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PAPER I 

NON-LINEAR ANALYSIS OF HEATED RHOMBIC 

PLATES * 

ABSTRACT 

This paper concerns a new approach to the i n v e s t i g a 

t i o n of non-l inear behaviours of heated rhombic p l a t e s . A 

s e t of d i f f e r e n t i a l equations in obl ique co-ordinates have 

been derived in t h i s inves t iga t ion* Numerical r e s u l t s sho

wing centra l d e f l e c t i o n parameters versus thermal load fun

c t i o n s have been computed for d i f f e r e n t skew angles 0 . For 

0 = 0 ° the r e s u l t s obtained in the present study are in excel

l e n t agreement with the known r e s u l t s . I t i s be l i eved that 

the r e s u l t s obtained for other d i f f e r e n t skew angles are 

completely new. 

ANALYSIS 

Let us cons ider a rhombic p l a t e of skew angle'^'whose 

uniform thickness i s *̂ h* and edge- length ^2at The mater ia l of 

the p l a t e i s considered i so trop ic having mass d e n s i t y ' p * . 

Young's Modulus ^E'and Poissn's Ratio'i^'. The o r i g i n of the 

co-ordinates i s located at the geometric centre of the p late 

* Published in the In t . J. Sol ids and Structures , 1993. 
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(vide Fig .3 In Paper II# Chapter I ) . The d e f l e c t i o n s are 

consldeired to be of the same order of magnitude of the p l a t e 

th ickness , the edge- length being s u f f i c i e n t l y large compared 

to the t h i c k n e s s . 

NOW the uncoupled s e t of d i f f e r e n t i a l equations In 

rectangular Cartesian co -ord ina te s , governing the thermal 

behaviours of e l a s t i c p l a t e s (vide Ref• i67 ) are given by 

V'^VI •^(1^ ̂ ^^) -^\j^^{(Mr<Mn 

where 

It is to be noted that in the derivation of the above 

equations (1) and (2) in rectangular Cartesian co-ordinates, 

the expression 

In the total P.E. of the elastic plate (Ref.167 ) has been 

replaced by 

As a consequence the partial differential equations gover

ning the deflection of the plate have become uncoupled and 
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the two decoupled d i f f e r en t i a l equations (1) and (2) have 

been obtained. 

In the present problem, the temperature i s assumed 

to vary l inea r ly with respect to the thickness d i r ec t ion z* 

We a l so note that (Ref.167) 

T(x,y,2) = T^Cx.y) + 2 t ( x,y) 

in which 

where 

T^= T(x ,y ,+§ ) and T2= T ( X , Y , - j). 

Clearly ^ i s the temperature in the middle plane and f var ies 

along the thickness of the p la t e and hence f / "t » 

The plan of the skew co-ordinates (x-^y. , Q ) is shown 

in Pig.3 in the Paper I I , Chapter I . 

We now transform the equation (2) in oblique co-ord i -

n t e s . For Simply-Supported p l a t e s the boundary condit ions are 

w = 0 at x^=±a and a t y. = ± a • 

^ = 0 at x^=±a and | ^ = O a t yj = ± a . 

Then l e t us choose the deflection function for the Simply-Supp

or ted p l a t e as 

w = w Cos ^l^coE 7̂ Y< 

(3) 

which clearly satisfies the above-mentioned boundary condi

tions . 
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Now putt ing (3) in the transformed form of equation 

(2) In oblique co-ordinates and then Integrating i t over the 

e n t i r e surface of the plate^ we obta in the value of A In the 

fo l lowing form 

(4) 

(As normal displacement W Is our primary i n t e r e s t , the i n -

plane displacements u ,v have been e l iminated through I n t e 

gra t ion by the choice of appropriate functions for such d i s 

placements) . Again transforming the equation (1) In oblique 

c o - o r d i n a t e s , introducing (3) and (4) in the transformed 

equation and then applying the Galerkin's error mlniniising 

technique we get the fol lowing equation determining central 

d e f l e c t i o n parameter W / h depending on thermal load func

t i o n q 'aVsh^ 

(5) 

where 

s = 2(a /h)2c i +i;')cx^'ro 

^""^ q ' = q-Da^(l + 1 ; - ) V 2 T . 
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The equa t i on (5) i s a p p l i c a b l e for the Imraovable edge 

e o n d i t i o n s of the Simply-Supported skew p l a t e . For the mova

b l e edge c o n d i t i o n s we have A = O, so t h a t t he e q u a t i o n (5) 

t a k e s the fonn 

( 6 ) 

NUMERICAL RESULTS 

Numerical r e s u l t s a re p r e s e n t e d here i n t a b u l a r 

forms (Tables 1 and 2) fo r 3 = 0, 0 . 1 , 9 = O° ,15° ,30° 

and q 'aVfih^ = 2 , 4 , 8 , 1 0 . 



