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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.
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NOTATION

Both Sl and British units are quoted but any coherent system of units may be used.

A, cross-sectional area of transverse member m in
a plate length in x-direction m in
b plate width in y-direction m in
E Young's modulus in compression of plate material N/m? Ibf/in?
f stressat which E, = %E, seeltem No. 76016 N/m? Ibf/in?
f, stress in x-direction at which buckling occurs alowing  N/m? |bf/in?
for plasticity
fe fye combination of compressive stresses in x- and  N/m? Ibf/in?
y-directions at which plate first buckles assuming linear
elasticity
fo elastic buckling stress of a long simply-supported plate  N/m? Ibf/in?
under uniaxial compression defined by
fo= n°E t 2
0 5 b
3(1 -V )
M elastic stiffness per unit length against rotation of edges (N m/rad)/m  (Ibf in/rad)/in
parallel to x-axis
material characteristic, see Item No. 76016
N elastic stiffness per unit length against lateral movement (N/m)/m (Ibf/in)/in
of edges parallel to x-axis
S number of half waves into which plate buckles along
length
t plate thickness m in
n plasticity reduction factor defined by f, = nf,
we elastic edge lateral restraint coefficient defined by
_ Nb
=
Ur elastic edge rotational restraint coefficient defined by
12M (1 - vz) b
W = — =
Et®
v Poisson’s ratio for plate material
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2. NOTES

This Item gives the elastic buckling stresses of flat isotropic plates under combinations of in-plane direct
loadings. Data are given in non-dimensional form for several combinations of the basic edge conditions,
namely clamped, simply-supported and free, and for longitudinally loaded plates with elastic restraint on
the unloaded edges. Data are also provided to correct the buckling stress for the effects of plasticity.

Figures 1 and 2 provide data on the elastic buckling stresses of plates subjected to uniaxial loading when
the unloaded sides have either lateral or rotational restraint, represented by the restraint coefficients u,
and pr, respectively, acting along them. Figure 3 relates to long plates (a/b greater than about 3) having
any combination of these restraints. The combination u, = 0, ugp = 0 corresponds to
simply-supported edges, whilstu;, = 0, pgp = <o correspondsto edgesclamped against rotation. When
aplateiselagtically restrained in alateral direction, the application of alongitudinal load inducesloadsin
the direction of restraint. This effect is allowed for in Figures 1 and 3.

Figures 4 to 9 give elastic buckling data for plates with their shorter edges clamped or simply-supported
and their longer edges clamped, free or simply-supported. Figures 4 and 5 are for uniaxial loading and
Figures 6 to 9 for biaxial loading.

Table 2.1 explains the abbreviations used for the edge restraints and Table 2.2 summarises the edge and
loading conditions treated and will enable the user to locate the required figure readily.

The plate bucklesinto s half wavesin the x -direction and the value of s isindicated on the figures. The
plate bucklesinto one half-wave acrossits width except for some biaxial loading caseswhere a/b < 1. 1n
these cases it is advisable to interchange a and b to ascertain the number of transverse buckles.

Lateral restraint occurs when transverse members of cross section Ar are attached to the ends, of width b,
of the plate. The restraint provided by such membersis transmitted to the plate along the sides of length a
and, when averaged over the plate length, it can be represented by N = EA,/ab, where the value of E
is appropriate to the transverse members.

For auniaxially loaded plate, the plasticity reduction factor, 1 , may be obtained from Figure 10 and applied
directly to the elastic buckling stress f, .. The following approach is recommended when the plate is
subjected to biaxial loading.

ESDU Copyright material. For current status contact ESDU.

Itisfirst necessary to determine from one of Figures 6 to 9 the stress f, , necessary to buckle the plate for
agivenvalueof f, . Figure 10 must then beread, in the following three stages, using avalue of stressratio
f. [T . caculated from the buckling curve results.

ye' 'xe
€) Construct avertical line at the value of f, /f, tointersect theline fye/fXe = 0.
(b) Traverse horizontaly until the required stressratio is reached.
(c) Construct a second vertical line from this point to intersect the curve of the required value of m

and read the plasticity reduction factor, i, directly.

