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NON-LINEAR STATIC ANALYSES OP THIN 

RHOMBIC PLATES 



PAPER I 

LARGE DEFLECTIONS OF RHOMBIC PLATES-

A NEW APPROACH* 

ABSTRACT 

In t h i s paper n o n - l i n e a r s t a t i c behaviour of Simply-

Supported rhombic p l a t e s has been ana lysed fol lowing Baner-

J e c ' s hypo thes i s* A s e t of uncoupled d i f f e r e n t i a l e q u a t i o n s 

i s ob ta ined i n ob l ique c o - o r d i n a t e s and so lved by app ly ing 

the Ga le rk in t e ch inque . The case of a Simply-Supported rhom­

bic p l a t e i s d i scussed i n d e t a i l , c a l c u l a t i o n s have been ca r -

r i ed ou t f o r d i f f e r e n t skew a n g l e s . To t e s t t h e accuracy of 

the t h e o r e t i c a l r e s u l t s so o b t a i n e d , exper iments a r e c a r r i e d 

out on copper and s t e e l rhombic p l a t e s . The t h e o r e t i c a l r e ­

s u l t s a r e found to be i n e x c e l l e n t agreement wi th those obta-

ined from the exper imenta l d a t a . 

ANALYS IS 

Let us cons ide r a rhombic p l a t e of an e l a s t i c / i s o ­

t r o p i c m a t e r i a l / having uniform t h i c k n e s s ' h ' . Let the s i z e 

* Publ ished in I n t . J . N o n - l i n e a r Mech., Vol-27/No.6/ 

pp. 1007-1014, 1992. 



of each s ide of t he skew p l a t e be'a 'which i s su f f i c ien t ly 

large compared to 'h ' . The o r ig in of the rectangular Car te­

sian co-ordinate (x,y) i s located a t one of the corners of 

the skew p l a t e (vide F i g . l ) . The p la te i s considered t o be 

Sixnply-Supported along i t s edges and loaded uniformly a l l 

over. 

Following Banerjee's hypothesis , the d i f f e ren ­

t i a l equat ions , referred to the system of rectangular Car te ­

sian co-ordinates governing the def lec t ions of the p la t e are 

( 1 ) 

where 

^--^Trnf^AWh'^^^'-^ e>v . (2) 
i s a constant depending on the surface and edge conditions of 

the p l a t e , and V ^ -is the Laplacian opera to r . 

For a skew p l a t e , l e t us adopt a system of oblique 

co-ordinates (Xj,yj,e) as shown in Fig .1 ,6 being the skew angle, 

Clearly, x = x̂  Cose,and y = y, + ^i Sine (3) 

are the co-ordinate transformation equa t ions . Hence the p a r ­

t i a l d i f f e r e n t i a l operators become 



FIG. I. PLAN FORM OF SKEW PLATE. 



^ = s . ' e ( ^ ^ , - sine ^ ) ; 

and v ^ H S e t ' i 6 [ ^ - ^ s i v > e ( ^ ^ , + 5 ^ ^ ) 

+ 2(1+2 sm^e) ̂ 5 ^ ^ + ^ ] . (4) 

Using these opera tors , transforming the d i f f e r e n t i a l equations 

(1) and (2) in oblique co-ordina tes , we a r r i v e a t the follow­

ing se t of transformed d i f f e r e n t i a l equations : 

=: .2̂  
D . (5) 

Now to solve the problem, l e t us assume 

W = w^Sin ^ Sin 2 ^ (7) 

w^ being the maximum cen t r a l def lec t ion . Clearly W s a t i s f i e s 

the following Simply-Supported edge condi t ions 



"W = 0 at Xi - ± a and at ^^ zz ± a ; 

| ^ : : i O at ^^-±6i and | ^ - 0 at l^^-±d . 

For the value of A, l e t us Integrate equation (6) 

over the whole area of t h e p l a t e . Then we have 

-zsm9(||X|a)]+^(||7}cosedx.d^, . 
After Integration, we get 

For movable edge conditions the value of A will be zero . 

Here, It Is to be noted that, since the normal displacements 

are our primary Interest, the in-plane displacements in equ­

ation (2) have been eliminated through integration by choo­

sing suitable expressions for them, compatible with their 

boundary conditions. 

Now, applying Galerkin's method of approximation to 

the transformed differential equation (5) and keeping in mind 

the value of A from equation (8), we get the following cubic 

equation determining R ( = W / h). 

