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i CRITICAL STRESSES FOR PLATES
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By Eugene E. Lundquist and Evan H. Schuette
SUMMARY

The paper is a review of a part of the work done by
the National Advisory Committee for Asronautics on the
critical stresses for plates in compression and in shear,
as well as in combined direct stress and shsar,

The theoretical work of calculating the critical
stress for plates with elastically restrained edges 1is
subdivided into a seriss of basic problems for which de-
8ign charts and curves are prepared. The principles of
the Cross msthod of moment distribution are used to pro-
vide a new aporocach to the solution of problems in the
stability of structures composed of plates.

The basic methods of the thsorstical approach are
cutlined, but the main emphasis is on the practical
significance and use of the results of both theoretical
studies and laboratory tests concerned with the buckling
of plates,

If a structure composed of plates is so loaded that
the plate elements are subjected to compression, shear,
or combined direct stress and shear, the maximum strength
of. the structure may be determined by the critical: stress
(the stress at which buckling occurs). TEven when the
maximem strength is greater than the critical value, the
strength of the structure is related to the critical
Stress. It is therefore important in many structural

. calculations to.be able to predlct the critical stress
for plates if the structural slements are to be effi-
ciently designed. These considerations, in addition to

d the need for accurately maintaining the contour of wing



surfaces in flight, make it desirable to have, for ready
use in 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 point whers
the results can be easily applied to many of thse complex
problems encountered in design. For a number of years,
the structures research section of the National Advisory
Committee for Aeronautics has studied this problem for
the vurpose of breeking it down into its basic elements
in order that practical solutions of more difficult prob-
lems might be made from ths solution for the basic cases
with no more than a few arithmetical computations. Tests
have also been mads to verify a nart of the theoretical work.
Some of the theorstical methods and experimental results
have been swmmarized in the »nressnt paper, with emphasis
on the more practical aspects of the problem.

The paper was originally praﬂent@i before the
A, S. M. E. joint meeting of the aviation and applied
mechenics division at Los Angeles, Calif. on Juns 15, 19
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PRINCIPLES OF MOMINT DISTRIBUTION APFLIED TO
STABILITY OF FLAT-PLATE STRUCTURES IN COMPRESSION

£y

The principles of moment distribution were shown in
reference 1 to be applicable to the study of the sta-
bility of structures composed of bars under axlal load.
The fundamental character of the quantities us ed TN rne
me thod of moment distribution and the formulas associlated
with them make possible, by suitable definition of Ystirfe
ness” and "carry-over factor," the application of an
analysis like that of refersnce 1 to a study of the sta-
bility of structurss comnosed of plates under compressive
load. Before these definitions are given, a descrip-
tion of the manner in which the moments are distributed
along the edges of the plate is desirable.

The solution of the differential equation for the
critical compressive stress of an infinitely long plate
with given edge restraints reveals that, when the plate
buckles, the moments and the rotations at both edges of
the plate vary slnusoidally along the edg3“ and are in
phase with each other. The ratio of momsnt per unit
length at any point along the edge to the rotation at



T=1.66

that point i1s therefore constant along the edge for a i
given wave length, From these considerations, it is

possible to write the following definitions of stiffness

and carry-over factor:

|
Stiffness.~ If an infinitely long flat plate :
is under longlitudinal compression v1th one unloaded

edge on an unyielding support, the ratio of moment

per unit length at any point along this unloaded

edge to the rotation in quarter-racians at that

point when the moment is distributed sinusoidally

is called the stiffrness of the plafte.

Carry-over factor.~ The ratio of the moment
per unit 1°nwtb developed at any point along the
far unloaded edge to the apnlied moment per unit
length at the cor?esponding positicn along the
near unloaded edgs is called the carry-over factor
of the plate.

The symbols used to designate the stiffness and the
carry-over factor for the different types of support and
restraint at the far edge are given in the following
table:

.“_._.'m

St lErnean VAR TZOVRE Conditi at far edge
S X |~ factor conditions 1 edg
& -
S C Far edge supported and fixed
agalnst rotation
sl cl Par edge supported and elasti-
cally restrained against
rotation
i 5 i .
S ¢l =0 Far edge supported with no
restraint againgt rotation
o T - 3
sITI clII =0 Far edge free (no support and
10 restraint against rotation)
SIV ¢IV = -1 |Far edge supported and subjected
tc moment equal and opposite |
i to that ann71ed 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.



