
class, i.e. column failure. Only two specimens failed
locelly, and none failed in torsion. We will discuss
first the column failure,

In column failure, there are two ranges of the length
to radius of gyration ratio to consider. The first is
the Buler or long column range end the equation for the
critical stress in this range is given by

- CmiE (16}
A T
(Esﬁ)

P
where C = 1.0

The second, or short column range is usually con-
sidered to be given by one of two equations; either the
Johnson parabolic formula or the "Straight Line" for-

mula. These are, respectively

1

o ‘( Lett/p)

- 0, -~ —
¢ b 4 n*E (11)

where Oy is taken as 43,000 1lbs./sq.in., and

G, = 48000 ~ 400 (L,ﬁ/f) (12)

Equations 10. 11. amd 12 are shown plotted in Fig.2
and the experimental points are slso shown on the same

figure. It can be seen tha%7fhe "Straight Line" equation



gives a more conservative value for the critical stress
in the short column range and alsoc agrees slightly better
with the experimental results. For this reason, it is
sBuggested that the "Straight Line" equation be used for
this type of column in the sho;t column range. Also
from Fig. 2 it can be seen that the short column range
starts at an L/p ratio of about 78.

Investigations by Howland at C.I.T. have placed
the proportional limit of aluminum alloy 24ST at 19000
lbs./sq.in. Our investigations offer an opportunity to
check this value, since at this stress the experimental
points should separate from the Euler curve. From
Fig. 2 we can see that the point of separation is at an

Lép of 78. Then, using equation 10 we get

- TE
p.1.7 (l.e‘&/?)
Mt x 10.S » '06

(18)*

\-l oSo \bs.lsq. in.

which, considering the fact that the contours of the sec-
tions are not extremely accurate, and that the material
has been extruded, gives a reasonable check on the value
of 19000 1lbs./sq.in. obtained oh 24ST sheet stock.

The second type of failure, local buckling of an
outstanding leg, only occurred in specimegs No. 8477 and
8478 which, as can be seen from(Fig. 1A have fairly long
and thin outstanding members. Using the standard express-
ion for the buckling of a plate under compressive stress
(see Reference 3) we have, for the cijtical buckling

value:
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O":kdé

cr
where

T*E (_‘l:__)l
Se ™ 12w \b
Now, for specimen 8477

162
% = Tis® ©

—

t =+ 1% ‘,‘o)=o.016

t — [

/b_ 0.062
Y 6 —_—

Op = TTtx0.8§ x10 1.06LL= 35800
12 x.93

If we assume three sides simply supported and the fourth
free, we get for k
k £ 0.5
and |
6., = 0.5 x 35800 = 17900 lbs./sq.in.
I1f we assume two opposite sides simply supported, the
third built in, and the fourth free, we get,
k = 1.33
" and
C.r = 1.33 x 35800 = 47600 1lbs./sq.in.
Now, experimentally we find a Gg, of 37400 1lbs./sq.in.
and therefore we see that we have neither simple support,
nor rigid clamping at the side which is supported by the

other leg, but as should be expected, something between

the two. If we use this value of O

cr» We may find the

experimental value of k for this case as

k = 37400/35800 =2 1.044

®



In a similar manner, considering specimen 8478, we

have:

0

o = 35700 1bs./sq. in.

and
Ocr(exp) = 34400 1bs./sq.in.
Solving for k we obtain,
k = 34400/35700 s 0,965
Giving, for the two cases, a mean value of
kgve £ 1.0

Unfortunately there were only two plate failures
in this group of specimens. However, if we use the mean
value of k determined abhove, we can check the other
specimens (which failed as columns) to see if the plate
“failure stress is lower, thus checking the possibility
of that stress being criticael. 1In every case, the
value of d;r from a plate failure standpoint is found
to be higher than the O, frhm column failure cousider-
ation.

Timoshenko (Ref. 3) gives values of k for a con-
dition when three sides are simply supported and the
fourth free, and for a condition when two opposite sides
are simply supported, the third side built in, and the
fourth free. For a bulb angle seption, neither coundition
describes the actual fixity of the side at the base of
the angle because, siunce it is attached to the other leg,
it cannot be considered hinged, nor can it be considered
fixed, since the latter would imply complete rigidity
which is nbt the case. Apparently then the condition
that describes the support of the side at the hase of

the angle lies somewhere between these two limits., The
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average value of k obtained sbove confirms this assump-
tion.

It is therefore suggested that when bulb angle sec-
tions are used alone as columns under compression that
the value of k be taken as 1.0. Further work on other
sections should be done to more closely establish the

exact value of this constant.

