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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
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COLUMN AND PLATE COMPRESSIVE STR:6NGTHS 

OF AIRCRAFT STRUCTURAL MATERIALS 

EXTRlJDED R303 - T ALm,lINUM ALLOY 

By George J. Heimerl and Douglas P . Fay 

SUMftiIARY 

Column and plate compressive strengths of extruded 
R303 - 'r aluminum alloy were determined both within and 
beyond the elastic range from tests of thin-strip columns 
and local- instability tests of H- , Z- , and channel-section 
columns . These tests are part of an extensive research 
investigation to provide data on the structural strength 
of various aircraft materials. The results are presented 
in the form of curves and charts that are suitable for use 
in the design and analysis of aircraft structures . 

INTRODUCTION 

Column and plate members in an aircraft structure 
are the basic elements that fail by instability . For the 
design of structurally efficient aircraft, the strength 
of these elements must be known for the various aircraft 
materials. An extensive research program has therefore 
been undertaken at the Langley .\~emorial Aeronautical 
Laboratory to establish the column and plate compressive 
strengths of a number of the alloys available for use in 
aircraft structures . Parts of this investigation have 
already been completed; the alloys already investigated 
include 24s- T and 17S- T aluminum-alloy sheet and extruded 
75S-T and 24s-~ alunint~ alloys (references 1 to 4, 
r espo ctively) • 

The results of tests to determine the column and 
plate compressive strengths of extruded R303-T aluminum 
alloy are presented herein . 
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SYMBOLS .. 
l ellgth of c o l u..'1LY'l 

radius of gyration 

fixity coeffic i e nt used in Euler colwan formul a 

effe ctive slenderness ratio of c olumn 

width and thickness , respective l y , of flange 
of R-, Z-, or channGl s ec tion (see rig . 1) 

width and thick~ess , r espective l y , of web 
of R-, Z-, or chann~ l section (see fig . 1) 

c orner radius ( see fig . 1) 

nondimens i onal coeffic ient used wi th b 'li and t v; 

i n p l ate - buckl i ng formula (s eo fi gs . 2 and 3) " 

modulus of (jlasticity in compression , taken as 
10,500 ksi for extrucled R303 - T aluminum al loy 

nondimensional co (; ffici cnt (The va lue of T is 
so determined that, when the efrective modulus 
of e lasticity TEe is subs tituted for Ec in 
the equation for e l as tic buckl ing of columns , 
the computed critical stress agr ees with the 
experimental l y obser ved va lue . The coeffi ­
cient T is equa l to unity with in t he elastic 
range and decreases with incr easing stress 
beyond the elastic range .) 

nondimens iona l coefficient for compressed pla te s 
corresponding to T for col u,1ms 

Poisson ' s ratio, taken as 0 . 3 for extruded 
R303 - T aluminum al loy 

cr iti ca l compress ive stress 

average compressive stress at max i mum load 

compressive yield stress 

. • 
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METHODS OF TESTING AND ANALYSIS 

All tests were made in hydraulic testing machines 
accurate wlthin three-fourths of 1 percent . The methods 
of testing and analysis developed for this research pro ­
gram (see reference 1) are briefly .summarized as follows : 

The compressive stress - strain curves for the extru-
s ions , which ident ify the rns.terial for c o::'re la tion with 
its colQ~n and plate compressive strengths, were obtained 
for the with-grain direction from tests of single-th~ckness 
compression specimens cut from the flanges and web at both 
ends of the extruded H - s3ctio~s . These tests were made in 
a compression fixtu:re of the Iv10ntgom,:.:ry- Templin type, 
which provides lateral support to the specimens through 
closely spaced rollers . (See ~eference 6 ~or the tech­
nique in us ing this type of fixture.) 

