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This presentation addresses the extension of studies [1, 2] to orthotropic materials. They showed
that an isotropic linear elastic half space in a steady sliding state with respect to a rigid flat
frictional surface exhibits surface flutter instability and ill-posedness when the coefficient of
friction and the Poisson’s ratio are sufficiently large.

(a) Relative sliding between a rigid surface and an

orthotropic elastic half-space.
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(b) Momentary deformation stage

(u-component).
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(c) Momentary deformation stage

(v-component).

Figure 1: Near-interface flutter instability in an elastic half-space.

We consider a rigid surface (at the top in Figure 1(a)) in a frictional steady sliding state with
a homogeneous orthotropic transversely isotropic semi-infinite elastic body in a state of plane
strain (at the bottom in Figure 1(a)), the principal directions of orthotropy (1, 2) being, in
general, skewed with respect to the sliding direction. The steady sliding state (identified by
superscript s) is characterized by

σs
yy(x, 0) < 0, vs(x, 0) = 0, σs

yx(x, 0) + µσs
yy(x, 0) = 0 (1)

at y = 0, where v, σyy, σyx and µ denote, respectively, the vertical displacement component,
the normal and tangential stress on the interface and the coefficient of friction. The problem
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under consideration has six non-dimensional parameters (four material elasticity parameters
plus θ and µ). We seek oscillatory solutions to the elasto-dynamic governing equations having
the same form of Rayleigh waves [3], that are exponentially growing in time and exponentially
decaying with the depth y, such that persistent contact and persistent slip (at y = 0) hold:

v(x, 0, t) = 0, σyx(x, 0, t) + µσyy(x, 0, t) = 0. (2)

By enforcing the latter boundary conditions together with a finite velocity S of the rigid surface
we assume that the system is “operating” in the interior of smooth (actually linear) sections
of the unilateral contact and Coulomb’s friction laws; this is sufficient in order to prove the
unstable character (in the Liapunov sense) of any exponentially growing solution. Figure 1(b,c)
shows the non-dimensional displacement field of a rectangular region adjacent to the frictional
interface at a fixed time instant. As in the isotropic case, the direction of propagation of these
unstable waves is front to rear (recall Figure 1(a)).
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Figure 2: Coefficient of friction at the onset of flutter instability for several orientations of the
principal orthotropy directions and E1

E2
= 2(•) or 4(N). Data: ν = 0.4, ν12 = 0.1, G12

E2
= 0.1.

The conditions for the occurrence of flutter (oscillatory growing dynamic solutions), intrinsically
dependent on the non-associative character of Coulomb’s friction law, are derived and the
isotropic case is recovered as a particular case; they are obtained by the resolution of a sequence
of two eigenvalue problems. Figure 2 shows the critical values of µ for flutter instability, for two
different ratios between the moduli of elasticity in the principal directions of orthotropy; for
some orientation ranges, flutter occurs for coefficients of friction considerably smaller than 1
(the threshold for an isotropic half-space). In addition, as expected, ill-posedness is also present
in the orthotropic case as the problem’s solutions lack a characteristic wavelength which implies
unboundedly magnified exponentially growing solutions.

References

[1] J.A.C. Martins, L.O. Faria and J. Guimarães (1992) Dynamic surface solutions in linear
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