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Abstract

This article presents a study of the influence of subdomain dimensions on the stress-strain state of road embankments. Its purpose is to
determine the most advisable distance from the base of the slope to the boundary condition using computational numerical modeling as the
chief tool, and performing an experimental design 32 in order to achieve the stated goal. Recommendations are given for using different
boundary conditions when varying the embankment slopes in problems related to road embankment modeling.
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Determinacion de las dimensiones del dominio en la modelacién
numerica de terraplenes

Resumen

El presente articulo presenta un estudio de la influencia de las dimensiones del subdominio en el estado tenso-deformacional de terraplenes
viales. Su objetivo principal es determinar la distancia mas aconsejable desde el pie de talud hasta la condicion de frontera empleando
como herramienta fundamental la modelacién numérica y realizando un disefio de experimento 32 para cumplir con el mismo. Este trabajo
ofrece recomendaciones para el empleo de diferentes condiciones de contorno al variar las pendientes de los taludes en problemas

relacionados con la modelacidn de terraplenes de obras viales.

Palabras claves: Condiciones de frontera; Modelacion de terraplenes viales, Modelacion numérica.

1. Introduction

In order to determine the active depth of the soil
foundations, it is necessary to calculate the stress that
emerges due to the load imposed by the embankment weight;
that is, the ratio result of the stresses produced by the weight
of the soil foundation and the load imposed by the
embankment, which should be between 0.1 and 0.2 [1,2]. As
the depth of the soil foundation is infinite, the smaller the
mathematical model of the problem, the smaller the
computational resources [3]. Therefore, to optimize the
computational cost, we have to decrease the size of the model
without affecting the solutions in the working area.

2. Model conceptualization

The modeling of a real problem is described through a
physical and mathematical model in which there is an
interrelation between the characteristics each of them
possesses: geometric model, constitutive model, load model,
boundary condition model, governing equations, initial
conditions, and definition of the work domain (Fig. 1). It is
precisely the latter that is the most essential feature dealt with
in this paper. Since soil is considered an infinite area, it is
necessary to carry out a study of the adjacent domain of the
geometric model that characterizes it as well as of the
influence of boundary conditions.
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Figure 1 Methodological diagram for the solution to a real problem
Source: [4]

2.1. Construction of the numerical model

In this study, the numerical model was implemented based on
the Finite Element Method (FEM); a plane strain was applied to
the numerical model, and the slopes and the height of the
embankments varied (Fig. 2). The letter C denotes the distance of
the subdomain which is defined according to the relationship
B/H, (ratio between the slope base and its height) (Tablel). The
constitutive model and the load model were used, taking into
consideration the specialized literature and standard regulations
[1,5-7] (Table 2).

In previous studies, the analysis was carried out [4,8,9]
using the physical and mathematical parameters of the road
embankment problems calibrated simultaneously after a
homogenization process. As a result, the four-node
quadrilateral Finite Element Type (FET) and 50cm of the
domain fragmentation were chosen as a solution to this
problem.

2.2. Boundary condition modeling

In this study, the boundary conditions applied were vertical
and horizontal lineal supports, infinite elastic supports
(Winkler’s Model), and supports with infinite elements.

Lateral Subdomain (C)
Embankment Height (H)
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Figure 2 Geometric model
Source: The Authors
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Tablel.
Lateral Subdomain for the slope base and embankment height
c Slope
(2:1) (3:1) (4:1)
4B/H 8m 12m 16m
6B/H 12m 18m 24m
8B/H 16m 24m 32m
10B/H 20m 30m 40m
12B/H 24m 36m 48m
14B/H 28m 42m 56m
16B/H 32m 48m 64m
Source: The authors
Table 2.
Mechanical properties of soil
Embankment Nucleus and
Crown and - - Second soil Third soil
Parameters first soil - .
embankment - foundation foundation
. foundation
foundation
E (kPa) 30000 22000 32000 33000
u 0.30 0.32 0.33 0.28
Y (KN/ m3) 19 18 17 18
2 () 41 36 38 35
C (kPa) 0 20 0 0
Thickness 075 (12,14,16) 22 35
(m) and 6
Source: [9]

e Vertical and horizontal lineal supports are used to inhibit
the displacements in the X and Y axes as stated in the
literature [10], by restricting the lateral and depth
displacements, or imposing the null displacements to the
ends of the model of the problem (Fig. 3, a). When these
elements are used, the constitutive material model is not
restricted.
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Figure 3 Representation of boundary conditions
Source: The Authors

Infinite elastic supports (Fig. 3, b) are equivalent to an
infinite number of elastic springs whose rigidity is the
relationship between the pressure applied to the soil and
the resultant displacement. For the numerical
representation, the ballast coefficient of Winkler's theory
[11-14] is considered. Winkler’s Model supports are also
employed in solving the problems concerning soil-
structure interaction. Thus, an elastic constitutive
material model is preferable when using this model.
Supports with infinite elements (Fig. 3, ¢) are special
elements which use a polynomial interpolation in such a
way that the interpolation function describes an
asymptote. When the working area decreases, the
function makes the working space a continuous and
infinite soil area. Consequently if it is necessary to design
a numerical model of large-scale geometry, the infinite
elements will guarantee the continuity of the soil
foundation to reduce the geometric model to a smaller
size. In this case, the constitutive model has to be lineal
and elastic.

