CHAPTER ~ I.
Bonding of uniformly compressed circular plates of
variable thickness.*

PAPER «_I.

Nemenelatuye s
The following nnmsnalatur@ are used in this paper.
Ol = padius of the plate,
k) = radiug of the inner boundary,

41 thickness of the plate st a distancewl
from the centre,
ek

D= flexural rigidity of the plate = m0-67)
E = Young's modulus, | | |

G = Poisson's ratioe.

Introduction : .

H&lzar-( 1918 ) diag&ssed first the problem of symmetrical
bending of circ&lar plates of variable thiekhess. Since then, mény
authors have iﬁnestigaﬁsﬁ the problem, outstanding of which are
the investigations of Pichler ( 1928 ) and Olsson ( 1937 ). The
last named author { 1939 ) has also solved the problem of
unsymmetrical bending of circular plates. Corway ( 1948 )
invesﬁigatéd the problem of symmetrically loaded elrcular plates
of variablé thickness with various btypes of thickness variationse
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Basuli { 1961 ) solved the prohblem of bending of"
unifornly compressed anmular plates, thickness of which
varies linearly from the centra, '

» In this paper an attempt has been made to solve the
* same problen with the thickness varying inversely as the
‘distance from the centre. |

. Theory &

Let T = uniform pressure per unit length and

' thichkness of the section of' tha'defleei:imi surface bounded

by two concentric eylindrical surfaees of vadii T  and

n +ol.n and two radial planes imludi'ng & small angle As at
the centrs of the plate, ai a ﬁismca N5 My,Mg = bending
moments per unit length of the section perpendicular to
radius and tangent; Q= shearing fovees per unit length,

acting normally to the middle plane, CP = 510pe ét a
distance = - %L—\;i , W being the corresponding

L
displacenent. o

Considering the eqilibrium of the element and taking

noments we have the following differential eguation,
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where the flexural rigldity D 1s a variable quantity.
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Problem 3
{a) Quber boundarx elamped and gugportzed, mneg boundary
clamped. Iine load along the inner boundarx..

Let us consider an annuiar plate whose thickness at a

dist uance N 1is given by A

h=h N ese{2)

snbaectea to & total normal load [ distributed uniformly
round tne radiuns of the hole.
Then the differential aquation C1) will take the form
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The 'complemenmry function for the equation (3 ) can be put
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where /3: '3T6\2€ > A, B being constants and ], (”m) %E )
belng the Bessel functlions of 1ist and 2nd kind of order dJe.
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Hence the general solution is

P = AR o) - P Bl O e

27/4 A The
If the outer boundary be clamped and' supported and the
inner boundary be clamped | | , ‘
o boundary‘conditions are =0 when m=a,n=>b,w=o0at

_ . =& - ess (&)
Considering equations (4 ) and (5 ) and solving for. the |

constants, we get
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The same. aquation also determines

MO = :D[%% + 6‘%] - ‘ ‘ | soe {-10)
To get the deflection we know that Q = _%G"*{ | .'.§ AL n)

On 1n*e.egrai;ing equation (H ) we get, .
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Therefore W is determined.

ens (14)



g 1am'géé, Toad uniform.

For the samo plate if the load be uniformly distridbuted |

with intensity </ then
‘ T w

= mw)omd = K69

een {15)

With this value of Qn the differential equation (1| ) takes

the form
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Solution of equatlon (l16) ean be put in the form

S EACOREACS

‘ : 2.
0(?’/‘-f b, Sy p CK%) Y
24 T,

¥ 85,0() l

Bcaunﬁéxéy conditions are <& = o when N = q, ﬁz b
Conaidering equations (\7) and ((2) and solving for the

constants, we gel
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 Combining equations. (17 )y (19) and (20), ¢ is determined in
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To get the deflection \v/ we know that
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Integrating equation (22) we get
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Beundary condition 18 w= 0 at L=
Therefore the constant K, is given by
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Substituting the value of K, from equation (24) in (23)
W 1is determined.

{¢) guter boundsry elamped, inner boundary clampad
and supported, JToad uniform.

For the same plate 1f the inner boundary be elamped
and supported and the outer boundary be clamped,
boundary conditions are =0 of H=o, =b
and W=o0 ot N=b.

If the load be uniformly distributed with intensity 9,
equation (23) reduces to |
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which 1ls the daflection under wnifors load at a

distance TL .«
Deflection will be maximum at the outer boundary 1 =oC
Thus we get, '

(W = 8 [E{C) 26 L )
“30&) S EDF B ey ) e, D)
~ Y lE2) 8y G(‘b")j

o s *trm Sadqm
x/qﬁflo i) (Wz) b
27 T, - (& +4W1) i(/4 } {(%—rzm) /u}
P412M

x iy () gram
/o(/ T‘!'\omzo (7+4M){(9/4 /u} {C?/&}—tzm) - 1
(/) (:cq {("*3/4)3 &S ) Ss/'/w@
Sa-t (;).g, a j }L@ 3/)%““) ~Yq A >
,»_‘( Spts )j