The column streneth and the associated effective 
column modulus were obtained for the with - grain direction 
by the use of the method presented in reference 7, in 
which thin-strip columns of the material were tested with 
the ends clamped in fixtures that provide a high degree 
of end restraint. The fixtures used have be~n improved 
and the method of analysiS has been modified since publi ­
cation of reference 7. The method now used results in a 
co l umn curve representative of nearly perfect column 
specimens . In addition, the method now takes into account 
the fac t that colulTlDS of the dimens ions te sted are actual l y 
plates with two free edges . These columns were cut from 
the flanges of the extruded H- section adjacent to the 
fillet at the junction of the web and flange . 

~he plate cor.o.preseive strength was obtained fro:--n 
compression tests of H- , Z- , a~d channel- section columns 
so proportioned as to develop local instabilitl ' that is, 
instability of the plate elements . (see fig . LI- . ) Extruded 
H-sections of thrGe different web widths were teste~; the 
flange widths for each were varied by milling off parts of 
the flanges . The fIances of some of the H- section extru­
sions were removed in such a way as to make Z- or channel 
sections as desired; the flange widths of the Z- and 
channel-section columns were varied in the same manner as 
the flange widths for the Ii - section columns . The lengths 
of the columns were selected in accordance with the prin ­
cIples in reference 8. The columns were tested with the 
ends ground flat and square and bearing directly aga.inst 
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the testing - machine heads . In these local - instability 
tests, measurenents were take~ of the cross - sectional 
distortion, and the critical stress was determined as the 
stress at the point near the top of the knee of the 
stress - distortion curve where a marked increase in dis ­
tortion first occurred with small increase in stress . 

The Method of analysis presented herein differs from 
that presented in reference 1 in the use of the inside 
face dimensions to define bF and b~ in the evaluation 

of 0cr/~ by means of the equations and curves of 
figures 2 and 3 . This definition of bF and bvv for 
extruded sections with small fillets vas previously used 
in references 3 and 4 in order that the theoretical and 
experimental buckling stresses would agree ~ithin the 
elastic l'anSe . For formed Z- and channel sections with 
an inside bend radius of three times the sheet thickness 
(references 1 and 2) , b F and t~ were defi~ed as 

centor - line vvidths with square cor~ers asswned . 

Co:npre 831 ve Pr opert ie s 

Figure 5 swnmarizes the cOlllpressive stress - strain 
curves that apply to the extruded R303 - T aluminwn alloy 
used in this investigation . The variation in compressive 
yield stress shown by the dashed curves in figure 5 fcr 
both the flange and web indicates the average differences 
that were found to exist between the two ends of the 
20 - foot extrusions . The results of a single survey made 
over the cross section of one extrusion (fig . 6) revea l ed 
but little variation in the compressive yield stress over 
the width of a flange or a web . At a given cross section, 
the vIeb tended always to have a lower compressive yield 
stress than the fIance . 

Colwnn and Plate Compressive strengths 

Because the compressive properties of an extruded 
aluninum alloy may vary considerably , the data and charts 
of this report should not be used for design )urposes for 
extrusions of R303 -~ aluminum alloy that have appreciably 
different co:npressive properties from those reported 
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herein , unless a suitable method is devised for adjusting 
test results to account for variations in mater i a l prop ­
erties . The results of the column and local - instability 
tests of extruded R303 - T aluminum alloy are summarized 
herein; a discussion of the basic relationships is given 
in reference 1 . 

Colunm strength . - The column curve of figure 7 show s 
the results of tests of thin- strip colwnns loaded in the 
with - grain direction . The reduction of the effective 
modulus of elasticity TEe with the increase in cohunn 
stress is indicated by the variation of T with stress 
shown in figure 8 . 

Plate cO:llpressive strength .- 'rhe results of the 
local - instability tests of the H- , Z-, and channel-section 
columns used to deterr::ine the plate compressive strenGth 
are given in tables 1 , 2 , and 3 , respectively . The plate ­
bucl{ling curve s , analogous to the column curve of fic;ure 7, 
are shown in figure 9 . The reduction of the effective 
modulus of elasticity :r;Ec with increase in stress is 
indicated by the variation of ~ with stress , which is 
shown t08ether iIli th the curve for T in figure 8 . In 
this figure , the T- curve crosses the 'l1- curves because 
the extruded II -, Z-, and channel - section columns used to 
obtain the 'lj - curves apparently had an appreciable degree 
of irlperfection . This imperfection probably caused the 
~- curves to deviate from unity at a lower stress than that 
for the T- curve , which is representative of nearly perfect 
columns . 

