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CRITICAL STRESSES FOR PLATES
By Eugene E. Lundqulst and Evan H. Schuette

SUMMARY

The paper 18 a revlew of a part of the work done by
the National Advisory Committee for Asronautics on the
critical stresses for plates in compression and 1n shear,
as well as in comblned direct stress and shear.

The theoretical work of calculating the critlcal
stress for platsa with elastically restralned edges 1ls
subdivided into a serlass of basic problems for whilch de-
8ilgn charts and curves are prepared. The pnrinciples of
the Cross msthod of moment distribution are used to pro-
vide & new annroach to the solutlion of problems 1in the
stability of structures composed of plates.

Tha basic methods of the thasoretical aporoach are
outlirned, but ihe main emphasis is on the practlcal
slgniflicance and use of the results of both theorstical

studles and' laboratory tests concerned with the buckling
of plates.

INTRODUCTION

If a structure composed of plates 1s so loaded that
the prlate elsments are subjected to compression, shear,
or comblned direct stress and shear, the maximum strength
of. the structure may be determlned by the critical stress

. (the stress at which buckling occurs). Even when the

meximum strength is greater than the critical value, the
strongth of the structure 1s related to the critical
stress, It 18 therefore 1lmportant in many structural
caloulations to be able to prodict the oritlcal stress
for plates 1f the structural elements are to be effl-
clently designed. These¢ conslderations, in addition to

the need for accurately maintalning the contour of wing



surfaces in flight, make it deslrable to have, for ready
use 1in design, methods for calculating the critical
stress for plates.

The classical methods of calculating critical stresses
for plates have not always been carried to the polnt where
the results can be easlly applled to many of the complex
problems encountered in design. For a number of years,
the structures research section of the Natlonal Advisory
Committee for Aeronautlcs has studiled thls problem for
the purpose of breaking it down into 1lts basic elements
in order that practical solutions of more difficult prob-
loms might be made from ths solutlon for the baslc cases
with no more than a few arlthmetical computatlons. Tests
have also besan made to verify a »Hart of the theoretical work.
Some of ths theoratlcal methods and experimental results
have been summarized in the pressnt pavor, wlth emphasis
on the more practlcal aspects of the problem.

The paper was orlginally presented before the
A. S. M. E. Jolnt meeting of the avliation and aprplied
mechenlecs dilvision at Los Angeles, Callf., on June 15, 1943.

PRINCIPLES OF MOMZINT DISTRIBUTION APPLIED TO
STABILITY OI' FLAT-PLATE STIIUCTURES IN COMPRESSION

The principles of moment dlstrlbutlon ware shown in
refarence 1 to be applicable to the study of the sta-
tllity of structures commosed of bars under axlal load.
The fundamental character of the quantitles used 1n the
me thod of moment dlstribution and the formulas assoclated
with them meke possible, by suitable definitlon of "stiff-
ness” and "carry-over factor," the application of an
analysls llke that of reference 1 to a study of the sta-
bllity of structurss commosed or plates under compressive
load. Before these definitlons are given, a descrip-
tlon of the menner in which the nomants are distributed
along the edges of the plate 1s desirable.

The solutlon of the differential equation for the
critical compressive stress of an infinltely long plate
with glven edge restraints reveals that, when the plate
buckles, the moments and the rotatlons at both edges of
the plate vary sinusoldally along tha edges and are in
phase with each other. The ratlo of moment per unit
length at any vpoint along the edge to the rotatiocn at
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that point 1s therefore constant along the edge for a
given wave length. From these consliderations, 1t 1s
possible to write the following definitions of stiffness
end carry-over factor:

Stiffness.- If an infinitely long flat plate
1s under longltudiinal compression with one unloaded
edge on en unylelding support, the ratlo of moment
per unit length at any point along this unloaded
edge to the rotation in quarter-radlans at that
point when the moment 1s distributed sinusoldally
1s calleé the stlffness of the plate.

