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STMMARY

Results of local-instebility teste of H-, Z-, and C-section
prlate assemblies of four extruded aluminum elloys and two magnesium
alloys, obtained in an extensive investigation to determine plate
compresegive strengths of ailrcraft structural materials, are summarized.
On the basis of the general relationships found between the plate
compressive strengths and the compressive stregs=-strain curves,
methods applicable to flat nlates and based upon the use of the
compressive stress-gtrain curve are suggested for determining the
critical compressive stress end the aversge stress at maximum load.

INTRODUCTION

In the NACA investigation to determine the plate compresgive
strengths of a number of aircraft structural moterials (references 1
to 7), local-instability tests were made of flat plate agsemblies
congisting of extruded sections and sections obtained by forming flat
sheet. A correlation between plate buckling snd compressive stress-
straln curves was observed, and an experimental relationship was
found to exist between the critical compressive siress and the average
stress at maximum lcad. The results obtained for the sheet materials
differed noticeably from those for the extruded materials apparently
becauge of forming and curvature effects. '

The purpose of the present paper is to sumarize the essential
results obtained for tho plate compressive strengths of the extruded
materlals and to show methods by which flat plate compressive strengths

- may be determined in general from the compressive stress-strain curve

for the material.
METHODS OF TESTING AND ANALYSIS

The methods of testing and analysis employed in the investigation
(references 3 to 7) are briofly reviewed herein.
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Testing.~ The plate compressive strengths were determined from
tests of flat plate assemblies consisting of H-, Z=, or C-sections so
proportioned that the plate elements failed by local instability,

(See fig. 1,) The plate asseublies were made from special H-section
cxtrusions, and the cross-séctional proportions were varied by cutting
off parts of the flenges. The lengths of the sections were chosen in
such a way that the test results were essentially independent of
lengthy that is, sufficiently long so that the increase in strength
due to very short lengths was avoided and at the same time not so long
as to incur the possibility of an Fuler type of column failure. The
lengths were elso selected go as to obtain a convenient three-half-
wave-buckling pattern which gave & pronovnced cross=-sectional digtortlon
at the mid-length position (see reference 8 end fig. 1), except that
in the high stress reglon reduced lengths were necessary in order to
avoid Buler column fallures. The experimental critical gtress was
teken as the stiress corresponding to the critical load at the top of
the knee of the load distortion curve as illustrated in figure 2.

(For a discussion of initial curvature effects and the use of the
"top=of -the -knee method, " see reference 9.) . The distortion was
measured by verious methods, and in the leter tests, was recorded
autographically together with the load. The average stress at maximum
load was obteined from the meximum load recorded by the testing machine.
The coupressive sgtress-strain curves were obtained from tests of
single-thiclkmess specimens cut from the flanges and web at the ends

of the H-section extrusiong; the tests were made in a modified form

of Montgomery-Templin type of ccmpression fixture. (For technigue in
using this type of fixture, see reference 10%)

Analysis of comnressive properties of materiasl.=~ Because the tests
of the compression specimens cut from the web and flanges of the
extrusions showed that the proverties varied both over the cross
sections (see fig. 3) and alon; the lengths of the extrusions, the
exact determination of a coupressive stress-strain curve for correlation
with the plate compressive strersths of the sections is difficult.

The method used herein for obtaining & representative value of the
coupressive yield stress o for a cross section ic based on the

cyv

oy - Tor the flange and web.
material apply to the entire width of those IPespective elements and
_that a representative value for a cross cection can be had by
calculating a weighted aversge from the valves of Yoy for the flange

and the web, taking into account the area of these elements. The
compressive gtress-strain curves shown herein were selected from the
tests to show the upper and lower limits of the calcunlated over-all
cross~sectional properties for the sections which had buckling
stresses above the elastic renge. ;

agsumption that the test results for o
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Analysis of buckling date.~ In the presentation of the test
data of references 1 to 7, the experimentsl critical compressive.
stress was plotted against the calculated elastic critical compreesive
stress oun/n, &8 given by the equation :

: e
Ocr ﬁJ“aEth

(1)

s [ W),

In equation (1), Xy; is a nondimensional coefficient dependent upon
plate proportions end edge conditions to be wsed with +; and by
W vl

the. thickness and width, respectively, of the web of the H-, Z-, end
C-sections (cee fig. 4 for method of dimensioning these ezuruded

sections), u is Poisson's ratio, E is Yourg’s modvlus, and n 18-
a coefflnlent which ig a measure 01 the reducec plate moouJuo nE
(For stresses in the elastic range, 1§ = 1, vhereas above the elastic

range, n < 1l.) The purpose of this method of analysis was to afford
e convenient way of determining empiricelly the veriation of. n with
stress for use in evaluating plate-buckling strengths above tho
elagtic range.