The variation of t he actual critical stress Ocr 
with the theoretical critical stress 0cr/-r: computed for 
elastic buckling by means of the f'ormula and curves of 
figures 2 and 3 is shown in figure 10 . 

In order to illustrate the difference between the 
critical stress ocr and the average stress at maximum 
load 0m~~ ' the variation of ocr with 0cr/0max is 
shown in figure 11 . Because values of 0mo.x may be 
required in strength calculationc , the variation of 0max 

with 0cr/~ is shown in figure 12 . 

Figures 9 to 12 show that the data for H- sections 
describe different curves from those indicated for Z- and 
channel sections . One of the reasons why higher values 
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of 0max were obtained for ~ - sections than for Z- or 
channel section8 for a given value of 0cr/~ (fig . 12) 
may be the fact that the high - strength material in the 
flanGes (see fig. 6) forms a higher percentage of the 
total cross - sectional are& for the n - section than for 
the Z- or channel section . For the H- section , 0max is 
increased over the value of 0max for the Z- or char-nel 

section for the entire stress range covered in these tests 
(fig. 12) whereas ocr is increased only beyond the 
elastic range (fig . 10) . 

Langley ~emorial Aeronautical Laboratory 
National Advisory Comnittee for Aeronautic~ 

Langley Field, Va. 
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Column tw 7 
(In. ) (In. ) 

la 0.124 O:~ Ib .124 
Ie .124 .122 
2a .l24 .122 
2b .124 .122 
2e .12, .122 'a :~ .122 
~b .122 
,~ :~ .122 

.)22 
4b .124 .122 
4e .124 .12~ 
5a .12~ .121 
5b .12~ .122 
5e .1~ .122 
6. .1 .122 
6b • 12, .122 
6e .12 .122 
7a .124 .123 
7b .124 .122 
7e .12~ .121 

8a .130 .122 
& .1~0 .122 
8e .1~0 .12~ 
9a .12~ .122 
9b .123 .122 

lOa .130 .122 
lOb .129 .121 
10c .129 .121 
lla .130 .122 
llb .129 .121 
llc .1~0 .122 
12. .1~0 .122 
12b .1~0 .121 
13a .128 .12~ 
13b .129 .121 

14. .124 .124 
14b .l24 .l24 
14c .l24 .123 
15- .124 .122 
15b .124 .124 
lSc .122 .122 
Ilia .121 .121 
16b .122 .122 
17a .123 .122 
17b .121 .121 
IJC .121 .122 1 _ 

.12~ .121 
1& • 122 .122 
18c • 121 .122 
19a .123 .121 
19b .122 .122 
190 .124 .122 

a "'cr kw"zEctw
2

, where --- = 2 2 
'1 12(1 - I' )b" 

TABIE 1. - DIIlENSIONS AND TEST RESULTS FOR EXTRUlED H-SECTION COLUlfKS THAT DEVELOP LOCAL U'STABILITY 

b.,y br L Lit>, tw/ty "wIt" 
(In. ) (In. ) (In. ) 

1.64 0.8~ ~.98 ~.6 0.994 1~.24 
1.?l .8, .10 ~.7 .999 1,.19 
1. .8, 6.0, tl 1.011 l~'ia 
1.?l .90 6.96 1.. OIl 1,. 
1. ·90 7.0 4. 1.01 1~.25 

l'?l .90 7.00 4.~ 1.012 n.21 
1. .99 7.~ b 1.011 1~.26 
1.64 .99 7· 1.011 1,.26 
1.64 .~ J.87 4.8 1.009 1~.28 
1.64 1. .72 5.~ 1.017 1~.20 

1.~ 1.08 8.72 5.3 1.012 13.2~ 1. 1.08 8' 6a t'~ 1.008 1~.2 
1.6g 1.18 10. .1 1.017 13.,7 1.6 1.18 10.08 6.1 1.011 13. 9 
1.66 1.18 10.06 6.1 1.012 13.4b 
1.64 1.26 10.40 6., 1.016 13.23 
1.64 1.26 10.40 6 • 1.010 13.29 
1.~ 1.26 10.~0 6'i 1.012 1}.32 
1. 1.36 10. 0 6. 1.008 13.27 
1.64 1.~6 10.80 6.6 1.016 13'G4 1.65 1.~6 10.81 6.6 1.009 13. 