Conclusions from Part I

The material with which this part of the research
problem was performed was not entirely satisfactory, due
to the fact that the investigatofs had no control over
the parameters involved. The bulb angle section, being
~an extrusion, had to be taken as it could be obtained
from the industry. Wwhile possibly not warranted, it —vould
be desireable from a research point of view, to have a
special series of dies, thﬁs permitting a series of spec-
imens in which one dimension could be varied holding the
others constant. This would permit a more systematic
study of the effect of changes in the parameters and
should enable a prediction of an optimum cross-section.

From the investigation as carried out, the follow-
ing conclusions may be listed

1) Above a value of L[p s 78, the Euler curve is
followed closely. See Fig. 2.

2) Below this value of L/p the straight line for-
mule (G = 48000 - 400 L/P.) appears to approximate
the experimental points more closely than the Johnson
parabolic formula.

3) The proportional limit for 24S8T extrusions is

approximately 17000 1bs./sq.in.
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4) When investigating extruded bulb angle sections
used as columns for possible local plate failure, since
the condition of support at the base of the angle is
neither clamped nor simply supported, but an intermediate
case, it is suggested that a value of k = 1.0 be used
in the buckling equation for plate failure under com-
pression.

5) It is seen from Table II that the allowable
stresses for these sections is quite low, and that, in
general, these sections would be rather inefficient when
used as columns without being attached to sheet. The
sheet attachment generally prevents the Buler failure
of the stiffener in the direction of the least radius of

gyration and will therefore tend t0 increase the allow-

ables for the combination.
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Comparison of dimensicns and areas of extruded bulb

angle sections as actually measured and computed, with those
taken from the blue prints of the manufuacturer,

As measured and computed

section (Alcoa No.) A
8477 1.1256
8478 1.500
8478 1.1258

K-10266 1.000
10265 .87E
10282 .750

2048 1.800
5438 1.500
12224 1,094

K- 4200 1,094
K-T765 .B879
12678 <007

8477
8476
8478
K-10266
10265
10282
3046
5436
lez24
K-4200
K-756
12678

48 taken from the

1.125
1.500
1.126
1,000
. 875
. 750
1.500
1.500
1.094
1.094
875
«500

3

1,2E0
.5817

1.000
. 388
. 000
« 500
. 068
. 996
« 62
624
£439
. 445

1.280
. 687
1.000
.5687
. 000
. 500
. 082
1.000
625
.825
. 500
.438

X

.113
.109
.095
.094
L0867
.08e
.156
+125
.118
095
.065

125
.109
094
0094
L0825
5 L.075
.156
.120
.1094
.094
06258

(13)

T
.138
S051
073
| 059
T052
S047
L052
E ] 104
2105
L J 078
T062

.044

blueprints of

.125
.081
072
0625
.051
.040
. 050
. 125
.1034
.0781

S T-2r8=
L0825

. 040

T,

08T

i 0055

061
065

~Noom

0885
042
.0b8
079
.108
.084
0067
.044

irea

2774
. 1501
1679
122

L0931
.0647
. 1252
.2470
.1709
. 13324
.08EG
.0402

the manufacturer

.0B8zE
Ll 051
062
0625
081
. 040
L0857
094
. 1094
.0781
06D
.040

. 256
.144
. 168
.122
.090
057
.1154
. 52102
.20485
.155E5
.10399
.04476
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Data- PartOne - Table IL

7 2 A v
Specimcn Ix A ,O p Lgff (—;!!) (l%!!)z Ev'ﬂ’ E‘M O-'Hu"y o—utn.l
102685 00113 093] .0121% .10 2424 220 48400 199 /96 2120 2108

/873 y70 28900 334 335 3590 3595
ﬂ' 1321 20 14400 7 elS T2lo 66lo
- 762 (9.3 H800 2020 1540 21700 16550

10282 .00087 .0647 .01343 ,llé M?",’-ZA‘* 209 43700 /53 /47 2368 »2,275
1873 141§ 26080 256 210 3960 3250
1320 14  i3oco SIE  HI0 7980 6340
762 65,7 #4310 1562 10285 24000 /5870

3046 .006H .252 01310 143 24.24 212 45000 289 294 2310 2345
1813 o4 P00 484 HoS 3965 240

13.2)  1S§.5 13350 973 700 1770 5600
162 6.6 4440 2930 1945% 23400 5520*

1873 859 17370 3470 3445 4070 14140

1321 bo.b 3470 L980  4o40 28300 24450

4 762 k‘ 35 ,1225’ 21000 9605 85000 38900

1222/ 00348 1709 0204 .1#3 2424 160.5 29750 i3 820 3585 . 4800
711_8".'73‘ ;ISI 17180 1028 1180 6010 6900

13.21 924 8520 2060 2320 12070 13590
162 5?53.3 2840 G210 5840 36350 34200

# Indicates a colvmn failure of the bulb alone
Parameters are based on actual dimensions , not on
those listed by the manvfacturer.
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Specimen

8477

8418

10266

847

L'

