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ABSTRACT

The objective of this research project is to determine a nonlinear model for thermoelastic
rock deformation, then verify if the nonlinearity considerably affects the amplitude dispersion
and arrival times of a source such as an explosion of dynamite.

To simplify the problem the model will be built with radial symmetry. In this way I can
maintain better error bounds and still conclude if the nonlinearity considerably alters the re-
sults in relation to the linear elastic wave equation. The numerical simulations will focus on
maintaining high resolution [1].

The foundations of this project will be in differential geometry, hence any coordinate system
can be employed and I can explore a covariant treatment of the theory. For example, demanding
that the balance of energy be covariant, results in, as a consequence; the balance of linear and
angular momentum; and in the first step of giving a functional form to the stress tensor [2].
That is

σab(x, t) = ρ(x, t)
∂e(x, t, g)

∂gab
(In spatial coordinates)

where σ is the Cauchy stress tensor, g is the Riemannian metric, and φ(X, t) = x is the position
of the “particle” at time t, which originated at X.

The fundamental equations used will be the following:

ρref (X) = J(x, t)ρ(x, t) (conservation of mass); (1)

ρref
∂V
∂t

= DIV P (balance of momentum); (2)

S = ST (balance of angular momentum); (3)

ρref
∂E

∂t
+ DIV Q = DIV P (balance of energy); (4)

ρrefN
∂Θ
∂t

+
∂Ψ
∂t

− S : D +
1
Θ
〈Q,GRAD Θ〉 ≤ 0 (reduced dissipation inequality); (5)

E = Ψ + NΘ (relation between internal energy and free energy). (6)

Where, in order of appearance: ρ, ρref are density and initial (material) density; V = ∂tφ;
P, S are the first and second Piola-Kirchhoff stress tensor; Q is the piola transform of the heat
flux; D = φ∗(Lvg), the pull-back of the Lie derivative of the metric; Θ, N are temperature and
entropy; E is the internal energy.
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These equations are formally ill-posed until the nature of the material is determined [3]. One
way of doing this is to specify S,Q, N and Ψ as functions of φ, the motion of the body, and the
temperature Θ. In this project these functional forms will be relevant for thermoelasticity.

At the present moment I have no numerical results. Although shorty I will begin numerical
simulations; the results, and an analysis of them, will be included in the poster. The project is
still in the theoretical phase, i.e. I am in the process of justifying the choice of the free energy
function, which in our thermoelastic context will be a function of the invariants of C and Θ,
the Cauchy-Green tensor and temperature. Hence the stress tensor will depend on the same
parameters and also on the Riemannian metric. Then what remains is to specify the heat flux,
which we approximate as a linear function of ∇Θ (the temperature gradient).
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