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DETTRVUINAPION OF DESIRABLE IENGTHS OF

Z- AND CHANNFL-SECTION COLUMNS
FOR IOCAL-INSTABILITY TESTS

By George J. Heimerl snd J. Albert Roy
SUMIIARY

Local-instability tests of 2,,8-T aluminum-alloy
formed Z- and channel-section colurns were made in
order to determine a length of test specimen that would
avoid the increased streoength sssocisted with short
lengthns and also permit the occurrence of a convenient
buckling pattern. The effect of column lengtlh on the
critical compressive stress, on the average stress at
mazximwam load, and on the aunber of half-waves of the
buckling pattern is shown. A buckling pesttern of thiree
half-waves 1s indicatzd as desirable for test purposes.
A curve is presented from which may be determined the
lergths of Z- or channel-section columas that give a
buckling pattern of three half-waves. ™hen the strength
for local instability is very hizh, a reduction in the
length indicated by the curve may be necessary tn prevent
celumn failure. 1In order to avoid the increased strength
associated with short lengths, a ratio of length to web
wicdth above %.5 should be used.

INTRODUCTION

In local-instability tests of Z- and channel-section
columns, suitable specimen lengths should be determined.
As the flanges and webs of such columns may bhe considered
plates with various kinds of edge supports, the local
instability of these columns becomes a plate-buckling
problem, When a nlate 1s long, the critical compressive
stress tends to be independent of length:; whereas, 1if
the plate is very short, the stress increases appreciably.
(See fig. 6 of reference 1.)
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Stress-straln tests of the material were mede with
single-thicitness specimens in & roller-type comprassion
fixtvre similar to tha* chown in Iigure z of reference 2.
Cormprescsive ctress-ctrain curves are shown in figure 2.
The values ol the conmoressive yleld stress, determined
by the (C.Z-mercent- off ot methed, anrd of the modualus of
elssticity are glven in tedlc 2.

METHOD OF TESTING

The colurn tests were made in & 300,0 OO—"ound—
capeacity compression testing machine that i3 curats
within three-quarters of 1 nercent for the rr ngc of load
used in ths tests.

8]

A Z=-sectinsa ccolum under test is shown In figure 3.
The diesplacement of rwlrtﬂrs, suprorted bty sxtensicon
arms attachsd to the the 2o0lunns, was mesasured
by th=2 cptical WLFrﬁMJ*érs +h can pe seen In figurs 3,
The oﬁltical compregsive stress was obtsined from stress-
digtortion curves in the manner described and illustrated
in reference 5. In this method, the critical stress is
determined as the polint near the top of the knee of the
stress-cistortion curve whare a marked incrcase in distor-

tion first ocecurs with small incresss in stress.
RESULTS "AYD DISCUSEION

The variation of O, . apd o .. with L/b, for

gach of the different types of column tested 1s presented

by
=2h ana $E = 0.5
W

develored bending failure for — > 7. A definite rise

o

in figure li. Columms having L

in critical and maximum stresses vhen the columns bescoms
very short is shown by these curves., For all except the
very short columns, however, the curves are relatively

level. The number of half-vaves of the buckling rattern

that occurred in each case s 2also indicated in figure L.

It has been fecund desirable For test purposss to
meke thie column length such that an odd number of half-
f the convenlence in msasuring

waves develops, bwoau e D
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+  "er the strerngth for locel instability
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lumn fallure., In order to avoid tle

ength assodcliated witn short lengths, a

t

<
ratio of le h to wek widlh sbove %.5 shouli be uscd.
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TABLE 1
VEASURED DIMENSIONS OF FORMED SPECIVENS AND TEST RESULTS

U

~

Pﬂl

o% 0

bh" AN N NN NN T ke ta ke la ke Lo Ta N IV A VAL TtV Y VT PR TN - P 2 o L R E R R R NV VRV E A TR VA A T AN A . R . A

9.3

Z o

K NN Lo N - E7UND G uNt- N O =00 0 NO ™ O N U NN TN BN NN A B0 NN 73218L7282696182186755901ﬁ

PR R AR AR A A A AN I B S iy Ar ARy b Ay ag i e e A N e S T N IR ER k- S e A A A A