P o -

100333

00817

,00293

Data- Part Ine- Table IL

* Indicates plate failure

A e P L (Lw) ( Lo
,7.774 ’.oﬂb 242 24. 24 loo z '/ooqo |
1898 757 §730
321 547 2992
| 76z 315 9923
USol  .0232 4 24.24 1624  24H00
1873 1287 15800
13.21 887 860
.62 511 210
1679 082 .zzs 2# 24 Job.2 11290
1813 82, 4o
13.21 8§79 3355
‘ o 762 334 4
4220 "l.ozq-o 155' 2424 . 156.3 24430
1873 1208 Meoo
é /321 952 - 7250
i '762.“*9’5‘2415;

2
chi

583
35!

e
4 29050 )

58
588
35|
1746
58

588
351
146
58

5§88
351

58

Eulcr
2865

4800

aut

587

- 982

197158
s9¢0

1543
2580

§200

15660

Sl

; gk
e
;szzs

1137

Parameters are based on actval dimensions, not

on those listed bg the manufacturer,

E&fu-l o;h“rg
2703 10330
43Jo 17300

1365 34750

10370"} 104 800 |
8§90 390

875  eS4o0
1670 13170
Hozo 39550
/490 4190
2275 15350
3875 31000
5§77 % 93200
469 4240
175 1080

L ISHS 14250
- 2650

42800

Tactvel
La1ms
158520
fzaiso i
37400
34930

sw30

1120
26800

8870

13540

22450

3ydoo*
3845

6350
12670
2/7qo :
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Data - Part On - Table I

2

. ’ L
7 SPGC:mcn Iy A P r bets ( 'g!) ( l%g)" }?uler Ectul ' a;hcory

4200 00326 .1334 .024% .IS6 2424
| 1‘3.73

)3.21

762

166 .00116 .,0856 .0136 ,1165 24.24
1873

J3.21

| 2,62
12678 .000430L 04023 .0108 .Jo¥  24.24

18,13

13.21

702

1SS 2%o000
120 14400
¢4.8 7200
489 2390
208 43250

161 25950
113.3 12850

5.4 4280

233 $§4300
180 32400
127 16140
13.3 ( 5370

YA
93

1933
5820

204
342
628
2007

77

129
258
718

62/

955
1900
| 4280

260
385
ToS

2005
107

1SS
3o0s
710

Parameters are based on actual dimensions , not on

those [isted blj the manuvfacturer,

4305
7210
14500
43600

12385

4000
go4o
238500

/923

3220
6450

19450

G;ctval

Y4650
7160

14250
32080

3040
4500
g240
23450

2675

3880

76185
17780
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Part II--The use of bulb angles as stiffeners for sheet

panels under compression.

Statement of Problem

Extrusious of(various shapes riveted to sheet to
give added stiffness and load carrying ability, are used
extensively in aeronautical construction. Bulb angles
afe one of the most common types of extfuded sections
used and, therefore, it is of considerable importance
that complete knowledge of these sections be made avail-
able to the designer. Part I of this investigation has
covered the use of bulb angles as columns under compres-
sion, and this second part of the investigation will
study the effect of attaching these angies to sheet, form-
ing the usual stiffened sﬁeet panel used widely in semi-
monocoque construction., The sections used will be those
studied in Part I, and a variation in sheet thickness
will be added to the list of variable to be studied.
Inasmuch as the material of the extrusions was 24ST alloy,
it was decided to use the same alloy for the sheet stock.

The following report is a summary of a partial ine
vestigation of one of the bulb angle sections tested in
Part I. The method of testing has been developed, and
a number of experimental observations have been obtained.
These, however, have not been completely analysed, but
an outline of analysis methods and of the future program
to be followed is given.

Description of Panels

For the stiffener, buld angle section Alcoa No. 10282,

with a cross-sectional area of 0.0647 sq. in. and a radius

(20)



of gyration of 0,27 inches, was selected., For all panels,
the stiffenér spacing was taken as 4 inches and the rivet
spacing as 0.75 inches. This r8ivet spacing wes so chosen
that premature failure should not take place between the
rivets for either the thick or thin sheet panel used.

Two thicknesses of sheet were used, namely, 0.020 and
0.040 inches. Panels of two, three, and four stiffeners
were made and tested, using the above spacings and thicke
nesses of sheet. 1In order to cover the current range of
bulkhead spacings and at the same time éxtend into boih
the Tuler lomg and short column ranges, the lengths of
the panels chosen for test purposes were 3, 5%, 11, 16%,
22, and 274 inches. 1In each panel the sheet extended

2 inches beyond each outboard stiffener, that is, the
width of the panel with two stiffeners was 8 iuchea;

>3 gtiffeners, 12 inches; and 4 stiffeners, 16 inches,
Table I gives a complete description of the panels, their
areas, and the load carried,

Testing Procedure

In tests of this kind it is imperative that the
opposite ends of the panel be parallel in order to have
an even distribution of the load. With this in mind, the
penels were fabricated with a plus allowance in each
length, and then placed in a milling machine and milled
to the lengths chosen for test purposes.

