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PREFACE

When at the beginnings of the 1980’s, investigations of the porous media were commenced at Es-
sen University, it was soon recognized from investigations of the literature that some existing
theories were incomplete, unclear, and in parts even incorrect. Therefore a program was devel-
oped in order to establish a consistent macroscopic theory for the thermodynamical behavior of
fluid —saturated porous solids. At first the program included two strategies.

The first strategy contained the creation of clear mechanical and thermodynamical concepts,
as well as the consistent performing of the material independent fundamental relations of these
media, i.e. , the kinematics of the deformations, the balance equations and the entropy inequali-
ty. It was revealed that only the mixture theory restricted by volume fraction concept would be
the adequate basis, because only this theory proceeds from ensured principles of mechanics and
thermodynamics and applies them under consideration of all coupling terms to the individual con-
stituents as well as to the mixture body. During the last years it was recognized that with the in-
troduction of the volume fraction concept the microscale is touched and therefore investigations on
the microscale are in parts necessary. This had led to serious difficulties which, however, have
been recently solved.

The second strategy pursued the development of consistent constitutive equations, particu-
larly in the plastic range. In this range great difficulties erose in view of the description of the ma-
terial behavior. The “natural” porous bodies like rock and soil as well as some “artificial "porous

bodies like concrete and sintermetals consist of granular and brittle material. These materials, al-

so called frictional materials show a great dependence of the material behavior on the hydrostatic

pressure in the plastic range, contradictory to metallic materials. The influence of hydrostatic
pressure causes various new effects which are unknown in the plastic range of ductile materials ,
and makes the development of a consistent plasticity theory very difficult. However, during the
last years great progress has been made in this field.

In the course of preparation of both the strategies it was recognized that a third strategy is
necessary, namely the investigation of the historical development of the porous media theory.
The corresponding investigations are not interesting from the historical point of view. Rather it
helps to recognize how scientists in the past treated problems in the complex porous media theory
and shows a relationship between the modern theories and the other approaches. Efforts by the
researchers in Essen to reveal the main streams in the historical development have been very suc-
cessful. For example, the real originator of the porous media theroy could be clarified.

In the present paper the highlights of the historical development of the porous media theory
is summarized up to the current state where the latest findings ofthe Essen mechanics group, con-

cerning a consistent macroscopic theory is discussed. However, due to space problems only the e-
b



lastic behaviour is discussed. This work should make it easy for the Chinese scientists, in particu-
lar for young researches, to find the right access to the complex porous media theory. It is also
expected that'in China this theory becomes (as a part of continuum mechanics)the basis for the
description of the mechanical and thermodynamical behaviour of heterogeneously composed bod-
ies.

'The author is grateful to Dr. Zhanfang Liu for the translation of the English version of his
treatise into the Chinese language.

Essen, August 1995 . Prof. Dr.-Ing. Reint de Boer
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