In a structure composed of plates, it is assumed
that the Jjoints between plates, or between plates and
longitudinal restraining members, remaln in their original
stra i&h* 1lines buti arer free to Frotate subjectito’ the
ic restraint of the interconnecting prlates and mem-

If a sinusoidally distributed ex+crndl moment is

ied along arn edge common to more than one plate
« 4), it follows, from a moment-distribution aralysis
similar to that made in refersence ‘1 for the cdse of bars,
that the plates will be_ stable if
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The condition of neutral stability gives the critical
buckling load for the assembly of plates and is obtalined
by setting the stiffness stabllity factor equal to zerog,
or
T
L3744 = 0 (2)
If the assembly is symmetrical about an edge of one
st computations would be involved if equa=-

rlate, the fewest
)
/

m
tion (2 d at that sdge. In the case of an
7Y
V

assembly of plates ametrical about one plate, it is ad-
vantageous to apply equal and onpposite moments at the two
gdges of the pldtb about which the assembly is symmetrical.,
(See fig. 5) For this case, egquation (2) can be written

as follows:

QIV . \I = \
13 + Z573n 0 {359
The use of equation (3) instead of eguation (2) is recom=-
mended when the assembly of plates is symmetrical about a

plate.,

The methods of moment distribution as applied to the
stability of plates are more completely presented in refer-
snce 2, where an illustrative problem is solved in detail.

eference 3 presents tables of stiffness and carry-over
factor required in the solution of practical provolems.
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INSTABILITY OF THF WEB AND FLANGES OF

CHANNEL- AND Z-SECTION COLUMNS

The methcds of moment distribution, together with
variations of these methods employing the charts of
refersnces 4 and 5, have besn used to calculate the
critical compressive stress fcr plate buckling of a
family of I- q—’CuHLﬂ,¢, and Leoda1ﬂular- tube sections
(refersnce 5 ). Figure 6 presents the results of this
work as applied to channel- and Z-section columns, where
kyy 1s the coefficient in the equation

0. i 1 Bt
e (,\
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qu kvmbolﬂ in equation (4) and figure 6 are defined

Cop critical compressive stress

kg nondimensional ccefficient ”eperqeqt upon
reliative dimensions of cross secticn

tp, bp, Ty, by dimensions of cross section, shown in
Figure 6

B modulus of elasticity

o) Polsson's ratio

) nondimensional coefficisnt that takss

into account reduction of modulus of
elasticity for stresses above the
elastic range. Within the elastic
range, 1 = 1

For use of equatic on (4) when the strecses are above
the elastic range, 0qp/m 18 eveluated first and Ogp 18
determined from an eprrlmenta11v estimated relationship
be tween Gcr/n and Og,p, which is subsequently presented
in this paper.

e
e

All the guantities on the right-hand side of equa-
tion (4) are known except the coefficient Ky o This
value may be rsad fwom the chart of figure 6 after the
necessary dimension ratios ars computed and applies



whenever the length of the column is greater than sev-
eral (3 or 4) times the width of the widest plate element.

In general, when a column of Z- or chamnel section

fa1 13 by local Instablility, one of the two elements (wcb

d flange) of ths cross section may be said to be pri-
maflly responsible for the 1ngstability; that is, as the
load approaches its critical value, this one element is
no 10$gur capabls in itself of supporting the loads that
are imposed on it without buckling end is requiring a
certaln amount of restraint frém the other.element of the
crosg section In order to delay buckling until the 'load
1s reached for which the cross section as a whole becomes
unstable. The chart of figure 6 shcws which element is
being restrained from buckling hy the other selement of

the cross sectlon. A dasghed lins 1s drawn on the char®
connecting the polints for which the two elements a“e
equally responsible for the lnstability of the section.
This line divides the chart into two regions;:; in ole region
the web is primarily responsible for instability and in

the other the ]d“"é is primarily responsible for Instas-

iy o

bility. A column with a given cross section will fall

in one of these two regior depending on the valuss of

the various dimension r The significance of ths

shaded area in figure 6 will be discussed in the follow=-
ing section.