Before the panel was put in the testing machine,
two extensometers were placed on the side of the sheet
opposite the side to which the stiffeners were attached,
and near the point of attachment of the end stiffeners

of the panel., From the readings of these extensometers,
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the effective width of the sheet acting with the stiffener
can be computed, giving a check on other methods,

The free edges of the sheet were supported by being
lightly clamped in a slotted chrome moly tube. The
clamping was just enough to allow the slot to keep the
edge of the sheet straight, but not tight enough so that
the tube would carry loasd through shear transfer,

Even though the panels were made so that the ends
were as nearly parallel as possible, it was found to be
necessary, particularly in the wider panels, to shim
the ends in order to obtain an even distribution of the
load. When the panel was placed in.the testing machine
a light load was applied and, if necessary, shims were
inserted until the load was evenly distributed along the
width of the panel. The load was then increased until
the panel failed. 1In addition to the extensometer read-
ings and failure load, the general behavior of each
panel was recorded, noting in particular the first ap-
pearance of waves in both sheet and stiffener and the
rassage ¢f waves though the line of rivets., This latter
affect was not pronounced or consistent and failed, in
many cases, to leave a permanent set in the rivet line.

Experimental Results

Table I and Figse. 1, 2, and 3 show the ultimate
failing loeds of the three series of panels tested. It
is seen from these figures that ¢olumn failure has not
affected the ultimate load of the panels until the long-
est length had been reached, This was evident from the
type of failure observed, inasmuch as failure occurred
in every case due to local failure of the outstanding

leg of the stiffener. Frovighe faired curves shown in



Figs. 1, 2, and 3, it is possible to separate the load
carried by the stiffener plus effective width of sheet
acting with it from that csrried by the side portions of
sheet supported by the slotted tubes. The method of making
this separation is shown in the next section. The exper-
imental load can then be compared to the theoretical load
for such a combined section acting as an EBuler column

and from this comparison, a value of the effective end
fixity can be determined.

‘Theoretical Value of Load Carried by Stiffeners plus

Effective width of Sheet.

From the work of Sechler (Reference 4) the curve of
effective width as a function of stress has been replot-
ted in Fig. 4. To cover the transition region, the two
end points on the low stress and the failure curve have
been taken at values of A corresponding to stresses of
20,000 1lbs./sq. in. and 45,000 1lbs./sq. in. respectively,
and a straight line drawn between these two valaes. This
method has been suggested in the above reference,

The value of the column failure load for the stif-
fener plus effective sheet will be calculated for two
values of end fixity, namely, C = 2.0 and C « 3.0. It
is first necessary to calculate the Fuler failing stress
for the stiffener alone, and, for the case where the stif-
fener will be acting with the sheet, it is assumed that
the failure takes place in a direction perpendicular to
the plane of the sheet material. Thé value of the radius
of gyration of stiffener No. 10282 about an axis parallel

to the sheet is

/Oo = 0.27
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from which, the Buler failing stress can be calculated

as

a& - C“‘.EL
(‘-/p)

which gives, for values of C 2 2.0 and 3.0 the following

failing stresses for the different lengths of stiffener

used;

L L/p Jz (C = 2) a; (¢ = 3)
3.0 11.1 1,680,000 2,520,000
5.5 20.4 497,000 746,000
11.0 40.8 124,000 186,000
16.5 61.0 , 55,600 83,500
22.0 81.5 31,100 46,800
27.5 102.0 19,900 29,800

The theoretical ldad will be calculated for one
combination to show the method that has been used through-
out. The complete tabulation is shown in Table I1I. Con-
gsider the 27,5 inch length with sheet thickness of 0.020
inches, and an end fixity equal to 2.0. The Buler fail-
ing stress as given above is

Gy = 19,900 1bse./sq.in,

r" 'y
)\= 10:8 x 10 ,OLO = o6.11S
19,900 4

giving, from Fig. 4
we/b = 0.265

and

or, & total width of sheet acting with the stiffener of

2 wg = 2 x 0,265 x 4 = 2.14 inches
This new column, composed of the stiffener plus 2.14

inches of sheet acting with it, will have a new value of
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the radius of gyration which is given by the equation

i+ [}-& (54%)ﬁ]%%€

(%) = &+
Rl (1+ &Y
Ao
where
Ao = area of stiffener alone

rad, of gyr. of stiffener alone

Po

s " " " " " plus attached sheet

£
£ = total width of attached sheet
t 2 thickness of attached sheet
S = distance from neutral axis of stiffener to
the center line of the sheet
This curve is plotted in Fig. 5 for convenient use.
For the case under consideration,
t/A, = 0.309 s/fo = 1.15
/=214
and, entering Fig. 5 we find,
(P/ﬁ,)l: 0'/c~° = 0.92
or, the new Huler failing stress for this combined col-
umn is
G = 092G, = 0.92 x 19,900
= 18,300 lvs./8q. in.

