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1. Introduction

Displacement vector v of the middle surface of the shell and the stress function
vector v* associated with the vector v by a static-geometric analogy, are the general
solutions of the set of equations of the linear bending theory of thin elastic shells
[1]--[4].

The basic relations for the multivalued solutions of the shells with multiconnected
region, have been given by Chernykh [5], [6] and by the author [7], [8]. By using
the general considerations of papers [5]—[8] it is only possible to ascertain whether
the multivaluedness of v and v* exists. The problem of constructing the multivalued
part of the solutions in a general case is not solved as yet.

In this Note the problem of multivaluedness of the solutions of shallow shells
is considered. The way of constructing the multivalued part of v and v* for the shells
is indicated.

A more extensive treatment of the problem will be published in [12].

2. Geometric relations

Basic notations are those used in papers [8]—[11].
The quantities 6% T (6%), T, 8,, 83, dup, bup €app (llas Ty I3, T, 5, €, 0 ete. are
associated with the middle surface M of the shell, (Fig. 1). The quantities 6%
r(0%,r’ e, es, €aps Zlaps Eaps ( Meg» 1’5‘7, I, ') s, t, v ete, are associated, respectively,
with the plane I7.

Using the approximate relations between the quantities associated with M and
17 [9], [11], we have )

@.1)

B For a space point i [8] associated with the internal closed boundary contour
I's, we have (Fig. 1)
r —Ri = pit(z—zi).e;,
@.2) . Pz —2)ees
pt =r—rf, =zt = Rl.e;,
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and for an arbitrary point k on surface M, we have
(2.3) rorf = pE[z — 2 (0%)] e;.

3. Multivaluedness of displacements

The multivalued part cof the displacements vecter v on each internal closed
boundary contour I'; (Fig. 1) has the form [5]--[7]

d

(3.1) vi = [vis-Qx(r — R)]-D; (59,

where the parameters of dislocation of displacements vi, £7 have been expressed
in [5], [6] by a vector x; of the contour curvature variation during deformation,
by the following relations

vi — 4, [(r — R x4+ (a1 1°) € ds,
] .
Qi - f‘ut ds.

Iy

(3.2)

Expressing all the vectors in (3.1) and (3.2) by components in basis e;, and
introducing then the approximations of the shallow shells in accord with [9]—[11],
d

for the components v¢ in basis e; we have

d

wl ~ {ul Le, [0% o) —(z — z0) 01} Dy (0%,

3.3) ‘ {u,+e, [0 f ) WP} Py (0°)
iy ~ {u e ol ij} D (09,

where
ng = _{eaﬁ Qia %f-ds,
Iy
(34) ol ~e - f/f e,-ds,

I
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The function z (6%) describing the middle surface of the shell dees not appear
in the relations (3.3); and (3.4).

4. Multivaluedness of stress functions

The multivalued part of the stress function vector v¥ on each internal closed
boundary contour I'; (Figure) has, according to the static-geometric analogy, the
form analogous to (3.1), [5]—[8]

a
@1 VI [vr QR (T RY] B (6.
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Parameters of dislocation of the stress functions v*¢, &*¢ has been expressed
in [8] by a total force F? and a total couple Bfi) of the external boundary loading,

. . 1 . .
and by certain arbitrary surface forces T p: acting on extended shell regions Sy,

Expressing all the vectors in (4.1) (and in (4.5) to (4.7) of [8]) by the component
in basis e; and introducing then the approximations of the shallow shells according
a

to [9]—[11], for the components of v/ in basis e; we have

d a
“2) oh = uyt = (u+ey, 0 03 — (2 — 2) @*P[D(07),
. a a

¢ = u' = {uy e ol 0} (69,

I

where, according to [8], for instance for the loaded internal closed boundary contour
we have

. 1 . s .
st = = oy By — Bays — L2 !f € 51y dS},
4.3) | ) b
o = = S {FL— Fi— L [ [ si-ds}.

Sry

As in the par. 3, here also the function z (6%) describing the middle surface of
the shell does not appear in the relations (4.2), and (4.3).
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5. Conclusions

It results from the relations (3.3);, (3.4) and (4.2), (4.3) that, within the bounds
of approximations of the linear theory of shallow shells [91, [10], the following
conclusions are valid:

1. The existence of multivaluedness of displacement u3 (or — stress function ¢3),
after integrating round the internal closed boundary contour I'; of the shell, depends
only on three components 5, w! (or — u;, ") of the parameters of dislocation
of displacements (or — stress functions), and is independent of the remaining three
components.

2. The structure of the multivalued part of w3 (or — ¢3) for a shallow shell is
the same as for a plate (or — plane elasticity) with the same shape as shell projection
on reference plane /7 and with the same parameters of dislocation u}, w! (or — u3’,
.

The foregoing conclusions allow to construct easily the multivalued terms of
3 and 3 on the basis of known solutions of plane elasticity for multivalued regions
[13]. By using the mixed method {9], [10] of solving the equations of shallow shells,
with w3 and ¢; as basic unknowns, the multivaluedness of the solutions can be
eliminated from further considerations where the problem reduces to a singlevalued
boundary value problem.
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B. IIETPALIKEBUY, O MHOTO3HAYHOCTU PEHNIEHWN TTOJIOTUX OBOJIOYEK

PaccmoTpeHa mpobiaemMa MHOTO3HAYHOCTH OOINMX pelIeHuit YpaBHEHUM JHHEHHOW TeopHu
MOJIOTHX OBONOYEK: BEXTOpPA NEPEMCIICHUNM M BEKTOpa dyHKuuit Hanpspkenuit. O6mact o6omnouxu
CYUTACTCS MHOTOCBA3HOM. JIOKa3bIBAETCA YTO, C TOYHOCTBIO A0 OCHOBHBIX YIPOINAIOUIMX YHIIOTE3
TIOJIOTHX OOOJIOMEK, KOMIIOHEHTHI MHOTO3HAYHOI'O WICHA 3THX BEKTOPOB IIO0 BEKTODPY NEPIEHIM-
KYJISPHOMY K IUIOCKOCTH MPOEKUHH OOOJIOYKH 3aBHCAT TOJBKO OT TPEX (M3 ILUECTHU) KOMITOHEHT
T. Ha3. TApaAMETPOB IUCIOKAIMN. BHJ MHOrO3HaYHOTO WiIEeHAa 3THX KOMIIOHCHT HE 3aBHCHT OT
GbopMEL 06OJIOYKM H MOXHO €r0 CTPOMThL TAK KaK CTPOHTCA AN TUIACTHHBL (MIH IIOCKOTO
HAIPAKEHHOT'O COCTOSHHS) ¢ I'DAHHYHLIM KOHTYPOM MPOCKUMH O0OIOYKM HA IJIOCKOCTh M TEX-KE
KOMIIOHEGHTAaX MapaMeTpoOB IUCIOKAIMMH.



