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ABSTRACT

The dynamic behavior of a continuous plate on sim-

ple supports has been studied using the finite element
method. An excellent engineering agreement with some
previous techniques is observed in the case of struc-
tural elements of uniform thickness.
ting plate of variable thickness, there is a large dif-
ference in fundamental frequency obtained in the pre-
sent work compared to the one based on Rayleigh-Schmidt
me thod.

1. TINMTRODUCTION

The free vibration problems of a continuous plate
of uniform thickness have been discussed by several
authors using the transfer matrix, the perturbation,
the Laplace transform and the double Fourier series
expansion methods (1,2,3,4,5). Recently, Ercoli and
Laura (6) determined the fundamental frequency of vi-
bration of a two-span continuous plate using a very
simple coordinate functions and the Rayleigh-Schmidt
method. The authors conclude by suggesting that the
presented method has a considerable advantage for hand-
ling elastically restrained support conditions. Unfor-
tunately it has not been possible to assess the rela-
tive accuracy of their approach due to the lack of
results related to the case of variable thickness.

In the present work a finite element plate model
was set up to investigate the dynamic behavior of
continuous plates of uniform and nonuniform thickness
subjected to the same boundary conditions. The results
obtained herein shall be used to verify those reported
in the recent literature for the case of transverse
vibration of varying thickness plate.

2. FINITE ELEMENT MODEL

Finite element calculations have been carried out
for vibration analysis of a two span plate on simple
supports. The rectangular flat plate model has its
uniform thickness of 1 inch, small in comparison with
the short edge of 10 feet.

However for vibra-
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The homogenuous elastic plate is made of steel
having a modulus of elasticity of 30.0E6 psi, a Pois-
son's ratio of 0.3 and a mass density of 0.733E-3
1b-sec2 /ind.

For the purpose of this analysis, the ANSYS com-
puter code(7), a general purpose commercial finite
element software package was utilized. The plate
finite element discretization was generated and shown
in Fig. 1. A total of 150 elements have been chosen
to model the plate in order to optimize the reasonable
accuracy of the numerical results versus the computer
time. The plate is represented by the quadrilateral
shell element (STIF 63) which is defined by four nodal
points having six degrees of freedom at each node.

The ANSYS node and element generator, PREP7 was used
in generating the mesh. The shell element has both
bending and membrane capacilities. KEYOPT(1) option
was set equal to 2 for neglecting the membrane stiff-
ness to simulate the plate element.

The boundary conditions for simply supported
edges are:

W=20 Mx = 0
My =0

where W is the displacement normal to XY plane and M
the bending moment (Fig. 2)

for X=0 and X = a

W=0 for Y =0 and Y = b

When the edge is rigidly clamped, all nodal
points along this edge shall be restrained for all
degrees of freedom.

ANSYS modal anmalysis (KAN = 2) was performed to
determine the natural vibration modes and frequencies.
In the case of uniform thickness plate, there are a
total of 63 master degrees of freedom specified. The
ANSYS program uses a wave-front solution procedure for
the system of simultaneous linear equations developed
from the assembled finite elements. When the thick-
ness varies, due to the limited in-core wave front
size of ANSYS software on University's VAX 11/750 com-
puter version, less than 50 master degrees of freedom



are specified. The WAVE step was also called to reor-
der the element in a specific numbering pattern to
minimize the size of the wavefront.

3. RESULTS

The output of modal finite element analysis will
give the natural frequencies of the plate which are
the property dependant functions. These values were
converted into the non-dimensional frequency coeffi-
cient using the following equation:

ont |[[£R 2

0=

D
where 2 = Modal frequency coefficient (non-di-
mensional)
f = MNatural frequency of plate (cps)
P = Mass density 1b- sec2/ ind
a = Rectangular edge in X direction, in.
b = Rectangular edge in Y direction, in.
h = Plate uniform thickness, in.
D = Flexural rigidity
s B
T2(T-9°)
E = Modulus of elasticity, psi
Y = Poisson's ratio

In the case of plate with nonuniform thickness,
the same equation was applied except that h refers to
the thickness of the thinner plate, (ha).

For the plate in consideration, with ho = 1 in.

and a = 120 in., the frequency coefficient is equal to
= 1.475 f

Before going to the detailed calculation of the
dynamic behavior of a two-span continuous plate,
verification of ANSYS solution has been performed using
a well known problem having closed-form theoretical so-
lution. For a square flat plate with all edges simply
supported, Ref(8) reported that the coefficient of the
first mode is equal to 19.7 which corresponds to the
fundamental frequency (f1) of 13.35 cps for a steel
plate having physical dimension data as mentioned
above. ANSYS modal solution gave fl equal to 13.02
cps which represents a reasonably accurate comparison
with theoretical solution.

