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ON NUMERICAL SOLUTION OF THE BOUNDARY VALUE
PROBLEM FOR UNIFORM EQUILIBRIUM EQUATIONS FOR

NON-SHALLOW SPHERICAL SHELLS

Chokoraia D., Karchava P., Menteshashvili M.

Iv. Javakhishvili Tbilisi State University

In the present paper the system of the equilibrium equations of the non-shallow
(with changing internal geometry on thickness) spherical bodies of shell type are dis-
cussed, when the displacement vector is independent from the thickness coordinate
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is Laplas’s operator surfaces of the sphere, ρ - radius of the sphere,

λ and µ are the elasticity constants lame, u1, u2, u3 components of the vector of the
displacement u, z = x + ıy complex variable, ϕ1, ϕ2, ϕ3 components of external force.

From the system (1) to find into account the following equalities:
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we can rewrite the system of the equilibrium equations (1) as


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a1u1,xx + u1,yy + f1(x, y)(u1,x + u2,y)− f2(x, y)(u2,x − u1,y)

+a2u2,xy + f3(x, y)u3,x = 0,

u2,xx + a1u2,yy + f4(x, y)(u2,x − u1,y) + f5(x, y)(u1,x + u2,y)

+a2u1,xy + f3(x, y)u3,y = 0,

µ(u3,xx + u3,yy)− a3(u1,x + u2,y)− µ

ρ
f3(x, y)u3 = 0,

(2)
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where

a1 =
λ + 2µ

µ
, a2 =

λ + µ

µ
, a3 =

λ + 3µ

µ
,

f1(x, y) =
4a1x

1 + x2 + y2
, f2(x, y) =

4y

1 + x2 + y2
, f3(x, y) =

8ρa1

(1 + x2 + y2)2 ,

f4(x, y) =
4x

1 + x2 + y2
, f5(x, y) =

4a1y

1 + x2 + y2
, f6(x, y) =

4ρ2

(1 + x2 + y2)2 .

Let us assume that in the rectangle G = {0 < x < 1, 0 < y < 1} with boundary Γ
it is necessary to find the solutions of the equation (2), satisfying conditions

u1(x, y)|Γ = 1, u2(x, y)|Γ = 2, u3(x, y)|Γ = 3. (3)

We shall define the square grid

Gh =
{
xij =

(
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)}
,

where x(i) = ih, y(j) = jh, i = 0, 1, ..., N, j = 0, 1, ..., N, hN = 1.
We shall change the problem (2)-(3) by differential scheme [2]
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(4)
i = 1, 2, ..., N − 1, j = 1, 2, ..., N − 1,

where boundary conditions have the following forms:

uoj = 1, uNj = 1, uio = 1, uiN = 1,

voj = 2, vNj = 2, vio = 2, viN = 2,

woj = 3, wNj = 3, wio = 3, wiN = 3,

(5)

i = 1, ..., N − 1, j = 1, ..., N − 1.
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Using the notations
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we can rewrite (4) system as [3]


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From the system (6) we have:

A11ui−1 + A12ui + A13ui+1 + B11vi−1 + B12vi + B13vi+1

+C11wi−1 + C12wi + C13wi+1 = 0,

A21ui−1 + A22ui + A23ui+1 + B21vi−1 + B22vi + B23vi+1

+C21wi−1 + C22wi + C23wi+1 = 0,
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A31ui−1 + A32ui + A33ui+1 + B31vi−1 + B32vi + B33vi+1
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i = 1, ..., N − 1,
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Let us [4]
ρ = 1, σ = 0, 3, E = 2, 1× 106,

µ =
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2(1 + σ)
= 8, 077× 105, λ =

σ

1− σ2
= 0, 33.

Then the approximate solutions of the system (2)-(3) have the following forms:

u1 = −15.503 v1 = 8.808 w1 = 2.947

u3 = −47.2 v3 = 23.08 w3 = 2.902

u6 = −14.173 v6 = 9.309 w6 = 2.917

u10 = −92 v10 = 60.834 w10 = 2.841

u15 = −48.775 v15 = 81.99 w15 = 2.902

u17 = −122.874 v17 = 131.466 w17 = 2.808

u20 = −34.791 v20 = 16.753 w20 = 2.841

u25 = −89.308 v25 = 122.869 w25 = 2.786

u29 = −121.725 v29 = 278.659 w29 = 2.902

u34 = −24.382 v34 = 34.507 w34 = 2.841

u37 = −64.354 v37 = 212.685 w37 = 2.868

u40 = 24.44 v40 = 56.222 w40 = 2.841

u44 = −30.678 v44 = 65.517 w44 = 2.917

u49 = −0.938 v49 = 7.462 w49 = 2.947

Therefore, the boundary value problem with the help of the method of finite-
difference, for the rectangular area, for non-shallow spherical shells has been solved.



On Numerical Solution of the Boundary Value... 77

R E F E R E N C E S

1. Meunargia T.V. On One Method of Construction of Geometrically and Physically Nonlinear
Theory of Non-shallow Shells, Proceeding of A. Razmadze Mathematical institute, vol. 199, 1999, pp.
133-154.

2. Chokoraia D., Menteshashvili M. O chislennom reshenii granichnoi zadachi dlya uravnenii
pabnovesia nepologoi sfericheskoi obolochki, Georgian Electronic Scientific Journal: Computer Science
and Telecommunications, 3(7), 2005, 62-68.

3. Samarsky A.A., Gulin A.V. Chislennie methodi, M. Nauka, 1989. (Russian).
4. Kukhling Kh. Spravochnik po fizike, M. Mir. perevod s nem., 1982. (Russian).

Received 1.06.2006; revised 13.02.2007; accepted 25.12.2007.


