Mem. Differential Equations Math. Phys. 38 (2005), 150-153

O. CHKADUA AND R. GACHECHILADZE

WEDGE-TYPE BOUNDARY-CONTACT DYNAMIC PROBLEMS
OF ELASTICITY

(Reported on December 12, 2005)

Let D1 and D> be finite domains in the three-dimensional Euclidean space R3 with
compact boundaries D1, D2 (0D1 € C*), and let there exist a surface So of the class

C® of dimension 2, which divides the domain D3 into two subdomains Dél) and Dé2)
with the C'*® boundaries 6D£1) and 8D£2) (Dél) n DéQ) =g, ﬁg(l) 052(2) =S0). Then
95 is the boundary of the surface Sy (0S¢ C 9D2), representing 1-dimensional closed
cuspidal edge, where 95y is the crack edge.

Let the domains D1 and D2 have the contact on the 2-dimensional manifolds go(l)
and §(§2) of the class C*°, i.e. D1 NOD2 = §(§1) U§02)7 Di1NDy =@, go(l) OEO(Q) =g
and S = 801\ (S¢M US?). Then oDV = sV us{MUs?, oD = 8P US? US,.

Suppose that the domains Dy, ¢ = 1,2, are filled with different anisotropic homoge-
neous elastic materials.

The basic dynamic equations of elasticity for anisotropic homogeneous elastic media
are written as
8D (x,t)

ot?
where (9 = (uSQ),uéq), u:(;n) is the displacement vector, F(9) = (FI(Q),FQ(Q),Féq)) is the
mass force to Dy, and A(D(9;) is the matrix differential operator

AD (9, ulD (z,t) — =F9D (1), (x,t) € Dy x[0,+0), ¢=1,2,

9
A@(ax):||A;§)(ax)||3x3, Ag.?(a,c):agggkaial, 81':871-’ g=1,2

are elastic constants satisfying the conditions

(@) _ () _ (q)
iglk _algi]’ —“i?m-

(a)
‘%’qzk

a

Under repeated indices we understand the summation from 1 to 3.
It is assumed that the quadratic forms

aﬁ;?l)kiij&k, &ij =&, ¢=1,2,

with respect to the variables &;; are positive definite.
We introduce the differential stress operator

7@ =T @y,n@w)) = | T2 @y n@)llss T Oon) = affuns@r, a=1,2,

n(y) = (n1(y), n2(y),n3(y)) is the unit normal of the manifold D1 at a point y € D1
(external with respect to D1) and a point y € dD2 (internal with respect to Da).
The operators A2 (0z), ¢ = 1,2, are strongly elliptic.
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Let B be a Banach space, C(]|0, +00), B) denote the set of all m-times continuously
differentiable B-valued functions on [O ~+00) satisfying the conditions
Au(t) u(t)
ot! ot! H
Define CJ", ([0, +00),B) as the set of all m-times continuously differentiable B-valued
functions on 7[0, +00) satisfying the conditions
dtu(t) d'ult)
ott H ot! ‘
(For the definition of these spaces, see [1].)
We have studied the solvability and asymptotics of solutions of the following wedge-

O‘t) YVa>a>0, [=0,...,m.

—0, 1=0,...,m, H

=0, 1=0,...,m—2, =0(e), 1=0,...,m.

s

o
type boundary-contact dynamic problems in the spaces C7*([0,+00), W (Dg)), ¢ = 1,2.
The boundary-contact dynamic problem with the Neumann boundary con-
ditions:

2u(q)(av, t)

AD(§)uD (2, 1) — =2 = F@ (g, 1), (z,t) € Dg x [0,+00), ¢=1,2,
{TWuM (y,0)}F = o1(y, 1), (y,t) € S1 x [0,+00),
{(TPu® (y, 00} = pa(y, 1), (y,) € S x [0, +00),
{(TPu® (y, 0} = p3(y, 1), (y,t) € Sf) x [0, 4+00),
{u (@, 0} = (@, 0} = fi(y,0), (y,1) € 5§ x [0,+00), i=1,2,
(TOuD ()} T —ATPu® (y, 0} " = hi(y, 1), (y,1) € 5§ x [0,+00), i=1,2,
()
4>(x,0):8u875$0):0, w €Dy, q=1,2,

where the symbol { }* denotes the trace on dDgq, ¢ = 1,2,
F(q) € C]M ([0 +oo) Lmax{p,2}(Dq))7 q=12
p1 € COLF2([0,+00), B/ P (S1)), @2 € CHLF2(10,+00), By /P (SSV)),

3 € CRLT2(10,+00), B/ ”(Sé Dy fi € GO0, +o0), Byl (S5, i=1,2,
hi € CMH2((0,+00), By /P (87, i=1,2, p/ = Ll , 1<p<oo, M>m+4;
) p—
’
here B;Il,/p and B;,/f are the Besov spaces.
The boundary-contact dynamic problem with mixed boundary conditions:

32u(D (x, 1)

op = F @),

AD (9,)ulD (1) — z,t) € Dy x [0,400), ¢=1,2,

(z,1)
(v, 1)} = e1(u,1), (y,t) € S1 x [0,+00),
(TPu@ (y,)} T = a(y, 1), (1) € S5V x [0, +o0),
(TPu@ (y,0)} T = 3y, 1), (y,t) € s@) x [0, +00),
{(uD (0} = {uP (g0} = fily, 1), (,t) € sé ) x [0, 400), i=1,2,
(TOuD (g, 0} —{TPu@ (y, 0} " = iy, 1), (y,1) € S5 x [0, 4+00), i=1,2,
u(q)(z,O)zwz s x €Dy, ¢g=1,2,
ot
where