This new stress will change the effective width
glightly, and conseqguently the values of 07&3 may change,
80 the process is repeated until the equation converges,
In the above case, the first approximation is sufficiantly
accurate, and the values of

2 wg = 2,12 inches
and
.. = 18,300 1lbs./sq. in.
are taken for analysis purposes. It will be noticed
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that the sheet acting with the stiffener has been re-
duced from 2.14 to 2.12 inches by the change in stress,
but this was insufficient to further reduce the HEuler
stress of the combination by an appreciable amount. A
similar analysis has been carried out for all lengths
of stiffener andfor the two thicknesses of sheet, and
the reeulté are shown in Table II.

From the above it is poesible to obtain the theo-
retical load for each length of stiffener plus sheet,
and thie is done in Table III, and the results plotted
in Figs. 6 and 7. These calculated values must now be
checked with the values obtained experimentally.
Experimental Values of l.oad Carried

In order to obtain the experimental values of the
load carried by the combined column of sheet plus ef-
fectife width, it is necessary to subtract from the total
load carried by the panel the load cerried by the two
side portions supported in the slotted tubes. If we con-
sider the panels of one length and one sheet thickness
having two, three, and four stiffeners, we can write
the following equations

Pg ¥ 2P =

1
o
-

!

Pg + 4P =

]
g
(&)

In which
Pe = the load carried by both side portions of thg
panel
Pg = the load carried by each of the comb;ned col-

umns made up of stiffener plus eifective sheet.

(z6)



P P?. P = total loads carried by the panels

i 3’
with two, three, and four stiffeners
, respectively.
We can solve the above for Pe and Ps since Pl' Pz. and
Py are known experimentally. Doing this for each length,
and for the two thicknesses of sheet, we obtain the
following values:

L = 3,0 5.5 11.0 16.5 22.0 27.5

Pg = 4400 4350 4150 3850 3350 2800
t = 0.020

Ls 3.0 5.5 11,0 .615 22.0 27.5

Py = 2600 25560 2500 2400 2150 1850
The above values are taken from the faired curves in
Pigs. 1, 2, and 3, and the values ghown sbove are plot=

ted in Figs. 6 and 7.

Discussion of Experimental Results

The behavior of the panel while under test was in-
peresting. The formation of waves, while the same in
both thicknesses of sheet, was much easier to see in the
0.020 inch panels. Under a relatively low load, a slight
wave was first noticed in the sheet between stiffeners.
A8 the load was increased, the waves in the sheet became
deeper, and extended closer to the stiffeuners, while the
outstanding leg of the stiffeners went into a wave form,
Near failure, the waves in the sheet passed through the
rivet line of the stiffeners and the waves in the out-
standing leg became pronounced. In every panel tested,
failure resulted from a plate failure of the outstanding

leg of the stiffener. In the 27.5 inch panels, a ten-
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dency was noted for the panel to fail as an Euler col-
uni, however, the critical condition was still a plate
failure of the outstanding stiffener leg.

It may be’noted, that in Figs. 1, 2, and 3 the value
cf the load carried by the 11 inch panel falls below the
faired curve in every case. This phenomenon has not as
yet been éxplained, and it is suggested that several
more panels of this length be tested in order to more
closely check these points.

From the curves of total load vs. length for the
columns made up of stiffener plus effective width of
sheet (Figs. 6 and 7), it can be seen that an end fixity
of 2.0 would appear to be indicated. 1t is therefore
felt that this method of flat end testing, at least for
this stiffener, and over the range of thicknesses used,
leads to an end fixity of 2.0.

The check of experimental and theoretical values
shown in Figs. 6 and 7 also confirms the observation made
during the test that failure of the panel was not as a
column but was due to local buckling, in this case, buck-
ling of the oﬁtstanding leg of the angle. The curves
~indicate that only at the 274 inch length should one ex-
pect to find any indication of column failure, snd this
was borne out by all of the experimental observatious.

Conclusions

It can be concluded from the above consideration of
the test work that, for panels made up of flat sheet
attached tobulb angle stiffener Yo. 10282 and tested
flat ended:

1)Failure will take place by local buckling of the
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outstanding leg of the angle for all lengths shorter
than approximately 28 inches.

2)Fpilure will take place as sn Fuler column fof
lengths longer than 28 inches, using the Huler column
curve with an end fixity of 2.0.

3)For any other end fixity, curves for the proper
FEuler failure load can be drawn in on Figs. 6 and 7 and
the experimental curve will fair into them in the usual
manner,

4)The scatter of some of the experimental points
should be eliminated by further test work.