In the prosent paper, the method of presentation has been modified
slightly from that in references 1 to 7 in that the experimentel
critical. compressive stress has been plotted ogaingt the calculated
elastic critical compressive strain €op Which is derived from

equation (1) by dividing both sides Db

¥
. >
= G (2)
°F 121 - u2)p,”

E and setting n = 1. Thus
2

By this method of analysis, it is posgible to correlaete plate buckling
stress-strain curves directly with compressive sbress-strein curves.
Values of the nondimensional coefiiecionts used in plate equutions

of the form given by equations (1) and (2) are found in the literature
for individuel plates with dilferent edge conditions and ere availeble
in reference 1l in the form of charte for plate aesenbliens such ag

- H-, Z-, C-, and rectanguler-tube sections. It ghould be emphasized
“that -the test results are for plates having length-width ratios
sufficiently large so that the experimental valuce of Ocp BFC

essentially independent of length; values of Lk, in reference 11 apply
v ' i
to this class of plates.
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RESULTS AND CONCLUSIONS

The experimental results for the critical compressive stress

L and the average stress at maximum load Eﬁax for the B~, Z-~,

and C-section plate assemblies (references 3 to 7) are given in
figures 5 to 8 together with unpublished data on extruded ZKG0A
magnesium alloy. (Recause the date were too numerous to reproduce
clearly, many of the test points have been omitted.) The correlation
with the comvressive stress—strain curves for the materisl is shown

in figures 5 and 6 by plotting the test results ageinst the calculated
elastic critical commressive strain € The releationship between

cxr*

s = C ', . ’ 4 b : A 3 ’ .- s
Ooys Qmax’ and the comvressive yield stress Ucy -1g shown in non

dimehsional form in figures 7 and 8.

For the B-sections (fig. 5), the test results for Oass ahove

the elastic range tend to fall fairly close to the lower limit stress—
strain curves with the exceptions of 758-T, 14S-T, and 243-T aluminum
alloye, For 755~-T, the results are only a little below the lower
limit curve, but for 14S-T, appreciably lower. The test results

for 14S-T differed markedly from those for the other materials in

that separate curves for B-sections and for Z- and C-sections were

not obtained, The reason for this difference is not knmown, but may

be due to the nonmuniformity of the material, (See discussion, refer—
ence 6,) For 24S-T, however, the results for the B-sections appear

to be close to an average of the upper and lower limit curves,

For the Z- and C-sections (fig., 6), the results for Oy, 8bove

the elastic range generally tend to be somewhat lower than those for
the corresponding E-sections (fig, 5) and fall slightly below the
lower limit stress—strain curves with the exception of 245-T for which
the results are close to or slightly above the lower limit curve,

This resvlt may be due, to some extent, to the inadequacy of the
method used for calculating the compressive properties applicable to
the entire cross section upon which~the selection of stress—strain
curves in figures 5 and 6 was based, (See section entitled "Analysis
of compressive properties of the material.')

In figures 7 and 8, the results of all the tests for the H-sections
and for the 7~ and C-sections, respectively, are given in nondimensional

form by single curves relating o and © in terms of o .,
cr max . cy

For a given critical compressive stress, the curve for the Z— and
C-sections (fig. 8) differs slightly from that for the E-sections
(fig. 7) and indicates that Emax is 8lightly greater for an H-section

than for a Z— or C-gection, This difference in Emax for H-sections
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and for Z= and C-sections corresponds somewhat to the difforence
found in G for these same soctlons and also probably stems 1n

part from the insdequacy of the method used for determining the
value of ccy that applies to the entire cross section, (See

preceding paragraph with regard to acr.) A significant result
indicated in figures 7 and 8 is that, for stresses above about

is only a little greabter than o but for stresses

cr?
and. . diffor appreciebly, This result is -

3 -

jf cy? “mex.
2 s

below ey max

also borne out in figures 5 and 6 vhere, for the different materials,

valves of ©,,, run only e 1little ebove those for 0., in the high=-

gtress reglon but differ appreciably in the low-stress region.

From figures 5 to 8, the following conclusions may he drawn
with regard to the critical compressive stress end the averege
stress at maximwm load for extruded H-, Z-, and C-section plate
assemblies: :

; (l) Because of the general agreement between the compressive
strgss-strain curves and the test results for O e when plotted

against calculated values of €., the reduced modulus of elasticity

for plate buckling mey be approximated bygthe secant modulus. (The

uge of the secant modulus hag previously been suggested 1in

reference 12.) Consequently, the critical compressive stress mey be
determined for practical purposes cither dirvectly from the compressive
stress-strain curve for the material, givon the calculated value of

€ops OF by the secant-modulus method in which E i ig substituted
se
for the reduvced modulus 7E  in the plate-buckling cquation
‘ 2 2
k a"FE t
W 3 W
O = (3)

°r 121 - ug)bw?