Provided Figure 10 is used without extrapolation of the fye/ f e construction, the errors in the plasticity
reduction factor for biaxialy loaded plates are not expected to exceed 5 per cent. These errors are
conservative for negative ratios but non-conservative for positive ratios. Also for a positive ratio the error
islikely to be reduced below the value for asimilar negative ratio.
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For the free edge cases of Figure 5, avalue of v of 0.3 has been assumed. Values of v different from this
are unlikely toresultin errorsin f, , of greater than 5 per cent.

The elastic buckling loads provided by this Data Item may be computed using the program of ESDUpac
AB147. Theprogram isavailablein the form of a Fortran executable file. The executablefile, along with
example input and output files, can be found in ESDUscope (the CD version of the Series), on the internet
and intranet versions of the Series, and on the CD that accompaniesthe paper version of the Series Software
Volume. The program deals with any combination of in-plane loads acting on panels with symmetrical
combinations of clamped and simply-supported edges. Up to 50 loading cases can be examined in asingle
run. ESDUpac A8147 isassociated with Dataltem No. 81047 “ Buckling of flat rectangular plates (isotropic,
orthotropic and laminated composite plates and sandwich panels)”.
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TABLE 2.1
) Edge Restraints Abbreviations

D .
=) Simply-supported SS
';'_,;' Clamped C
= Free F
S Elastic restraint in lateral direction (u, ) ERL
% Elastic restraint in rotation (ug) ERR
7 Elastic restraint in lateral direction and in rotation (1, and pg) ERLR
5
t TABLE 2.2
3
E Edge Sde
. Applied Restraint Conditions Restraint Coefficients Figure
e Loading Number
9 Ends (b) Sdes(a) vy MR
©
E Uniaxial SS ERL 0to oo 0 1
g SS ERLR | Otoe o 1
Q.
S SS SS 0 0 2
D
a SS ERR 0 0toeo 2
w

SS C 0 oo 2

SS ERLR 0tooo 0toeo 3

C SS - - 4

C C - - 4

SS F SS - - 5

SS FC - - 5

Biaxial SS SS - - 6

SS C - - 7

C SS - - 8

C C - - 9
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3. DERIVATION

This section lists selected sources that have assisted in the preparation of this Item.

1 COX, H.L. Buckling of aflat rectangular plate under axial compression and its
behaviour after buckling. ARC R & M 2041, 1945.

2. LIBOVE, C. Charts for critica combinations of longitudina and transverse

STEIN, M. direct stressfor flat rectangular plates. NACA ARR L6A05, 1946.

3. STOWELL, E.Z. A unified theory of plastic buckling of columns and plates. NACA
Rep. 898, 1948.

4, TIMOSHENKO, S. Theory of elastic stability. Second edition, McGraw-Hill, New
York, 1961.

5. BULSON, PS. The stability of flat plates. Chatto and Windus, London, 1970.

4, EXAMPLES

4.1 Elastic Restraint Against Rotation — L ongitudinal L oading

Itisrequired to find the elastic buckling stress of a 300 x 200 x 5 mm plate, elastically restrained against
rotation but free in translation along its longer edges and simply-supported on its shorter edges. The true
restraint liesbetween thetwo limit casesof M = 10 000 (N m/rad)/mand M = 18 000 (N m/rad)/m
and the material propertiesare E = 69 000 MN/m?and v = 0.33.

12 x 10 000 x (1 - 0.332) % 0.2
Case (i) g = o 2,43
69000 x 10 x5 x 10

12 x 18 000 x (1 - 0.332) % 0.2
andcase (i) ug = e 3 > = 4.46.
69 000 x 10° x 5° x 10

ESDU Copyright material. For current status contact ESDU.

Thus, for a/b = 1.5, interpolation from Figure 2 gives,

for case (i),
foelfg = 122

Xe
and, for case (ii),

folfy = 1.28.

Xe

2
Now (= xagooox(s

2
2| 2
200} 159 MN/m

3(1 - 0.332)
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