2.2, 1.12 10.~ 4.8 1.068 17.11 
2.2 1.12 10. 4 .8 1.064 17.25 2.2i 1.12 10.59 4.8 1.057 IJ.13 2.2 1.24 11.50 5.1 1.009 1 .~3 
2.26 1.24 11.58 5.1 1.000 18.3~ 2.2i 1.3~ 12.58 5.6 1. 061 17·2 
2.2 1.3 12.54 5.6 1.070 17.~0 2.26 1.,6 12.5~ 5.6 1.0~ 17. 6 
2.25 1. J 13.2 5·9 1.03 17. 30 
2 .2~ 1.4 1~.28 5·9 1.~ 17.~0 2.2 1.~8 13.~5 &:i 1.067 17. Z 2.25 1. 0 l~. 0 1.061 

17·et 2.26 1.e4 13.~ 6.1 1.073 17. 
2 .2g 1. il'O 6.7 1.<Xi2 17·52 
2.2 1.84 .57 6·5 1.059 17.55 

2·75 1.11 11.46 4.2 .998 22.11 
2.~ 1.10 ll.~ 4.2 1.001 22.12 
2.7 1.10 11. 4.1 1.00~ 22.34 
2.76 1.~ 12.9 4.7 1.01 22.21 
2.76 1. 12.98 4.7 .998 22·~5 
2·75 1.2, M'OO 4.7 1.001 22·al 
2.70 1.3~ .40 5.2 .997 22. 0 
2.76 1., 14.3a 5.2 1.0~ 22.~6 2.76 1.bJ 15.1 5.5 1.01 22. g 
2.76 1.6 15.20 5.5 .9~ 22. 
2.76 1.6l ll·16 g.5 .9 22.87 
2.76 1.9 1 .65 .0 1.010 22.~ 
2.76 1.96 16.6i 6.0 1.002 22. 
2. 7Z 1.96 16.5 6.0 .99~ 22·90 
2.7 2.26 17.77 6.4 1.022 22.~9 
2. 76 2.26 17-'R 6.4 1.000 22. 1 
2.76 2.26 17. 6.4 1.016 22.28 

EC 10,500 kll and I' o.~. 

kw ~ J12 ! 1...; il
2

) !>pit>, 
(ng.2) 

0.5~ 2.6, 27.0 
.5 2·56 27.2 
.506 2. 5a 27.4 
.55£ 2.1 29.4 
.55 2.22 29.4 

:g~ 2.20 29.4 
1.88 ~2.0 

. 606 1.8~ ~1.9 

.607 1.8 ~2.0 

.661 1.62 ~.~ 

.656 1.64 ~4 .3 

. 658 1.65 ~.2 

.714 1.41 ~7.2 

.709 1.43 37.3 

.710 1.42 )7.3 
·767 1.24 39.' 
.769 1.25 '9.~ 
:~g 1.25 ,9. 1.10 1. 
.827 1.10 41.6 
.825 1.11 42.2 

.503 2.46 36.0 

.502 2.~ 36.5 

.503 2.4 
'6:~ .547 2.~ 

• &5 0 2 • 40. 
• 06 1'$6 42.6 
.601 1. 0 43.1 
. 600 1.80 43.0 
.6~ 1.56 4g.8 
.65 1.~ 4 .6 
.655 1.5 45.7 
.709 1.37 49.0 