+-i>̂ (5 + sinH)} ̂ ^ = ̂  ( ^ ) coŝ e 
t9a) 

for the sake of comparison we adopt , now,the well-known 



equation of Berger~* , where e- has been neglected . The 

corresponding cubic equation determining the centra l def­

l e c t i o n parameter ( for immovable edges only) takes the f o l i o , 

wing form (af ter applying Galerkin's technique) t 

(i-hStT^^e)^-M.5^^i:^,(^)cos^e , (9b) 

NUMERICAL CALCULATIONS 

12 2 
For a steel plate we have E « 2 X 10 dyne/cm. 

and i^ =0.3, for which equation (9a) becomes 

(l+Slyi^6)P +-|-[;(i.3-i-0.7Siyî B)2+0.09(5i-Sin̂ G)]p' 

-22.66X10-^^(^^)C0^4e 

(lOa) 

.12 , y 2 12 ' 
whereas for a copper plate we have E = 1,25 X 10 dyne/cm^ 
and 1̂  =0.333, so that equation (9a) becomes 

1 + SlTl^e)^ -^f-CO-^S^ + 0.6 67 6171̂ 6)̂ 0.11 (5+Sin̂ e)]̂ ' 

= 35.46XlO-'\^)eoS^0 

(10b) 

Also, for a steel plate equation (9b) becomes 

(10c) 
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and for a copper plate it becomes 

(i + Si-n̂ G)i5 + 1.5 p^ 

- 35.46 X10-^^(^)CoS^e . îo<̂) 

METHOD OP EXPERIMENT 

A sketch Of the apparatus used for the experimental 

purpose is shown in Fig.2. Two skew boxes with upper side open 

are constructed, each of whose four side walla are made of steel 

Each vertical wall of one box is 16 cm. and of the other is 

14 cm. The upper side of each wall is made sharp (knife edge)« 

care being taken to see that all the knife edges lie on the 

same horizontal plane. The walls of the box with sides 16 cm. 

long are welded in such a manner that the two opposite angles 

are each 75° and the other two opposite angles are each 105 • 

Two opposite angles of the second box with sides 14 cm. long 

are each 6 0° and the other two opposite angles are each 120 • 

Two holes aire drilled on two opposite sides of each box and 

fitted with short metal pipes, one of which acts as an air 

inlet and the other as an air outlet* 

For the experiment with the first skew box, the 

centre of the box is first found and then a plumb-line is set 

as an indicator along the vertical line on which the centre 

of the box lies. For the free movable boundary conditions one 

Test plate (which is approximately mirror surfaced) is symme-



PLUMB LINE 

DETAIL PLAN OF K"'IFE EDGE 
ARRA,.GEMENT. 

--

SKEW BOX 
SHOWN SEPARATELY 

~ CATHETO 
--~METER 

VACUUM 
METER 

FIG. 2. THE EXPERIMENTAL ARRANGEMENT. 

.•. 

t<,.IFE EDGE 
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trlcally placed on the knife edges of the box and a pointer 

Is fixed on the upper surf<̂ ce of the Test plate with some adhe­

sive along the plumb-line* The outlet pipe Is then joined to 

an exhaust pump by rubber tubing and the Inlet pipe Is joined 

to a standard vacuum meter and an air pressure regulator (as 

shown In the sketch). Along the contact line beneath the Test 

plate some thick grease Is used to make the box perfectly 

airtight, (Grease does not apply any appreciable tension on 

the plate)* When the exhaust pump operates, the box becomes 

evacuated, thereby causing the depression of the Test plate 

by the excess outside air pressure, which Is uniform all over 

the effective skew part of the Test plate. The central deflec­

tion of the Test plate Is easily measured with the help of a 

precision cathetometer set at a distance of approximately 

1.5m. from the pointer. 

To make the free boundaries of a skew plate immova­

ble, four pieces of steel collars are taken whose lengths 

are equal to the length of outer boundary line of the skew 

plate. The collars are kept outside the box In contact with 

the lower surface of the plate and with the side walls of 

the box and then the collars are tightly clamped with the 

Test plate using nuts and bolts in sufficient number well 

outside the boundary of skew section. 

Tables 1 and 2 present a comparative view of the 

various theoretical and experimental values of the central 

deflection parameter ^ ( =̂  w^ / h) for different values of 
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4 
the load function Q {« q« /Eh), for the case of steel plate 

and copper plate respectively. 



Corapar i son t a b l e s (showing t h e o r e t i c a l vs e x p e r i m e n t a l r e s u l t s a s w e l l a s showing 

c h a n g e s f o r i nmovab le edge c o n d i t i o n s from m o v a b l e e d g e c o n d i t i o n s ) . 

TABLE 1 

( P o r S t e e l P l a t e ) 

a = 16cm. , when 6 = 15 ; a = 1 4 c m . , when 6 = 30 ; h = 0 .134 3cm. 