5)The method of calculating the point of depart-
ure from the Euler curves for various end fixities should
be determined. |

Future Work to be Done on This Project

The following is a list of problems to be carrieil
out to complete the studies of extruded sections. As
many as possible will be attempted during tﬁe coming
year.

1l)Check several points on the experimental curves
just discussed to eliminate scatter.

2)D§rive a method for determining the point where
the local buckling of the outstanding leg causes a de-
parture from the Huler column curves. This should be
done for end fixities of 1, 2, 3, and 4., Work has al-
ready started on this problem.

3)Derive an equation of load vs. length to use in
the local buckling range. Preliminary work has been
started on this problem.

4)Cgrry out & similar program for the other buld

angles tested in Part I.
(29



5)From the results obtained on the 12 buld angles
under consideration, attempt to derive some general method
of analysis which will hold for all bulb angles.

6 )Reépeat the program for other types of extrusions
such as Z sections, T sections, etc.

7)If possible, obtain the cooperation of the Alum,
Co. of America towards making some tupe of adjustable
extrusion die which would make possible independant
changes in each variable, thus leading to a determine-
ation of some form of optimum section. (Contect has
already been made with Alcoa and they seem willing to
give gt least some aid in investigating this last prob-

lem. )
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Part II--Table 1
The following tabulation deseribes the panels which

were tested:

Ho.,of shect Otiff Paonel Ponel 5tiff. Sheet Totel Total Lverage
stiff. thick. cpzc. len., width area ares aree load stress
2 .02 4 3 8 .1294 .16 .2894 8250 - 21600
2 .02 4 5% 8 .1294 .18 .2894 8550 - 22640
2 02 4 11 8 .1294 16,2894 5310 18350
2 .02 4 184 8 .1294 16 .2894 5170 21300
o .02 4 22 8 .1294 16,2894 8160 21300
2 02 4 27} 8 1294 J18  .2894 5040 17400
o 04 4 3 8 1294 .32 .4494 2460 21050
2 .04 4 52 8 L1294 0 .32 ,4494 11080 24700
2 .04 4 11 8 .1294 .32 ,4494 9150 20360
2 .04 4  16% 8 1204 .32 L4494 10080 22470
2 .04 4 22 8 1294 L322 4494 11150 24800
2 .04 4 27% 8  .1294 32,4494 9830 21900
3 .02 4 3 12 .1941 .24  ,4341 17860 18100
3 .08 4 5% 12 L1941 .24 .4341 3390 21630
3 .02 4 11 - 12 .1041 24 L4341 7675 17680
3 .02 4 185 12 .1941 .24 .4341 8915 20530
3 .02 4 22 12 .,1941 ' .24 .4341 7802 17500
3 .02 4 273 12 .1941 24,4341 8650 15320
3 .04 4 3 12 .1941 .48 6741 16170 22970
3 04 4 5% 12 .1941 .48 ,6741 12290 18230
3 04 4 11 12 .1941 .48 ,6741 12870 15090
3 .04 4 16} 12 .1941 .48  .68741 14010 20780
3 .04 4 22 12 L1941 A48 .B8T41 14938 22160
3 .04 4 27% 12 .1941 .48  .6T741 12240 18150
4 .08 4 3 16 .2588 .32 ,5788 11855 20500
4 .02 4 5% 16 .2588 .32 L BT88 11450 19780
4 .02 4 11 16 .2588 .32 .B788 8720 15060
4 .02 4 161 18 .2588 32,5788 11390 19670
4 W02 4 22 18 .2588 .32 .BT88 9985 17260
4 .02 4 274 16 2588 .32 ,5788 8810 15220
4 .04 4 3 186 .2588 .04 ,8988 18200 20250
4 .04 4 5% 186 2508 LG4 LBIB8 20230 22500
4 o4 4 11 16  .2588 B4 L8988 17120 19050
4 04 4 163 16 2588 .54 B985 18590 20670
4 W04 4 22 16 .2H886 .64 ,8088 17938 19960
4 .04 4 27k 18 2588 .54 JRIEB 14875 18500
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Table I , Part Two

Length
o - Rwe g 2we a 2 We o 2 we
215 13300 .12 29800 .24 f/**‘/:soo 2.42 25600 1,84
22.0 3100 /.18 46800 0.496 26400 |80 46800 0,88
16,5 55600 0.473 83500  0.384  §5600 0.84 8350  0.704
1.0 124,000 0.32 186,400 0,28 126,400 ;o,eo 192,000 0,498

- 8,5 497000 o.17e 746,000 0,144  S§ll,000 0,32 769,000 0.264

- 3.0 1,680,000 0.08 12,520,000 - 0.064 1,715,000 0,178 >Z,5'Io,ooo 0.144

(€£)

The high stresses corresponding to the shorter Jengths
have no practical meaning , being points on the steep

portion of the Euler curve.

