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The problem of bending of an isotropic compressible rectangular block into & parabolic shell has
been solved. Itisshown that the deformation ean be maintained by applying forces and couples
to the edges of the shell only.

Bending of rectangular plates into cylindrical shells has been considered by various
authors'® _on the basis of linear stress strain relations by referring the components of
finite strain to the strained state of the body. The exact solutions obtained for compressible
bodies have not been very large. In the present paper a solution is obtained for the problem
of bending of an isotropic compressible rectangular bolck into a parabolic shell. The strain
tensor has been calculated directly from the metric tensors of the strained and unstrained
st?.tes of the body without any reference to the displacements.. We use Seth’s stress-strain
relations?

PYNEILY & T T BGY

The notation used by Green & Zerna* have been followed.

DEFORMATION OF THE BLOCK

Let a rectangular block in the undeformed state be bounded by the planes #; = a,,
= @y (@g > @), T3 = + band 2, = + d. Then it is bent into a part of parabolic shell
Whose internal and external boundaries are the confocal parabolas.

o= (B—)m=tal=ti=12 @

with the edges n = 4 «. Let y;-axes coincide with the z;-axes and the curvilinear
coordinates 6; in the deformed state be a system of orthogonal curvilinear coordinates

(&, m, 2); so that
n=y (2—7), n=trn=> ®)

Since the deformation is symmetric about the z;-axis, and supposing that there
is no extension in the wz,-direction, we get

=f@) 2 =F(n), m=2 (4)
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. The metric tensors for the strained and unstrained states are given by

| f!?—l—nﬁ 0 0] -
- Gy= }0 p+e 0 -
o [ 1 |
f7 0 0
0 0 1
whel;e_ff' =% - and F"—;\% : Then \
IS Kt el o S T
=0 pdp—Feoy ()
0 0 0

}’;Z;Theﬁgfbym%*eoinpdnents‘ of stress are xfh@n given by

_ AP A+ 2y fr2
Pon=20+ 0 — Hm (cz+n?f,
2 o 2 (A + 2 “) F:z _ Af"l 8)
22 (A+F) R pprne S (
2 4. pra
2 oy = - [2»- f€2+n§. ]
The equations of equilibrium to be satisfied are \
H T B £ 11 o Esy — | g
e 8T r)OI (%)
3= 4 (3 T2 Tu).._ 0 (10) '
81) ;2 + 2 ) ) oo T

1a28hird being:- idetrtically “satisfied.

. On substituting (8) in (9) and (10) and solvmg, both these equations nge the same
solution :

[ o Ly
_ 2 - . ’
where d = PES T and {1‘_13 an grbx,trary constant, . -
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Since f and F are functlonsof { and 5 respectively; equa,tlon (11). will be consxstent
(gpnly if 9 isismall such that 72-can be neglected and

. F=B7. _ (12)
Then, we have _
f’2———B2+D(C)2—d , ey
Substltutmg (12) and (13) in (8), we obtagn '

» 011 [(2_‘d)+ NN '—‘D ]
ozz={li[<2——d>-— - ‘l_d”’ S 7%

Cwl=d[,_ D [

O33 = | d [2 ;d] j

"BOUNDARY CONDITIONS

If the block is bent by applying forces to the edges only, we must have

o =0when { =§ 7=1,2" \ (15)
which gives ‘ ‘
d B D :
2odt T g =0 =2 (16)

Solving these equations we obtain

2_d (L) — (L)

BT g GO
‘ LR — (&2 T )
peon

On the straight edges = 4=« , the distribution of tractions gives rise to a Force
F, and a couple M, given by

2. d 1—d)D
A s B T [
24 1—d)D :
M]_ = ‘-:;‘[ . (Cz - Zl ) - _ (ga clz) - (( )d) (cﬂ 4 — 4_'4)] (20)

The force F, required to keep the length of the block constant in the direction of
the axis of the shell and the couple M, in the axial plane applied to the plane ends of the
shell per unit area between n and 4 + 8y are given by

r(1—d) [

- F, = -

=t —gog @it | ey
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' 1—d) [ 2 . o
—u, = $Ed )[?(m—m»—g—f—;(:;—-’—cl“"")] (22)
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