Q 

qa 

Eh 

111 

2 2 3 

335, 

446 , 

558, 

i 

. 7 2 

, 4 4 

. 16 

8 8 

6 

fi 
1 

I Movable Edges 

F •'• ' - — 

, From 
e a n e r j e e 

h y p o ­
t h e s i s 

„ , , . . J 

0 , 3 7 1 6 

0 . 7 0 3 8 

0 , 9 8 5 9 2 

1.22484 

1 .4303 

From J 
E x p e r i - ', 
ment * 

1 
I 

0 . 3 8 7 2 

0 . 7 3 7 2 

1 .0201 

1.2882 

1 .5115 

= "o^ 
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t a g e of 
e r r o r 

4 - 0 

4 . 5 

3 . 3 

4 . 9 

5 . 4 

% 

% 

% 

% 

% 

r 

- r 

i 

/h , when 

r 

From 
B e r g e r 
Method 

0 .3285 

0 .5378 

0 .6843 

0 .7982 

0 .8924 

e 

r 
r 
1 

1 

1 

1 

F 

( 
* 
i t 

= 1 5 ° 

Unmovable Edges 

From 
E a n e r j e e 

h y p o ­
t h e s i s 

0 . 3 4 5 4 

0 . 5 9 1 4 

0 . 7 7 0 3 

0 . 9 1 0 7 

1 .027 

From ; 
E x p e r i - \ 
ment ' 

: 

0 . 3 6 4 8 5 

0 . 6 3 2 9 
0 . 8 4 1 4 

0 . 9 9 0 3 

1.1244 

P e r c e n t a g e 
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B e r g e r 
Method 

9 .96 

15 

18.67 

19 .40 

2 0 . 6 0 
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% 

% 

% 

% 

% 

of e r r o r 

1 From 
! Bane r j ee 
; h y p o t h e s i s 

5 .33 

6 .56 
8 .45 

8 

8.66 

% 

% 

% 

% 

% 

N3 



TABLE 1 (Continued) 

"DFT 

6 5 . 

3 31 

1 9 6 , 

2 6 2 

32 7 . 

5 

•-\ 

5 

Movable Edges 

From 
e a n e r j e e 

h y p o ­
t h e s i s 

C .12208 
0 . 2 4 2 7 

0 . 3 5 04 
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1 
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0 .61802 
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8 
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5 . 
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. 1 3 
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,00 

59 
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% 
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% 

% 

% 
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0 . 2 3 0 1 

0 . 3 2 5 4 
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0 . 4 7 9 5 

when e = 3 0 ° 

Immovable Edges 

1 

' From ; 
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1 
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5 

9 

10 

11 

14 
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of e r r o r 
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7 .33 
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% 

% 

% 

% 

% 

Average percentage of error by utilising Banerjee's hypothesis is only 

around 6% for skew angles 6 = 15°, and 6 = 30° whereas by utilising 

Berger method it is around 17% for e = 15° and 10% for e = 30 

U) 



a = 16cm. , when 9 = 1 
-O 

TABLE 2 

t F o r Copper P l a t e ) . 

a = 14cm. , when 9 = 3 0 ° ; h = C.0789cm. 

^ =̂  W^/h/ when e = 15° 

Q = 

Dh 
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1 
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TABLE 2 ( C o n t i n u e d ) 

Dh 

8 6 0 . 2 

172C.4 

258C.6 

34-iC.8 

4301 

; .From 
, B a n e r j e e 

h y p o -
1 t h e s i s 

1 

1.2602 

1 .9429 

2 . 4 0 6 4 

2 . 7 6 5 

3 .0616 

Movable 

^ = w ^ / h . 

Edges 

' From 
, E x p e r i -
I ment , 

1.2801 

2 .0279 

2 .5095 

2 .9404 

3.2319 

P e r c e n ­
t a g e of 
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1 .55 % 

4 . 2 0 % 
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6 . 0 0 % 
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when e 

From 
B e r g e r 
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0 . 8 5 5 3 

1 .1901 
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1 .5913 

1.7376 

= 30° 

Immovable Edges 
1 
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i B a n e r j e e 
' h y p o -
' t h e s i s 

1 _ . 

0 . 9 2 8 3 

1 .3095 

1.56 57 

1 .7649 
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1 

From ; 
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ment [ 

i 

\ 
I 

0.9886 

1.40684 

1.6857 
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2 .09125 

P e r c e n t a g e 

From ; 
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Method 1 

1 

1 3 . 5 0 % 

1 5 . 5 0 % 

1 6 . 0 0 % 

1 6 . 3 0 % 

1 6 . 9 1 % 

of e r r o r 

From 
B a n e r j e e 
h y p o t h e s i s 

6 . 1 0 % 

6 . 9 2 % 

7 . 1 2 % 

7 . 1 7 % 

7 . 7 0 % 

N.3. 

A verage percentage of e r r o r by u t i l i s i n g Banerjee 's hypothesis i s only around 5 % for 
skew angles 9 = 15°and 9 = 30° whereas by u t i l i s i n g Berger method i t i s around 20 % for 
9 = 15° and around 15 % for 8 = 30° . 
Errors are ca lcula ted considering experimental r e s u l t s as s t andard ( sac r i f i c ing 
instrumental and personal e r ro r s ) . 