Table 1 summarizes the Towest non-dimensional na-
tural frequency coefficient @, for various edge con-
ditions in the case of a two-span plate of uniform
thickness on simple supports. It also shows the re-
sults obtained from previous works to demonstrate the
close agreement of finite element solution with other
numerical or classical methods.

Tables 2 and 3 illustrate the effect of variable
thickness on fundamental frequency coefficients for
continuous plate with edges simply supported and clam-
ped respectively. For hl/ho equal to 1.1 where hl is
the thickness of the thicker plate, the present results
are generally consistent with Ercoli and Laura's work.
When the ratio of h1/ho varies from 1.1 to 2.0, there
is still a fairly good agreement between two studies
for the case of simply supported adges, except for X3 =
0.6 where the divergence is very remarkable (Fig. 3).
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However for boundary conditions with two opposite
edges rigidly clamped, the first mode vibration fre-
quency calculated by the Rayleigh-Schmidt method is
totally different and much higher than these performed
by the finite element technique; even though the same
trend of variation is generally recodnized between
two works as long as the thickness varies.

It should be also noted that the results are
particularly different when X3 equal to 0.6 (Fig. 4).
When observing the results presented by these authors,
one can remark that there is practically no difference
in the frequency coefficient when the proportion of the
thicker plate (X3) varies from 0.3 to 0.6.

In considering vibrations of elastic bodies it
is assumed that the system consists of an infinitely
large number of particles between which elastic forces
are acting. This system requires an infinitely large
number of degrees of freedom because any small displa-
cement satisfying the condition of continuity can be
taken as a possible or virtual displacement. On this
basis, we thought that the fact that a limited degree
of freedom was specified will have some influence on
the results of vibration analysis. Verification has
been performed for both cases of uniform and nonuniform
thickness plates with a much smaller number of degree
of freedom. The results show however that the funda-
mental frequency is not really affected for the range
of degree of freedom used in this study (less than
1.5%). This allows to conclude that for the case of
variable thickness vibrating plate, even if one spe-
cifies a higher degree of freedom, the final results
shall be unchanged and the natural frequency coeffi-
cients obtained by finite element solution are accurate
and reliable.

4. SUMMARY and CONCLUSTON

1. The finite element solution is consistent with all
previous numerical and theoretical solutions for free
vibration of continuous flat plate of uniform thick-
ness with various boundary conditions.

2. For plate of non-uniform thickness, there is a fair-
1y good agreement with Rayleigh - Schmidt solution

when plate edges are simply supported, except for

X3 = 0.6 and h1/ho = 1.5 and 2.0 respectively.

The most serious divergence arises for free vi-
bration of plate with two opposite edges rigidly clam-
ped where the finite element results tend to yield
much lower fundamental frequencies.
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Fig. 1. Plate discretization model
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Natural Frequency Coefficient
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Fig. 2. Continuous plate on simple supports.

Fig. 3. Comparison of Natural Frequency Coefficient of non uniform ’ X
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Comparison of Natural Frequency Coefficient of Continuous Uniform

Table 1

Thickness Plate

Results obtained in the present work
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0.3 0.5
* *
X hy/hg (6) (*) (6) (%)
1470 36.012 34,105 49,888 47.949
0.9 1.5 37.236 36.975 51.335 49,782
2.0 39.609 41.418 53.896 52.023
1.1 38.297 35.143 52.081 49,309
0.6 1.5 48.454 40,705 62.168 53.836
2.0 61.644 46.445 76.021 55.863
1.1 38.485 36.116 52.633 50.651
0.3 1.5 49.476 46,259 63.924 61.571
2.0 63.434 59,296 78.379 75.492

Table 2 Fundamental Frequency Coefficient of a Continuous Plate of
Variable Thickness
(a = b) - Edges simply supported

(*) Results obtained in the present work




c c
| SS
]
: 1-?»0
]
A& T &
= X, .
- >
i
*
4
0.3 0.5
X3 hy /h, (6) () (6) (%)
1.1 50.151 46.692 72.099 69.786
0.9 1.5 60.637 51.769 80.615 73.683
2.0 77.383 55.250 92,965 75.620
1.1 51.345 47.422 73.666 70.930
0.6 1.5 65.080 55.256 87.917 76.902
2.0 83.220 64.447 107.185 79.458
1.1 51.617 48.622 74.490 72.725
0.3 1.5 66.206 62.062 90.631 86.356
2.0 84.242 79.161 110.683 101.479

Table 3 Fundamental Frequency Coefficient of a continuous Plate of
Variable Thickness
(a = b) - Two opposite edges clamped

(*) Results obtained in the present work
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