TABLE - 1 

S = 0, I . e . -f = 0 

n • - - — • ' — ' • • - ' • ' ' ' • 

, . i Yf 

Q A I °/^ ^Y P r e s e n t Method 

Eh* ; e = 0^ 
1 

1 Movable Immovable 
( Edge Edge 

e = i5° 

Movable Immovable 
Edge Edge 

e . 30° 

Movable inmovable 
Edge Edge 

1 Bll 

W / h by B e r g e r ' s 

(Rcf .134 ) 1 -
e m QO 1 e = 15 

Immovable j Bmiovable 
Edge 1 Edge 

Method * 

G = 30° 

immovable 
Edge 

1 .30156 0 . 9 1 4 3 5 1 .08167 0 . 8 2 0 6 9 0 . 6 2 6 9 0 .53604 0 . S 0 1 3 0 . 7 9 9 7 2 0 . 5 3 6 7 1 

2 . 1 9 0 9 1 .3131 1 .85443 1 .20857 1 .14734 0 .84631 1 .29017 1 . 1 6 8 8 8 0 . 6 4 8 

8 3.23354 

10 3 . 7 3 4 9 8 

1 .78866 2 . 8 5 8 1 1 .67119 1 . 8 9 6 7 5 1 .22355 1 .75406 1 . 6 0 9 0 2 1 .2266 

1 .9613 3 .2243 1 .83866 2 . 1 7 9 7 7 1.3597 1 .92254 1 . 7 6 8 4 7 1 .36324 

* B e r g e r ' s method has been a p p l i e d t o the p r e s e n t problem by n e g l e c t i n g e j , the s e c o n d s t r a i n 

I n v a r i a n t , I n t h e e x p r e s s i o n f o r t o t a l P . E . o f t h e p l a t e . 

o 



TABLE - 2 

S = 0 . 1 , I . e . ^9<? 0 

rr';*4 
q 'a 
Eh^ 

W / h by P r e s e n t Method 

e = 0° 

Movable Iroroovable 
Edge Edge 

e 

Movable 
Edge 

1 

- 15° 

Immovable 
Edge 

e = 

Movable 
Edge 

30° 

Dwnovable 
Edge 

W^/h by B e r g e r ' s Method * 

( Ref .134 ) 
e = 0 

Immovable 
Edge 

1 ' 

' o f o e « 15° 1 e « 30° 

Immovable | immovable 
Edge • Edge 

• 

1 .32786 0 . 9 4 9 8 5 1.10168 0 . 8 3 8 9 9 0 . 6 3 5 9 7 0 .55925 0 . 9 4 0 5 8 0 . 8 3 5 1 5 0 . 5 6 1 0 9 

2.22082 1.34324 1.87831 1 .20992 1 .1604 0 . 8 6 9 0 1 1 .32336 1 .19954 0 . 8 7 1 8 5 

8 3 , 3 5 1 0 6 1 .81316 2 .S8067 1 .65221 1 .9111 1 .24302 1 . 7 8 1 1 .63412 1 .24706 

10 3 . 7 6 1 1 8 1 .98415 3 .24585 1 .81269 2 . 1 9 3 8 5 1 .37799 1 .94764 1 .79188 1 .38247 

* e^ - 0 according to Berger's method. 

o> 
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OBSERVATIONS 

Prora the numerical a n a l y s i s of the under taken problem 

the fo l lowing o b s e r v a t i o n s a re made j 

( i ) The n a t u r e of the c e n t r a l d e f l e c t i o n of a skew p l a t e 

under thermal load ing i s the same a s t h a t of the p l a t e under 

mechanical l o a d i n g , i . e * the c e n t r a l d e f l e c t i o n i n c r e a s e s con

t i n u o u s l y with t h e i n c r e a s e of load ing for any edge c o n d i 

t i o n s of the skew p l a t e , whether movable o r immovable. 

( i i ) Cen t r a l d e f l e c t i o n f o r movable edge c o n d i t i o n s of 

t h e skew p l a t e i s always g r e a t e r than t h a t fo r immovable edge 

c o n d i t i o n s of the p l a t e , for t h e same loading in the two cases , 

( i l l ) I r r e s p e c t i v e of the edge c o n d i t i o n s , t h e c e n t r a l 

d e f l e c t i o n decreases wi th the i n c r e a s e of the skew a n g l e . 

( i v ) The r e s u l t s fo r immovable edge c o n d i t i o n s of the 

skew p l a t e ob ta ined by the p r e s e n t method, agree we l l wi th 

the r e s u l t s ob ta ined by Berger ' s method. I t i s to be noted 

t h a t Be rge r ' s method I s a p u r e l y approximate method based 

on the neg l ec t of ^j* But p r e s e n t s t u d y i s based on Baner-

j e e ' s hypothes i s which sugges ts a modified s t r a i n - e n e r g y 

e x p r e s s i o n , and thus t h i s model embraces l e s s approximat ion 

(Re£,i62 ) than t h a t of Berger. Again Berger ' s method i s 

meaningful only o r immovable edge c o n d i t i o n s of the p l a t e s . 

and 

(v) The d e f l e c t i o n s i n c r e a s e w i t h ^o* 