1/1 
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OBSERVATIONS 

I t i s observed from the two t a b l e s t h a t the r e s u l t s 

of the p r e s e n t s tudy are i n e x c e l l e n t agreement w i t h t h o s e 

o b t a i n e d from the e x p e r i m e n t a l a n a l y s i s o I t i s we l l -known t h a t 

114 B e r g e r ' s method f a i l s m i s e r a b l y under movable edge c o n d i ­

t i o n s . The r e s u l t s f o r s i m p l y - s u p p o r t e d immovable e d g e s , o b ­

t a i n e d by Berger ' s method (as shown i n t h e Tables 1 and 2} 

show t h a t t h i s method i s no t even a c c e p t a b l e from the p r a c ­

t i c a l p o i n t of v i e w . I t i s worth n o t i n g t h a t B e r g e r ' s method 

always g i v e s l e s s d e f l e c t i o n s f o r a g i v e n l o a d . The e r r o r s of 

Berger ' s method (as shown i n Tables 1 and 2) are c e r t a i n l y 

q u e s t i o n a b l e from the v iew p o i n t of s a f e t y d e s i g n . 

I t i s observed t h a t d e f l e c t i o n s f o r movable e d g e s are 

always g r e a t e r than t h o s e f o r immovable e d g e s . This i s q u i t e 

e x p e c t e d from the p r a c t i c a l p o i n t o f v i e w , because movable 

edge c o n d i t i o n s g i v e s t r e s s - f r e e boundary and, h e n c e , t h e r e 

are l a r g e energy changes i n the boundary. 

Here the r e s u l t s f o r skew a n g l e s Q = 1 5 and 30 on ly 

have been c o n s i d e r e d , b e c a u s e , f o r g r e a t e r v a l u e s of the skew 

a n g l e s the e f f e c t of n o n - l i n e a r i t y does not p l a y important r o l e 

i n d e s i g n , and the s tudy of l i n e a r a n a l y s i s s e r v e s the p r a c ­

t i c a l p u r p o s e . 



n 

PAPER I I 

NON-LINEAR BEHAVIOURS OF CLAMPED RHOMBIC 

PLATES-

A NEW APPROACH 

ABSTRACT 

In t h i s paper n o n - l i n e a r s t a t i c behaviours of c lam­

ped (a long a l l e d g e s ) t h i n rhombic p l a t e s under uniform normal 

p r e s s u r e have been a n a l y s e d f o l l o w i n g B a n e r j e e ' s h y p o t h e s i s * 

Numerical r e s u l t s f o r d i f f e r e n t skew a n g l e s are p r e s e n t e d * Com­

p a r i s o n s (both n u m e r i c a l l y and g r a p h i c a l l y ) are made w i t h a v a i ­

l a b l e e x i s t i n g r e s u l t s f o r skewed p l a t e s . Tlie e f f e c t s of skew 

ang le on l a r g e d e f l e c t i o n s are c a r e f u l l y i n v e s t i g a t e d * To t e s t 

the accuracy of the t h e o r e t i c a l r e s u l t s , s o o b t a i n e d , e x p e r i ­

ments have a l s o been c a r r i e d out on copper-made and stcel*4nade 

p l a t e s . Both the c a s e s of movable and immovable edge c o n d i t i o n s 

have been d e l t w i t h . I t i s observed t h a t the p r e s e n t t h e o r e ­

t i c a l r e s u l t s are t o the c l o s e p r o x i m i t y of the r e s u l t s ob ta ined 

from the exper imenta l a n a l y s i s * 

ANALYSIS 

Let us consider a rhombic plate as shown in Fig.3. It 

is of an isotropic, elastic material, whose uniform thickness 



IS 

FIG.S* PLAN FORM OF SKEW PLATE AND CO-OROmATE SYSTEM 
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i s ' h ' . Also l e t the s i d e s of the rhombic p late be each of'2a', 

s u f f i c i e n t l y great compared to'h'. The o r i g i n of the rec tan­

gular car te s ian co-ordinates (x ,y) Is located at the geome­

t r i c centre of the skewed p l a t e . The p l a t e ia considered to 

be clamped along i t s four edges and loaded uniformly a l l over . 

Following Banerjee's hypothes i s , the d i f f e r e n t i a l 

equat ions , referred to the system of rectangular c a r t e s i a n 

co-ordinates are transformed in oblique co-ordinates as in 

paper I . 

Now to so lve the d i f f e r e n t i a l equations (5) and (6) 

in paper I , we assume 

w =T^^cos2-5| icos2fg . 

<11) 

W being the maximum central deflection. Clearly the deflec­

tion function w satisfies all the boundary conditions for a 

skew plate clamped along its four edges, viz. 