:m 1.~7 49.2 
1.09 55.5 

.814 1.09 5 .5 

.403 3.56 ~8·Z 

.39~ "t9 ~8. 
3. 0 ~.9 :~a ~.06 .0 

.44 ~.~ 42.0 

.447 3. frU .50~ 2.62 

't01 2.61 46.1 
'gJ 1.89 54.0 
.6 1·91 54.6 
.607 1.,~ tH .710 1. 0 
.710 1.44 62., 
.~7 1.47 62. 
• 0 1.11 70.2 
.820 1.1} ~:g .819 1.12 

"er 
C1er a 

" max 
(ke1) (kal ) (ko1) 
(a) 

142.~ 76.8 77.6 
1'9· 76.1 77.2 
In.8 ~.5 7p 119·8 .9 7 .2 
120.0 14.2 76.~ 
119.6 '/4.0 75. 
101.5 72·~ 7~.4 
102.0 72.1 73.1 
101.1 ~.5 73.5 
88 . 3 .9 70.7 
88.1 70.0 71.g 88.8 ZO.4 '1 
'/4.8 7.0 l8:5 
'/4.6 6Z·4 68.0 
Z4 .4 6 .1 67.5 
7.2 64.7 65.3 

6Z·2 ~ .1 65 ·9 
6 .9 .1 65'J 59 . 3 60.2 61. 
00.0 59.6 60.9 
58.3 59.5 62.6 

79'$ 6g.7 67.1 

F' 6 .3 ~a 0.2 66.9 
6~.5 60.2 63.0 
63.0 60 . ~ 62.8 
57.2 55. 57.6 
5g.8 55.6 57.4 
~ . 0 ~a:t ~:~ 9.5 
47.7 48.0 54'g 49.7 48.4 54. 
43 .1 42.~ 51.8 
42.7 42.0 ~2.1 
~~·Z ~0 .3 8·Z 
~3. 31.1 49. 

69.1 62.2 6,.6 
~.6 63.~ ~.9 

· 5 63.2 .5 
58.9 5S.9 57.7 
58·7 56.1 57.5 r:a 4a:~ 57.0 

4J·Z 
52 .6 

48.6 ~2 . 9 
3a' ~5.8 8.6 
3 .7 35.~ 48.6 
~S.O ~t6 48.9 
26·5 46·Z 
26·Z 27.1 46 • 
26 • 27.S 48.1 
21.0 21.0 44.8 
21.0 22.6 45.1 
21.4 22.1 45.7 
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COMIIITTEE Fa! AERONAUTICS 

'" -E.. 
c; 

max 

0.9~0 
.9 6 
.9~ 
·9 ~ 
.971 
.9J6 
.9 g 
.98 
.986 
.989 
·982 
.98~ 
·97 
.991 
.979 
.9~1 
.9 8 
.976 
.974 
·979 
·950 

.9i\4 .9 

.972 

.95 6 

.903 

.969 

.969 

.~65 
• ~5 .8 1 
.886 
•81Z .80 
.622 
. 627 

.978 

.9~1 

.9 0 

.969 

.976 

.972 
·913 
.919 
.7~7 

.Z'9 • 91 

.5~ 

.5 

:~~ 
'401 
. 84 

z 
> 
(") 

> 
> 
::u 
::u 
z 
o 

L' 
CJ1 
::r:: 
o 
~ 
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TABIE 2.- DIMENSIONS AND TEST RESULTS FOR EXTRUDED Z-SECTION COLUMNS THAT DEVELOP LOCAL INSTABILITY 

-~ 

tw tF 'ow bp L LAv tw/tF bw/tw Column 
(in. ) (in. ) (in. ) (in. ) (In. ) 

1a 0.123 0.121 1'2 1.00 6.10 3.7 1.0iZ. 13.21 
1b .123 .121 1. ·99 6.10 3.7 1.0 13.34 
10 .123 .122 1.63 .9

A 
6.08 3.7 1.012 13.1

A 2a .123 .122 1.65 1.0 6.50 ~.9 1.012 13.3 
2b .123 .119 1.62 1.08 6',0 .0 1.026 13.23 
20 .123 .122 1.64 1.08 6. 0 ~.9 1.010 13.~ 3a .123 .120 1.~ 1.16 6.96 • 2 1.02~ 13 • 
3b • 119 .121 1 • 1.16 6.90 4.2 ·97 13. 

