CHAPTER - IV

Time - hardening and time - softening elastic plateg.*

Hggenglature H

The following nomenclature are used in this paper.

]

deflection, normal to the middle plane,
3
flaxural rigidity of the plate = Fi%é;b >
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density, supposed constant,
= thickness of the plate,
= Young's modulus,
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Polssonts ratio.

Introduction s
- Earlier periocds in the dsvelopment of the theory of
Elastieity were mainly concerned wlth materials of homogeneous
-elastic propertieg. After then, the generalization was done
from isotropy to anisotropy especially in problems on crysta;
Blasticity. |

A recent generalization has been made from homogenety
to nonwhonogenety of the material in whieh elastle propertles
vary from point to pcint.‘This has nelped mueh in the improve-

mant of the design of structures,
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A still another generalization of the elastic
properties has been made by Paria (1966). The Young's modulus’
has been assumed to be funetion of time but independent of
co~-ordinates. If the Young's modulus increases as time
inereases, the material will be saild to be time-hardening. In
the time-goftening material, Young's modulus is assumed to
decrease with inereasing tigea The physical justification for
such assumption may be'found in conerete, for example, in
which the elastic properties vary during 1its aging periods.
The elastic properties of a material nay vaiy from season 0 -
geason during the year due to variationé in temperature,
molsture contents and similar other varylng factors. To
illustrate his assumption Paria (1966) has solved the problem
of free vibration of elastic rod with Young's modulug as the
functlon of timee

In this paper the auther has attempted to introduce
this new idea to the ecase of different elastic plates,

Theogy »
Let us consider the transverse vibration of elastic

plates. The differential equation for such free vibration

is
[/ Love, A.E.H. (1927),PP.464 [
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If the ¥oung's modulus depends on time, the above equation

reduces to
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A = 28— _ constant
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Where E, and 1, are constanﬁs, K being a parameter.

E(t) varies from Eo U—\—o() | at t=o0 .to Eo
ks —E_;o; « If X 1s negative, i;he material is time-
hardening and if X 1s positive, 1t is time - softening.
Putting (3 ) in (2) we have,
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Substituting (5) in (4 ) we have,

L' _E_ﬂﬁ&@_,)?é s (6

ow*“ o



/1%

Le Free vibration of a rectangular plate.

We consider the transverse vibration of & rectangular

plate having its boundary simply-supported.
Let the centre of the plate be taken as the origin.

Let us assume w(x,\d)in the form

LS (X,H) : A COS(Z._V,Y‘———;\?}{ . COS (2n—;|b7r3 eee (7)

It 1s evident that this form of 13 (x,y) satisfies the

following boundary conditions for the simply-supported

edges,
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Substituting (7) in (6 ) we have,
eee (9)

RSN

Lg o ¢ (i
d’g + <7\ ‘_EO(HO(J?QO)?; O

Kz _® (2m+|)l (’m-H)L
mn = o T =



' Po solve ( 9 ), lot us pub

é— tfat,

Substituting (10 ) in (9 ), we have
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If o 1s positive, we write « = o« .« The equation

- 1)) reduces to
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where
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If « is negative, we write « = _o

equation (f§J) reduces to

£, 48 o - >¢=o

Wa shall consider the case only when o 1is positive. The
:case when X is negative ean be treated in the similar

manner by replacing Bessel functions by Modified Bessel

functions.
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The solution of (12) can be put in the form

b = Aiog, &) + g (2) oo 09)

where

-~J°/2+,o |
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Hence
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Let the initial conditions be

w (X v o) E’_ Ec\mv\ C%(Zm—e)m C% (2n+9/¢ y

eew ( 17 )
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where (,, and D,, are known constants.

Combining equations (§¢() and (17) and solving for the
constants we have,
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Hence
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Now for numerical computation it will be convenient to
replace the products of Bessel functions of imaginary:

orders by the equivalent series involving Hypergeome-

tric functions as followse.
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Similarly
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If o—>o0 , equation (/8) reduces to ( setting w <o

5 TLFC”:(-Q:—!: Lq/)

in the equivalent Hypergeometi'ic saries )
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which &8 the elassical result.

If the parameter « in the assumed law 1s assumed to be
small, the perturbed deflection of various orders my be
obtained by collecting the different powers of o, 4in the
given Hypergeometric series as follows.

The first pert:urbation is obtained by putting -

in (19), (20), (22) and (23) and =0 in (24) and (25),
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Thus the first perturbed éeflection is found to be
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Collecting terms of higher order of « 1in like nmanner,

the'higher perturbations may be obtained.

B, Froe-vibration of isoceles righte-angled
triangular Plate.

Let us consider the transverse vibration of an
isoceleos righteangled triangular plate having its boundary
simply-supported. The equal sides of the plate are
considered to be of lengths ¢ in the directions of X and Y.
Lot us assume lﬁ(XQy in the form

ese (28)
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where 1w is an odd integer.
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It is ovident that this form of O satisfies the following
boundary conditions for the simply=-supported edges.

2
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Substituting (28) in equation ( ¢ ) and proceeding as
before 526 is determined in the form,
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Let the initial conditions be

/
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where ¢, and D, are known constants.

Putting (3)) in (32) and solving for the constants,

we have

0(49_
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Hence \y (’)(,\j, {) s Lnown.

To obtain the classical result as well as the numerical
oomputation together with different perturbed defléctions,
it will be convenient to replace the products of Bessel
'runctions of imaginary orders by the equivalent seorles
involving Hypergeometriec functlons as shown in the case

of rectangular plate,