W = o at x^ = ± a and at y = ± a. 

^ ^ = oat xj =±a and 1 ^ = o at y^ =±a. 

To determine the value of A, we are to in tegra te 

equation (6) , as usual ^over the whole area of the skew p l a t e , 

llius we have 



A - ^ V^^i (i -V1/ 4- 21an^e 

20 

After In tegra t ion we get 

(12) 

NOW applying Galerkin 's method of approximation to 

the transformed d i f f e r e n t i a l equation (5) and keeping in mind 

the value of A from (12) we get the following cubic equation 

determining the def lec t ion parameter j3 = w /h 

(13) 
4 

where Q = qa /Dh is the load function. 

NUMERICAL CALCULATIONS 

12 2 
For a copper plate we have, E « 1.25 X 10 dyne /cm. 

and i^ » 0.333, so that for such a plate, the equation (13) 

becomes 

(2+Stride) P +\i^(l-333 +2̂ aTi'̂ e)̂ COŜ 0 

(14) 

12 2 whereas for a steel plate we have E = 2 X 10 dyne/cm. and 

1/ = 0.3, so that for such a plate, the equation (13) becomes 
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( I S ) 

METHOD OF EXPERIMENT 

The s k e t c h of t h e a p p a r a t u s u s e d f o r t h e e x p e r i m e n t a l 

p u r p o s e i s shown i n F i g . 4 . Three skew b o x e s w i t h u p p e r s i d e 

open a r e c o n s t r u c t e d e a c h of whose f o u r s i d e - w a l l s a r e made 

of s t e e l of 6mm. t h i c k n e s s . Each v e r t i c a l w a l l of two boxes 

i s 16cm, l o n g and of t h e o t h e r i s 14cm, l o n g . The u p p e r s i d e 

of e a c h w a l l i s made s h a r p ( k n i f e e d g e ) , c a r e b e i n g t a k e n so 

t h a t a l l t h e k n i f e - e d g e s l i e on t h e same h o r i z o n t a l p l a n e . 

The w a l l s of t h e boxes w i t h s i d e s 16cm, long a r e a r c - w e l d e d 

i n such a manner t h a t t h e two o p p o s i t e a n g l e s a r e e a c h 75 and 

o t h e r two o p p o s i t e a n g l e s a r e each 105 . The two o p p o s i t e 

a n g l e s of t h e 3rd box w i t h s i d e s 14cm. l o n g a r e each 60 and 

t h e o t h e r two o p p o s i t e a n g l e s a r e e a c h 120 . Two h o l e s a r e 

d r i l l e d on two o p p o s i t e s i d e - w a l l s of e a c h box and t h e n f i t t e d 

w i t h s h o r t m e t a l p i p e s , one of which a c t s a s an a i r i n l e t and 

t h e o t h e r a s an a i r o u t l e t . 

For t h e e x p e r i m e n t w i t h one skew b o x , t h e c e n t r e o t 

t h e box i s f i r s t found and t h e n a p l u m b - l i n e i s s e t a s i n d i ­

c a t o r a l o n g t h e same v e r t i c a l l i n e on which t h e c e n t r e of t h e 

box l i e s . F o r t h e c lamped movable b o u n d a r y c o n d i t i o n s t h e expe­

r i m e n t a l p l a t e (which i s a p p r o x i m a t e l y m i r r o r s u r f a c e d ) i s 
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symmetrically placed on the knife-edged s ide of the box and 

a po in te r (made of very th in p l a s t i c rod) i s fixed on the upp­

e r surface of the experimental p l a t e with some adhesive,along 

the plumb-line. The contact l ines of the p la te with the knife-

edges are unifoiinly arc-welded from o u t s i d e . The o u t l e t pipe 

of the box i s connected to a vacuum pump and the i n l e t pipe 

i s connected to a standard vacuum meter and an a i r i n l e t regu­

l a to r (using a T-section as shown in the ske tch) . When the 

vacuum pump operates , the box i s evacuated, thereby causing 

the depression of the experimental p l a t e by the excess out ­

side a i r pressure , which i s uniform a l l over the e f fec t ive skew 

par t of the p la te and the pressure i s noted from the pressure 

gauge. The cent ra l def lec t ion of the p l a t e i s e a s i l y measured 

with the help of a precesion cathetometer s e t a t a dis tance 

of approximately 1.5 metres from the po in t e r . 

To make the boundaries of the skew p la te 'clamped 

immovable•, the elongated portions of the p la te beyond the 

knife-edge of the box are cut and then the whole boundary of 

the experimental p l a t e i s are-welded with the supporting knife 

edges covering the fu l l thickness (h) of the experimental p la te 

a t i t s boundary* The experimental procedure i s now, as usual . 

The following tables and graphs show a comparative 

study of the cent ra l def lect ion parameter ^ Vs. load func­

t ion Q obtained by the theore t i ca l and experimental methods. 