R~ .123 .121 1.64 1.17 6.90 4.2 1.0~ 13.52 
.123 .122 1.63 1. 34 8.75 5.4 1.00 13.18 

4b .123 .122 1.62 1.3 8.72- 5.4 1.008 13.14 
40 .123 .122 1.63 1.35 8.70 5.4 1.005 13.20 

5a .128 .121 2.25 1.00 9 • .50 4.2 1.062 17' tt 5b .128 .121 2.26 1.01 9·50 4.2 1.059 17. 
g~ .128 .121 2.26 1.02 9.~0 ~.2 1.060 17.71 

.12~ .121 2.26 1.5~ 13. 0 .1 1.~ 17.56 
6b • 12 .122 2.25 1·5 M·§8 6.1 1 • 17.62 
60 .128 .121 2.26 1.~9 1 • 0 6.1 1.0 0 17.60 
7a .128 .125 2.25 1.~ .zg 6.5 1.~ 17'{4 7b .128 .122 2.25 1. 14. 6.5 1. 17. 

8a .123 .l24 2. 7Z 1.08 11.50 4.2 .9~3 22.44 
8b .1~ .12, .2.7 1.~ 11.50 4.2 .9 8 22.43 
80 .1 .12 2.76 1.0 11.50 4.2 .99J 22.33 
9a .123 .124 2.76 1.3J 14.50 5.3 ·99 22. 3A 9b .123 .123 2.76 1.3 14.56 5.3 1.003 22., 
90 :i2 .123 2.76 1.~8 

lli.·r 5.~ .99J 22. 7 
lOa .120 2.76 1.6Z 15. 0 5.6 1.02 22.31 
lOb .123 .12, 2·75 1.6 15. 6 5.6 .998 22.35 
100 •12a .12 2.75 1.6J 15.~0 g.6 1.010 22.06 
11a .12 .122 2.79 2.2 17. 0 .4 1.012 22.48 
11b .124 .123 2. 7t 2.28 17.60 6.5 1.010 22.* 
110 .122 .123 2.7 2.27 17.28 6.3 .987 22.64-

a <Tor kww2Eotw
2 

where 
- = 2 2' 
" 12(1 - I.L )"ow 

Eo = 10,500 kli and I.L = 0.3. 

bF/bw kw 
(rig. 3) 

0.6~ 2.~ .6 2. 
.612 2.10 
.6~ 1.87 
.6 ~ 1.80 
.65 1.86 
.701 1.64-
.707 1.~ 
.~3 1. 

:82~ 1.26 
1.26 

.829 1.26 

.44~ 3.22 

.44 3.19 

.~8 3.19 
• 96 1.62 
.703 1.61 

:J~ 1.56 
1.27 

.81 1.24 

.389 3.~ .395 3. 

.,92 3. 2 
• 97 ~:~S 'ro 

:%4 2.92 
2.11 

.604 2.19 

.605 2.12 

.81 Z 1.29 

.82 1.27 

.824 1.32 

~J12(l.;;, \0
2) <Tor 

11 <Tor q 
max 

(kei) (ke1) (ke1) 
(a) 

30.2 1iR· 7 72 .0 74.1 
30.1 1 .1 72·3 74.0 
30.1 1lli..5 ~.o 73.5 
32.~ 99.2 9·5 72.1 
32.b 97. 6 69.3 72.3 
32.3 ~9.4 6