"z
O
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CIMENSIONS OF CHANNEL- OR Z-3SECTION CCLUMNS

MAXINUM CRITICAL STRESS

The crit‘c@l stress for the Z.or channel column in
o)

terms of the width and thi ckne) I the web is givenh by
equation (4). The effect of the presence of flanges was
accounted for in the evaluation of the coefficient ky.
For the purpose of studying the di sions that glve

maximum critical s
be preserved but the
generalized.

3
s, the form of equation {(4) should
oncept of certain terms should be

The ratio b/t of a plate may be called the aspect
ratio of the cross section of the plate. A corresponding
gquantity, which expresses the section aspect ratio for a
thin-metal column, is ths area of the section divided by
the square of some thickness. If, therefore, equation (4)

is written
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(5)

the value of

Kqee 1s 2 measure of the effect of the
siiape of the section LF/DW on ocf/ﬁ for a given sec=-
tion aspect ratio as defined by A/tw and for a given
value of tw/tF. In figure 7 these values of kgge are
plotted for channel- and Z-section columns.

4is a prectical preblsm in the destermination of the
dimensions of a channel- or a Z-section column for the
development of maximum critical stress, consider a flat
strip of metal of conatant thic’:ness that is to be formed
into' & Z or channel. In the formed sectlon, tW/tF =y
The section asvect ratio A,t A equal to the width
of this strip (or the deve cpuu lengtih of the flnal cross

section) dividsd by the tnkanu3s, N%en bent to form =&
chanasl- or Z-section oolumn, this strip of metal of
constant thickness develops the highest scr/n for insta-

bility of the flanges and webs if the bends are so located
that the ratioc of flange width to web width bp/oy is
about 0.41, which gives ths maximum value on the curve

for tw/tp = 1 in figure 7.

dless of the thickness used in the definition
ction aspect ratio, the maximum value. of oﬁw/n
n valus of the ssction asprsct ratio will occur
e values of bF/CN for a particular value of

the rati tw/tp. The maximum for sach tq/tF ratio
therefore reveals the value of bp/by that the channel
or Z-section should have if maximum o0,,/7 /18 desired.

Equation (4) and figure 6 are probably more useful
to practical designers than the more general equation (5)
and figure 7. The region coversd ty the near-maximum
values of the curves f °1g1re 7 is therefore indicated
as e shaded area in figure 8, It 1s of Interest to
observe that the shaded area does not alw ays enclose the
dashed line that shows the dimension ratios for which
the web and the flange are squally responsible for the
Instability of the sectione.
discussion of the sh;nes required
s

The foregoin 8
presented in more detail in

2
for maximum o /n i




raference 6, which also presents similar material as
applied to other types of cross sectioL

COMPRESSION TE3STS OF CHANNEL, Z-, AND H-SZICTIONS

FOR STUDY OF INSTABILITY OF THE WEB AND FLANGHES

In order to check the practical accuracy of the chart
of figure 6, as well as of similar charts for other types
of croess section, and also to establish experimentally

the relationship betwesn o,, &nd Obr/ﬂ: compression

tests are being made on CualAel, Z-, and H-sections of
243-T aluminum alloy as described in detail in reference 7.
FPigure 8 shows a test spﬂoimal Elt?L bucklinge. e

critical loads were determined by means of wire-resistance
strain gages, as well as ba mearns oi extension arms
attached to the free edges of the flanges. The optical
micrometer in figure 8 was used to measure the relative
deflection of the extenslon arms.

Figure 9 shows a typicsl set of test data. The
¢ifference in strain on opposite sides of the specimen,
as measured by the straln gages, was regarded as a meas-
ure of the curvature of the buckled web or flang
relative movemsnt of the extension arms was rega
& measure of the over-all distortion of the cross sec-
tione. Figure 9 shows that the curvature ard distortion
readings, when plotted to suitable scales, gave essentially
identicall euryes ., The critical stress was taken at
dbousiichie "tep ol the thkneetonsties :urves. Thsy et ieei
stress always occurred near the LOiﬂt where the strain
gage on one side of the web cr flange began to show a
reduction in strain with further 1ﬂC?euSG in load. (Com=
pare curves of fig. 9(b) and (c) wlth curve of fig. 9(a).)