For movable edge condi t ions A = 0,as u sua l . 



TABLE 1 

Showing c o m p a r i s o n of r e s u l t s o b t a i n e d f rom d i f f e r e n t t h e o r i e s and e x p e r i m e n t 

f o r c o p p e r - m a d e s k e w - p l a t e (i^- C , 3 3 3 , E = 1 .25 X 10 dyne /cm , e = 1 5 ° , 

a = 8cm. , and h = O.C789cin.) 

v a l u e 

of 

Q 

Movable Edges 

Uniform p r e s s u i r e 
a p p l i e d i n t h e 
E x p t . d n c h of Hg) 

lva lue of "Wo V a l u e o f yS 
Ifrom t h e E x p t . i by t h e E x p t . 

(cirO ; 

V a l u e of fi by I P e r c e n t a g e of 
B a n e r j e e ' s I e r r o r w . r . t o 
h y p o t h e s i s I E x p t . 

20 

50 

6 1 . C 8 

100 

1 2 2 . 1 6 

150 

1 8 3 . 2 4 

200 

2 4 4 . 3 2 

250 

300 

3 0 5 . 4 

6 " 

8 ' 

l O " 

0.073 

-

0.121 

0,158 

-

0.182 

0,92522 

-

1,5336 

2,00253 

-

2.30672 

0.92284 

-

1.5202 

1.93987 

-

2.26643 

0.257 % 

-

0.874 % 

3.13 % 

-

1.75 % 

0 .205 2 . 5 9 8 2 3 2 . 5 3 6 6 2 . 3 7 2 % 

Contd . 
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T^BLE 1 ( C o n t i n u e d ) 

Value 

of 

C 

Immovable Edges 

20 

5C 

6 1 . 0 8 

1 00 

1 2 2 . 1 6 

1 50 

1 83.24 

2 00 

2 44.32 

2 "rO 

3 00 

3 05.4 

f 

: Un i fo rm 
p r e s s u i r e 

: a p p l i e d 
! i n t h e 
, E x p t . 
; ( i n c h of 
1 

: v a l u e of "pg;, V a l u e of yB 
; from t h e by t h e 
; E x p t . ( c m . ) | E x p t . 
( 
1 

H g ) ; 
> 1 
• 1 
t 1 

v a l u e of fi 
from 
B a n e r j e e ' s 
h y p o t h e s i s 

-7 
; v a l u e of 
! from 

/9 

, Kennedy and 
: Simon "̂ s 

c u r v e 

, ( R e f . 8 5 ) 
1 

P e r c e n t a g e 
of e r r o r 
by B a n e r - , 
j e e ' s hyp>o-
t h e s i s w . r . 
t o E x p t . 

J 

P e r c e n t a g e 
of e r r o r by 
Kennedy and 
S i m o n ' s 
t h e o r y w . r . 
t o Exp t . 

4" 

6" 

8" 

10" 

0.068 

0.105 

0.131 

0.151 

0 . 1 5 8 

0 . 8 6 1 8 5 

1 .3308 

1 .65033 

1.91382 

2 . 1 2 9 2 8 

0 . 3 3 2 1 

0 .7254 

0 . 8 4 0 2 5 

1.161 

1.3054 

1.4616 

1.622 

1.6946 

1.866 95 

1 .8873 

2 . 0 5 3 

2 . 0 6 9 6 

0 . 2 8 

0 .62 

0 . 7 1 

0 . 9 7 5 

1.11 

1.25 

1.4 

1.47 5 

1.63 

1.55 

1.8 

1.815 

2 . 5 % 

1.91 % 

2 . 4 3 % 

2 .45 % 

2 . 8 % 

17 .62 % 

16.6 % 

15 .68 % 

1 4 . 8 3 % 

14 .76 % 
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TABLE 2 
Showing c o m p a r i s o n of r e s u l t s o b t a i n e d from d i f f e r e n t t h e o r i e s and 

12 experiment f o r copper-made skew p l a t e ( V = 0 . 3 3 3 , E = 1 .25 X 10 
dyne /cm. , G = 3 0 ° , a = 7cm. , and h = 0 . 0 7 8 9 c m . ) 

v a l u e 

o f 
Q 

20 

50 

5 3 . 7 

100 
1 0 7 . 4 

150 

1 6 1 . 1 

200 

2 1 4 . 8 

250 

2 6 8 . 5 

300 

r 

1 
I 

f 

r Uniform p r e s s u r e 
\ a p p l i e d i n the 
; E x p t . ( i n c h of Hg) 
• 

„ . 1 , , „ , 

3" 

— 

6 -
— 

9" 

— 

12" 

— 

1 5 -

— 

Movable 
p - • 1 

v a l u e of "Wo 
from t h e Expt. 

(cm.) 

