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Existence of the generalized solution in the problem of equilibrium of the iso-
tropic elastic nonshallow spherical dome with rigidly held edge and subjected
to axisymmetric deformation is proved by the method presented in [1], The
topological characteristic of the problem, i. e, the vector field rotation is com-
puted, The solvability of nonlinear equations for nonshallow shells of revolution
subjected to symmetric load was investigated in [2, 3], However dome-shaped
shells were not considered there,

1, Fundamental relationships, We consider the following version of rela-
tionships of the nonlinear theory of nonshallow symmetrically loaded shells of revolutions

Ty(e5) = K (g + ves), My=D (% +vx,) 1222 (L.1)
gy == vA’ (ABY1 4 wR1™, e, = »'B7l 4 wRy™l 4 2271

Hy= — YA’ (AB)™}, 3= — ¢'B7l, Y= Bl R

Tio= My, = €12=%13= 0

K = 2RE (1 — ¥, D= 23 [3 (1 —¥)]"ILE

where 7; and T,, are tangential stresses; ¢; and ¢, are the tensile and shear strains,
respectively; M; and M, are, respectively, the bending moment and the torque ; %;
and x,, are changes of curvature R;™ of the shell middle plane s*; » and « are, respec-
tively, the tangential and normal displacement of the shell middle plane s*; A*, B*

2C = 0 are coefficients of the first quadratic form of surface s* ; £ > 0 is the Young
modulus; 0 < v < Y, is the Poisson ratio, and 2k is the thickness of the shell, A prime
superscript denotes differentiation with respect to parameter §.

The analysis of a spherical dome is conveniently carried out in spherical coordinates
un which 4 = psin B, p & (0, 8], B= R; = p, where p is the radius of the shell mid-
dle plane s*. For convenience we set p = 1. The substitution v = v’ — § eliminates
v from all formulas, We introduce the notation

ey (w) = w ctg p + w, e (W) = w" + w (1.2)
The equation of the shell equilibrium is determined by the Lagrange principle which
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yields b

b
S (T, (e;) de, + M %) sin B dB = g [F1 (0w — &) + Fadw]sinBds  (1.3)
0 [

O =x; (0)), Oe;= ei(Bw), Be, = 8¢, + O + &Y

where F; are components of the external load, Since the shell edge is rigidly held,

$(B)=w()=1w (6)=0 (1, 4)
The axial symmetry of the shell makes it possible to assume that
= - e ’ = w (— f) (10 5)
Let condition v () Vv (— B wPB)=w(—B
(1.6)
be satisfied, b<mn/2
We introduce the scalar products b
(b-8%) g, = | M 8, sin B dB
0
b
(w-dw)gr, = 7 (¢} de, sin B aB
0

Definition 1, The closure of the set :C; {C;} of 2n-periodic functions ¢ € CV{w €
C?} on [0, b], which satisfies conditions (1,4) and (1, 5) in the related norm, is called
Hilbert space Hy {H} | b

19y, = M sinBds = D 1 + (petg B2 +- 2w petg 8) sin B a3
0 0

b b
Pty =7, e e;sinBas = K {007 + )2 + (" ctg B+ )t +

0 0
2v (w" + w) (w' ctg B + w)]sin B dB
Lemma, If function ¢ € H, {w € H,}, then ¢ sp & C"V {w'sp, w & ¢} on [0, b],
sp = (sin PP and p > 1. The weak convergence of W, — ¥, in H, {w, — w, in H,}
for n — oo implies a strong convergence v, sp = ysp {w, => wy, wy'sp=> wo'sp} iR C[Ply,.
Proof, Since by condition (1.5) ¢ (0) = 0, hence

B B
PO =v® s, @ = b (@) 5, @) dx = (1 (@) + .m
; .
s 0
P (@) ctg a] (sin a)/P dy = g (sina)V'P2 M (p, a) da
Bt ’
F@+t)—F@) = § (sin )V/PY221 (p, %) dat
B

M (p,a) = [¢’ (a) + p 1 (a)ctga] (sin a)/:

Using the Holder inequality, from (1, 7) we obtain
b

1@< (S(Sin a)?/P-1 da)l/’L, P>1 (1, 8)

