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The problem of bending of aelotropie cireular blocks part I and I into ellipsoidal and paraboloidal shell have been
discussed by the authorl,? on the lines of Green & Adkins®. In this paper the problem of bending of an aelotropic
circular block into hyperboloidal shell has been considered and its solution has been obtained in terms of a general
strain energy funotion for compressible and incompressible materials. -

The problems of bending of aelotropic circular blocks into ellipsoidal and paraboloidal shells have
been considered by the author®? earlier. The notation and formulae used are of Green and Adkins3. In
this paper, the problem of bending of an aelotropic circular block into hyperboloidal shell has been
considered on the lines of the earlier papers. )

Suppose that a circular block is bounded, in the undeformed state, by the planes 23 =a,, ¥, =a,
{a,> a;) and the cylinder ;24 x,2 = a2 The -block is bent symmetrically about the z,-axis into
part of a hyperboloidal shell, whose inner and outer boundaries are obtained by revolving the confocal
hyperbolas ‘ :

¥g=c c0s £ coshn, z3=c sin g; sinh 5, 1=1,2 < (1),
about the zy-axis, and the edge s=a Let y;-axis coincide with the w;-axis, and the curvilinear

coordinates 6 in the deformed state be a system of orthogonal curvilinear coordivates (£, 4, ). Then,
since the deformation is symmetric about the z,-axis, the deformation could be taken as

§=Ff(zs)y 1=K @+ 22 o= tan™? (zyfmy). @
' The strain components e;; are given by . ‘ -
2617 = 2695 = K2 ¢® (cosh? y —cos® £) —1, _ (3)

Qegs ==f 2 (w5) (cosh? 5 — cos? £) —1,
619 == €33 == €51 = 0.
The non-vanishing stress tensor has components

) | WY e mgmeg/Jr (2P
Th=f%@ | \/l“’( aesa)’ H=rIm=K \/I3 (3611) @
where I, = K5 f'2 (%) ¢ (cosh? n — cos? £)8 T (6)

The equations of equilibrium could be solved by supposing y to be small [1,2]. These gi\'re

. v\
2 = 2 gin2 ¢ (22—
7 e = (7 + Wi st ¢ (50) ©
Then the non-vanishing physical components of stress are given by -
.= aw 2 2 gin? W \/ aw / y
o)) \/ (W 4+ W) 2 /K c’ sin? £, Ogp == Ogy = 21, %5 (W.'i' Wq) ) (7N
Incompressible Material : |
In this case I; = 1. Hence from (5), we obtain
‘ k if_ = 2 o3 gins £,
| | i = IIK‘ 8 sind &,
which on integration gives , : . '
: 2 fcosd & - 3
Ty = 54—68— ((—32%—5 — 3 cos §)—I— B, (8)

where B is an arbitrary constant,
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- As the internal and external boundaries of the shell are given by £=2¢;,i=1,2 nrespectively,
which were initially the planes ¥y = 0y and x4 = a,, the values of K and B are obtalned from (8) by
using these relations.

Compressible Matemal :

The equation of equilibrium in this casé is )

‘ P = W—{—W—l/K%‘*sm‘*fl (9)
, : 353
The physwa.l components of stress are gwen by
0'11 = W "l" Wo ’
: K 1 W
om = og = W+ Wo + K & sin® ¢ (aW/aen) — g £ oo (10)

BOUNDARY CONDITIONS

In the case of compressible material, if — R;, =1, 2 are the applied normal tractions on the .
intier and the outer surfaces of the shell respectlvely, we have o1 = — R; when {=¢§ These on
substitution in (7) give the values of the constants Woand K. © T

The distribution of tractions on the edge 5 = « per unit arc between ¢ and ¢ + do glve Tise to a
force F; and a couple of ‘moment M, -about the 0r1gm which are glven by ‘

sy

: W
oy == 2 gin2 &2 ¢
¥y = ocfc sinf £ v aes | L Wy d§ .
& -
& " W 7 :
U, = —af@sinte (ooos v 3——/<W FWE. a
- den

1 ) :

In the case of incompressible material, if the inner boundary f ¢, of the shell is supposed free from
tractions, we must have o,y = 0 when ¢ = ¢, which on substitution in {D0) gives Wo = — W (&)
On the outer surface ¢ == ¢, we have to apply a normal tractlon R given by. . . -

| - R o (6) = W (8 — W (£ »

On the edge n = «, the distribution of tractions between: ® and ¢ + do give rise to a force F, and
A couple M, about the origin as , _ ‘

; Ez - ’ ‘
R 22, T L T2 2 W 1 aw :
, Fz?“fcg Slan[W+,Wo+f§?c%s1n2§ sor — ETASEE oy ] d¢
& e o T .
' 1 : :
u, ""f““‘“z““’m’ [W+W°+K“2 siat ¢ 2% — Rt aeas]d? o

As in Parts I and II in thls problem also we require a force F' and a couple .M on the edge together
Wlth a normal traction R on the outer edge to bend the block into hyperbo]mdal shel]

REFERENCES

1. Ras Rao, S. & LAKSEMINARAYANA, G-, Def. Sei. J., 28 (1973), 11:
2. RAM RA0, 8. & LAKSHMINARAYANA, G., Def. Sci. J., 23 (1973), 115.
3. GREEN, AE& ADKINS,J E., Arch. Rak. Mech. Anal., 8 (1961),



