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SUMMARY

A GENERAL principle of virtual dissipation in irreversible thermodynamics is applied to a solid under
initial stress with small non-isothermal incremental deformations and coupled thermomolecular
diffusion and chemical reactions. Dynamical field and Lagrangian equations are obtained directly
by variational procedures. In addition, the treatment embodies new fundamental concepts and
methods in the thermodynamics of open systems and thermochemistry. The new concept of ‘thermo-
baric potential’ is briefly outlined. The theory is also applicable to porous solids with “diffusion-
like* behaviour of pore-fluid mixtures. General validity of viscoelastic correspondence for chemical
or other relaxation processes with internal coordinates is indicated in acoustic propagation and seismic
problems.

1. INTRODUCTION

VARIATIONAL principles and a corresponding Lagrangian approach to irreversible
thermodynamics (Biot, 1954, 1955) were originally developed in the linear context.
This includes the particular case of a continuum under initial stress as treated
extensively by the writer in a monograph (BIoT, 1965). Our purpose here is to extend
the theory to an initially-stressed continuum including heat conduction, molecular
diffusion of various substances in solution in the solid, and multiple chemical
reactions.

The variational principle which actually constitutes a generalization of
d’Alembert’s principle to irreversible thermodynamics is also applicable to non-linear
systems as shown more recently (Brot, 1975, 1976b). It achieves a synthesis between
thermodynamics and classical mechanics. However, in the present theory it will be
sufficient to use the principle in its earlier form in the linear context.

The formulation of the variational principle introduced a non-classical
‘collective potential’ which has been used repeatedly in many applications, including
the treatment of piezoelectric crystals (MINDLIN, 1961, 1974).

The problems cited above did not involve molecular diffusion or chemical
reactions. In order to deal with these problems, a new concept was developed,
referred to as the ‘Thermobaric potential’ (Biot, 1976a). Its derivation is briefly
outlined in Section 3.
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p- 293. In equation (4.7,), read
N1 = 343,
p. 294. On the second line after equation (5.4), read
Since ¢;;, m;, and & are state variables, . . . .

p- 297. In-equation (6.15), replace

k k
Y 9E)om, by 3 [G(EIm].

Equations (6.16) should read

09(E) _9(x) _,
& om0

In equation (6.18), replace

G() = Yu;+%(x,).

k k
zgimkui by zgié(mkui)'

p- 299. In equation (7.9), replace

k
SEEMEST by YELMEST.

p. 300. In equation (8.6), replace

k
pii;éu; by <pﬁ.-+ y mOka?) du;.

In equation (8.9), replace
SMY by MK
p. 306. In equation (11.6,), read

. 1 %+6uj
¥ 2\ox; T ox;)
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