~over factor.- The ratlo of the moment
per unitfgéngth developed at any point along the
far unloaded edge to the apnlied moment per unit
length at the corresponding position along the
near unloaded edge is called the carry-over factor
of the plate.

The syrbcls used to designate the stiffness and the
carry-over factor for the dlfferent types of support and
restraint at the far edge are given In the followlng
table:

Stiffness ca?gg;gger Condltlons at far edge
S C Far edge supgorted and flxed
agalnst rotation
sI cl Far edge supported and elasti-
cally restrained against
rotation
sII ¢l = o Far edge supported with no

restralnt against rotation

.sIII CIII = 0 |Far edge free (no support and
no restraint against rotation)
SIV cIV = -1 |Far edge supported and subjected

to moment equal &nd opposlte
to that applled at near edge

Figures 1 to 3 show the direction of compressive load and
examples of the sinusoldally distributed moments along the
unloaded edges of the plate.
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In a structure composed of plates, it 1s assumed
that the Jolnts between plates, o between plates and
longltudinal restraining memovers, remain in thelr original
stralght lines but are free to rotate subject to the
elastic restrailnt of the interconnecting rlates and mem-
bers. If a sinusoidally dlstributed external moment 1s
aprlled along an oadge common to more than one plate
(fig. 4), 1t follows, from a moment-distribution analysis
similar to that made in referencs 1 for the case of bars,
that ths plates wlll be stable 1if

z8; o (1)

The condltlon of neutral stabllity gives the critleal
bucklling load for ths assembly of plates and 1s obtainad
by settlng the stlffness stabliity factor equal to zero,
or

ESIij =0 (2)

If the asserbly 1s symmetrical about an edsge of one
rvlate, the fewest computations iyould be involved 1f equa-
tion ?2) wore ampllied at that adge. In the case of an
assembly of plates symmetrical about one plate, 1t is ad-
vantagecus to apnly equal and onposlte momsnts at the two
oedges of tho plate about which the assembly 1s symmetrical.
(see flg. 54 For this caso, eguation (Z) carn bz wrltten
as follows:

IV I —

The use of equatlion (3) instead of eguation (2) is rezonm-
mended when the assembly of vlates 1s symmnstrical about a
plete.

The methods of momsnt distribution as applled to the
stablllty of plates are more ccmpletely presented in rafer-
ence 2, where an lllustrative problem 1s solved In detail.
Referance 3 presents tables of stiffness and carry-ovor
factor requlred 1n the solution of practical proolems.



=il 00

INSTABILITY OF THE WEB AND FLANGES OF

‘CHANNEL- AND Z-SECTION GOLUMNS

Tne methods of moment dlstribution, together wilth
varlations of these methods employing the charts of
referances 4 and 5, have, been used to calculate the
critical compressive siress fcr plete buckling of a
famlly of I-,Z-, channel, and rectangular-tube sactlons
(referance 6). Figure 6 presents the results of this
work as applied to chammel- ond Z~sectlon columns, where
kw 1s the coefficient in the egquation

2
cr _ kw n® Etw

n 12(1-p275ﬁ2

(¢

(4)

The symbole in equation (4) and figure G are defined
a3 follows:

Onp eritical compressive stress

kg nondimenslonal coafficlent dependent upon
raietlve dilmensions of cross sectiocn

tp, Pp, Yy, by dlmonslons of cross Jectlion, shown In
figurs 6

E modulus of elasticlty
Pelsson'!s ratlo

n nondimenslicnal coefflclent that takas
into account reductlon of modulus of
elastlcity for stresses above ths
elastle range. - Wlthin the elastic

range, N = 1

For use of equation (4) when the stresses are above
the elastle range, ocr/h 1s evelusted first and ogp 18

determlined from an experimentally estimated relationship
betwesn Ogp/n and Ogpn, which 1s subsequently presented

In this papsr.