3. Determination of the subdomain dimensions

Different methodologies can be followed to determine the

dimension of a subdomain in an infinite soil space:

1.1. The displacements in the nodes are analyzed in front of
the supports, which should tend to zero. Otherwise, the
approximation to the numerical solution of the
boundary will affect the answer to the problem in the
working area (Fig. 4, a).

1.1.1. If vertical and horizontal lineal supports are used,
the null displacements are imposed.

If infinite elastic supports are employed, the

solution will be found according to the ballast

coefficient.

If the supports are infinite elements, the continuity

of the soil foundation area will be guaranteed.

1.2. Stress, strain and displacement can also be analyzed at

a point inside a key area, and the order of these values

is compared to the order of the corresponding variables

values near the supports, to determine the distance
where the variables acquired the approximation desired

(Fig. 4, b).

Another criterion to obtain the value of the subdomain

dimensions is the analysis of several nodes in front of

the supports or in the key area by applying the Standards

of Error at several points [3].
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Figure 4 Ways for determining the subdomain dimensions
Source: The Authors

Table 3.
Experimental design

Boundary conditions Height Slope
Vertical and horizontal lineal supports 12m 2:1
Infinite elastic supports 14m 31
Supports with Infinite Elements 16m 4:1
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Source: The Authors
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Figure 5 Embankment model
Source: The Authors

To obtain the subdomain dimensions of the numerical
model in a semi-space of soil foundation corresponding to an
embankment, an experimental design 32 was performed. The
three following factors: boundary conditions, height, and
slope varied by three levels each (Table 3). In the
experimental design presented, the dependent variables were
obtained in a node located within a chosen key area (Fig. 5).

4. Results and discussion

Twenty-seven models were applied to the embankment
design to determine the subdomain dimensions which varied
from 4B/H up to 16B/H each (Table 1). Throughout the analysis
of the post-process, the results for the horizontal strain values
were studied in terms of the influence of the boundaries.

The relative errors (Eq. 1) were obtained taking into
account the subdomain maximum values. The maximum
value for parameter "C” was 16B/H, which was considered
the standard error value. Errors were analyzed when the
results were lower than 5%.
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Vi - VPatron

ER =
VPatron
Equation 1 Standard of Relative Error
Source: [3,9]

Relative errors in the problem solution were calculated
for the three specific heights analyzed by using slope 2:1 with
vertical and horizontal lineal supports as well as infinite
elastic supports. Errors were lower than 5% in the subdomain
values ranking between 8B/H and 16B/H whereas relative
errors increased for the smallest values of the subdomains
6B/H and 4B/H (Figs. 6-8).

Since the relative error values were in the same numerical
order and the results were lower than 5%, the recommended
value for the subdomain dimension is 4B/H (Fig. 9) if
supports with infinite elements are used. On the other hand,
when the results of slopes 3:1 and 4:1 were analyzed with
vertical and horizontal lineal supports and infinite elastic
supports then, the subdomain values were 4B/H. However,
slopes 3:1 and 4:1 with infinite elements provided a relative
error of lower than 5% for each value of the sub-domain
dimensions including B/H. Hence any value for the
subdomain dimension can be used. Each case analyzed is
shown in Table 4.
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Figure 6 Relative errors using vertical and horizontal lineal supports in the
12 meter-high model with slope 2:1
Source: The Authors
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Figure 7 Relative errors using vertical and horizontal lineal supports in thel4
meter-high model with slope 2:1
Source: The Authors
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Figure 8 Relative errors using vertical and horizontal lineal supports in the
16 meter-high model with slope 2:1
Source: The Authors
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Figure 9 Relative errors using supports with infinite elements in the 14
meter-high model with slope 2:1
Source: The Authors

Table 4.
Summary of subdomain dimension values and boundary conditions for road
embankment numeric model

Boundary qudom_aln Constitutive
L Slope dimension
conditions model
values
B
Vertical and 21 8 -~ . )
. - H Linear — elastic
horizontal lineal - - .
SUDDOITS 31 4 Br Elastic — plastic
PP 41 H
. Br
Infinite elastic Z1 8 H .
- Elastic
supports 31 4 Br
4:1 H
. By
Supports with o i H Linear — elastic
infinite elements 31 Br
4:1 H

Source: The Authors

5. Conclusions

1. The C=4B/H value is suggested for the sub-domain
dimension when slope 2:1 is employed with infinite
elements.

2. The recommended value of the sub-domain dimension is
C=4B/H when slopes 3:1 and 4:1 are used.
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With slope 2:1 and vertical and horizontal lineal supports,
the appropriate proportion for the geometrical model is
C=8B/H.

When using supports with infinite elements the
constitutive model should be elastic and lineal, and the
sub-domain dimension can vary indistinctly for slopes 3:1
and 4:1.

If infinite elastic supports are employed the constitutive
model should be elastic according to the ballast
coefficient.
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