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AIIl
An approximate method for treatment of some plate bending problems

Methode approchee pour l'etude de quelques problemes concernant la
flexion des dalles

Eine Näherungsmethode zur Behandlung einiger Probleme der
Plattenbiegung

ÄKE HOLMBERG, d.s.c.s.e.
Consulting Engineer, Lund, Sweden

Consider a rectangular plate, fig. 1, simply supported along the edges x=0 and

x=a, whereas the other edges are either simply supported or rigidly clamped.
Suppose, furthermore, that this plate is submitted to a load
which can be expanded into a Fourier series in x. Then
any quantities relating to the plate can be calculated using
the well-known method involving simple corrections of
the corresponding quantities for a simply supported
beam. When, however, the boundary conditions at x=0
and x=a are changed, the calculation is considerably
complicated by time-wasting numerical computations,
which can seldom be managed when a design problem
calls for a rapid Solution. Some cases have been treated
in publications. Reference is made to S. Timoshenko,*
and D. Young.f Special mention is also made to
S. Levy,}; the immediate source of Inspiration for the
present paper.

In the following paragraphs a very simple but somewhat rough-and-ready method,
which is applicable under any arbitrary boundary conditions, is given. The easiest

way to demonstrate this method is to adduce two examples which permit comparison
with previously known "exaet" solutions.

* "Bending of Rectangular Plates with Clamped Edges," Proc. Fifth Int. Congr. Appl. Mech.,
1939.

t "Deflection and Moments for Rectangular Plates with Hydrostatic Loading," J. Appl. Mech.,
1943.

t "Square Plate with Clamped Edges under Normal Pressure producing Large Deflections,"
N.A.C.A. Report, No. 740.
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Fig. 1.
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Example No. 1

A triangulär load, two opposite edges clamped,
the third edge clamped, and the fourth edge free.

Consider the corresponding beam, fig. 2.
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This is the equation of the elastic curve, which is

generally assumed to be known. The third term
represents the influence of the restraining moment.

For the plate shown in fig. 3 with the loading
as indicated in fig. 2, the elastic surface is chosen:
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Fig. 3.



PLATE BENDING PROBLEMS 215

W
243pa
loVl)

oo
4 N^ 1

n=1.2.3...

2mrx 2pa4
,(1 -+- Ki )sin-^ =-=" 3a ttsD

oo

Z 1 I1TX
(1+iysm —

n-*J.3.5...

+M 'VI ^ •
lOmrA-2 «-5(1 + ^)sin-TTI- (2)

n ;.J.5.
where y„ are functions of y.

y]n is determined by:

From

2«77X
AA Y, sin —— =0 and" 3a

y=±-2

l + Y,n=0,and^=0

nnx rnrb
AA Y„ sin G =0 when -=—=<x„

a 2a
is thus generally obtained:

GX cosh Ga„+sinh Ga„ wry
1 + F„= 1 —^-r-p. r-p——- cosh G—

sinn. Gol„ cosh Gct.„+GoLn a
sinh Ga„ mry imy

sinh Gol„ cosh Gan+Gct„ ' a
' a

On the other hand, if the boundary conditions are:
b

(3)

t92y
l+F„=0and-^-vn=0

then

i+rn=i-

<9y2

Gol„ sinh Ga.„+2 cosh Gct.n

2 cosh2 C7a„
cosh G

nny

1

+-z - G -— sinh G—
2 cosh Gol„ a a

(4)

In this example, M is determined by the condition:

The approximation consists in assuming that the function in v represented by the
first two terms in dw/dx is affined to the function represented by the third term. This
is not the case, and the angular deviation at the boundary becomes zero at one point
only. In the remaining region, the angular deviation becomes negative.

M being determined, all requisite quantities can be calculated from eqn. (2).
Suffice it to say that, for x=0, y=0, Y„=0 can be put in the calculation of d2w/dx2.
When x is small, contributions to Y„ are furnished by the terms where n is large only,
and for these terms Y„=0. The calculation can be made rapidly by using the functions

shown in figs. 4 and 5, and the summations given below:
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For b/a=l, 2, and 3, some quantities have been computed on the assumption
that Poisson's ratio is equal to zero. In fig. 6, they are compared with previously
known " exaet'' values.

Example No. 2

A uniformly distributed load; all edges clamped. For the corresponding beam
shown in fig. 7, the equation is:
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For the plate shown in fig. 8, the following is chosen:

n=1.3.S... n 1.3.S...
1 -f F„ is determined from eqn. (3) and Af from eqn. (5).
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(7)
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Just as in Example No. 1, some quantities have been calculated for Poisson's
ratio=0, and are compared in fig. 9 with previously known "exaet" values.
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Summary

Ifa rectangular plate (fig. 1) is simply supported or clamped along the edgesy= ±b/2
and simply supported along the edges x=0 and x=a, and if this plate is submitted
to a load which can be expanded into a Fourier series in x, then all quantities relating
to the plate can be calculated in a simple manner by means of generally known
methods. When, however, the boundary conditions at x=0 and x=a are changed,
the numerical computations are time-wasting. In this paper, the author demonstrates
an approximate method which is characterised by the fact that the latter boundary
conditions are satisfied on one point only. The calculations are very simple, and
the results are sufficiently accurate for most design problems.
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Resume

L'auteur considere le cas d'une dalle rectangulaire suivant figure 1, portant librement

ou totalement encastree sur les bords y=-hb/2, portant librement sur les bords
x=0 et x=a et soumise ä une charge se pretant ä un developpement en serie de
Fourier par rapport ä x. II montre que toutes les grandeurs qui caracterisent la dalle
peuvent etre calculees d'une maniere simple, ä l'aide de methodes generalement
connues. Les calculs numeriques sont toutefois fastidieux lorsque l'on fait varier
les conditions marginales sur les bords x=0 et x=a. L'auteur expose une methode
approchee caracterisee par ce fait que les conditions marginales laterales ne sont
remplies qu'en un point. Les calculs sont tres simples et la precision obtenue- est
generalement süffisante pour les besoins de la pratique.

Zusammenfassung

Für den Fall einer Rechteckplatte nach Abb. 1, die an den Rändern y=±b/2 frei
aufliegt oder total eingespannt ist, an den Rändern x=0 und x=a frei aufliegt und
einer Belastung unterworfen ist, die nach einer Fourier-Reihe in x entwickelt werden
kann, können alle die Platte betreffenden Grössen auf einfache Weise mittels allgemein
bekannten Methoden berechnet werden. Die numerischen Berechnungen werden
jedoch zeitraubend, wenn die Randbedingungen an den Rändern x=0 und x—a
geändert werden. Im vorliegenden Aufsatz wird eine Näherungsmethode beschrieben,
die durch die Tatsache charakterisiert ist, dass die seitlichen Randbedingungen nur
in einem Punkt erfüllt sind. Die Berechnungen werden sehr einfach und es wird eine
für praktische Probleme meist genügende Genauigkeit erzielt.
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