The value of Gcr/n was computed for all test
specimens by use of equation (4) and figure 6, or from
similar equations and charts for ctner typefofNerecsSs

seciions, The experimental value of g, Wwas then plot=-
ted against this computed value of 0,,/n in figure 10.
The fact that o0py and ocr/n agree in the lower stress
rangs, where 1 = 1, proves ths  accuracy of the theoretical
me thods . The fact that the test points establish es-

sentially a single curve throughout the entire stress
range indicates that a single effective modulus mnE can
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be used for all the types of cross section studied. %3
it 1s desired actually to evaluate this modulus, the
value of 1 can be determined from the ratio of values
O " Bum o B0d Ocr/ﬂ taken from this curve.

As the maximum strength developsd after buckling is
related to the critical stress, the experimental values
of 0., were plotted against the ratic 0,p./Cpax 1In

aisipeablialoy ALIES This figure shows that for the Z-sectlon
columns, the critical stress tends to be about 4 percent
less than the maximum stress for critical stresses above
about 32,000 pounds per square inch., The same condition
exists for the channel-section columns for critical
stresses above about 36,000 pounds per square inch, Be=-
low 36,000 pounds per square incli, the data for channel=-
and Z-section columns plot alonz separate curves. As
the experimental investigaticn of which these data are a
part is still in progress, no attempt will be made here
to explain the difference. The discussion that follows
applies to only the Z-sections, for which more extensive
data are at present available.

The curve of figure 11 defines a relationship be~-
tween oop and Opaxe The value of O,, can be deter-
mined for a Z-section column ty use of the theoretical
me thods previously outlined and the curve of figure 10,
The value of O,.., 1s therefore also deflined for a

given Z-section column. The variation of Cyax with
Gcr/ﬂ is presented in figure 12, The points are ex-
perimental values of O plotted against the computed

= max
values of o / and the curve is established by the
/s

two curves previously drawn in figures 10 and 11l.
DESIGN CHARTS FCR Z-STCTION COLUMNS
THAT DEVELOP INSTABILITY OF
WEB AND FLANGE
The theory and experimental data of the foregoing
sections provide the basic information required for ths
construction of practical design charts. Figures 13

and 14 are such charts prepared for Z-section columns
with web and rlange of equal thickness (ty/tm = 1).
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These charts are useful for either extruded sections of
245-T or sections formed from flat 248-T7 sheet. Mo
corrections have bheen made for reduction to minimum
guaranteed properties; the charts therefore apply to
245~T material of average properties as supnlied by thse
Aluminun Company of America.

CRITICAL STRESS FOR FLAT PLATHS UNDER

COMBINED SHEAR AND DIRECT STRESS

In the design of stressed-skin structures, considera-
tion must often be given to the eritical st”eoses for a
snzet under a combination of shear and direct stress,.
The upper surface of an airplane wing in flight, tor ox«
ample, may be subjected to combined shear and compressive
stress, while at the same time the lowsr surface is sub-
Jected to combined shear and tensile stress., Under  thds
condition, the upper surface may buckle at a lower com-
pressivs stress than if the shear were not present, and
the critical shear stre g8 fomw the Wower surface will be
increased hy tlie presse of the tensile stress., In
order to gain a more cowp ete uvnderstanding of this
problem as applied to flat plates, the basic problems
of compression alone and shear alone have each been
studied, and the results of these studies have been
used in investigating ths action of plates under com-
bined stress.

20

a
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Compression alone.- A theoretical study of the

critical stress for a long plate, subjected to longitu-
dinal compres sion, with equal elastic restraints along
the sids edges gsulted in the preparation of the chart
of flgure 15 (o@@ reference 4), which gives the coeffi-
cient k in the general n1a+e-LMux11ng formula
[}
Oor | HEREE
—= = x (6)
= _ O e D
o 12(1-p<)p”

A similar chart has been prepared for an outstanding
flange and is presented in reference 5.
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The parameter 4Sob/nD in figure 15 is called the
restraint coefficient,

where
S stiffness per unit length of elastic restraining
e medium, or ratio of moment per unit length at any

point along the length of the medium to the rota-
tion in quarter-radians at that point

b width of plate

D flexural stiffness of plate per unit length
- by
L g
| 12 (1-p%) |

15 thickness of »nlate

If the edge restraint is provided by other flat
plates, the.valus of So .8 the appropriate stiffness
as defined in the section on moment-distribution methcds.
The numerical valuve of So can therefore be obtained

from the tables of reference 3.

