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NATTONAT, ADVISORY COMMITTEZ FOR AFRONAUTICS

TECHENICAL NOTE NO. 1825

COMFRESSIVE BUCKLING OF SIMFLY SUPPORTED
PLATES WITH LONGITUDINAL STIFFENERS

By Paul Seilde and Manuel Stein

SUMMARY

Charts are presented for the analysis of the stabllity under
compression of simply supported rectanguler plates with ome, two, thres,
and an infinite number of identical equally spaced longitudinsl stiffeners
that have zero torsiomnal stiffness.

INTRODUCTION

The purpoge of the present paper is to supply the sircraft structural
designer with charts for the enalysis of the stability under uniform
compresslion of simply supported rectangular plates with ldentical aqually
spaced longitudinel stiffeners having no torsional stiffness (fig. 1).
Although solutions of the problem have been previously presented in
references 1 to 4, mumsrical results in the form of tables or charts
wvhich adequately cover the practical range of stiffener spacing and
flexural stiffness are generally unavailable. Timoshenko (reference 1)
presents tables giving the buckling stress of plates with one and two
stiffeners for only a few values of stiffener spacing, area, and flexural
stiffness, whereas Barbrd (references 2 and 3) and Ratzersdorfer (refer—
ence 4) give only values of the minimum stiffemer Pflexural stiffness
required for the plate to buckle with no deflection of the stiffensrs.
Acknowledgment is made to Mr. Normen Grossmen of the Republic Aviation
Corporation for the discovery of an error In the results of reference 3.

Buckllng charts are given in the present paper for plates with one,
two, three, and an infinite number of longitudinsl stiffeners. These
charts indicaete the relatlonghip between the buckling stress coefficlent
and the plate bay aspect ratio for various values of the ratio of the
stiffener flexural stiffness to the flexural stiffness of a plate bay
and the ratio of the stiffener area to the area of a plate bay.

The stebility equetlons from which the cherts were computed are
derlved in the appendix by mesns of the Reyleigh-Ritz energy method.
It is assumed in the derlvation that the area and flexural stlffness of
the stiffensers are concentrated along longitudinal lines at the middle
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surface of the plate and, as previously mentlioned, that the stiffensers
have zero torsional stiffness., The assumption of zero stiffener
torsional stiffness usually applies with little error in the case of
open—gection stiffeners. T

SYMBOLS

coordinate axes (fig. 1)

plate deflectlion

_Young's modwlus for plate

Poilsgson's ratio for plate

Plate thickness

3
E t
" plate flexural stiffness per unlt width (: j)
12( )

1 —u2
distance between stiffeners

number of bays

- plate length

aspect ratio of each bay (%)

effective flexural stiffness of stiffener attached to plate

-’

stiffener area

critical compressive stress

o, .d2t
. cr
buckling stress coefflcient o
=D
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c integer defining location of stiffener

q integer defining number of buckles in y-direction
(1 =<q=<-(N—l))

m integer defining number of buckles in x—directlon

n,p,s' integers |

RESULTS AND DISCUSSION

Charts are presented for the analysis of the stabillty under uniform
compression of simply supported rectangular plates wlth one, two, three,
and an Infinite number of identical equally spaced longltudinal stiffensrs
having no torsional stiffness (fig. 1). These charts (figs. 2 to 5) show

Ocpdet

cr and the
7D

plate bay aspect ratlo % for several values of %%, the ratio of the

stiffener flexursl stiffness of a plate bay, and é%, the ratio of the

the relationship between the buckling stress coefficient

stiffener area to the area of a plate bay. The equatlions from which
these charts were computed are derived and discussed in the appendix.

The range of plate bay aspect ratlios covered in the flgures has
been limited to values less than 8. The computations indicate that, for
an agpect ratio greater than 8, the buckling stress coefficient is given
very accurately by the smaller of the two values obtained from the
approximate formulas

=, 1a/d¥ /m VE
0ordG (a/d_+ N2 m) +<37'd') D "

2 A
=D 1 4+ ==
at
2 .
o PR o
=k (2)
nzD“

Consecutive integral values of m are substituted in equation (1) until
a minimumm value of the dbuckling coefficlent 1s obtalned for glven values
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of - %, %%, and é%. Unlike the unstiffened plate, a stiffened plate
with a bay aspect ratio of 8 may not be conaildered to be the equivalent
of an infinitely long plate.

If, in figures 2 to 5, the plate bay aspect ratic is kept constant-
and the stiffener flexural stiffness is increased, a limiting value of
the buckling stress which corresponds to the stress for buckling with no
deflection of the stiffeners 1s reached. A further increase in stiffener
flexural stiffness will not increase the buckling stress.

The dashsd—line curves of figures 2 to 4 indicate a change in the
number of half-—mves in the longltudlnal direction. As the stiffener
flexural stiffness Increases, the plate hay aspect ratio at which the
change occurs also increases slnce the tendency of the stiffener to !
buckle as a simply supported column in ons half-wave restrlcts the plate
action more and more with lncreasing stiffener strength. In the case
of the plate with an infinite number of stiffensrs (fig. 5) the natural
tendency of both the plete and the stiffeners is to buckle with one
half—rave 1n the direction of loading so that only that type of buckling
occurs.

