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ELASTIC STRESSES AND DEFLECTIONS FOR FLAT SQUARE PLATES UNDER
UNIFORMLY DISTRIBUTED NORMAL PRESSURE

1. NOTATION

b length of edge of plate m in

E Young’s modulus N/ Ibf/in?

fc maximum total stress at centre, same in all directions N/m? Ibf/in?
S fo stress at middle surface of plate at centre, same in all directions 2 N/nibf/in?
@ fo maximum total stress on diagonals N/m? Ibf/in?
—
*g fy stress at middle surface correspondingyto N/m?  Ibffin?
;‘:’:J’ fe maximum total stress at mid-point of edge of plate N/m?  Ibf/in?
T
g fo stress at middle surface of plate correspondirig to N/m? Ibf/in?
(O]
% fy maximum total stress on centre-lines N/m?  Ibffin?
"(_"3_ f stress at middle surface of plate correspondirig to N/m? Ibf/in?
©
E p normal pressure on plate N/m?  Ibffin?
E r ratio (1 — v2)/0.91 (whenv =0.3r=1)
'g t plate thickness m in
§ S maximum deflection of plate m in
g v Poisson’s ratio

Suffixes

1 denotes stress in direction of edge, diagonal or centre-line

2 denotes stress normal to edge, diagonal or centre-line

Convention  Tensile stresses are positive. Compressive stresses are negative.

Both S| and British units are quoted but any coherent system of units may be used.
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2. NOTES

Curves are given that enable the stresses and deflections to be determined for initially flat square plates o
uniform thickness under uniformly distributed normal pressure. The data given can also be obtained using
the computer programs ESDUpacs A9311 and A9433 associated with Data Items Nosa88@4D33
respectively.

In Figurel &/t is plotted agains(b/t)(rp/E)ll4 for various forms of edge restraint. In FiQues values

of (f/p)(t/b)2 are plotted again$b/t)(rp/E)1/4 and are grouped according to the form of edge restraint.
Curves are given for the maximum total stress at the centre, and at the edge, and for the maximum value
on the diagonals or centre-lines of the plate where these are greater. The corresponding middle surfac
stresses are also given. The centre diagram below shows the locations of the middle surface stresses in tt
plate, and the side diagrams show the locations of the maximum total stresses.
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The total stressdg , fp , fz andfy result from the combined effects of bending and middle surface tension
or compression. The bending stresses can be found by subtracting the middle surfacé.sfiedsesd
f, from the corresponding total stresses. Because of symmetry all the stresses are principal stresses.

In Figure2 for values of(b/t)(rp/E)ll4 <1.3 the maximum surface striggson the loaded face is located
at the centre and is to be associated fyitithen calculating the appropriate bending stress.

Data Item No. 93011 “Flat rectangular orthotropic plates under uniformly distributed normal pressure. Elastic stresdestiond def
for various forms of edge restraint.” (Structures Sub-series).

T Data Item No. 94033 “Flat rectangular isotropic plates under uniformly distributed normal pressure. Elastic deflectsmssasties
strains, moments and forces, for various forms of edge restraint.” (Stress and Strength Sub-series).
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Table2.1 shows the figure to be used for a particular stress and a given form of edge restraint.

TABLE 2.1
Type of edge Stress f (denoted by its suffixes)
restraint Number Total Middle surface Derivations
of figure used
: In-plane
Rotation . C|D1|D2E1|E2|N1|{N2| c|dl|d2|el|{e2|nl|n2
translation
1, 2, 8, 10,
Free Free 2 X< | X | X]|0]|<|<|X|<|X|X|O0|<]|< 11 and12
Fixed Free 3 Ixl<l<l<|x|<|<|xl<l<|<lol<|<|?7823
and14
Free Fixed 4 x<<<xx<x<<<xx<2’3’8’9
and13
. . 2,4,5,6,7,
Fixed Fixed 5 X| < | <|<|X|<|<|X|<|<|<|X]|<|K 8 and10

x denotes that a curve is given
< denotes that no curve is given because the values are lower than the maximum
0 denotes that the stress is zero.

Itis assumed that the plate is initially flat, with no irregularities and that the edges are constrained to remain
in the original plane of the undeflected middle surface. It is also assumed that when the edges are free ir
translation they are free to curve (in plane) along their length.

The curves are derived on the basis of thin plate theory which is certainly validgiarater than 20. They
apply only to stresses within the elastic range of the material but are considered to be reasonably accurat
beyond this provided the stresses do not exceed the 0.2 per cent proof stress.

The stresses and deflections for long flat rectangular plates under uniform and linearly varying pressure
and rectangular plates with initial curvature under uniform pressure are given in Engineering Sciences Data
Items Nos 69018 and 69019 respectively.
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4, EXAMPLE

Square plates with clamped edges under normal pressure
producing large deflections. NACA tech. Note 847, 1941.

Pressure tests of flat aluminium alloy pandIsR. aeronaut. Sqc.
Vol. 57, pp. 46-49, January 1953.

Stresses and deflections in a flat plate with clamped edges under
normal pressurel. R. aeronaut. SqcVol. 57, pp. 244-246, April
1953.

Analysis of thin square plates under normal pressure and provided
with edge frames of finite stiffnesses in the plane of the plates.
FFA report NR 50, 1953.

Elastic plates and panel&ibkie plastiny i pane)i 1zdatel'stve
Nauke, Moscow, 1968.

Large deflection of variable-thickness plabes.J. mech. Sci.
Vol. 10, pp. 723-735, 1968, and unpublished work at the
University of Birmingham, 1970.

Dynamic-relaxation solution for the large deflection of plates
with specified boundary stresselks.Strain Anal. Vol. 4, No. 2,
pp. 75-80, April 1969.

Bending of normally loaded simply supported rectangular plates
in the large-deflection rangel. Strain Anal. Vol. 4, No. 3,
pp. 190-198, July 1969.

Unpublished work at Pilkington Brothers Ltd, Research and
Development Laboratories, 1970.

Unpublished work at City University, 1970.

Application of large-deflection theory to normally loaded
rectangular plates with clamped edgés.Strain Anal. Vol. 5,
No. 2, pp. 140-144, April 1970.

A square plate of width = 10 in, and thickneds= 0.048 in, with its edges free in rotation and translation
is subjected to a uniform normal pressurp 3.5 Ibf/irf. Find the maximum deflection and total, bending,
and middle surface stresses in the plaifidr the plate material is 10.4 x 4f/in2 and Poisson’s ratio

is 0.33.

For this materialf = 0.979.
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