K2  t=0.020 | k'=3 t-0.020 k‘;z t‘=o,o4o K=3 t=0.040

Il sTqul--I1 3aBd



Part II--Table III
L o °We Agn Agt Atot. P
3.0 ©,570,000 0.144 0.0058 0.0647 0.0705 -

5.5 769,000 0.264 0,0155 " 0.0802 -

| t = 0.040
11,0 192,000 0.498 0.0199 " 0.0846 16,249
16.5 83,500 0.704 0.0282 © 0.0929 7,760 = ° 3
22.0 46,800 0.880 0,03562 " 0.0999 4,670
27.5 25,600 1.840 0,0736 " 0.1383 3,540

3.0 1,715,000 0.178 0.0071 0.0647 0.0718 -

5.5 511,000 0,320 0,018 " 0.0775 -

| t = 0.040
11.0 126,400 0.600 0,0240 " 0.0887 11,190
16.5 55,600 0.840 0.0336 " 0.0983 5,460 ¢ =20
22.0 26,400 1.80 0.0720 " 0.1367 3,610
27.5 17,300 2.42 0.0968 " 0.1615 2,790

3.0 7,620,000 0.064 0.0013 0.0647 0.0660 -

5.5 746,000 0.144 0,0029 " 0.0676 -

t = 0.020
11.0 186,400 0.280 0.0056 " 0.0703 13,100
16.5 83,500 0,384 0.0077 v 0.0724 6,080 8-
2.0 46,800 0,496 0.0099 " 0.0746 3,490
27.5 29,800 1.240 0.0248 " 0.0895 2,670

3.0 1,680,000 0.080 0.0016 0.0647 0.0663 -

5.5 497,000 0,176 0.0035 " 0.,0682 - t - 0.020
11.0 124,000 0.320 0.0064 " 0.0711 8,810 C = 2.0
16.5 55,600 0.473 0.0095 " 0.0742 4,130
22.0 31,100 1.180 0.0236 " 0.0883 2,750
27.5 18,300 2.120 0.0424 " 0.1071 1,960

(3¢



Q31INIHd

SVESENS N

m g i3 Amumn R ¥ {4 T T it ¥ g i + T
6 %3 ;& o W 1. & " » 1 §w o - i i : mj 2 - e \m « M
Aun s anas SeOus N ki (auEEas 21 » ie 1 ¥ t t I tErY 7
5 ue N i § M i & . i -
+ + : T t
I t : 1 F I
;1 T : v
2g 1 v + i3
R * T T s
1 + ts L
? Y
Eaan e ‘2 £
1 - -+ w b
+ t t i
T T + £ Q i
£ t $
: + 7 1t
T T
} :
bdad +
1 i ; }
$ > st + 1341
L St Y i 1 3 3 a5
) e 52 . o 1 3.
b e > ™ AL % - s g2 “ + e
+ T t u T } ¥ 5
T3 1 T = 1 T H T 1 t -
: £ R t ¥ £ [ i+ H TH T 2w T
T 5 sz B8 6 1 S " G %0 ¢ s
3 o e sass Saee Beuw 3 85 e 0 T : " it
: H Sus H 5 4 H a3 as H T
it et i1 = s an
1 $at - s = : T
+ : Zunma % H T : H t
= + T T o 3 + i
ahuc igusas anam wa: x. f
T s e s T }
: S H ! :
- : L ¥ T i AT T
s t 3 * as 2as 95 . i T
Sans t 3 1
ki “e b -
u—.H Iy g 4 ot T + ) )
] 537 Ga 3 : Tt
. s oan 1
1 & . - 1 i :
»« 5 . —w i i
1 o
: : = ; p jeee [ahee
e e % k2 - 10
$
- T »8 3
I as 1 T
+ H : o
= e DS W FD o "
t t $ + 13 * it =
+- s en
1 i i n
. e st s { . e 1 - + d 3
: O et et e E S RIS WE LM 2= : ot + T :
e - 3. A 4. 3
: 8% K} t
R S 3 WS + 3 3 13
% IRO b - 3 iy 3 i
+ i 1 t wy B
+ t > um: : i 33
;i 1 i
s T T T s g
1 1 T T
; t > t 1 + T 3 7 ¥ t
: ¢ " ;" s it t :
T ﬂ. P Y S 1S 4 smaE: I
A4 -
i T £ it x
+ + 1 a5 $ £ ; ot s S SEE She ;
ns - & + T + e a8 as : $
$ T ? T T *
o T + - 3 T i
1 1 3 @ 3
H 3 o It 333 2 i
smon + T
: t 3
T T o B s
10 5500 5 ¢ 1 1Tt SN G
3 3 re i
+ T T T T T
+ ¥ m i : i ¥ 1 X y 4 3L ,LHV
H?« i 2 T 3 3 ¢ ¥ + -
3 L i i 1 1 Ll i i 1 e 4
: 1 : s o + ' e o
23 §t e + 3 T 354 § E W 1 18 3
T 1 1 + 3, R R g i 1 % b2 |5
e 1 i t H + T 1 ;
: 11 - 13 3 s + . 3 > 1 1 . E 5
i 3L % ne T =
1 ; Pt : + ~ I8 e 203
1 T 1 MU + s = 1 L5
T T 3 i T : 18 1 ; t + ; 3
aEEI T i 103 waRi i i s : :
£ hd 8o ¢ i 1 i T 1 1
+ : o t 3 i
) 1881 + 1 7 : _w e < « 13 I
i 1 b
: 3 s 1 1 L i asEaR BEE e S
T T ' : + : T T ?
=2 i T 3 i 5% X ¥ T $ 3 1 i I
i 8 & I 3 + 3 "2 8 3 - L 0 e - I
1§ 3 L 3 6 1 3. 3 b + + 3 3 52 <
T i IR e i ) § Lg : I3 : 3 < 1 & 4 ¥ : . i : i i1 3 15
3 3 + i @ i e 1 L B 1 - ¥ 15 3 i
t 1 17 1 t 5% 81 + 3 P + I t
¢4 b b ¥ R B B e 0 2 3 » i € 3 b s L 4
Y T 1 'y " i L T T =3 i s SRS 28] I
- . = ik 9 - i S8 3 3 o 8 i iy i 8 St —
i § + X : 1 B3 i } 3 i i i i
3 3 ok 5 48 B i 3 & L 3 + v 3 i§
1 A - + ' 1T 1 4 3 i B 7 1 3 - BO
% 1 73 b E _ T + : + t . o o
i 1 b i 1 t : 1 T t 81 i 1559 B¢
2 o 2w T 1 2 : 1 T T 3 iR 1 3 1B ABE ¥ @i
Tt £ T + thEt T tH : ; & + it
BhsaE me o ¢ : * vil s t s T 1 i T i s
bt 5 } + 1 = T i
® oh G 5! D 0 T T T T = T T
i 8 34 X % o T 1t u 1 1 + 3 it
RE=0E 555 = ww £




