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(Presented by Academician V. V. Novozhilov, 15 XII 1969)

Up to the present time V. V. Novozhilov’s method of complex transformation has
been applied only within the framework of the classical Kirchhoff—Love theory
of thin shells (173). In the present work, on the basis of the established statico-
geometric analogy, this method is extended to the theory of elastic shells of
Timoshenko type, constructed with allowance for transverse shear deformations

(476)'

The initial equations of the theory of elastic shells of Timoshenko type are
represented as follows: the components of the strain tensors €, 5, x5 and of the
kinematic vector (the vector of shear deformations) x,,

Saﬁ = 1/2 (va'l]ﬁ + Vﬁ'l]a — 2baﬁ'UJ) s
XaB = 1/2 (VOADB + Vﬂ@a) ) Xa = Pa + Vaw + baﬁvﬂ; (1)
equilibrium equations
VTP b8 N~ + pf =0,

VN + b, sT +p =0,
vaMaﬂ_Nﬁ+m5:0; (2)

elasticity relations

T = BE*PPe 5 N, =2k'Ghy®,  M®%=DE¥y ¢ (3)

where v, w are the components of the vector of elastic displacement of points of
the middle surface of the shell; ¢, are the angles of rotation of the normal; V, is
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the symbol of covariant differentiation; 7%, M*# N are the components of the
tensors of tangential forces, moments, and the vector of transverse forces; p®, p,
m? are the components of the prescribed vectors of external forces and moments:
Ao p; by are the tensors of the first and second fundamental forms of the middle

surface; ¢®? are the components of the discriminant tensor; B = 2Eh/(1 — v?),
D = 2Eh3/3(1—v?), E*? = a®7a™ 4 vc*7c?; G and k’ are the shear modulus
and coefficient; 2h is the thickness of the shell.

The compatibility relations for the strains were obtained within the framework
of the theory of Timoshenko type in ("8). After some transformations these
relations may be represented in the form

V. (ca'ycﬁ‘suﬂﬂ;) + bg (c"“ﬁnﬁ) =0,
—Vo (¢*Png) + byg (c‘”cﬁ‘suw) =0,

—V,, (¢*7cPe_5) + Py = 0, (4)

where

.uaB = onB - 1/2 (vﬁX(x + vaX[i) ) 7’5 = Cﬁ - Ca‘ybﬁ'yXa' (5)

Comparing the homogeneous equilibrium equations (2) and relations (4), we
note a correspondence between the physical and geometrical quantities

T8 c’”cﬁ‘sp,ﬂ;, MP 7(30”055575, N & —c*Ppg. (6)
The established relation represents a statico-geometric analogy in the
Timoshenko-type theory of elastic shells.

Let us now subject the original equations of the Timoshenko-type theory to a
complex transformation, analogous to what was done by V. V. Novozhilov and
K. F. Chernykh (173) within the Kirchhoff-Love theory.

Introduce complex forces and moments by the formulas

ToB = TP _ 2iEhe - Py s,
MeB = M8 4 2iEhc - co"ycﬁ‘se,ﬂ;, (7)
No = N+ 2iEhc - co‘ﬁnﬁ.

Here i = /—1, ¢ = h//3(1 — 12).

Using the concept introduced in (3) of stress functions for the inhomogeneous
problem of shell theory, we represent (7) in the form
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TP = T — 2iEhc - co"yc'&sﬂwg,
Mo = M*%* 4 2 Ehc - cVePE 5, (8)
N® = N°* + 2iEhc - ¢,
where T%5* M5* N®* are a certain solution of the inhomogeneous system of
equilibrium equations (2); fiag = fag + illyg Eap = Eap + Eap: g = 1g +

in,, are the corresponding complex expressions (5), constructed from complex
combinations of displacements and stress functions:

8 = o8 + i, w=w+ iw.

The systems of equilibrium equations (2) and compatibility equations (4) are
written as one system in complex forces—moments:

VTP — N> 4+ pf =0,

VN 4 b T 4 p =0, (©)

vV, MP — N8 4 mf = 0.
On the basis of equations (7)—(9), as well as (1) and (3), the problem of a com-
plex formulation of the basic resolving equations of the Timoshenko-type theory
can be solved. The resulting systems of resolving equations in complex forces

or in complex displacements are, in order, two units higher (in real calculation)
than the corresponding systems in the Kirchhoff-Love theory (173).
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