Ew O O\ - e DOAOAHAMO O G O O\NO M gD 0~ 0-0=-0- -0 NN LA AN

6 % Ehrﬂ.’%&hﬁ»h&h&hﬁh RIT A A A A QoA NN NN NN RRASSS D03 Y ing

e |..»0239163978088807 OO ¥ OO NN Y U 0NN OO H B0 i _sp et NND LU @ O CNO OO H NUWO & (§ NF RO OO H WO 10 O -

R A A B A A A A e e A R N N Y R N N N B e A R R A R I S A S I

ow HOQO OO QO: _HuAa] O LG UGS wn AN N FOND O = HOHOORNANHO GO

b X Mhhhhﬁ}}ﬁ} Yt 111111111m :Jm.Jmmm mm Z/m Lﬁhﬂ}@hh}ﬁh&&hhhﬁhhh g = T
A A A AA A A AAAA A~ NN N IO A A A A A A A NOND OO O O IO oy ©EDWMD PO D - O D

bb' WD I W IO 0.0000000% 9 MWWW&OQOOOO .0.00.0 0000%000000%@&9999@ O
........ 111111111“1 At A A A A A A 1111111“1“1111111 Lol

e

& &&&a&%&&&&s&a

I343788a8deREanR8 AER IR 8BRS 8s

........ T e s « e e s

AAAAAAAAAAAAIIIIACA TR

~ o )
-3 8 -]
© o ©
- - -
» +» » -
H 4 s
L L . ®
.- R e e S e AT sl g e o .- C-urO@ POV E=L-O A OO O O —HINNNOD . OO WO T -0 D QGO IO N
L—' m SRRRNAREE5EE568AAS m 0OOOMMJ&.QO00001111111111111101 m 22111111m31001999909999909
= 3 PR PIP NSNS TN WP-N-1V- V-1 3 A A At S ONS trel Bd O 999 3 11233:{&th55.2666667878889.@.9
o o o
o ) o
< =3 g
- =3 NN G N O OO N MmO T w N MO N XD D=0 DWW NNt o H_F-0-NO O © MM Mt O o3 (U = (U (N 0\
“ n ﬁ t=mno~do VU/RIWIO,Q 9%/5I4 Num 7662 377555.’999555“0 0&&6 &27.6 [ u ~r~0 33999333777001%559 L= Y2 AT V0N
.......................................................... v e e e e
© NN -0-0 O O (N O (N N © AT AR 18 S S N N N DB B AN N AN © —~ . DA -0 DD O O O — = o
-z © o SASNNNINIE ° SooNINLLES 11@%@2 Ny ] = 28848ANNNSdE
- -
0 0 i
] ~ N
— Q00Q0O000 00000 QQ0 4 o AR DDDNDDDODDDD 00 OO0\ LML - s
Fm A A A A A Ea LA A LA T LA T Py :)?.N&ww a..w 555555:‘./5:)55 whhhhhhhhhh&mwhuu MMI..» MLMMMM
............ . R RO e e s o s b e 0 e TR e e e e e ¢ e s e e e s + e s s s s e s e s s e e
F-3e P P P B R P e o 16 o e 6 0 6 6 0 o 6 0 O o O O o o o O At AAAA A A AAAA A A AA A A A A
- B - NPT AR 5%.7..%1 gttt L.hzoz:.?.w & x) |4 g 33t (=X La] "\
2 NNNNNNNANNNNNNN N 22222222222222222222222222222 lllllllllllLllllllllll11111
3 SR 5Ese88858858253 DEODOoess nngInesessseseesss YA PR TR R g py
ey 259538822 32883382 ©59585858835288958855238.958583888.88: 2583885335385 838853283888223582
S e e e e e e [P SSASSP AR SR ISP SaN “ e e b s e e eee e IR PPN MEASASASSPASASARABAPAS AP IP N Boeoe e
“ (=] o (=]
m
- soso0s00ER0E 0080 - odosavedoOEOOELODELNOELOER DS O -0 sooEovELoEOVELOEL VAL OEO O
© 112233!(ul4|45526,w7 8%89900011122H33ﬁ|4|4r)5266777 R OO0 O r NN M &55266777
m. ARAAAAAAAAAAAA A A A A A At AAANNNNNNNNNN NN NN NNNNNNN

NATIONAL ADVISORY

COMK. ITTEE FOR ARRONATTICS



L4H10

NACA RB No.
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MEASURED DINENSIONS - Cencluded
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Figure 2.-Compressive stress-strain curves
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Figure 5.- Number of half -waves in buckle pattern
produced by various proporfions of Z- and
channel - section columns of 24 S-T aluminum

alloy.
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