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6. DISCUSSION 

 
6.1 Introduction 

 
After having studied all the models and simulations described previously, in this 

section it shall be tried to put on view all the conclusions obtained. 
 
The main topic of this work was to view the mechanical interaction between 

closely neighboured beds in order to predict or to establish possible propagation of 
fractures depending on the thickness of the competent and incompetent layers, their 
mechanicals properties and the fracture spacing. 
 

Because of that, deformation of single and multi layer sets was simulated in 
numerical models. In these models, the main variables were: (a) the competence 
contrast between competent beds and their surrounding, (b) mechanical properties of the 
different beds, (c) combinations of different bed thicknesses of competent and 
incompetent beds in single models and (d) different number of existing fractures in one 
of the competent beds. 
 
 Previously, an extended review of the literature related with this topic was 
carried out, in order to know the previous works about this topic, and also to see that a 
shortcoming of the published studies is that they viewed beds individually and generally 
neglected the mechanical interaction between closely neighboured beds. 
 
 On the other hand, this study has encountered some limitations: absence of very 
good previous studies in this topic, impossibility to introduce in the software some 
important geological features on this topic (fracture spacing to layer thickness ratio…), 
impossibility to obtain fractured models directly from the software. For those reasons, it 
has been necessary to carry out a big number of simulations in order to try to establish 
the possible behaviour of the fractures in these conditions. It is also necessary to remark 
that the scope of the study was limited to prefracturing stage; i.e. stress/strain 
concentrations are what it was looked for. 
 
 
6.2 Discussions 

 
This work is unconventional in the sense that probably this is the first time that 

geotechnical software as Plaxis has been used in order to carry out this kind of 
investigations. It must be reminded that Plaxis is a finite element code for soil and rock 
analysis, and in this way it was necessary to apply some features of the software in the 
act of constructing the models in order to simulate as much as possible the models with 
the reality. Also for that reason, it was impossible to obtain explicit models of fracturing 
patterns in the results; consequently, the interpretation of the results has had to be done 
taking into account all these facts, in order to arrive at well explanations. 

 
First of all, it was observed that the results corresponded to what it was expected 

from simple reasoning or calculations, it means that the model was built in the right way 
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in order to expect coherent results. Also the results obtained in the models with a pre-
fracturing stage were similar to which were obtained by the other authors described in 
the literature review (literature study results). 

 
As a first step, simulations of a three-layer model were carried out. The first 

fact that the reader can find is that in all the plastic points’ plots of those models, it 
seems to be that there are some patterns in the distribution of that points. Actually, we 
can see some vertical trends of concentration of the plastic points, which may 
erroneously suggest possible zones of fracturation. But it is not totally true. When the 
geometry model is fully defined and material properties are assigned to all clusters and 
structural objects, the geometry has to be divided into finite elements (a mesh) in order 
to perform finite element calculations. The generation of the mesh is based on a robust 
triangulation procedure, which results in “unstructured” meshes. These meshes may 
look disorderly (especially in the five-layer model), but the numerical performance of 
such meshes is usually better than for regular (structured) meshes. The required input to 
generate a mesh is a geometry model composed of points, lines and clusters, of which 
the clusters (areas enclosed by lines) are normally automatically generated during the 
creation of the geometry model. Thus, geometry lines and points may also influence the 
position and distribution of elements. Precisely this fact would explain why the models 
are showing these regular patterns. Anyway, the only one feature responsible to this fact 
is the arbitrary distribution of the mesh by the software, and it also means that a change 
in the refinement or the coarseness in the mesh would probably have an effect in the 
final pattern of the model. Anyway, it is necessary to remark that these vary patterns 
observed means actually nothing (since they are within uncertainty limits). This has to 
be stated clearly. 

 
Observing a little bit more the results in the three-layer models it can be deduced 

that the varied properties and mechanical parameters in the layers will have a slight 
influence in the strain field of the layers (3.b, 3.c and 3.d models). Also this fact can be 
attributed to the distribution of the mesh, but in any case it would be possible to obtain a 
formation of a crack or a set of fractures. In order to get it, it would be necessary to 
introduce some kinds of flaws in the models, which it was not done in the present work. 

 
Concerning the stresses field created due to the prescribed displacements in the 

models, once more it is necessary to talk about very slight influence. It is possible to see 
some variations in the plots (3.b, 3.c and 3.d models), but as it was commented in the 
Results, it is necessary to observe the values of those generated stresses. Thus, it can be 
noted that the values are around some Pascals, which it means nothing if we take into 
account that we are dealing with soils and rocks. 
 