\

GaF2M e am

TS S
74 T ‘ho L5+4m){(5,4)z /uz} )\(s/+zwu) /uj

+2’M

Cl/ o< - ) (o;" - CL7+ 4m
oA A Ty T*h o (7+am) {(9/4) /“i} {(/4"‘2“7) /“j

voe (26)

In particular, '1f 0 = 0'2$, the defleection and the
maximun deflection can be obtained from equations (25) and
- (26} as given below. - |
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~ Let us gssume X = |, b=5, q = lo
Putting the above values of «, b and a in (29)

_ % .
we have, (W)W\o\x = ﬁox 0'4\35
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FIG. ]

Stresses and moments on an element bounded by two

adjacent cylindrical surfaces and radial planes,
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-Note on -’tha deflection of a square piéte ef' variable
‘thickness under a variable load and uniform
tension in the middle plane of the plate.*

7

PAPER - II

Hemqng' lature : ; _
. The following nomenclature are used in this paper.

QA = side of the plate, 4 SR

R |
D = flexural rigidity of the plate = Ti‘(T—'o-T);L ,
h = thickness at a distance - o¢ .. = o€

. where )\ is a paramcter, small in magnitude
E' = Young's mednlua)
= load
‘= Uniform tension in the middle plane of the plate
d = Polisson's ratio, |

W = datiection, normal to the plate.

Introduction 3 .

Stirqml problems of bending of rectang_uiar: plates of
_uniform thickness urder ého vcombined actmn_-orl lateral loads
and forces in the middie plane of the plate have been |
dzv!.acuss‘ed by Timoshenko and Woinowsky « Krisger ( 1959 ),
Convay H.D-(IMQ),' Chang —c‘.i-:‘. and Conway H.D,.(igﬁjg)- The

*Acccpted Tor publication in the Journal or _
- Theoretical Physies, Calcutta(Published in
-Vol. 15, No.. 1, 1967)0
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ob;)ect of tbis paper is te solve the problem of a square
plato of variablo thlckness under the combined action of 4
variable 1oad and un:lform tension 1n the middle plane of
the plate, thickness varying exponentially. It may be
mentionsed that the same problem without any compressive

. force was discussed by Favre H. and Glig.B.(1952). The
eorresponding problem with linequy varyiné' thicknese |
_was due to Basuli (1961).

- Theory 3 _

: The figure ( | ) represents an element of the plate.
Prej ect;pg ‘normal and sheaﬁring forees on the z-axis and
considering the equation of equilibrium we obtain the
following differential equation-(Timoshenko and Wonowsky-
-Kriegerg Theory of plates and shells. Page - 379);..

. ! O\ (i’LD 3 y esel |
DVV~W+2§D gx +d]z)v\/\/ (1=09) dx‘%f\;;‘: <1/+Th%;\}i ()
Problem : ,
. ‘Let us consider a plate stretehed in the direction

of x- axis .

. Hence Nx= T, Ny ~:'Nx‘\j'— Nyit = ‘d . xl'i.‘et ue -éesgmevlea’d.  to be
hvdrostatic,represented by = °Vo X , o

Let : W=.Z:Wm . where A :ls a parameter deﬁ.ned
Iearl:l.er. | e ' | ‘ -
Substituting this 1n ( ; ) and equating the coeffieients of

successivs powers o : we have the followin ‘se uence of
sagra ﬁi iy, g seq
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differential equations

TV VW~ Thet -9 = © | o w20
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X . 6~ O X 0
20,5 77 Wt DTV, + :Doewi( + 1805 S ow,+
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and so on.

For a simply supported plate using. the ‘method of
" Me lavy we take the solution in the form

W, = Zx sw“w

=13, ese{30)
me “nry o eeof31)
< ny '
WW\ = ZXWH’) S‘ ‘.‘(3'”’)}
_ Mn=1,3,
o m= 0, |, S Jxmnbeing some functions of X onlys
We can finally represent the load S by '
0.00'(4):
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Considering cqua‘&ibns €20) €30)and (4) we have the
following differsntial eguations of 4th arder for X, .
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where A, , Ao Asas ‘AO'L} are arbitrary constants.
Using boundary conditions
. and K - A
Xow =0 akx=o W& K=
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With these values of Ao‘ > Aoz > Ay, Aoqlad combining nqmtions
(6) and (30) W, is obtained.

| Gansmnmg squations '( 21 3431 ang {4) we have
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Selution of equation (8 ) cun be put in the form
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Using boundery conditions and solving for the constants,
¥s have

Ay = F@) — FO-mFY _ (mi-mi- M L
m—mk "h\_L"m )Q‘}I"tzl\{>
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L= F'aQ) ~m{F@) - F'(0) <™ Jm%e_ml ()
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= g () m ( )( )
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Thus W, 1is determined completely.

By similer procedure we can have W, , Wy, - W Hencellis obtained .
A graph is plotted showing WDOA against - of the

[v]
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Ny
dx
N !
| : = R4 Ay
I
) I
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Stresges on an alement of the plate.



