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ABSTRACT

Use of geosynthetics in civil engineering has advanced rapidly in recent years and it has been popular in railways
construction. Geosynthetics provide an important option to improve track support stabilization and to reduce the track
maintenance costs. In the present paper, a reinforced railway track has been modelled using the finite element method
(FEM). The principal aim of the study is to investigate the influence of geogrids reinforcement in the railway track
behaviour. The results show that the reinforcement can provide a significant contribution to improve the performance of

railways tracks.
Keywords: railway, geogrid, fem, ballast, reinforcement.

1. INTRODUCTION

Usually, geosynthetics are used to improve the
mechanical characteristics of soils, combining the
compression strength of the soil with the tensile strength
of the geosynthetics. The interaction geosynthetics-soils
and the geogrids behavior for the reinforcement of roads
have been studied extensively [1-13].

The mechanisms associated with the interaction
of geogrids and unbound aggregate can be summarized as
(i) to restrain the lateral movement of the unbound
materials (due to frictional interaction and interlocking
between aggregates and the geosynthetic), (ii) to increase
the stiffness and the shear strength of the unbound
materials by providing additional confining stress, (iii) to
improve the load distribution to the sub-grade layer, and
(iv) to reduce the shear stress in the sub-grade (due to its
stiffness, the geosynthetic exerts an upward force
supporting the wheel load and thus improving the bearing
capacity [14], this because it acts like a tensioned
membrane [15]).
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Figure-1. Reinforcement mechanism of geogrid in
granular soil over a subgrade (based on
Perkins [16, 17]).

However, there is limited comprehensively
reported literature on the interaction between the
geosynthetics and railway ballast. The understanding of
the basic mechanism governing the reinforcing action of

the geogrid or how geogrid reinforcement can be designed
into rail track structures for different situation is still
restricted.

Recently, different studies have been conducted
to apply geogrid within ballast and sub-ballast layers of
track substructure in order to achieve better performance
that results in minimizing maintenance cost and extending
service life [18-20]. The use of this reinforcement solution
in the railway construction depends from the necessity to
ensure railway embankments higher performances, also
under the passage of the high speed and heavy axle loads.

Geogrids are used in one of two ways to reinforce
track bed materials. When included at the bottom or within
a ballast layer, the primary benefit is an extension of the
maintenance cycle, i.e., the period between ballast
cleaning and replacement operations. The second way
geogrids are used beneath a rail line is to reinforce the sub-
ballast. In this case, the primary purpose of the geogrids is
to increase the effective bearing capacity of an underlying
subgrade [18].

In particular, geogrids stabilize ballast and sub-
ballast layers through the “interlocking effect”, which can
be imagined as the particles of the ballast material partially
penetrate through the geogrid apertures and lock into
position (Figure-2).

Figure-2. Interlocking effect between aggregates
and geogrid.
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In this manner, a quasi-strong and relatively
skidproof layer would be guaranteed for other particles
lying above and interlocked into these particles [13, 21].

Geogrid reinforced railway tracks can be
simulated and analyzed with finite elements methods
(FEM) or distinct element methods (DEM) in two and
three dimensions.

Important results in DEM and FEM simulation
were obtained by several authors [22-27]. These studies
have shown that geogrid reinforcement in ballast can be
effective in reducing the permanent deformations
associated  with lateral ballast spreading. The
reinforcement effect of geogrid is generally attributed to
the interlocking effect between the geogrids and
surrounding aggregates. As a result, the geogrids provide
lateral and vertical confinement to the ballast and, thereby
reducing its settlement. In line with these observations, the
current study is an attempt to apply FEM to numerically
model the ballast and geogrid interaction with the main
aims are to study the effect of geogrid reinforcement on
stress-strain behavior of ballast.

The interaction mechanism and behavior of the
geogrid and ballast at their interfaces, particularly when
the ballast is severely fouled are not well understood.

Bathurst and Raymond [28] carried out a series of
large-scale models comprising a single sleeper/ballast
system reinforced with geogrids that were inserted at
different depths and placed over artificial subgrade of
varying compressibility, and then subjected to cyclic
loading (Figure-3).
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Figure-3. Geogrid over relatively weak and firm
foundation soils maintenance life increased by
a factor of 4.9 and 4.75 respectively.

According to these results, at 39% of CBR-value
4.75 times, and at 1% of CBR-value 4.9 times, more
cycles generated 25 mm plastic settlements in the case of
Tensar geogrid reinforcement than without it. Walls and
Galbreath [29] carried out a case study on the use of
polymer geogrid to reinforce ballast. They concluded that
the inclusion of geogrids was an effective and economical
method to minimize or prevent track stability issues. The
inclusion of geogrid within the ballast layer reduced the

lateral and vertical deformation of ballast, which was
attributed to the ballast particles interlocking and being
confined by the geogrid. Matharu [30] showed that
geogrid-reinforced railway ballast has a positive effect on
the retardation of the deterioration process. Fernandes et
al. [31] conducted experiments in a segment of real track
to evaluate the potential use of geosynthetics as
reinforcement in ballasted rail tracks. The results indicated
that the inclusion of geosynthetics decreases the strains
mobilized in the sub-ballast and reduced ballast breakage.
Most of the aforementioned studies for fresh ballast were
conducted experimentally and only limited attempts were
made to study the geogrid-ballast interaction numerically.