As a second step, a set of simulations of a five-layer model was carried out. As 
it can be seen in the plastic points’ plots of all the models, there is a clear trend in the 
position of all those points in the models. As general, the plastic points are situated in 
the vertical prolongation of the fractures, occupying an imaginary line from the top of 
the model to the bottom. These patterns in the distribution of those points are caused by 
the fractures, since, as it was commented before, the body requires a flaw, or a crack, or 
fracture to develop a fracture or a set of fractures. In this case the generation of the mesh 
is not as important as in the three-layer model, because the software automatically 
generates a more refined mesh where an interface (fracture) is situated, and for that 
reason the software is able to analyze more in detail these zones. Also in some models 
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(5.a.1., 5.c and 5.d models), and depending only on the mechanical parameters of the 
layers, it can be noted that the heavy layer is the first layer in being in tension, but this 
result is produced for the different mechanical parameters of this layer in comparison 
with the other ones, as it can be checked in the chapter of simulations. 

 
Seeking information about the strains field created due to the displacement it is 

easy to notice that there is a big influence from the thickness and the mechanical 
parameters on the strains field created, but also probably caused by the existence of the 
fractures in the model (5.b, 5.c and 5.d models). Thus, the increasing thickness in the 
middle incompetent layer produces a decrease in the extreme Cartesian strain in that 
zone, as it was expected, which means that the interaction between the two competent 
layers also decreases, and also the probability of the propagation of the fracture into the 
lower competent layer will decrease. In this way it can be observed in the Appendix a 
cross section (Figure 75) from the left side to the right, in the top of the lower 
competent layer, and extracted from the strains plot of the Base Case, where it is 
possible to see that the two peaks of strain are coinciding exactly with the position of 
the two fractures. For that reason it can be predicted that with an increase of the strain in 
the body, probably the fractures will propagate in their direction across the middle 
incompetent layer, toward the lower competent layer. 
 

Checking the stress field created due to the prescribed displacements in the 
models, it can be observed that this stress field is slightly influenced by those 
displacements, and there is not much variation in the stress values, as it can be checked 
in the models (5.b, 5.c and 5.d models). But the difference in this case compared with 
the three-layer model is that now the values of the extreme stresses are around 10 MPa, 
which is a clearly defined high stress value to take into account, and probably due to the 
introduced fractures. This value of stress is also quite higher than in the three-layer 
model. About the possible propagation of the fractures, there is a clear zone, along the 
direction of the fractures, showed in all the models, where is probable that the fractures 
propagate (in an inhomogeneous distribution). This possible zone of propagation is 
always strong as adjacent to the fracture on the right side, where the displacement has 
been applied, and probably for that reason. Also here it can be observed a cross section 
(Figure 76) in the Appendix from the left side to the right, in the top of the lower 
competent layer, and extracted from the stresses plot of the Base Case, where it is 
possible to see that the two peaks of stress are coinciding exactly with the position of 
the two fractures. 
 
 Concerning the layers, it must be noted that the competent layers show a higher 
predisposition in creating fractures due to their stiffer behaviour. On the other hand, it 
will be more difficult the propagation to an incompetent layer. In means that 
incompetent layers only will drive the fractures through the competent layers by means 
of the propagations of the stress and the strain, also depending on if the competent layer 
found is a more brittle or a stiffer one. 
 

Effect of fracture spacing has been the last feature simulated in the work. As it 
can be observed in the models (5.e.1 to 5.e.4.), both the matrix strains and the maximum 
stress decrease with the increasing number of fractures inputted to the model. Thus, it is 
clear that the intensity of propagation of the fractures will decrease with the increasing 
number of fractures, it means decreasing of fracture spacing. The reason is that with a 
minor number of fractures (more fracture spacing), all the stresses can concentrate in 
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those few and high-spaced fractures, and therefore there will an accumulation of strain 
which can permit a stronger propagation along the direction of the fracture through the 
nearest competent layer. Otherwise, it must be taken into account once more that we are 
using a finite element code, and this kind of software calculates the horizontal stress by 
means of the shear stress located in the upper and lower sides of the layer, which it 
means that increasing the number of fractures (decreasing fracture spacing), actually we 
are also decreasing the extreme horizontal stress in the fracture. 
 
 