lJdo

I the edge restraint is provided by a sturdy
stiffener, defined as a stiffensr of such proportions
that it does not suffer cross-sectional distortion when
moments are applied to some part of the cross ssection,
the value of 4SOb/ﬁD is (reference 8)

p
45cb _ % ('C'J' T ™ oo ) (7)
~ = = =3 D Eu ;
nD /\.d nD N D /\,2 BT/
whe re
A half-wave length of buckles
[ch) effective St. Venant torsional stiffness of
stiffensr
o compressive stress in stiffener
s polar moment of inertia of stiffener sectional
P . : P
' ares abeout Bxls of rotatilon
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E effective modulus of elasticit

Crr torsion-bending constant of stiffener sectional
area about axis of rotation at or near edge of
plate

Shear alone.- A study of the critical stress for
plates under shear similar to that for plates under com-
pression has bsen made in reference 9. In this refer-
ence, a chart similar to figure 15 1s presented for the
determination of the coefficisnt in the formula for the
critical shear stress. There is also presented in
reference 9 a tentative curve that shows the variation
of the sffective modulus for plates in shear with the
shear stress for 243-T aluminum alloy.

Combined shear and direct stress.- A theoretical
study of the critical stress for plates subjected to
combined shear and comp16351cn nas been made in refer-
ence 10, For an infinitely long flat plate supported

and with equal elastic restraints against rotation along
the edges, it was found that the combination of direct

stress and shear causing instability may be determined,
for practical engineering use, by the equation

&

Ry v Ry =1 (8)
where
e ratio of direct stress when buckling occurs in
combined shear and dirsct stress to compressive
stress when buckling cccurs in pure compression.
Tension is regarded as nsgative compression
Rq ratio of shear stress when buckling occurs in

combined shear and direct stress to shear stress
when buckling occurs in pure shear

This conclusion is illustrated in figures 16 and 17.
In these figures, the plotted points represent the exact
values of critical stress computed from the theoretical
solution. The various symbol% represent different
constant values of the restraint coefficient ¢ between
O and =, which cover the entire range from simple
support to fixed edges, and one case 1in which ¢ varies
with the wave length A\.
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CRITICAL COMPRESSIVE STRESS FOR CURVED SHEET

Because the skin between stiffeners on the surfacs

of airplanes is curved to the contour of the wing or fuse-
lage, it is important to investigate the extent to which
this curvature influences ths critical 3tress.,

In the course of an experimental study (reference 11)
of the effect of curvature on the critical compressive
stress for plate elements between lorgitudinal stiffeners,
& number of specimons of the type shown in figure 18 were
tested., The stiffensrs et the edges of the shest were
SO proportioned as to force buckling to occur in the sheet
at a load lowsr than the lowest critical load for insta-
bility orf ths stiffeners and to provide adequate support
against deflection normal to the sheet, without having
excessive arsa in the stiffeners,

In Tigure 19 are precented the results of tests on
the group of specimens with the dimensions shown in’
figure 18 and with various radii of curvature: r, For
the three specimens with r/t less than 500, the critical
Stress for the points repressnted by circles in figure 19

was the observed stress at which buckles occurred suddenly
with a snap-dlaphragm action accompanied by a loud report.
For all specimens with r/t greater than 500, the criti-

-cal stress repressnted by the circles was determined from

an analysis of the growth of buckles by the Southwell
method as generalized in reference 12. The crosses in
figure 19 repressnt the critical stregses as determined
by the methods described in the section on COMPRESSION
TESTS OF CHANNEL, Z-, AND H-3ECTIONS.

The curves A, B, and C in figure 19 are the curves
given in figures 7 and 9 of reference 13, which represent
the NACA study of circular ¢ylindsrs in compression.,
Curves A and B, respectively, are the graphs of the equa-
tions