0
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¢ 1<pga
t

1//
S(sm)w—lda)’, 2<p, BHt<a/2
0

n(t)= (

B 1
A
1= ({01 o, 02 8)" < mat oy,
1
where my are constants, The validity of the lemma for functions ¢ & H, follows from
(1. 8) and the Arzela theorem,
Using conditions (1,4)—(1, 6) it is possible to show that the relationships

0 < ma < g Ml w i, < ms (1.9)

b
bl <l sinB)™)q \(sinB™d8
Clo, b HHI

are satisfied, It follows from (1. 9) that the lemma is also valid for functions w & H,.

2, Statement and solvability of the problem, Asin[1],we introduce
the concept of the generalized solution,

Definition 2, We call the pair of functions y & //, and « & i, the generalized
axisymmetric solution of the problem of equilibrium of an elastic nonshallow spherical
dome with a rigidly fixed edge subjected to an axisymmetric load, The pair of functions
must satisfy Eq, (1, 3) for any pair of functions oy < 4/, and ow & If,.

All terms of Eq, (1, 3) have a meaning, if

Fye H, F,e H, (2.1)

where H_, {H_,} is an adjoint space of Hi{H,} ,

Repeating the reasoning of [2] and taking into account condition (1, 6) and the lemma,
it is possible to show that Eq, (1, 3) reduces to the operator equation ¥ == Gy, where ¢
is an absolutely continuous operator acting in //;. On spheres T (R, 0) = {$ & Hi:

I ¥ g, = B} of a fairly large radius R the rotation of the absolutely continuous vector
field 7 — ¢ (7 is a unit vector) in H,; is equal +1,i,e, [4]

vy =G TR, )=+ 1 (2.2)
The following theorem is based on the Leray-Shauder principle [4],

Theorem, If conditions (1,6) and (2,1) are satisfied, there exists at least one gene-
ralized axisymmetric solution, in the meaning of Definition 2, of the problem of equilib-
rium of an isotropic elastic nonshallow spherical dome with rigidly fixed edge subjected
to axisymmetric load,

Note, (1) The theorem is valid for various dome-shaped symmetrically loaded shells
of revolution, whose coefficients of the first quadratic form in (1, 1) satisfy the following
conditions :

a) A (B) monotonically increases on [U, ] which is the considered region of vari-
ation of parameter ;
b) 3 A3V d8 < oo (>0 is the required reasonably small number;

4]
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¢) 0< m,< B () and Ryp) < ms on [0, b].
Dome-shaped shells whose middle surface is a part of an ellipsoid, paraboloid, two-
sheet hyperboloid, and other surfaces of revolution,
2) According to [4] condition (2, 2) guarantees the convergence of projective methods,
3) Similar results can be obtained in the case of a shallow symmetrically loaded
spherical dome and other shallow symmetrically loaded surfaces of revolution
(Y= v’ B-!in(1,1)),if conditions (a), (b), (c) are satisfied,
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We solve a Cauchy problem for a viscoelastic transversely isotropic medium, Generaliz-
ing the method of separation of variables for certain classes of static problems treated
in [1], and using this method, we reduce the system of integro-partial differential equa-
tions to a system of ordinary differential equations in the time coordinate, Solving the
latter system by the method of averaging [2, 3], we obtain explicit formulas character-
izing the propagation of waves in a viscoelastic transversely isotropic medium,

Using the relationship between stress and strain for the medium in question [4] and
identifying the regular part of the relaxation kernels, we write the system of equations
for a viscoelastic transversely isotropic medium in cylindrical coordinates as follows:

) ( ® 19 1@ 29 1
(cea— cas™) W+_"'(97+72—'0_q373+:—r_2 %‘7 Wiet
0w

os5 — Cos* L2 cu+ e en® 4-cin” i i\X
(cs5 55 ) Py ( 7 7 SR L . /

-
8 i 0

[(W—r—%+ )W‘+<ar+rdcp‘ ) J

4\ rw, ,

=p

[(e13 + c35) — (c13* 4~ ¢55*)] ( + % o 0;:’/3 at2




