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NOTE 

EFFECT OF EDGE THRUST ON THE NATURAL 
FREQUENCY OF FLEXURAL VIBRATION 

OF RECTANGULAR PLATE 

By Toyoji KuMAI* 

An investigation into the effect of edge compression or tention upon the 
natural frequencies of flexural vibration of the rectangular plate is carried out 
as a fundamental study on the local vibration of ship structure. 

1. Introduction 

As one of the vibration problems, it should be noted that the natural fre­
quency of the vibration of a rectangular plate is different from the frequency 
under the static action of the edge compression or tension in its neutral plane. 
If the edge compression increases as high as the critical load of the rectangular 
plate, which is an extreme case, there is no fundamental natural frequency of 
the vibration of the plate. The investigation into the extreme case of the pro­
blem mentioned above was treated by Sezawau for obtaining buckling load and 
natural frequency of the clamped rectangular plate, though the relation between 
the natural frequencies and edge compression is not considered in his paper. 

The present note shows the effect of edge compression or tension upon the 
natural frequencies of flexural vibration of the supported rectangular plate 
with a numerical example. The results thereby will be applicable to the estima­
tion of the natural frequencies of the rectangular panel of the web plate of the 
longitudinal or transverse girder as a problem of the local vibration of ship 
hull structure. 

2. Basic Equation and Solutions 

The basic equation of the flexural vibration of the rectangular plate under 
the action of edge compressions in x and y direction and shear force, is written 
by 

(1) 
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where, 
Eh 3 

D = 12(1-v') 

E, v Young's modulus and Poisson's ratio respectively 

ph D).ass of plate per unit area 

w deflection of the plate 

P,, P, edge compresions parallel to x and y-axis respectively 

Q shear force at four edges 

x, y cartesian co-ordinate 

In the above equation, if there is no inertia force in the above plate, the 
equation shows that of buckling of the plate, or if there are no edge compres­
sions and shear force, the equation shows that of flexural vi.bration of a rectan­
gular plate. 

Now we put Q=O, and assume the deflection, that 

w=sinmrrxy coswt, m=l, 2, 3 ..... . 
a 

(2) 

Substitute (2) into (1), and the equation will become 

y1v - (1m'rr' - f,,) Y" - (). 'n-' - m'n-' + m21r2 P,) y = 0 ' (3) 
a' D a' a' a2 D 

where, 

The solutions of the above equation are written by 

Y=A cosqy+B sinqy+C Cospy+D Sinpy , 

where, p:} =.!!_[/.l.'rr2 m'(P,-PY) !!'_ P,2 +} mrr] 
q a a' + D + 4rr2 D' - a 

(4) 

(5) 

If the two oposite edges y=O and y=b arc both assumed to be supported, the 
constants A, C, and D vanish and the solution becomes 

Y=B sinqy, 

where, 
nrr 

q = b , n=l, 1, 3 ..... . (6) 

3. Relation between Eigenvalue and Edge Compression 

From the above two equations (5) and (6), the following equation is ob­
tained, 

( n'n-2 m2rr2 2 _ .Ji:... {.l.'rr~ m' (P,-P,) -.!!__ P,'} 
b' + a' ) - a" a' + D + 4rr' D' (7) 
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From the above equation, if we assume Px=P,=0, the eigen-value A of the 
natural frequency of the rectangular plate are obtained. If we put A=O, howe­
ver, the buckling load Px or P, is determind, provided that the ratio P,/Px is 
given. 

Putting P,=0 in equation (7) for the sake of simplicity, the eigen-value will 
become, 

( a2 ) 2 m'a2 Pb' 
A2 = m' + n'-g. - -b' Drr' (8) 

The buckling load is obtained, provided that A=O in the above equation, 

P,,b' = (m J!_ + !f_ _!!__) 2 

11:'D a m b (9) 

It is a well known fact that the buckling load of the rectangular plate supported 
at all edges gives a minimum value when m takes equal value to a/b2'. Hence 
the buckling load is written by 

(10) 

Since the edge compression will change from zero to critical load in the pre­
sent problem, the coefficent c will be multiplied by Px in equation (10), in 
which c=P,,/Pc, that changes from zero to unity. Then the eigen-value presented 
by equation (8) becomes 

A= / ( m' + n2 :: ) -cm' ( 1 + :: ) 2 (11) 

In the case of the fundamental mode, the eigenvalue is written by 

(a) 

When c becomes zero, A shows eigen-value of the vibration of rectangular plate. 
If c takes unity or P,,=Pc,, A becomes zero. If the plate vibrates under the 
tension in its neutral plane, Px will become negative, or c will take negative, 
and the eigen-value increases, as seen in equation (a). Figure 1 shows change 
of eigenvalue for various values of edge compression and tension in some range 
of c in the case of the square plate. 

Since there are higher harmonics in the vibration of the rectangular plate, 
for instance, the mode m=2, n=l, the eigenvalue in this case is written by 

✓ ( a')' ( a') l = 4+- -4c l+-
m-2 b' b' 
n=l 

(b) 

If we put P,,=Pc, or c=I in the above equation the eigen-value of the second 
mode becomes 60 % of that in the case c=O. 
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Fig. 1. Eigen-value versus edge compression and tension by the ratio 
of buckling load of square plate supported four edges. 

4. Conclusions 

The effect of edge compression or tension upon the natural frequences of 
the rectangular plate supported all edges was investigated. It is to be noted 
that the range of variation of the eigen-value for that of the edge com­
pression or tension is considerably wide. The results will be applied for estimat­
ing natural frequency of web plate vibration in a local structure of ship hull. 
There is still much to be studied in the present problem for different types of ex­
ternal force, for instance, under the static action of bending moment and shear 
force in its neutral plane. 
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