The results obtained by the Toregoing methods tend to be somewhat
unconservative in most cases unless a lower limit compressive gtress=
gtrain curve is used for the determination. The results cbtalned
for Z- and C-sections will probebly be less accurate and somewhet
more vnconservative than those for H-sections.

(2) For stregses greater than values of aﬁax are only

3
ooy’
slightly greater them o, (sce figs, 7 and 8) and generally
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superimpose more closely on an average of the upper and lower limit
stregs-strein curves for the material than do values of Ogyne

(see figs. 5 and 6.) For this reason, the secant-moduvlus method
can also be applied to the approximete determinetion of ¢, . in

this high stress region with results which tend to be somewhat more
accurate end conservative than for the similar determination of
U s particularly if a lower limit stress-strain curve is used.

£ » 3
Thus for PR 19 ¢y

2 2
. l‘T.»IﬂaEsectW (1)

2 =
WAL BOLY p.e)b/,

(3) For stresses less than ic oy the relationships shown in

figures 7 and 8 between ama:»c’ Oopy E0G Ooy &Y be used to

determine '6_ « These relatlonships, which are nearly the same for

<3

the Z- and C-sections as for the H-sections, are for o = 2,8
max L C¥

For H-pections,

o g \5/h " ; :
—= = 0475 | == > g (5)
Ocy Omax
For Z- and C-sections,
o o 5/l
T _ 5.7 ( cr > (6)
Ocy Omax

gives Tor © < 2

Solving equations (5) and (6) for o . 2o 3
i R (5) <) max max 4 CF

For H-sections,

B /2

AP O.BO(cc.rccy ) (7)
For Z= and C-gections,
| Al L, 1/5
\ - ) (8)

| C AP N (GCI‘ch
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The foregoing conclusions apply specifically to H-, Z=-, and
C-section. plate agsemblies. The results, however, may be gener=
alized somewhat as follows: In view of the general relationchip
found between thie critical compressive stress for the E-, Z=, and
C-section plate assemblies and the compressive stress-strain curve
for the different materials, it seems reasonable to expect about
the seame relationship for other types of plate assemblies such asg
skin-stiffener combinations. Evidence that this stpposition is
warrented is afforded by some unpublished date on’ Z-stiffemed com-
pression panels. In general, the indicetions are that the reduced
modulus is probably a little lower then the secant modulns obtained
from an average stress-strain curve for the materiel. With regard
t0 Gpgys evallable informatlon on Z-stiffened panels indlCates &

correlation with the stress-gtrain curve ulmll& to that found for

H-, 7-, and C=sections for stresses ebove chy. Tor stresses
below ‘iccy’ however, relatlons obtained for o, . Tor H=; Z+=, and

C-sections apparently cannot be expected to apply to reu;cal]y
different types of plate assemblies.

Tengley Memorial Aeronautical Leboratory
National Advisory Committee for Aeronautics
Iengley Field, Va., July 22, 1047
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Figure 1.- Local instability for an H-section under test.
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Critical
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Distortion

Figure 2.— lllustrative load-distortion curve.
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NATIONAL ADVISORY
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Figure 3.- Variction of the compressive vyield stress in ksi over a
single H- cross section for four extruded aluminum alloys.
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Figure 4. — Method of dimensioning

extruded H-, Z-, and C-sections.
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Figure 5. - Correlation of plate compressive test results with compressive stress-strain curves for extruded H-sections of

various aluminum and magnesium alloys.

(Calculated elastic critical compressive strain used for the plate fests.)
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Figure 7.— Experimental relationship between the critical compressive
stress o, the average stress at maximum load Omax » and  the
compressive yield stress op, for extruded H-section plate assemblies

of various aluminum and magnesium alloys.
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Figure 8.— Experimental relationship between the critical compressive
stress O,, the average stress at maximum load Oy, and the
compressive yield stress Ocy for extruded Z- and C-section plate
assemblies of various aluminum and magnesium alloys.

19



i -
i3 o ‘
' '
S— 8 < el
|
!
i
‘ .
.
X I '
:\" |
e ‘

: | |
) ‘; ' !
| | 5
b | c
™ ,
; f
Ak [
| ; i )
| .
| e
| !
‘ Il
| l
M .
! |
i |
‘ !
! |
’ |
i ‘
il l
a Hi | ,
fs {
B AT ! i |\n
AT ‘ ‘
Sl i ‘J_ ‘
el e |
nﬂ?ﬁﬁ,ﬂ ﬁ’u 3 ’ l ¢
i et -
= ; | ,’ ref 4
i)
s, e ‘ ! .
,.:‘ 2% ‘ i |
=5 'E‘p 2l [ |
‘ y ‘ M
L i 1 - i




