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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item, which supersedes Data Iltems Nos Struct 02.01.01, Struct 02.01.19 to 21

and Struct 02.01.38 to 45, was monitored and guided by the Aerospace Structures Committee, which first met in
1940 and now has the following membership:
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Mr B. Popham — British Aerospace Space Systems Ltd
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Professor A. Rothwell — Technische Universiteit Delft, The Netherlands
Mr P. Stocking — Cranfield University

Mr K. van Katwijk* — European Space Agency, Noordwijk, The Netherlands.
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The technical work involved in the assessment of the available information and the construction and subsequent
development of the Data Item was undertaken by

Mr M.E. Grayley — Director and Head of Strength Analysis Group.
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1. NOTATION

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

4, cross-sectional area of transverse member m?
a plate length in x -direction m
b plate width in y -direction m
E Young’s modulus in compression of plate material N/m?
f. stress at which £, = AE, see ESDU 76016 N/m?
1, stress in x -direction at which buckling occurs allowing ~ N/m?

for plasticity

fres fy .  combination of compressive stresses in x- and N/m?
y -directions at which plate first buckles assuming linear
elasticity

fo elastic buckling stress of a long simply-supported plate  N/m?
under uniaxial compression defined by

B n’E t 2
fh = ———|;
2
3(1 -V )
M elastic stiffness per unit length against rotation of edges (N m/rad)/m
parallel to x -axis

m material characteristic, see ESDU 76016

N elastic stiffness per unit length against lateral movement (N/m)/m
of edges parallel to x -axis

s number of half waves into which plate buckles along
length
t plate thickness m

| X, ¥,z coordinate system (see Sketch 2.1 and Figures 1-9)

| u, v,w unloaded edge displacement (see Sketch 2.1) m
| 0, unloaded edge rotation about the x-axis (see Sketch 2.1) rad
n plasticity reduction factor defined by /. = nf,,
U, elastic edge lateral restraint coefficient defined by
_ Nb
M Et
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Up elastic edge rotational restraint coefficient defined by
12m(1-v?) b
Wp = ——————
Er
Y Poisson’s ratio for plate material
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. The
curves in the Data Item strictly apply for CONSTANT transverse loading ONLY.

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, Sketch 2.1 and Table 2.1. 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 rotational restraint acting along
an edge is represented by the longitudinal restraint coefficient, W, . The lateral restraint acting along an
edge is represented by the lateral restraint coefficient, {1t .

Poisson's ratio effects induce lateral strains perpendicular to load induced strains. Thus when a plate is
elastically restrained in a lateral direction, the application of a longitudinal load will induce loads in the
direction of the restraint. An unbuckled plate with lateral restraint, i, > 0, under uniaxial compression
loading will induce lateral compression and this will reduce the plate buckling stress.

Independent of lateral restraint, a plate edge which is free to rotate, L, = 0, corresponds to edge
simple-support, and a plate edge which is constrained from rotation, i, = oo, corresponds to clamped
edge support. Thus combining lateral and rotational restraints, a plate edge with restraint coefficients of
u, = 0, up = 0 corresponds to simple-support, whilst a plate edge with elastic restraint in a lateral
direction and free to rotate, u; > 0, U, = 0 again corresponds to simple-support, but with an additional
restraint which will induce lateral load.

Figure 3 relates to long plates (a/b greater than about 3) having any combination of lateral and rotational
restraints.

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.

The plate buckles into s half waves in the x -direction and the value of s is indicated on the figures. The
plate buckles into one half-wave across its width except for some biaxial loading cases where a/b < 1. In
these cases it is advisable to interchange @ and b to ascertain the number of transverse buckles.

Lateral restraint occurs when transverse members of cross section A , are attached to the ends, of width b,
of the plate. The restraint provided by such members is 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 £
is appropriate to the transverse members.
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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.

It is first necessary to determine from one of Figures 6 to 9 the stress f, , necessary to buckle the plate for
agiven value of /. Figure 10 must then be read, in the following three stages, using a value of stress ratio
fy /[ calculated from the buckling curve results.

(a) Construct a vertical line at the value of f /f, to intersect the line fy e = 0.
(b) Traverse horizontally until the required stress ratio 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, 1, directly.

Provided Figure 10 is used without extrapolation of the fy /o construction, the errors in the plasticity
reduction factor for biaxially 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
is likely to be reduced below the value for a similar negative ratio.

For the free edge cases of Figure 5, a value of v of 0.3 has been assumed. Values of v different from this
are unlikely to result in errors in f_, of greater than 5 per cent.

The elastic buckling loads provided by this Data Item may be computed using the program of ESDUpac
A8147, which is associated with ESDU 81047 “Buckling of flat rectangular plates” (isotropic, orthotropic
and laminated composite plates and sandwich panels)”. 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 a single run..

X
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y
z
Sketch 2.1
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TABLE 2.1
. L Displacement or . .
Edge Restraints Abbreviations . Elastic restraints
rotation
Free F v#0,w#0 _
Simple
edge Simply-supported S w=0 -
conditions
Clamped C w=0,0=0 _
Elastic restraint in lateral
.. L w=20 %
. direction
Elastic
edge Elastic restraint in rotation R w=20 0,
conditions . .
Elastic restraint in lateral LR -0 V.0
direction and in rotation W X
TABLE 2.2
. .. Side
Applied Restraint Conditions Restraint Coefficients Figure
Loading Number
Ends (b) Sides (a) uy Up
Uniaxial S L 0 to o 0 1
S LR 0 to o oo 1
S S 0 0 2
S 0 0 to oo 2
S C 0 oo 2
S LR 0 to o 0 to oo 3"
C S — - 4
C C - - 4
S F/St = - 5
S F/C* - - 5
Biaxial S S - — 6
S C — - 7
C S — - 8
C C — - 9
* Restricted to long plates.
T One side is free and the other side is simply-supported.
Y One side is free and the other side is clamped.
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