
Chapter 3

Sample Generation

3.1 Methodology of the generation

Two different steps are necessary for the generation of the samples. First a design
of the sample is needed (with all geometric characteristics (size, density, aggregate
distribution, mesh parameters, etc...) after which the mesh has to be created and
transformed to a standard input file for our FE program.

Software Package for the Assessment of Compositional Evolution (SPACE) [4] is
a discrete element software package which is used for realizing the material samples
with realistic aggregate distributions. Given a certain size for the unit cell, a range of
sizes for the particles and the density of the particles in the cell, the program generates
automatically a sample on the base of these characteristics. As it is mentioned before
the sizes for the cell chosen in this study are 10, 15, 20 and 25 length units. The range
of sizes for the particles goes from 2.5 to 5 length units. SPACE generates a number of
particles of different sizes according to an automatic random procedure. Attention has
to be paid in the periodic option to distribute particles in the cell. As we can see in
Figure 3.1, not all the particles are included totally in the cell but there are some partly
included particles which constitute a more realistic border for the material sample.

Once these geometrical parameters for the global shape of the sample are entered
an export procedure has to be carried out in order to send the data to a mesh gen-
erator program (in our case this program is NEGE). For this step, some parameters
related with the dimensions of the mesh in every material have to be decided. In this
study three different materials are chosen to reproduce a micro-structure of our brittle
material. These materials are aggregates, matrix and an Interface Transition Zone.

In order to reach an optimal level of accuracy in the computations different sizes
for the mesh are designed in these different phases. For elastic stress and strain distri-
butions, a relatively coarse finite element discretisation may be sufficient, whereas finer
meshes are needed for those locations where damage occurs. As it will be explained
later in more detail, the size of the mesh in the ITZ is the finest as damage is initiated
in the ITZ and will propagate predominantly through the ITZ. The mesh forming the
aggregates will have the largest values for the size in order to work with a sufficient
accuracy because damage will not be computed. The size mesh for the matrix will have
intermediate values since for the lower aggregate densities some damage propagation
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Figure 3.1: Example of periodic samples for 30%, 45% and 60% aggregate density
distribution.

may take place in the matrix.

During the generation of the meshes some changes are introduced in the mesh size
parameters in order to keep a reasonable number of elements in each unit cell. As it is
explained in the next chapter these changes are small enough not to affect the damage
behaviour in the different samples.

One difficulty found while generating these samples is that when a high density
of aggregates is chosen, the generated particles are so close to each other that it is
sometimes difficult to allow a thin layer of ITZ in between. This problem is solved by
generating the sample with a higher value of the density and reduce the diameter of
the particles with a reduction factor. The result is a sample of a similar density as the
one expected in the beginning but constituted with slightly smaller particles than the
original ones.

The sample designed by SPACE is exported to the mesh generator Netz Generator
(NEGE) [9] with a number of three consecutive exportations (one for each different
phase) using a correct selection of the mesh parameters explained previously.

NEGE generates a number of three noded triangular finite elements to the specified
densities in our two-dimensional sample domain [9].

3.2 Results of the Generation

A summary table (Figure 3.2) is presented with the mesh parameters and characteristics
of each sample. The table is structured in three different main parts belonging to the
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three mentioned densities. In each of the three subtables other four parts can be found
with different value for the unit cell size. In each of these parts five different realizations
are included.

Information about the characteristics of the sample is given in the mentioned table.
This information is divided in four parts: mesh parameters (with the corresponding
value for the seven parameters described previously), unit cell parameters (with the
actual values for ρ and length of the unit cell), reduction factor (only mentioned when
needed for specific samples) and the final number of elements and nodes for each sample.
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Figure 3.2: Summary of the Cell and Mesh parameters
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