Ocr R cr £
—E~ = 0,605 T and ek 0.363 =

The plotted points in figures 7 and 9 of refsrence 18,
representing the compressive strencth of carefully
constructed cylinders, scattered betwsen curves B and Ce
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The dashed curve in figure 19 is a graph of the equa-

tion
Tk T R . (b + .
R 12(1-p2) \B/ T k2 \T (9)
where
:
k
1. = —
kh =0.e
k coefficient for critical stress of sheet when
ekt
b width of sheet botween stiffeners
t thickness of sheet
T radius of curvature
This equation is a modification of the theoretical egua=
tion derived in reference 14, which is a generalization
of equation (278) of reference 15 to include all degrees
cf edge restraint instead of simple support alons, The
value of k was chosen to make the curve agree with the
experimental points plotted as circles for »/t = o,

oy ess of whether the Southwell method cr the
me thod g in reference 7 is used to establish experi-
mental critical stresses, it appears from the data that
the effect of curvature cannot be relied upon to follow

onsistently the gradual increase in critical stress
w1ta increase in curvature represented by equation (9).
The data of figure 19, tOPvtﬁ“P with similar data also
presented in reference 11, lead fo the conclvs*ﬁn that
forn br¢c+10a1 uﬂglﬂbvrlﬁg use the critical compressive

stress for a curved shest between sbi¢fen9“3 is equal
to the larger of the following values:

—
—

(2) The critical compressive stress for an uvnstiffensd
circular cylinder of the same radius-thickness
ratie

(b) The critical compressive stress for the same
sheet when flat
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EFFECT OF AN OUTWARD-ACTING NORMAL PRESSTURE
ON THE CRITICAL STRESS OF CURVED SHEET

No consideration has thus far been given to the ef-

. fect of normal pressure on the critical stress. The

eneficial effect of the suction pressures on the upper
surface of wings, however, should be considered. This
problem is being studied by the NACA and two papers
(references 16 and 17) have been prepared to present the
results of preliminary experimental work.

Examples of the extent to which an outward-acting
normal pressure raises the critical stress for curved
sheet are shown in figures 20 and 21 for the specimen of
figure 22.  The numbers beside ths experimental points
in figures 20 and 21 give the order in which the various
tests were made. For both compression and shear, an
outward-acting normal pressure raised the critical stress,
which varied approximately linearly with the pressure.

This paper is a review of a part of the work done
by the NACA on the subject of the c¢ritical stresses for
plates in compression and in shéar, as well as in com-
bined direct stress and shear, Although some theoreti-
cal methods are presented, the main emphasis is on the
practical significance and use of the results of both
theoretical studies and laboratory tests concerned with
the buckling of plates.

|
CONCLUDING REMARKS .

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautlcs,
Langley Field, Va.
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Figure 1.<:.Infinitely long flat plate under compressive load. (From
reference 2.)
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Figure 2.- Plate with moment applied at near edge, far edge free. (From
reference 2.)
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Figure 3.~ Flate with moment applied at near cdge, ecual and opposite mo-
ment at far edge. (From reference 2,)



Tigs. 4,5

Tigure 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 refcrence 2.)
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Figure 7.- Values of kggc for centrally loaded columns of channel

(Adapted from refercnce 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 columns of chennel, Z-, or H-section. (Adapted from reference 7.}
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Figure 10.- Variation of o,y with Ohp/n for 245-T aluminum-alloy
columns of channel, Z-, or H-section that fail by
instability of web or flanges. (Ada, ted from reference 7.)
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Figure 12.- Variation of Opax With dcr/n for 245-T aluminum-alloy
columns of channel, Z-, or H-section that fail by
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Figure 13.- Design chart for critical stress of 245-T aluminum-alloy col-

’ vmns of Z-section that fail b instability of web or flanges.
(from reference 7.)
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Figure 14.- Design chart for maximum stress of 24S-T aluminum-alloy col-

umns of Z-section that fail by instability of web or flanges.
(From reference 7.)
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Figure 15.- Design chart for flat platcs giving values of k for equal restraint coefficients
4Sob7nD 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
combined shear and compression. (Adapted from reference 10.)
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Figure 17.- Interaction curve for critical stress of a flat plate under

combined shear and compression or tension. (Adapted from
reference 10.)
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Figure 18.- Dimensions of curved-sheet specimen. (From reference 11.)
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(Adapted from #eference 11.)




NACA Figs. 20,21

] Rcl)
/
12 1“6/////
/OJ
///’
Lo (8¢
&
.//
10 e o —
g i
cr o
KIFS/sq in. —t /,’//
e /'
/?5
L e i e
e
|
a : b 8 {i B o8
0 1k 2 3 4 5

Qutward acting normal pressure, 1b/sq ine

Figure 20.- Effect of normal pressure on critical compressive stress
of curved shest for specimen of figure 22. (Adapted from
reference 16.)
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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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