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1. Introduction 

10 a recent publ~cat~on. Jones et all, have studied the vlbrat~ons of both elastic and 
visco-elast~c plates at elevated temperature. Although they have tried t o  establlsh the 
accuracy of Berger's method, N o w l ~ k ~  and 0hnabe2 raised some points regarding its 
lnapplicabtlity for movable edges of a plate.  rath hap' and Prathap and ~ a r a d a n '  also 
crihclsed the method regardmg inaccuracies of Berger's method in certain cases. Yet was 
limed by Banerjee and ~ a r k a ?  that its applicability may be restricted to the cases of 
clamped square plates and circular plates with immovable edges, and to some extent, to the  
simply-supported circular and rectangular plates havlng smaller aspect ratlos 

The present paper deals with the dynamic behaviour of a right-angled isosceles triangular 
plate and an equilateral triangular plate at elevated temperature and havlng simply- 
sUPPorted boundary conditions with immovable edges. The analysis e based on Berger's 
method as the plates considered have immovable inplane edge conditions Moreover, 
%er's equations are in decoupled form and have w ~ d e  advantage in the anal~s ls  in 
WmParison to the classical von ~a~~ equations w h c h  are in the coupled forms and lead 
to mathematical complexities. 
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Some numerrcal computations for the Panatlons of non-dimensional periods vs no". 
dimensional amplitudes and temperature parameters have been preaented graphlcalli,, 
Criterion for thcrnlal buckl~ng has been establrshed 

2. Governing equations for heated plates 

Bergerrs approximate quasi-linear uncoupled d~fferentral equations governing the motlon of 
heated elastic plates are gven by6 

where 

and u, v, w are d~splacement components, a,, $0-efficient of thermal expansion, p, density 
per unit mass, u, Poisson's ratio, v*, Laplacian operator, L), flexural rigidity, h, plate 
thickness. E. Young's modulu8, T(x.y,z), temperaturedtdr~bution w~thinthe plategivenby 

in which r , ( r y )  and r ( x , y )  satisfy certain temperature distribution dlfferent~al equat10ns7 
and @ is independent of x and y but involves the time t 

In the present analysis for free flexural vlbratlons of heated plates, equatlon (I) reduces to 
the form 

Dv'  w f K I V ' w  + phw,,, = 0 (6) 
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3. ~ c f h o d  of solution 

3.1 Right-angled isosceles trimzgdar plate 

~h~ origin of a simply-supported right-angled ~soscelcs tnangular plate 1s chosen at the 
vortex containmg the nght angle wlth the equal sides oflengthLa'along the co-ordinateaxes 

(fig. 11, 
F O ~  such u plate the inplane and transverse boundary cond~tlons ared 

Campat~ble w~th  the above boundary conditions u,v and w are chosen in the forms" 

u = 2 Bk sm k r x l a  (cos k m / a  f sin klrx lo  - knI4)  H i t )  
k . I.3.. 

(9) 

Fla 1 R~ght-angled lroscclcr inangular plate of 
x sides OA = OB = o: equatmn of the sldr AB 1s 

x + y = o  
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Combining equations (6) and (I I )  one gets 

Integrating now equatlon (2) over the area of the plate and eliminating K' wltb the help of 
equation (12) one gets the non-linear tune-d~fferential equatlon as 

where 

and 

N* r -  - I j ~ j j ~ r d x d y  

IS the mean value of NT over the area A of the plate. 

The solution of equation (13) w ~ t h  the initial conditions 

has kengiven by Nashand ModcePIn terms ofJacob~anellipticfunctlon ofcoslne typeand 
obtained the ratio of the tme-periods for linear and non-linear vrbratlons of elastlc pla- 
tes. In the present case such ratio 1s gven by 



where 

dnd ~~~d T* denote the penods for l~nzar and non-lmcar whrat~ons 

F~~ free fundamental mode of v ~ b r a t ~ o n i  withoui thernul loading equatmn ( I?)  reduces to 

the form 

3.2 Buckling criterion 

Fur thc prc-buckhnp state non-dm~ens~onal trrne-petiod T' j ?'can hc ohtamed i ron y u a -  
tmn (17) by takmg values of 

ruffmcntly near to umty Buckling occurs when X = I, and the cr~tlcal buckling temperature 
( 7 : ) ,  1s obtained as 

whlch IS ~n agreeement with the ~esul t  obtamed by ~ a n e r j e e ' ~  

3.3 Simply-supported equilaterul triangular plute 

Analisis of tnls scctlon shall be carrlcd out w ~ t h t h e  help oftrillnea~ co-ardmatcs" Let ABC 
be an eilullatelal trlangle of sides '20'. The centro~d 0 on the undeflccted rnlddle surface Is 
taken arthe orlgin and the randvaxes  are taken perpendL:ularand parallclto thesdc  RC. If 
PI. P. P 3  hc the lengths of perpandlculars from any poult (7 .1 )  w ~ t h i n  the tnangle on  the 

C 4  A B  and BC respectwely and r. the radus  of the lnscnbcd circle (hg. 2) .  thrn 
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Two-dimensional Laplaclan operator shall be obtained as 

The transverse d~splacement w satisfying the simply-supported boundary condluons 

w = v ' w = O a t p l = p i = p , = o  

is assumed in the form 

Also thc following forms of u and v 

u = x  
m i ,  

b [sin lrn r(p2+p') + un Zm "(p1'p3)] ~ ( t )  (25) k k 
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can be chosen In conformity wlth the boundary conditions 

Proceeding m thesame way as lalddown intheprecedingsection oneamvesat the sametype 
of dlfierential equatlon (1 3) where 

Non-dimens~onal time-periods T* / TIS glven by thesameequatlon(l7) where CI and C2 are 
to be replaced by equations (28) and (29) 

For free fundamental mode of vlbrat~ons wlthout thermal loading one gets 

as obtained by Karmakar" 

As in the prev~ous case crd~cal  buekllng temperature ( N ; ) , ,  is obtained In the form 

an obtamed by ~ a t t a ' ~ .  

4. Numerical results and discussion 

Figure3 shows the variations of son-d~menslonal tune-penods T* / Tfor drfferentvaluesof 
"on-dlmens~onal amplitudes A, / h and temperature parameter A. I t  IS seen that theeffect of 



h'; is to dimlmsh the non-dimensional time-periods Also the nrcular frequency 1s glvenb? 
thL expression ua = fi, and equations (14) and (31) show that the circular frequency 
each case d~mmlshes due to the presencc of ( N : )  It is asan from fig 3 that the non- 
dimensional time-periods are less for corrcspondmg non-d~rnens~onal arnplltudes In thc 
cases of plates of more regular shapes A s ~ t  shnuld be, thc "on-lmearbehavmur of the plates 
due to elevefed tfmperaturc obtained here. 1s smular in natilre as that of plates suhjecte(1 to C m-plane forces gtvcn In Biswas" 
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