A 
.1 l2.2 

34·7 6.2 6 .1 9.8 
35.0 84.8 68.5 71.0 
3A·1 ~.1 67.5 Z1.0 
3 .8 6 .8 60.2 ~.6 38.7 69.2 61.1 .3 
38.9 68.6 61.0 62.9 

32.3 99.2 6
A

·0 Z~:A 32.~ 9Z·1 6 .4 
~2. 4 ·5 68.2 70.0 

5.6 9·9 45.5 52.7 

ttl:~ 49.2 4Z· 1 53.0 
47.8 4 .9 ,3. 0 

51.4 39.2 36.5 9.8 
52.3 37.8 37·1 50.0 

3J.8 72.4 62.2 63.4 
3 .1 71.3 62.2 63.3 
~7.8 72.7 62.§ 63 .1 

3.1 §a:z 53. 54.2 
43.6 53.3 !§:~ 43.~ a4•9 53.0 
ao• 0.2 ,9.9 

9.9 41.6 0.3 48.§ 
to' o 41.3 41.3 fr4.6 
~.4 24.2 ~:a .2 

.9 24.6 44.3 
65.1 24.4 23.5 43.5 
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TABLE 3.- DIMENSIONS AND TEST RESULTS FOR EXTRUDED CHANNEL-SECTION COLUMNS THAT DEVELOP LOCAL INSTABILITY 

-_.- -

Colunm tw tp bw bF L Lib, tw/tF bw/tw 
(in. ) (in. ) (in. ) (in. ) (in. ) 

la 0. 12a 0.l23 1.64 0.9
A 

6.10 3.7 1.010 13.~ Ib .l2 .l23 1.63 .9 6.08 3'J 1.0l2 13. 
Ie .l24 .l23 1.62 .98 6.20 

':0 
1.008 13.12 

2a .124 .123 1.61 1.08 6.46 1.003 13.07 
2b .124 .123 1.63 1.08 6.48 4.0 1. ooli 13.21 
2e .123 .l21 1.62 1.08 6.48 4.0 1.022 13.12 
3a .l23 .l21 1.62 1.18 6.90 4.3 1.022 13.13 
3b .123 .l21 1.64 1.18 6.90 4.2 1.020 13.27 
,~ .123 .121 1.64- 1.18 6.90 4.2 1.022 13.31 

.l23 .124 1.63 1.35 8.75 5.4 .996 13.2~ 
4b .l23 .124 1.63 1.35 8.75 5.4 .994 13.2 

5a .128 .122 2.26 1.01 9·50 4.2 1.050 17.69 
5b .129 .l22 2.26 1.02 9.50 4.2 1. 0 <;4 17.60 
5e • 12Z .122 2.26 1.01 9.~0 ~.2 1 . ~ 17.~ lia .l2 .120 2.26 1.59 13. 2 .1 1:~ 17· 7 
6b .l2~ .124 2.25 1.59 13.80 6.1 1.038 17.53 
6e .12 .120 2.2~ 1.~ il· 79 6.1 1.0Z1 17.56 
7a .l28 .120 2.2 1. 'lO 6.5 1.08 17.li4 
7b .l28 .120 2.~ 1.84- 14. 9 6.li 1.074 17.~ 
7e .l28 .122 2.2 1.83 14.70 6.5 1.047 17· 

8a .::'24 .123 2.75 1.08 11',2 4.2 1.003 22.2~ 
9a .124 .l22 2.7li 1.38 14. 6 5.2 1.015 22.2 
9b .l24 .122 2.76 1.3

A 
14.50 5.3 1.013 22.3~ 

ge .123 .l21 2.76 1.3 14.50 5·3 1.015 22.3 
lOa .124 .121 2.76 1.65 15.50 5.li 1.02li 22.17 
lOb .124 .121 2.76 1.67 

1
5'ao 5.6 1.021 22.2~ 

10e .125 .121 2.76 1.67 15. 8 5.6 1.029 22.0 
lla .122 .121 2.76 2.25 17•7§ 6.4 1.012 22.63 
lIb .121 .121 2.76 2.2/) 17.7 6.4 1.002 22.7li 
lIe .l20 .120 2.76 2.26 17.78 6.4 .994 23·09 

- --- -
2 2 

a CT kwtT Ee tw where 
er - 2 2' 

"""'Tl - l2 (1 - \A )b.n 
Ee = 10,500 kll1 and \A = 0.3. 