Charts for the analysis of infinitely long plates with one, two, and
three longitudinal stiffeners are given in figure 6. In these plates the
gtiffener flexural stiffness may be incressed with = corresponding lncrease
ip buckling stress until a certain valus of stiffness 1s reached. At this
polnt the mode of buckling changes from buckling with deflectlion of the

stiffensrs to buckling with a node at each of the stiffeners. A further
increase in stiffener flexural stiffness does not incresse the buckiing
gtress. ' ’

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautlcs
Langley Ailr Force Base, Va., January 18, 1949
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APPENDIX

DERIVATION OF THE STABILITY CRITERIONS FOR UNIFORMLY COMFRESSED

SIMPLY SUPPORTED RECTANGULAR FPLATES WITH

LONGITUDINAL STIFFENERS

The potentlal energy of a buckled rectangular plate with longltudinal
stiffeners 1s equal to the difference of the bending energy V; + Vé

stored in the plate end stiffeners and the work T; + T, done by the

compressive load in shortening the plete and stiffensrs. The various
components of the potential energy are given by the well-known equations

(reference 1)

a N4
Vl =
N [}
v - ET <32w>2 ax
2" &2 | &2
c= 0 y=cd
8 [INd
0 Jo
L Y |
22| @
c=1 2 0 y‘-'-'Cd.

b 3y &)2 g <82w><32v>
2 o do <ax2 + ayz 2(1 IJ.) axz aya

(2

&g [ BV

r' (A1)

The plate 1s assumed to buckle in m sinusoidal half-waves in the
x—direction. The deflection function w 1is therefore taken as the Fourler

seriles
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00

w=sing—xZa gin I (A2)
a 3 n N& _

which satlsfles thie simple support conditions of- zero deflection and
zero moment at each edge. Substitution of equation (A2) in equation (Al)
yields, after simplification, the potential energy

L, = - o\2 |
v = ﬂ_ngd j{: &na[égz . n2 %E) —-Bakmé]

e D=l

N ' - 5
%i m2(7m2 - Bek‘é)@ a, sin %) (A3)

c=1

The unknown Fouriler coefficients a, are determined from the condltion

that the potentiel energy be & minimum., This condition ylelds the following
get of equatlons ’

N R

2 ) S > BRI (W
N =1 o=l

(n=1,2,3, .. .)

Equations (AL) are similar to equations encountered in the solution of the
stability problem of reference 5 and may be solved by the methol used in
that paper. The stability criterions so obtalned are
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~1/ mt

0

—— 12 2 + Z 12 2
8=0 [mz + (25 + 1%) 82] — PPxm? =1 [mg + (25 - 1%) 32] - p%km?

+Ee— - (A5)
m
(¢=1,2, .. .N=1)
(n=1,2,3,...)

which criterions correspond to buckling with deflection of the stiffeners
, and : :

X = (% + %)2 | " (86)

which criterion corresponds to buckling with nodes at all of the stiffeners.
Equations (A5) may be put into the closed form

A yEpS
2 3 2
Y= sin 9 al + BB (AT)
1 sinn 92 o
. 01 _ 62 =
cosni-cose cosni—coshe
N 1 N 2

where
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and

1
]
-
n
-
=
!
o)

q

Computations made with equations (46) and (A7) indicate that, except
for a small range of values of PB(B < V2) and k, the criterion corresponding
to plate instability with one buckle in the y—direction (gq=1) ylelds the
highest value of the required stiffener flexural stiffness and hence the
lowest buckling stress. For the ranges of B and k in which other
buckling modes prevall, the difference between the highest stiffener
flexural stiffness and the stiffener flexural stiffness computed from the
criterion with q = 1 1s negligible. These f£indings contradict resulte
obtained by Barbré in reference 3 in which 1t is stated that, for a plate
wilth two stiffeners, the criterion for the antisymmetrical buckling

node <§«=§) gives buckling stresses appreclably lower than the buckling

stresges computed from the criterion for the symmetrical buckling
node (%g:%) for same values of the aspect ratio B. Mr, Norman Grossman

of the Republic Aviation Corporation found thaet Barbre’ had mede an error
in compering the criticel stresses for the antisymmetrical buckling mode
with the critical stresses for the symmetrical buckling mods. The results
of the present paper agree wlth the corrected results of Barbre.

The computations indicate that, when the plate bay aspect ratio B ie
greater than 8, accurate values of the stiffemer flexural stiffness may be
found by using only the first term in the first series of eguation (AS).
The stablllty criterlion may then be written as

o .
7 = —é * Ngj@) * kﬁe{l; > (48)

nm

Fquation (A8), which is equivalent to equation (1), 1s the stebility criterion
that would be obtalned i1f the deflection function were approximated by

= in BIX oqpn X A
v = ajsin = 8 o (A9)
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Figure 3.— Compressive buckling curvee for plates with two longltudinal stiffeners.
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FPigures 5.— Concluded.
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Figure 6.— Compressive buckling curves for infinitely long plates with longitudinsl stiffenors.
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