All the guantitles on the right-hand side of equa-
tion (4) are known except the coefficlent ky. This

value may be read from the chart of figure 6 after the
necessary dimension ratlios ares computed and applies
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whenever the length of the column 1s greatser than sev-
eral (3 or 4) times the width of the wldest plate element.

In general, when a column of Z- or channel sectlon
falle by local instabllity, one of the two elemente (web
and flange) of the cross sectlon may be sald to be pri-
marily responsible for the Instability; that ils, as the
load anproaches 1ts critical value, thls cne element 1s
no longer capabls in itself of supporting tho loads that
are lmposed on 1t without bucklling end is requiring a
certaln amount of restraint frcm the other slement of the
crose ssction 1in order to delay bucklling until the load
1s reached for which the cross ssction as a whols becomes
unstable. The chart of figure 6 shcws whilch element 1s
belng resstrained from buckling ty cthe other slement of
the cross section. A dashed l11ns *s drawn on the chart
comnecting the polats for whlch the two clements are
equally respnnsible for the instaulliity of the section,
Thils lline divides the chart intc two regions; in one reglon
tha web 1s primarlly responsible for instability and in
the other the flansge 1is primarily responsible lor insta-
blliity. A column with a glven cross section will fell
1n one of these two regions, depending on the valuss of
the varlous dimension ratios. The signiflcance of the
shaded area 1ln figure 6 will be discussed in the follow-
Ing sectlon.

DIMZNSIONS OF CFANNEL~ OR Z~-S<CTION CCLUMITS FOR
MAXIMUM CPITICAL STRESS

The crltical stress for the Z »r channel columa in
terms of the width and thickpess of the web 1s glven by
equation (4). The effect of the vpresence of flanges was
accounted fcr in the evaluatloun of the cosfflcient ky.

For the purpose of studying the dlmensions that gilve
meximum critical stress, the form of equat!on (4) should
be pressrved but the concept of cartain terms should be
gensralized.

Tha ratlo b/t cf a rlate may be called the aspect
ratlo of the cross section of the.plate. A corresponding
quantlity, which expresses the sectlon &aenoct ratio for a
thin-metal column, is ths area of the section divided by
the square of some thilcknoss, If, therefore, equatlon (4)
1s written
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Oop 2R e
™ " Ksec T3(1-.F (5)
e e -p°) \4 J

the value of kgge 18 a measure of the effect of the
shape of the section bp/by on oep/n for a glven sec-
tlon aspect ratlio as defined by A/bwz and for a glven

value of ty/tp. 1In figure 7 these values of .kgge &re
plotted for channel- and Z-section columns.

As a prectlcal problsm in the determination of the
dimansions of a channel- or a Z-sectlon column for the
development of maximum critical stress, conslder a flat
strip of metal of constant thilc'iness that is to be formed
into a Z or channel. In the formed sectlon, tw/tp = 1.

The section aspect ratio A/ty® 4is equal to the width

of this strip (or the developed length of the final cross
section) divided by the thilckness. When bent to form a
channel- or Z-ssction column, this strip of metal of
constant thicknsss dsvelops the highest O.n/m for insta-
bility of the flanges and webs if the bends are so located
that the ratio of flange wldth to web width bp/by 1s
about J.41, which glvas thes maximum value on the curve

for ty/tp = 1 in figure 7.

Regardloss of the thickness used in the deflnition
of the saction aspect ratlo, the maximum value of Ocr/h

for a glven valuas of the section aspsct ratlio wlll occur
at the sams values of bp/oy for o particular value of

the ratio tw/tp. The maxirmum for each tw/tp ratio

therefore reveals the wvalue of »w/by that the channsl
or Z~sectlon should have if maxlmum ocr/h 1s desired.