0 . 0 4 2 

— 

0 . 0 7 8 
— 

0 . 1 0 7 

— 

0 . 1 2 9 

— 

0 . 1 4 8 

— 

Edges 
" ' • 

v a l u e of yS 
,by t h e Expt . 

0 . 5 3 2 3 2 

— 

0 . 9 8 8 5 9 
— 

1 .35615 
— 

1.6 3498 

— 

1 .8758 

— 

v a l u e o f fi 
from B a n e r j e e * s 
h y p o t h e s i s 

0 . 5 2 6 4 2 

— 

0 . 9 5 6 7 
— 

1 . 2 9 4 3 5 
— 

1 .5676 
— 

1 .797 

— 

Percentage o f 
e r r o r w . r . t o 

, E x p t . 

1 .11 % 

— 

3 . 2 2 % 
— 

4 . 5 5 % 
— 

4 . 1 2 % 
— 

4 . 2 % 
— 

OD 
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TABLE 2 ( cont inued) 

value 
of 
D 

Divnovable Edges 

Uniform 
pressure 
appl ied 
In the 
Expt. 

( inch of Hg) 

value of Ŵ  
frooi the 
Expt.(cm,) 

value of y5 I value of p 
by the \ from 
Expt. ' s a n e r j e e ' s 

' hypothes i s 

value of fi 
from 
Kennedy and 
Simon's 
curve 

(Ref.85) 

Percentage 
o t error 
by Baner-
j e e ' s hypo­
t h e s i s w .r . 
to Expt. 

Percentage 
of e rror 
by Kennedy 
and Simon's 
theory w . r . 
to Expt, 

2 0 

50 

5 3 . 7 

1 0 0 

1 0 7 . 4 

1 5 0 

1 6 1 . 1 

2 00 

2 1 4 . 8 

2 5 0 

2 6 8 . 5 

3 0 0 

-

-

3 " 

-

6 " 

-

9 « 

-

1 2 " 

-

1 5 " 

-

-

-

0.C4 

-

0.C7 

-

0 .09 

-

0.106 

-

0 .12 

-

-

-

0 . 5 0 6 97 

-

0 . 6 8 7 2 

-

1 .14068 
«• 

1.34 347 

-

1 . 5 2 0 9 

-

0 . 2 0 1 9 

0 . 4 7 2 8 2 

0 . 5 0 2 8 

0 . 8 1 1 7 

0 . 8 6 1 1 

1 . 0 7 3 3 

1 .12156 

1 .274 

1.326 1 

1 .4404 

1 . 4 9 5 7 3 

1 .5837 

0 . 2 2 

0 . 4 5 

0 . 4 7 5 

0 . 7 8 

0 . 8 3 

1 .03 

1 .08 

1 .225 

1 .275 

1 .39 

1 .445 

1 .525 

-

-

0 . 8 2 2 % 

-

2 . 9 4 % 

-

1.676 % 

-

1.29 % 

-

1.65 % 

— 

-

-

6 . 3 % 

-

6 . 4 5 % 

-

5 .32 % 

-

5 .1 % 

-

5 % 

— 

o 
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TABLE 3 

Showing comparison of r e s u l t s o b t a i n e d from the p r e s e n t n o n - l i n e a r 

t h e o r y and exper iment f o r s t ee l -made skew p l a t e ( !?• = 0 . 3 , E = 2 X 10 
dyne/cm. e = 15° , a = 8cm, and h = G.I343cm.) 

12 

v a l u e 
of 
Q 

Movable Edges 

Uniform normal 
pressuz-e app l i ed 
In the Expt , 

( i nch of Hg) 

v a l u e of Wo 
from the 
Exp t . ( cm. ) 

Value of P 
by the Expt, 

v a l u e of fi from 
B a n e r j e e ' s 
h y p o t h e s i s 

Percentage of 
e r r o r w . r . t o 
t h e Expt. 

9 .31 
18 .62 
2 7 . 9 3 
37.24 
46 ,55 

4" 

8" 

12-

16" 

20" 

0.023 

0.044 

0.06 5 

0.084 

0.104 

0.17126 

0.32762 

0.48399 

0.625465 

0.7744 

0.16019 

C.3172 

0.46827 

0.61182 

0.747 

6.46 % 

3.18 % 

3.248 % 

2.182 % 

3.54 % 

Contd 
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n G - 9 : GRAPHS SHOWING OIVIATIONS OF CENTHAL DEFLECTIONS OF A CLAMPED RHOMBIC STEEL PLATE WHOSE [ M l 
m KEPT MOVABLE, ( 1 ? = 0 3 ) . 



TABLE 3 ( C o n t i n u e d ) 

v a l u e 
o f 
Q 

9 . 3 1 

1 8 . 6 2 

2 7 . 9 3 

3 7 . 2 4 

4 6 . 5 5 

1 

" u n i f o r m n o r m a l 
p r e s s u r e a p p l i e d 
i n t h e E x p t . 