bF/bw kw 
(fig. 3) 

0.6~ 2.1~ 
.6 2.1 
.60 2.14 
.667 1.~ 
.6~9 1.8 
.6 5 1.83 
.72Z 1.5li 
·71 1.59 
.~8 1.5

A • 8 1.2 
.830 1.28 

.449 3.20 

·ta° 3.19 
• 7 3.20 
.702 1.60 
.704 1.60 

'Z07 1.54 
• 13 1.24 
.820 1.20 
.8l2 1.25 

.394 3'J8 .501 2. 6 
·502 2.86 
·500 2.87 
.lioo 2.12 
.6~ 2.11 
.6 2.10 
.81 1.29 
.818 1.30 
.819 1·31 

bw /12(1 - ,,2) 
ocr 

~ax '1 ""er tW kW (klli) (kB1) (kll1 ) 
(a) 

29.6 118.0 71.0 74.~ 29.~ llA·8 71.2 74. 
29. 11 .0 Zl. 3 75· 
31.8 102.2 9.3 72.4 
31.8 102.2 69.3 72.0 
32.1 100·9 ~.7 72.5 
34·Z 85.9 .1 70.0 
34. 85.7 66.8 70.6 
3~.9 85.2 67.1 ZO.6 
3 • Z 6~.3 62.7 3.6 
38. 6 .9 62.2 63.4 

32. Z 97·1 68.6 70•0 
32. 91:Z 6~.0 70.6 
,2. 7 6 .3 70.1 

6.2 K8.6 47.1 51.8 
45.8 49.4 47.4 51.8 
46.8 47.~ ~l:~ 51.9 
52.3 37· 50.3 
52.6 3J.4 36.5 ,0.2 
52.1 3 .2 36.9 8.8 

,7.8 72.~ 63.1 64.8 
3·5 54. 51.5 53.1 

43·Z 5fr:tt 52.0 53.0 
43. 

40.9 42 •2 4~:~ 50.3 O'Z 50.6 40.5 40. 47.9 
50.~ 40.9 40.5 47.5 
65. 23 'A 24.0 42.2 
6l·9 23. 2,.6 42.0 
6 .7 23.3 2 .1 44.3 
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Fig. 1 NACA ARR No. L5H04 
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Figure 2.- Val ues of kw for H - section 
column5 . (From reference 5 . ) 
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figure J . - Values of kw for Z- and chonnel­
section columns. (From referen C 8 5 .) 
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Figure 4.- Local instability of an H-section column . 
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,Strain 

FIgure 5. - Compressive stress - strain curves for 
extruded R303-T aluminum alloy for with­
grain direction. 
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Figure 6.- Variation of the compressive ~fte\d stress 
over the cross section of an extruded R303-T 

aluminum-olloy H-section. (Values in ksi.) 
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Figure 7.- Column curve for extruded R303- T aluminum alloy obtained 

from tests of thin-strip columns. cJc'y: 73 ksi. 
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Figure 8. - Variation of t' and 11 with stress for extruded 

R 303- T alumi num alloy. O'cl:j (flange),73 ksi; (Jcy Cweb),71 k5i. 
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Figure 9,- Plate-buckling curves for extruded R303-T 

alum'lnum 01108 obtained from H-) Z I and channe 1-

section columns, OC8(flonge), 73 k5i ; Gel) (web), 71 ksi , 
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Fig. 10 • NACA ARR No. L5H04 
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Figure 10:- Variation of Gcr with GerlT] for plates of extruded R 303- T 

aluminum allo\d obtained from tests of H-, Z-, and channel- section 

columns . O'Cbj (flange), 73 kSI ) 0q:J (web)) 71 kSi · 
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Fig. 12 NACA ARR No. L5H 04 
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Figure 12 .- Variation of O'mox with crcr/'l for plates of extruded 

R 303- T aluminum a llo~ obta ined f rom tests of H-, Z -) and channe 1-

section colum ns . O'q:l (fl ange),73ks ii (}c~(web» 71 ksi . 