Equation (4) and figure 6 are prob»ably more useful
to practical designers than the more goneral equation (5)
and flgure 7. The regilcn coverad by the .noar-maximum
values of the curves of figure 7 1s therefore 1ndlcated
as & shaded area 1n figure 6. It i1s of interest to
observe that the shaded area does not always enclose the
dashed line that shows the dimension ratios for which
the web and the flange are equally responsible for the
instabllity of the sectlon,

The foregolng discussion of the shapes required
for maximum g,,,/n 18 presented 1ln more detail in
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reference 6, which also presents simllar materlal as
applled to other types of cross sectlon.

COMPRESSION TESTS OF CHANNEL, Z-, AND E~SCCTIONS
FOR STUDY OF INSTABILITY OF THE WEB AND FLANG:ES

In order to check the practical accuracy of the chart
of figure 6, as well es of similar charts for other types
of cross section, and also to establish experimentally
the relationshlp betwesn Ocp end G,/ T, compresslion

tests are belug made on channel, Z-, and H-sectlons of
€48S-T aluminum alloy 8s descrived 1n detail 1n refarence 7.
Flgure 8 shows a test spscimen efter buckling. The
critical lcads were determined bty mecns of wire-rsslstance
strain gages, as well as by moans of extension arms
attached to the free edges of the fluanges. The ontlcal
micrometaer In filgure 8 was used to meesure the relative
deflection cf the extension arus,

Flgure 9 shows a tyoical sei of test data. The
difference in strein orn opposite sildes of +thse apeclmen,
as meesured bty the straln pgeges, was regarded as a meas-
ure of the curvature of the buckled web or flange. The
relative movemoant of the extenslcn arns wac regearded as
a measure of the over-all distorilon of the cross sec-
tion. Flgure 9 shows that the curvature ard distortion
readings, when »lotted to suitable scales, gavas e€ssantlally
identical curvses. The criticai stress was taxen at
gbout tha top of the knee cn these curves, This critical
stress always occurred neur the rolnt whore the strain
gege on one side of the webh cr flenge began to show a
reduction in straln with further increese in load. (Com=-
rare curves of fig. 9(b) and (c¢) with curve of fig. 9(a).)

The value of oyp/N was computed for all test
specimens by use of squation (4) and Tlgure 6, or from
slmilar equatlons and charts forr othar types of crcss
section. The =xpsrimental value of gy, was then plot-
ted against this computed velus of 0,,./n 1in flgure 10.
The fact that ogy and GOgp/m agres in the lowsr stress
range, where 1 = 1, proves the accuracy of the theoretlcal
me thods. The fact that the test polnts establlsh es-

sentlally a single curve throughout the entire stress
renge indlcates that a single effsctive modulus nE can
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be used for all the types of cross sectlon studled. If

"'1% 18 ‘deslred actually-to-evaluute this modulus,, the .

value of 1 can be determined from the ratlo of values
of 0,y 8nd ogp/m taken from this curve.

As the maximum strength developed after buckling 1la .
related to the critlcal stress, the experimental values
of 0y, Were plotted against the ratic 0,./Gx 1in

filgure 11. This figure shows that for the Z-sectlon
columns, the critlcal stress tends to be about 4 percent
less than the maximum stress for critical stresses above
about 32,000 pounds per sgquare inch, The same condltion
exlsta for the channel-sectlion columns for critlecal

" stresses above ahcut 36,000 pounds per square 1lnch. Po=-

low 36,000 pounds per square incl, the data for channel-
and Z-csection columns plot alonyz separate curves, AS
the experimental lrvestligaticn 351 which these data are a
part 1ls stlll 1n progress, no atterpt will be made here
to explain the difference. The dlscuasion that follows
aprliss to only the Z-sections, for which more extensive
data are at present avullahle,

The curve of figure 1l ceflncs a relatlonship be-
tween ogop and oOpgxe The value of 0, ce&n be deker-

mined for a Z-secclon column by use of the theoretical
methods rrewvicusly outlilned and the curve of flgure 10.
The wvalue of Opgr 18 therefore also defined for a
glven Z-sectilon cnlumn, The variation of Opax wlth
ocr/m 18 presented in figure 12. The points are ex-
nerimentel values of Omex Plotted against the computed
values of Ogp/m, and the curve is established by ths
two curves previously drawn in figures 10 and 1ll.