In this paper, the attention is focused on the use
of geogrids as ballast reinforcement, which offer improved
interface resistance due to interlocking. This one
minimizes the lateral movement of aggregate particles and
increases the modulus of the ballast, which leads to a
wider vertical stress distribution over the subgrade and
consequently a reduction of wvertical and lateral
deformations.

2. MATERIALS AND METHODS

2.1 Finite Element Analysis

The finite element simulations were developed
using the ABAQUS software and considering a 2D
simplified model perpendicular to the track. The finite
element analyses in this study were performed in the time
domain.

The proposed model of rail track is the
conventional one and the principal elements of the model
are reported in Figure-4.
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Figure-4. Schematic of main components of
track structures.
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The materials properties used in the model were
derived from tests and available experimentations in
literature [32-35]. Founded on elastic layered system
hypothesis, railroad track materials are all linear elastic.
The ballast and embankment materials are supposed to be
elastoplastic by using the Mohr Coulomb model (MCM)
[36]. The interaction between the materials is supposed to
be completely continuous.

The equivalent parameters are recapitulated in
Table-1.
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Table-1. Simulation parameters of the track-subgrade structure.

Mechanical Rail .
characteristics uICs0 Sleeper Ballast Embankment | Geogrid
Density o(kg/m?®) 7850 2400 210 1800 1800
ModulusE (MPa) 210000 30000 130 80 29000
Poisson’s Ratio v 0.30 0.15 0.30 0.40 0.20
Internalfréi:;lon angle 28 25
Cohesivestrength (kPa) 50 30

v

L.

Figure-5. FE model of the double-line structure.

The train was simplified to a series of vertical
loads [33, 37], which were placed according to the
geometry and the composition of the train (locomotives,
bogies, wheels, axles) and moving at a constant speed v on
the track. In the following, a simplified composition (two
locomotives and three bogies) of the Italian high-speed
train ETR 500 was considered.
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Figure-6. Time history of loading of ETR 500 train.

The forces are applied using a time function that
represents the time history of the force in the considered
node. Figure-4 shows the distribution of axle load in the
time at 200 Km\h and 250 Km\h.

3. RESULT AND DISCUSSIONS

The behavior of the embankment was analyzed,
at the exact time of passage of the train. The results show
that the geogrid improves the behavior of the
embankment.

It is evident that the geogrid reinforcement
between ballast and subgrade reduces the vertical stress
and displacements significantly (Figure-5 and Figure-6).

Figure-7 shows the vertical displacements at the
interface between ballast and embankment caused by the
locomotive passage.

3.1 Effect of Geogrid Property

There are key properties of geogrid that play a
crucial role in enhancing load bearing capacity of
geomaterials.

The elastic modulus E is deemed one of the key
properties that produce lateral confinement for
surrounding granular materials. Four levels of E value
(29000 MPa, 10000 MPa, 5000 MPa and 1000 MPa) were
considered for this evaluation.
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Figure-7. Vertical displacements (m) for the unreinforced and the reinforced model.
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Figure-8. Geogrid vertical displacements (m).
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Figure-9. Vertical displacementsalong the transversal path.
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Figure-10. Maximum plastic strain for the unreinforced and the reinforced model.
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Figure-11. Misess stress distribution along the transversal path.

Figure-11 shows the results of analysiswhere the
Von Mises stress distribution at the interface between
ballast and subgrade caused by the locomotive passage is
reported. It was observed that the effect of E of geogrid
was clear to conclude. Generally, a higher E values seem
to be effective in controlling the stress. To obtain more
significate results advanced modelling technique needs to
be applied to simulate the interaction between geogrid and
materials such as using a discrete element method (DEM).
In addition, further experimental investigations need to be
conducted to identify an optimum combination between
the geogrid properties and the properties of materials
tested.

4. CONCLUSIONS

From this study, it is clear that the reinforcement
between ballast and subgrade, reduces induced vertical
stresses and displacements significantly. It is clear that this

leads to a reduction in the maintenance costs, and in the
shear failure. Geogrid offer an enhanced combination of
interlock within stabilizing railway track infrastructure via
confinement of both ballast and sub-ballast particles.

Using a finite element procedure, simulations and
practical inferences were made by applying the geogrid to
the actual geometry of a ballasted railroad substructure.
Performing a parametric study on realistic geometry and
applications could allow insight into its performance in
actual railroads. Analyses were performed by varying
geogrid stiffness to observe the effect of reinforcement
material on overall performance.

It is possible to observe that the amount of
settlement increased with increasing geogrid stiffness.
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