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YATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESTRICTED BULLETIX

CRITICAL COMPRESSIVE STRESS FOR CURVED SHEET SUFPPORTED

ALOYG ALL EDGE

By Elvriad Z, Stowell
SUMMARY

A formala is given for tho critical ¢ mpressive stress
for slightly curved shect with equal elastic restraints
againet rotation along the unloaded edges, The theory of
small deflections is used and the formxula reduces to that
given by Timoushenko ior the case of simply—supported edges.
For larger curvatures, a modification of Redshaw's formula
to include the effoct of edge restraint is suggested.

INTRODUCTION

Because the skin betweer stiffeners on the surface of
airplanes is curved to tho contour of the wing or fuselage,
it is important to investigate the extont to which this cur—
vaturo influences the critical stross.

The dorivation and uso of formulas for the ecritical
compressive stress for flut rectangular plates with re-—
straints against rotation along the unloaded edges wore
discussod in reference 1. In the presont paper, tho theory
of small dotlocticns ig uscd to derive a formula-for tho
critical compressive gtrour of a slightly curved sheet with
restraints against rotatien along the straight, unloadod
ecdgose On thc basis of thie derivation, & nodification of
Redshaw'!s formula (reference 2) is suggested for cases in
which tho curvaturo is larger.

THEORY

Figure 1 shows the coordinato syctem and the sheet
dimensions. With the assumption that the sheot is curved




to a cylindrical surface, the differential equation of the
deflection surface of the sheet will be that given by
Donnell as equation (10) in reference 3, which is
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where

Et®
D flexural stiffness of sheet per unit length [
nodulus of olasticity
Poisson's ratio
thickness of sheet
radius of curvature

epplied comprossive stress in the x—direction

digplacement of ehest out of its original plane
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longitudinal coordinate
8 circurforertial coordinate

The width of the sheet is° b = r6, whero © 1is tho angle
subtended by the sheet at the center of curvature. The
asgsumption is made that the critical strece o,y may be
oxpressed in a wmanner similar to tho critical ciress of
flat sheet, as ;
Bp, 2
E
Oc,, = kr __T_T__t —
12(1 - p®)v?

where k;y 1&g a constant which doponds upon the radius of

curvaturo and the odge rostraints. Substitution of Cers

12(1-p®)d



as given by equation (2), for Ox 1in equation (1) ang
division by D gives

sz 1:(1 - u:)

On the assumption that he sheet infin]
n the x-dirscti n, the lution may be take

v = f{8) con ;{

vhere
r(s) function of & alone
A half -wave length of the buckle pattern

Substitution of equation (k) in €quation (3) gives as
the differential equaticn for f{s)

(%)zfif @ E TR
R OO ENCNE

The solution may be written
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whore Sy 1s the stiffness per unit length of tho elastic

rostreining medium or structural element at the edges of

tho sheet; that ie, S, 1le the ratlo of moment per unit
length at any point along the length of the medium or struc—
ural element to the rotation in quarter—-radians at that
point when the moment is digtributed sinuscidally. Tho
requiremont of a sinusoldally distriduted mement 1s satis-
fied when an infinitely long plate buckles under longitu-
dinal compression,

Of the eight solutions summed in equation (5), only
four are required to satisfy the foregoing conditions.
The fuestion of which solutions to use is decidod by the
requirement that the deflection surface reduco to that
for a flat sheet when the radius of curvature is mado to
approach infinity. Putting r = o 4in oquatiens (&) givos

/5t ks

4
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where Ik, 1is the value ef kp when r =

titles ax and B Aars socen te identical

a and B of refcrence l; whereas aw' and B! have
ne counterpart for flat plates. The deflection surface
for the curved plato may thus be written

L
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In addition to satisfying boundary conditions invelving
w, the effect of curvature requires that conditions invole—




ing the displacements u and in t
and circumferential directions a t
regarding the four selutions in a,'
interpreted physically as neglecting t
vaturo, This neglect is permiss e feor
curvature. (See reference 3.)

T hoory eof reference
plate with an elastic rest 1t
each unleaded edge, the critiea
found from the expression

an? + P2
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where is the re

The deflection surface a indiary con
aro formally the same as r flat sheet;
a curvud sheet with the e restraining

It may be secn from a
Gp: P and ap, By,
that, if equation (8)

particular value, equs
exprossion
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has thie same value. & relation between th

ling strespses for curved nnd for flat sheet can
be obtalned by setting

L1202t (32
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By substitution of this value

f k
r
(2) the critical stress is found to
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where the first term 1s the eritical compressive stress of
the shaet when flat and k5 48 the coerficient k for the

flat cheet, as determined by the methods c¢f reference l.
For tho case of simple support along the odges, ko = 4

and oquation (10) reducos to a forumula given by Timoshenko
(reference 4, p. 470, equation (276)).

Redshaw.has proposed the following approximate formu-—
la, derived by an energy metihod without limitations as to

curvature, for simply supported edgos (reference 2, equa—
tion (31)):
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For curvatures so small that
in series, the Redshaw formuls

which is of the same form as equation (10) but
include the coefficient k. n the term that take
of the curvature.

The formal relation between equations (l1) and (12)
suggests that an equation similar to equation (1l1) exist:
that will yield equation (10) when the curvature is
Such an equation is

B¢
n1nll,

/  48(1 -~ u?) b?
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™ - kprt
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t..m. (13), although rot actually derived, appears to te

r >nable genernlization [ the formula of Redshaw and
ilel 'e the following results in special cases:
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S1light curvature; — small; ©
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curvature; T large; 0.,




The value of Og, for large curvature is half the clas—
sical value for a complete cylinder and is in better
agreemnent with cylinder tests than.the classical valuel
Equatien (12) might, thereforo, be expcctod to hold
sonably well for all curvaturas and for any ) f re—
straint at the odges of the shebt. The tests that hav
boen mado (referonce 5) indicato, however, that tho effect
of curvaturc cannot always bo relicd upon to follew ‘con-
sistontly the gradual increase in critical stross with
incrcase in curvaturo roprescnted by oguation (13).

COXCLUSION

The critical conprossivec stress for an infinitely lon
slightly eurved sheet with equal olastic rostraints agalnst
rotation along the unloaded edgcs, as obtalined froam tho
difforontial—oguation solution, is givon by the equation

km2EL3 0 °E

Oer = ch
12(1 — p2)b® " ke

whero the first torm givos the critical compressive stross
for t he sheet whon flat nnd ;

ks, coofficiont k deterninod for flat sheot (by method
of tefarenco .2)

angle subtended by shect u{ eenter. of -eurvaturo
medulus uf.ulﬁsticity . .
thickness of shcot

Poisgon's ratio

width of sheet

For larger curvatures, the formula

48(1 -
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{s suggested, where r 1is the radius of curvature,

The tests that have been made indicate, however, that
the effect of curvature cannot always be relied upon to
follow congistently the gradual increase in critical stress
with increase in curvature represented by these equations.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va,
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Fipgure 1.~ Coordinate system for curved sheet.
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