DESIGN CHARTS FOR Z-STCTION COLUMNS
THAT DRVELOP INSTABILITY OF
WEB AND FLANGE

The theory and expserimental data of the foregoing
ssctlions provide the basic informetion required for the
congtruction of practlical design charts. Flgures 13
and 14 are such charts prepared for Z-section columns
with web and flange of equal thickmess (tg/tp = 1).
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These charts are useful for eilther extruded sectlions of
243-T or sections formed from flat 24S-T sheet. He)
correctlons have been made for reduction to minlimum
uaranteel properties; the charts therefore apply to
4S~T materiul of average propertles as supplied by the
Aluminum Compeny of Amerlca.

CRITICAL STR%WSS FOR FLAT PLATES UNDER
COMRINED SJEAR AND DIRECT STHESS

In the deslgn of stressed-skin structures, consldera-
tlon must often be given to the critical stresses for a
shzet under a comblnatlion of shear and direct stress.
The upposr surface of an alrplane wing in flizht, for ex~
ample, may be subjJected to comblned shear and compressive
etress, while at the sams time th? lcwer suriace 13 sub=-
Jjocted to comblnad shear and terslle stress, TUnder thls
condf tion; the upper surfeace may buckle at a lowsr com=-
prasclve stress than 1f the shear were not present, and
ths criticel shear ctress for the lowver svrface wlll be
Increasad by the presence of the taneslle stross. In
order to galn & mors complete vndsralending of thls
problem as applled to flat plates, the baslc nrcblems
of comprasslon «loae and shear alone have each teen
studied, and the results of these 3tudles hLave been
usad in 1nvestigating ths ection of plates under com-
bined stress.

Compresslon alone.- A theoretlcal study of the
critical stress for & long plate, subjected to longltu-
dinal compression, with equal elastic restralints along
the side edges, resulted ir the preparation of ths chLart
of fligure 15 (see reference 4), which glves the coeffl-
clent k 1In the gsneral plate-tucklling formula

Oor _ . _ TOELS (6)
T 12(1-3€ )12

A simllar chart has been prepared for an ouvtatunding
flange and Js presented 1ln reference E.
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The parameter 4Sgob/mD 1in figure 15 1s ca’led the

"‘restralnt coefficient,— -

where
So stiffness per unit length of elastic restrailning
modium, or ratio of moment per unit length at any
point along the length of the medlum to the rota-
tlon 1n quarter-radlans at that polnt
wildth of plate
D flexural stiffness of plate per unit 1ength
EtS
12 (1-p<)
t thickress of nlate

If the edge restreint is provided by other flat
platss, the valus of 8 is the epproprlate stiffness

es defined in the section on moment-dlstribution methods.
The numerlcal vaive o' 8, can thersfore be obtalnsd
from the tuhles of reference 3.

I- the edge restralnt 1s provided by a sturdy
stiffener, defined as a stiffensr of such proportions
that 1tv do9as not suffer cross-sectional dlstortion wheon
moments are &pplied to some part of the cross sectlon,
the value of 43,b/mD 1s (reference 8)

42‘;‘" = :Z:;D 8@J - oI, + -}‘"2 EcBT> (7)
where
A half-wave length of buckles
GJ éffective St. Venant torsional stiffness of
stiffener
compressive stress in stiffener
Ip polar moment of inertia of stiffener. sectional

area about axis of rotation
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E ‘effectlve modulus of elasticity

Cpr torslon-bending constant of stiffener sectlonal
area about axls of rotatlon at or near edge of
plate

Shear alone.~ A study of the critlical stress for
plates under shear simllar to that for plates under com-
presslon has teen made 1n refsrence 9. In this refer-
ence, & chart similar to flgure 15 1s pressnted for the
detsrmination of tha coefflclant in the forrmula for the
critical shear stress. There is also presented 1n
reference 9 a tentative curve that shows the variation
of the effective modulus for plates 1n shear with ths
shear strass for 24S-~T aluminun ulloy.

