
Chapter 2

Objectives and methodology

In the present research the behaviour (elastic, hardening and softening) of brittle ma-
terials in the micro-level is studied numerically, testing different sizes of the material
sample in a finite element program. The objective is to verify the existence of RVEs in
different regimes of loading, and possibly to quantify the size of the RVE. This study
is performed in 2D.

It is necessary to design a set of unit cells that represent the micro-structure of the
brittle material. These sets are designed with different densities 1 of the aggregates
and different sizes for the unit cell. A three-phase material is considered consisting of
matrix material, aggregates and an Interfacial Transition Zone (ITZ). Every material
phase has the same material parameters in all generated samples. A certain mechanical
test is imposed to this set of meshes via a FE program. In our case a tension test is
chosen fixing one boundary of the unit cell and imposing a certain displacement in the
opposite one. The output of this test will have to show the mechanical response (i.e.
the relation force vs displacement) of the material.

Once the behaviour is known, one or more properties or characteristics of the ma-
terial are chosen in order to study their values and statistics in different parts of the
global behaviour. These statistics will show whether an RVE exists in any part of the
behaviour of the samples, which is the main objective of the present study.

Next, suggestions will be made in order to decide whether it make sense or not to
continue investigating the existence of an RVE for a particular mechanical property of
the studied material.

To carry out this study three main tasks have to be performed. These tasks are
the generation of a set of samples, numerical simulations with these samples and the
analysis of the results.

1This density is a volumetric density, which is the ratio between the total volume of aggre-
gates and the cell volume. As this concerns a 2D study, this particular density is understood
as a ratio of areas
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2.1 Sample Generation

Initially a set of 60 samples is envisaged to be generated. This set is composed by three
groups of samples with different density of aggregates (particularly 30%, 45% and 60%
of aggregates). For each density, five sizes for the unit cell are proposed (10, 15, 20 and
25 length units) and finally, for each size, five realizations have to be generated. Van
Vliet (2000) [7] used in his studies a size of 3-5 times the size of the biggest aggregates.
Drugan and Willis (1996) [1] and Drugan (2000) [8] used the hypothesis of setting the
size of the smallest sample to be twice the size of the biggest aggregate. The size of
the aggregates in this study goes from 2.5 to 5 length units. Therefore, the minimum
cell size is set in the present study to be twice as the size of the biggest aggregate This
is a widely used hypothesis in the literature (references [1] and [8]).

With these set of material samples it will be possible to compare the behaviour of
a certain material property when changing the size of the unit cell and the density of
the aggregates in the sample.

2.2 Numerical Simulations

As mentioned above, a tension test is carried out by fixing one boundary of the unit
cell and imposing a certain displacement on the opposite one. In the following pages
it will be seen that this displacement is imposed stepwise and the global reaction force
in the boundary is calculated for each of these steps.

In order to model properly the mechanical behaviour of these materials, in elastic,
hardening and softening branches, a damage model is used with a exponential shape of
the unloading branch. The FE program FEAP is used to carry out all these computa-
tions. In the following chapters a more detailed information is given to the description
of the code and programs used.

For each computation we obtain a load-displacement diagram. The force value is an
average of the reactions measured in the boundary where the displacement is imposed.

Therefore, force-displacement plots are generated for each sample and are used as
a quantification of the material behaviour. Subsequently, mechanical properties are
measured in different parts of the test. Finally a statistical study is done to make
decisions about the existence of an RVE for these particular properties in each case.
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