INION3I

HILIWITHW  (1934H3d

BOREING 7 [ 310

“

a0 8 s
szBsa; : oo
t
i
g @ EE a3 i
e 1% i
it HAE
=t T > i o=
1 3 ]
i sa £s L1 G an
H - i
i
= s
5 o
- -
1
{
81
1 i
RS 68558 0135
T T *
1
1 it
o :
'
£
s £
I 5
: = t
2433 31 L
'
Bty susus
T
s
+
I
i
i o
& :
% {
'
T +
t t
T
+
: T
: :
1 30
= 4
e —
saune:
o 3
o
B BRI B Y
50 @
e
T
i
s
; I
: : t
BE D Ga! o gs:
i 1 ;
22m G
Hb
e BaRE 5
E: ¥ T
o T T
t
rany
_ :
i ; i
: 1551
H +
it B
@ g0
25 g9
g B :
Ba 3
: 1
i : 1




AARES KEESS BT Y €
bouis sarsasuaci




INER U S SEAS

PRINTED



o,

%

4

)

(fﬂ
D,

QIiNIYd

V'S N NI

7/

e
T
& = dun: 11 1 s
B s }
1 R B ey T T
. -
+ s
3 G s e 1
Fuaay gu Tt i
g Lk : s :
e, e t s t
TEE AL uE : arggas e,
T s T i i
v + R B, = 5 RAY EGN 4 D)
: T 5 ra
¢ 1 ‘gwa 6 A
t a0 b %
tht % 5
2 i : i
: ! : 4
e t :
s B RS - L -
EaNe) 1 & & 1 1
g4 Epeas 535 F R A
HrHTH 8 x
1 s 5 s
T L &t tit & 3
3 . Ban & R I 2!
s B i zas 085 t
Y : N T
5 TSN T T
t T i ¥
1178 Spa 1 X i w6
it } 1 =} . A
1
55 + T 15 0r® 4 &
t 53 =t
P s
T T 2
yis T 13
t ¢ ¥ : o
.t 5 5 ¥ s
; t
5 1
5 it o A
3 T : 258 @ &
;i 2 AL &um B
gugs »
1 B% % ¥t Tt i 1 3
D . 11 T -2
TR 1 e
; T T
% B4y UTAT SeREEE HEY 2 3
& pe ree 3 GBR Ry SE BRGS0
i i A3 rvav FSE dmw
vasnas B i s 0 i TEE B 4 Swazs
253 ‘i : . ga
SR 5 + ¥ 1
RELDE - b & -
I H e
v
s i
-
¥
: /4
Ea t
B
i
T
e

% % @




T
T ¥
14
5 1 T 1
T I =+ !
: e
T -
T e :
- — T
T
¥
?

Eagae aLapY

e

]