( i n c h of Hg) 

4 " 

8 " 

1 2 " 

1 6 " 

2 0 " 

immovable Edges 

v a l u e of Wo 
f rom t h e 
E x p t . ( c m . ) 

0 . 0 2 2 

0 . 0 4 3 

0 . 0 6 3 

0 . 0 8 

0 . 0 9 6 

. v a l u e o f )8 
; by t h e E x p t . 

0 . 1 6 381 

0 . 3 2 0 1 8 

0 . 4 6 9 1 

0 . 5 9 5 6 8 

0 . 7 1 4 8 2 

! v a l u e o f /8 
.' from B a n e r j e e ' s 
,' h y p o t h e s i s 
1 
1 
1 
1 , , . 

0 . 1 5 9 4 4 

0 . 3 1 1 7 6 

0 . 4 5 2 4 8 

0 . 5 8 0 2 4 

0 . 5 9 5 6 2 

P e r c e n t a g e 
of e r r o r 
w. r . t o t h e 

! E x p t . 
1 
1 

2 . 6 7 % 

2 . 6 3 % 

3 .54 3 % 

2 . 5 92 % 

2 .686 % 

N.B : - All the e r ro r s are calcula ted consider ing our experimental 
r e s u l t s as s t andard , s a c r i f i c i n g instrumental ( i f any) and 

personal e r r o r s 
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TABLE 

Showing t h e v a r i a t i o n of r e s u l t s o b t a i n e d 

by t h e p r e s e n t t h e o r y due t o change of 

edge c o n d i t i o n s f o r s t e e l - m a d e skew p l a t e 

( i ^ = 0 . 3 , E = 2 X lO-^^dyne/cm^ 6 = 30°) 

—* ! 

v a l u e of 

Q 

20 

60 

100 

160 

200 

260 

300 

Movable edges 

Value of y8 
from Banerjee 
h y p o t h s i s . 

0.2039 

0.5879 

0.9207 

1.3334 

1.5515 

1.83692 

2.0024 

— 1 

', Dranovable 
! Edges 

'1 

; va lue of p 
•s ; from Baner-

I j e e ' s hypo-
! t h e s i s 

0.20221 

0.5568 

0.8312 

1.14 

1.3031 

1.5078 

1.6254 

Difference of ^ 
due t o change of 
Edge c o n d i t i o n s 

0.001b9 

0.0311 

0.0895 

0.1934 

0.2484 

0.32912 

0.377 
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OBSERVATIONS 

Prom the numerical tables and graphs we f ind that the 

present non-l inear theory g ives b e t t e r r e s u l t s than kennedy 

and Simon's non-l inear approach . Because almost in a l l 

the cases our percentage of error with respect to the expe­

rimental r e s u l t s remain within 5 percent,whereas, the errors 

in the r e s u l t s according to Kiennedy and Simon's theory vary 

from the lowest 5 percent to the h ighes t 17.62 percent with 

respect to the experimental resu l t s* I t appears that deviat ions 

in the r e s u l t s of Kennedy and Simon's theory are due to a p p l i ­

cat ion of perturbation technique which embraces more approxi­

mation. Moreover the perturbation technique requires much 

computational labour. I t i s i n t e r e s t i n g t o note that Kennedy 

and Simon did not compare the ir large de f l ec t ion r e s u l t s for 

skewed p l a t e s with other re su l t s a v a i l a b l e in open l i t e r a t u r e s 

or with any experimental resu l t s* They only compared t h e i r 

r e s u l t s for a rectangular / square p l a t e where 0 = 0 ° . 

I t i s observed, from the present r e s u l t s , that the 

maximum centra l d e f l e c t i o n of a rhombic p la te decreases with 

the Increase In skew a n g l e . This may be due to the Increased 

r i g i d i t y of the obtuse corners of the p l a t e with the i n c r e ­

ase in skew angles . Thus we may conclude that the e f f e c t of 

the non- l inear terms on the de f l ec t ion diminishes with the 

increase in skew angle and hence the larg« d e f l e c t i o n curves 

tend to become Increas ingly l inear for large skew a n g l e s . 
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It is also observed that, the deflections for movable 

edges are always greater than those for the immovable edges 

(Ref. table 4 )• This is quite expected from the practical 

point of view, because movable edge conditions give stre88*> 

free boundary and hence there is large energy changes in the 

boundary• 

NOTE : 

Like simply-supported skew p l a t e here a l s o r e s u l t s 

for skew angles Q = 15*^and 0 = 30*̂  have only been considered, 

because, for greater va lues of the skew angle the in f luence 

of n o n - l i n e a r i t y does not play much of s i g n i f i c a n t ro le in 

design and the study of l inear ana lys i s serves the p r a c t i c a l 

purpose• 