Combined shear and direct stress.- A theoretlcal
study or the cricicel stress for plates subjected to
combined shear and compresslcn aas besn made in refer-
ence 10, For an infinitely long flat rlate supported
and with equul elastic restralnts sgalnst rotatlon along
the edges, i1t was found that the combination of direct
stress and shsar causing instabllity may be determined,
for practical engineerling use, by the equation

2 _
Re + Rg" =1 (8)
where
Re ratlo of direct stress when huckling occurs in
combined shear and direct stress to compressive
stress when bucklling cccurs in pure compression.
Tension 18 regarded as nsagatlve compression
Rg ratlo of shear stress when bucklling occurs 1in

combined shear and direct stress to shear stress
when buckling occurs 1n pure shear

This conclusion 1s illustrated in figures 16 and 17.
In these figures, the plotted peolints represent the exact
values of critical stress computed from ths theoretical
solutlon. The various symbols represent different
constant values of the restraint coefflcient e between
O and @, which cover the entire range from simple
support to fixed edges, and one case 1n which ¢ varles
with ths wave length i. )
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CRITICAL COMPRESSIVE STRESS FOR CURVED SHEET

Because the skin between stiffenera on the surface
of airplanes 1s curved to the contour of ths wing or fuse-
lage, it 18 important to investigate the extent to which
. this curvaturs influences the critical atress.

In the course of an experimental study (reference 11)
of the sffect of curvature on the critical compressive .
s8tress for plate elesments between longitudlnal stiffensers,
a number of spvecimensa of the type shown in flgure 18 were
tasted. The stiffersra et the edgos of the sheet were
g0 proportioned as to Fforce bucklling to occur in the sheet
at a load lower than the lowest critical load for insta-
bllity of the stiffensrs ard to provide adequate suppcrt
agairst deflacticn normal to the sheet, without having
excesslve arsa in the atiffenars,

In figures 19 are rrecented the results of tests on
the group cf specluons with the dimensions shown In
Tigure 18 and with varloas rad.l of curvature 1. For
tha three sposcimens with r/% less than S0C, the critical
stress fo:* the roints repressuted by circles 1ix flgure 19
was the ovserved atress at which buckles occurred suddenly
with a snap-diathragm actlon acccmpunlad by a loud reporte.
For all 3specluens with r/t rRreater than £00, the ecriti-
cal streds represented by the circlss was determinsd from
an analysis of the grocwth cf buckles by the Southwell
method as generallzod In reference 12. The crosses 1n
flgure 19 represent the criticrl stresses as determined
by the methods descrilbed iIn the section on COMPRESSION
TESTS OF CEANNEL, Z-, AND H-SZCTIONS.

The curves A, B, and C in filgure 19 sre the curves
given in flgures 7 and 9 of reference 13, which represent
the WACA study of circular cylindsrs 1n compresslon.
ggrves A and B, respectively, are theg graphs of the equa-

ons . : .

Jer _ - 5 : Ocr . __ t
E f 0.69? T and B = 0.363 T

The plbttéd points in figures 7 and 9 of refarence 13,
representing the compressive strength of carefully
constructed cylinders, scattered between curves B and C.




