A NOTE ON FLEXURAL VIBRATIONS OF AN INTERCONNECTED BEAM SYSTEM
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SYNOPSIS

A methodis developed to find “the lowest “natural ‘*fréquenéy of vibration of an inter-
connected beam system (Fig. 1) with diﬁ‘ereht edge conditions. The -analysis is based on the
elastic equivalence of a grid frame work-to an - orthotropic plate. . The_.method used for the
analysis is Galerl&fin’s;mc;_thod which belongs to the same class as that of Rayleigh and R{itz.

But this method makes the formulation of the physical problem simple and suitable for nume-

rical calculation.
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| INTRODUCTIQN

The elastié cduivalencé; of a rectangular gridw‘brk to an }orthotropic P]a‘te‘\"e‘;‘a\sv ﬁrst
suggested by ‘Timoshenko (1959). Yonezawa and Naruoka (1958) used this principle for
studying the free vibrations of bridge decks made of intefconrie"cted beam systems by the
frequency analysis of' the équifv'aleﬁt“““d‘t'th”\o'ftfdﬁib“‘“‘pl‘atef’“: ' Ré‘c\én’tly,.;; ~Rajappa- (‘1;964)w~~vhas ~used

this method for finding out the flexural wvibration ofan’ intercorifnected beam system point
supported at the corners. The principle applied in“this paper is the same and the Galerkin’s
meth,?fl,,‘.WhiEh,DQ,;S.P%R}}S‘?d by Stanisic and McKinley (1961) for isotropic plate, is used here

to determine the frequency of the orthotropic plate. "“Iﬁfféqlienéieé"""ﬂéi‘i"éi"ééléﬁlﬁted"fOf“"two '

different types of edge conditions. .. . .. . . . .
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ANALYSIS

_ The equiyalencéil'v(:')lf a beamsystem to thcorth(’troplcﬁlate ha
in a paper by Rajappa (1964). The expression for ‘p’ is given by:

en described in detail

ek

P™= "yh 2h . R
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and- -g£ is the mass per unit area of the plate and ‘k’ is the coefficient of, viscous damping.

The value of ‘p’ can always be found whenever the value of ‘X’ is calculated for any plate
whose characteristic function f (x, y) is givenv: » o

v f 5 -

CASE 1. T e e

For.a..plate‘..simplyﬁ.supported on all sides, f (x,y) for ’t‘he fundamental.mode of vibration.
is given by : : TR e ey R "
7y

S | . E
f _(xv, y) = Asin re Sin 5 e 3)
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where, x==0, x=a, y=0 and y-—b are the edges of the plate. Substxtutmg the v'tlue of f (xy)
~ in‘equation (2), we' get ‘

e[ B %] - ;ey;;~ﬁ~-w
~ and, .
gﬂ“’ D ‘ i i mnw
= ‘)’h x +a" b”+ b4 ] (Zrh C S L (5)
For the 1sotrop1c plate Dy =Dy = H D and hence* ;.}f
= Yh ﬁm+w] (hh o (6)
and for a square isotropic plate where damping is‘neglected : o
4gDa! T SN ERE R (1o I I L o
2 = n . i s s
P “yhat ‘ O T TR SO T kI A F B Y
which is a well-known restlt (Tfmoshenko 1959). - R '
CASE 2. o |
For a plate clamped along its sides - B
f(x, y) =B ( 1—cos ~—-—) ( l—cos 5 ) . - ®
" and substituting in equation Q2 : -
16n* [ 3b D« 2H  3bDy
2 — - 2
A - 9 a4 + a2b2 + b4 \ - (9)

On simplifying :

)\“-=5235(Dx)+349( ,b,)+5235 (~ ----- A) | o

By employing an algebraic function for f (x, y) as :

f(x,y) = x*(x—afy’(y—b* . | | o
the frequency will be obtained (Rajappa, 1963) as : | h ‘ ) ’
= 504 (D")+2xs(,b2)+504( (12)

which is smaller than the one obtained in equation (10). Hence, the value of f (x,y) given by
equation (11) is preferable for practical purposes.
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. 1=:NOTATIONS

a,b — Dimensions of grig along x and y axis

D — Flexural rigidity of an isotropic plate

Dy, Dy,H — Flexura] and Torsional rigidities ‘of an, orthotropic plate
g = Acceleration due to gravity

k ~ —  Co-efficient of viscous démping

Y — Weight density of the plate /-~
~h ‘ = Thickness of the plate material

IS —

Spacing of the beam along x and y axis .
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