F(q) € C(])V,Ia([ov +OO)7Lmax{p,2}(DCI))’ q=12,
e1 € COLF2([0, +00), By/E (51)), 2 € CLF2([0,+00), By /P (S51)),
3 € CMLI2 (10, +00), By a/P(S$2)),  fi € CALF2([0,4+00), BYE (S§)), i=1,2,

hi ECM+2([0 +00), B_l/p(S(()l)))7 i=1,2, p’:L, 1<p<oo, M>m+4.

p—1
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In the formulation of dynamic problems it is assumed that the crack and contact
surfaces do not depend on the time parameter t.

Theorems on the existence and uniqueness of solutions of the considered boundary-
contact dynamic problems are obtained by using the Laplace transformation, the poten-
tial theory and the general theory of pseudo-differential equations on a manifold with
boundary.

The following theorems hold.

Theorem 1. Let4/3<p<4,a>0,m>2,
F@ € CFo([0, +00), Linax(p2} (Do), 4= 1,2,
€ (0, +09), Byy/P(S1)), 2 € O ([0, +00), By /P (55)),
3 € O T(10,+00), By P(S57)), fi € G (10, +00), BE (567)), i =1,2,
€ CIET([0,+00), By P(S5)), i=1,2.
Then the boundary-contact dynamic problem with Neumann boundary conditions has a

unique solution in the spaces 8‘;"([0, +00), Wa(Dy)), g =1,2.
Theorem 2. Let4/3<a<p<f<4,a>0m?>2,
Fl9 e Cm”([o, +00), Limax{p.2} (D)), 4=1,2,
p1 € CET([0,400), BYE (51)), w2 € O (10,4+00), B/ (S57)),
€ CgT(10,+00), By P(S87)), fi € Gy T(10,+00), BY (557)), i =12,
hi € ([0, +00), B/ P(S57)), i=1,2.
Then the boundary-contact dynamic problem with mized boundary conditions has a

o
unique solution in the spaces C7([0, +00), WI} (Dq)), ¢ =1,2.

Note that a and 8 depend on the elastic constants as well as on the geometry of the
contact boundaries BSél), 85&2).

For sufficiently smooth data of these problems by using the asymptotic expansion of
solutions of strongly elliptic pseudo-differential equations obtained in [2] and also that of
potential-type functions (see [3]), we obtain a complete asymptotics of solutions near the
contact boundaries and near the cuspidal edge (crack edge).

In the asymptotic expansion of solutions of these dynamic problems the time parame-
ter ¢ appears only in asymptotic coefficients. Therefore so formulated dynamic problems
have mechanical meaning because the time parameter ¢ appears in particular in the first
coefficient. The fulfilment of the fracture criterion depends on the first coefficient. In this
case, the so-called Griffits criterion can be formulated as a problem of finding a moment
of time after which fracture begins.

The singularity of solutions of the boundary-contact problem with Neumann boundary
conditions is 1/2. The necessary and sufficient conditions for vanishing oscillation of
solutions are found near the contact boundaries. In these asymptotic expansions the step
is one.

The singularity of solutions of the boundary-contact problem with mixed boundary
conditions near the cuspidal edge (crack edge) is 1/2. The singularity of solutions near
the contact boundaries has following properties:

1) The singularity « of solutions depends on the elastic constants, and also on the
geometry of the contact boundaries, and can take any values from the interval (0,1/2);
the classes of isotropic (with elastic constants g, Ag, ¢ = 1,2) and transversally-isotropic

(with elastic constants cﬁ), c(?,’), cgg’), cé‘é) cé%) in the conditions c(q) = cg%), qg=12)

bodies are found when oscillation of solutions vanishes near the contact boundaries. In
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such cases, the effective formulas are obtained for calculation of singularities of solutions
near the contact boundaries BS(()Z>, i=1,2:

1 1
v == — = arctg \/—MQ (the isotropic case)
2 ™ 151

and
(2) .(2)
y==—2 arctg 2 C55 C66
2 )
Note that the first three terms have no logarithms. It should also be noted that these
classes are found only for spatial problems, since oscillation of solutions does not vanish
in plane problems.
In the transversally-isotropic case we assume that the neighborhood of the contact
boundaries is parallel to the isotropic plane.

(the transversally-isotropic case).

2) In the general case (in particular, in the transversally-isotropic case, where cg(i)

cé%), g = 1,2) we have found a class of anisotropic bodies when the oscillation in the

asymptotic expansion vanishes and singularities of solutions are calculated by a simple
formula near 8551), i=1,2,

! ! t 71 i =1,2
Yi = — sup — arctg ,i=1,2,
2 asd T VB
1<;<3

where o; > 0, B; > 0, j = 1,2,3, are the eigenvalues of the principal homogeneous
symbol of the Poincaré-Steklov operators.

3) If the domains are filled with the same material, the singularities of the first and
second terms are 1/4 and 3/4, respectively; these terms are free from logarithms, and the
oscillation does not vanish. In the asymptotic expansion the step is one-half.

Asymptotic properties of the same kind for the static problems of couple-stress elas-
ticity were obtained in [4].
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