14

The dashed curve in figure 19 1s a graph of ths equa-

tion
Oor LA 1 /b\2
T =08 [m () +m§(?)] (%)
where
o = o
k coefflclent for critical stress of sheet when
flat
b width of sheet batween stiffeners
t thickness of sheet
T radius of curvature

This equation is a modiflicatlon of the theoretlcal equa-
tlon derived In reference 14, which is a generalization
of equation (2756) of reference 15 to include all dsgrees
of edge restralrnt lnstead of simple suprort alone, The
value of k was chosen to make the curve agres wlth the
experimental points plotted as cirzles for r/% = o,

Kegardless of whether the Southwell method or the
mothod glven in reference 7 1s used to esteblish experi-
mental critical stresses, it anpears from the data that
the effect of curvature cannot be relied upon to follow
consistently the gradual increase 1n critical streass
with 1lncrease in curvature represented by equation (9).
The data of figure 19, togethar with similar data also
presentsd in reference 11, lead to the conclusion that
for practical englneering use the critical compressive
stress for & curved shest between stiffeners is equal
to the larger of the following values:

(2) The critical compressive stress for an unstiffened
circular cylinder of the same radlus-thickness
ratlo

(b) T™he critical compressive stress for the same
sheet when flat
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_ EFFECT OF AH OUTWARD-ACTING NORMAL PRESSURE
ON THE CRITICAL STRESS OF CURVED SHEET

No consideration has thus far bheer given to the efe

. foct of normal. pressure on the critical atreass. The
-beneficial effect of the suction pressures on the upper

surface of wings, however, should be considered.- This’
€rob1em is being studlsd by the NACA and two papers
roferences 16 dand 17) have been prepared to present the
results of prelimlnary experimental work.

Examples of the extent to which an outward-acting
normel pressure ralses the critical atress for curved
sheet are.shown -ln figures 20 and 21 for the specimen of
figure 22, The numbers beslde the experimental polnts
in flgures 20 and 21 give the order in which the various
tests were made. For both compresslon and shear, an
outward-acting normal pressure ralsed the critical stress,
which varied approximately lincarly with the pressure.

CORCLUDING REMARKS

This paper 1s a reviow of a part of the work done
by the NACA on the subject of the ¢ritical stresses for
plates 1n- compression and In shear, as well as in com-
bined direct stresa and shear. Although .some theoretl=-
cal methods are presented, the maln emphasls is on the
practical significance and use of the results of both
theoretical studles and laboratory tests concerned wilth
the buckling of plates.

Langley Membrial Aeronautical Labcratory, -
National Advisory Committee for Aeronautics,
Langley Fleld, Va. .
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Figs. 2.3
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Figore 2.~ Plate with woment epplied at near edge, far edge free. (From
reference 2.)

Supported Supported

Figure 3.~ Flate with moment appllied at near odge, equal and opposite mo-
ment at far edge. (From reference 3.)



NACA _ Figs. 4,5

Figure 4.~ End view of assembly of plates with a common edge i. (From
reference 2.)
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Figure 5.~ End view of assembly of plates symmetrical about plate ij.
(From reference 2.) .
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Fig'ure 7.~ Values of kgee for centrally loaded columns of channel
and Z-section. (Adapted from reference 6.)
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Figure 8.~ Column of z-section after buckling. (From refer-

ence 7.
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Figure 9.- Typical test data for coluwmms of channel, Z-, or H-section. (Adapted from reference 7.)
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Figure 10.- Variation of Osy With c&r/n for 245.-T aluninum-alloy
columns of channel, Z-, or H-section that fail by
instability of web or flanges. (Adapted from reference 7.)
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Figure 13.~ Design chart for critical stress of 245~T ‘aluminum-alloy col-
umas of Z-ssction that fail by instability of web or flanges.
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Figure 14.- Design chart for maximum stress of 248-T aluminum-alloy col-
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(From reference 7.)



Figure 15.- Design chart for flat plates giving values of k for equal restraint coefficients

45,/

nD on each side edge of the plate. (Adapted from reference 4.)
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Figure 16.- Interaction curve for critical stress of a flat plate under
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Figure 18.- Dimensions of curved-sheet

specimen. (From reference 11.)
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Figure 2l.- Effect of normal pressure on critical shear stress of
curved sheet for specimen of figure 22, (Adapted from
reference 17.)
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Figure 22.- Specimen used in study of
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