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THE TWO-ACTIONS THEOREM AND ITS APPLICATION TO
COMPOSITE MATERIALS

In the present study a new energy theorem is proposed, “The two actions-
theorem”, which is valid in linear elastostatic problems. A new formalism
concerning the works done by the external actions is introduced. Known energy
theorems are proved using the proposed two-actions theorem. A composite
materials problem is confronted in terms of the two actions theorem and energy
relations are formulated. Finally, it is presented a study on the problems of a
composed two material hollow cylinder under internal and external pressure, and of
stretching of an infinite plate with an inserted elastic disc of a different material.
The proposed energy relations are verified in these applications.

1. Introduction

The known energy theorems have already been analyzed in the literature of
Mechanics [1], [2], [3], [4], [5], [6] and have also been used in Variational
Methods [6-9]. These theorems are the basis of many calculations in Mechanics.
On the other hand, a very interesting problem in composite structures [10], [11],
[12], [13], [14], [15], [16] is the variation of the energy in a composite
constituent when there is a variation in the actions applied to the composite.

The basic idea of this study is the introduction of a new energy theorem,
“The two- actions theorem”, based on the external actions’ work.

The originality of the present study is that the two-actions theorem is a
general energy theorem applied only to linear elasticity problems in the absence
of inertial forces. With the proposed theorem, and according to a new
formalism, the known energy theorems have been proved in a simple way.
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The two-actions theorem is also applied to a composite materials problem
where energy relations based on the new symbolism are formulated. Finally, two
applications are made. The first one concerns the problem of a hollow cylinder
composed of two materials, with free ends under uniform internal and external
pressure. The second one is connected with the problem of stretching of an
infinite plate with an inserted elastic disc of a different material. The previously
formulated energy relations of the two materials composite problem are verified.

The proposed formalism may play an important role in problem solving and
may be more easily grasped by students or practionners. In the case of the
composite materials problem, it is proved taking into consideration the
superposition principle, how the variation in the actions applied to the
composite may influence or not the strain energy of the composite constituents.

The proposed two-actions theorem can also be used as a Variational Method.
The formulation of this new energy theorem in the case of variational methods
may be a subject of future research.

2. Symbolism of the work of external actions

Let an elastic body (D) subjected to a system of external actions (A).
We define W,, the work that would be done by the system of external actions

(A) in acting through the displacements as going from the initial undeformed
situation to the final deformed situation of equilibrium. (Fig. 1).
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Fig. 1. Elastic body (D) subjected to the system of external actions (A)






















































