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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 Thilisi 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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where V? = is Laplas’s operator surfaces of the sphere, p - radius of the sphere,
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A and p are the elasticity constants lame, uq, us, us components of the vector of the
displacement u, z = x + 1y complex variable, 1, @2, 3 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

(

A1U1 gz + U1 ,yy + fl ({L‘, y) (ul,ac + uQ,y) - fg(lL‘, y)(ulw - /U/lvy)
+a2u2,xy + f3<x> y)US,x = O,
U zz + A1U2yy + [4(2,Y) (V2w — Ury) + f5(7,y) (U1 2 + uzy) (2)

+a2u17acy + f3<ZL', y)U'S,y = 07

1
:u(u&xm + u3,yy> - a3<u1,x + u2,y) - ;f?)(xa y)U‘g, = 07
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where
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Let us assume that in the rectangle G = {0 < z < 1, 0 < y < 1} with boundary I"
it is necessary to find the solutions of the equation (2), satisfying conditions

w(z,y)lr =1, wa(z,y)lr =2, us(z,y)lr =3 (3)
We shall define the square grid
G = {%‘j = (x(i)ay(j))},

where ¥ = ih, yY) = 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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1=1,2,.,N—-1, 7=1,2 .., N—-1,
where boundary conditions have the following forms:

Upj = 17 UNj = 17 Ujp = 17 UiN = 17
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Using the notations
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as

My = 1L, M1:<i—l;+—u§,i)E, Ml—%T,
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we can rewrite (4) system as [3]

( % EUZ 1+ [Ao + Ay + Ao uy + Asuipr + [Ag + Asv;

+ [—A5 + AG] Vit1 — A7 [U}Z - wiH] = O,

1
— [K() + Kl] U; + [Kl + Kg] Ui+1 + ﬁEvi_l

+ K3 + K4 + K5|v; + Kegviy1 + Krw; = 0,

as H H
L %E (uz — ui—i—l) — M()UZ‘ + ﬁEwi_l + [—Ml + Mg] w; + ﬁEwi—H = 0,

where
u = (U,l, ...,UN_l)T, v = (’Ul, ...,UN_l)T, w = (wl, ...,’U}N_l)T

From the system (6) we have:
Ao + Arou; + Asstipr + Biivioy + Biav + Bisvig

+Cri1wi—1 + Craw; + Ciswiy = 0,
Agyui—1 + Ay + Aggttipr + Bo1vi—1 + Bagv; + Basviq
+Cyw;—1 + Crpw; + Cogw;yr = 0,
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Agiui—1 + Asou; + Assuirg + Bs1vi—1 + Bsgv; + Bssvi
+C31w;—1 + Cw; + Csgw;iyg = 0,

i=1,...,N—1,
where
a
All = h—;E, A12 = AO +A1 —‘—/\27 A13 = A3, A21 = 07 A22 — _KO — Kl;
Ay = K1+ Ky, Ayt =0, Ap = °F, Ay = ——°F,
1
Bll - 07 B12 - A4 +A57 Bl3 = —A5 + A(j, B21 = FE7
By = K3+ K4+ K5, Bog = K¢, B3y =0, By = —M,, B3z =0,
Ci1 =0, Cig=—A7, Ci3 =Nz, Oy =0, Oy = K7,
023 = 07 C31 = %E, CS2 = _Ml + Mg, 033 = %E
Let us [4]

=1, 0=0,3, F=2,1x10°

FE o
S 10°, A= = :
ST+ 0) 8,077 x 10, T2 0,33

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

/"L:

u; = —15.503  v; = 8.808 wy = 2.947
uz = —47.2 vz = 23.08 ws = 2.902
ug = —14.173 ve = 9.309 we = 2.917
upg = —92 v = 60.834  wqp = 2.841
ups = —48.775 w15 = 81.99 wys = 2.902
upy = —122.874 w7 = 131.466 w7 = 2.808
Ugg = —34.791  wvyg = 16.753 w9y = 2.841
Ugs = —89.308 w95 = 122.869 w5 = 2.786
Ugg = —121.725 w99 = 278.659 wyg = 2.902
uzg = —24.382  wgy = 34.507  wszy = 2.841
uzy = —64.354 w3y = 212.685 w3y = 2.868
Ugg = 24.44 vgo = 56.222  wyy = 2.841
ugy = —30.678 vy = 65517  wyy =2.917
ug9 = —0.938 Vg9 = 7.462 wye = 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.
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