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The dual gauge track, in which a third rail is added to the conventional track section, has recently been
installed in large sections of the Spanish railway network, allowing the passage of trains of two different
track gauges. With increasing train speeds and axle loads, the new dual gauge track must share the main
characteristics of current track systems while minimizing the drawbacks, in order to ensure a real step
forward in railway track design. Thus, this paper presents a research study on the dynamic behaviour
of a dual gauge track generated by the passage of trains. To accomplish this task, an extensive experimen-
tal and numerical investigation was conducted in a stretch of the Spanish railway network. The experi-
mental work includes the characterization of the rail and sleeper mechanical behaviour during train
passage. In addition, results from the experimental investigations were also compared with a fully
three-dimensional numerical model. The model uses SOLID95 elements with elastoplastic Mohr–
Coulomb behaviour and yields a rMSE of 25% between measured and calculated responses, hence show-
ing a good agreement. Concerning the vibrational response, the presence of the third rail have a signifi-
cant effect, since the maximum rail vertical accelerations significantly increased on the side where two
rails are close together. Finally, the contact pressure between the sleeper and the ballast bed is 35% higher
in the common rail when the train runs on the Iberian gauge, but 50% higher on the dedicated rail when
the train runs on the standard gauge.
� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The traditional track gauge in the Spanish railway network is
the Iberian track gauge, established in the 19th century and equal
to 1668 mm. However, the most widespread track gauge in the rest
of Europe is the standard gauge, which is equal to 1435 mm, thus
creating a break of gauge in Spain that adds delays, cost, and
inconvenience.

Moreover, after considering various strategies, in 1988 the
Spanish government decided to design and build all new high-
speed lines with the standard gauge, connecting these new rail
lines with the rest of Europe. After huge investments in the latest
decades, the current Spanish high-speed system is the longest
one in Europe with more than 3200 km and the second longest
in the world after China.

Since the development of Spanish high-speed railway lines, the
coexistence of two different track gauges has been a problem for
operators and passengers alike, creating frontiers among high-
speed and conventional lines. To solve interoperability issues and
ensure that trains may use both rail lines and connect with the rest
of Europe, a few specific solutions have been tested and imple-
mented in Spain. Traditionally, passenger and freight were tran-
shipped between trains with different gauges, mostly in the
border between Spain and France, with the logical delay and
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increased costs that this operation entails. Alternatively, train
gauges could be modified by lifting up the trains and replacing
wheelsets or bogies, a solution more comfortable for passengers
but still time-consuming.

To address this issue, in the case of passenger trains, special
wheelset systems (known as Variable Gauge Axle, VGA; or, alterna-
tively, Gauge Adjustable Wheelsets, GAW) have been highly devel-
oped since the late 60s, which allow trains equipped with them to
operate on both Iberian and standard-gauge lines. This kind of
solution also requires the installation of gauge changers to manage
the transition between lines with different gauges. On the other
hand, GAW systems for freight trains are still far from being fully
developed and implemented, as higher axle loads complicate the
design and operation of such systems.

However, both trains and facilities must be designed, installed,
and maintained under adequate conditions, all of which raises
costs and hinders their development. In addition, important prob-
lems continue to exist with regard to freight trains, since automatic
track gauge changeover has not been successfully designed for
them.

To solve these problems a special track solution has been
recently implemented in different stretches of the Spanish railway
network, consisting on a three-rail track with dual gauge (Fig. 1).
This solution is expected to decrease the negative impacts associ-
ated with road traffic and to have positive impacts on the environ-
ment thanks to the modal transfer to rail. Although there are a few
dual gauge tracks in other railways around the world, these solu-
tions are restricted to harbour or yard areas, where the speed is
usually lower than 30 km/h. In contrast, the new dual gauge track
system is conceived for speeds up to 200 km/h. This allows a con-
siderable reduction of costs compared to using separate tracks but
introduces several technical complexities and challenges in track
Fig. 1. Conventional railway track (right) and dual gauge track (left) in Spain.
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design, operation and maintenance, because of the large number
of suburban, regional and high-speed trains running on the
network.

Thus, the dual gauge track system means a substantial modifi-
cation of the conventional track and requires an adequate and
accurate analysis, especially in terms of ground borne vibrations,
which also aids in the implementation of suitable vibration mitiga-
tion measures. This issue may be approached both numerically and
experimentally. In the first case, numerical simulations are useful
tools for evaluating the vibration behaviour of the rail vehicle
and track elements where input parameters are well defined. In
this field, the finite element method (FEM) [1–4], the boundary ele-
ment method (BEM) [5,6] and the combined FEM-BEM [8,8] were
mostly used to determine the vibrational response of railway track
due to the passage of trains. A drawback of these theoretical
approaches is that several assumptions must be made concerning
train characteristics, track properties and boundary conditions.

Meanwhile, in the case of dual gauge tracks, the uncertainty
caused by the addition of the third rail adds further complexity
to previous numerical models. Furthermore, in case of mixed cor-
ridors, the demands for track smoothness and load carrying capac-
ity become a major concern. Under this scenario, the principal
advantage of an experimental study over a numerical one is that
a reduced number of modelling assumptions are required. There-
fore, physical testing is the most appropriate method to obtain
the response of railway track [3,4,9,10]. Despite this, there is no
published literature related to the experimental analysis of vibra-
tion from dual gauge tracks due to the specific design of this super-
structure. Therefore, it is not clear what the ground vibration
characteristic and propagation are when the train runs along a
specific gauge. It is also unknown whether the existing theoretical
models can still be applicable to predict train induced ground
vibrations. As a result, lack of experience of maintenance and lack
of standards for the design are also important disadvantages.

Thus, this paper attempts to introduce the most recent experi-
ment accomplished by the authors on dual gauge track, which con-
tribute to a deeper understanding of this special track. Accordingly,
measurements were taken in both Iberian and standard gauge and
analysed in the time domain to gain a comprehensive understand-
ing of behaviour of the complicate dual gauge track design. The
presented model represents a very significant contribution to the
existing panorama in terms of computational tools for dual gauge
railway track analyses. The consideration of the soil or natural
ground response were outside this scope because they are strongly
influenced by the nature of the materials as well as site conditions,
which may even change significantly along the railway line.

The paper is structured as follows: First, a description of the
experimental study is given, with detailed explanation of the sen-
sors installed on the track and the data gathering. Secondly, the
numerical FEM model is described, including its main features
and parameters. Afterwards, both the experimental and numerical
results are analysed and compared in order to characterise the
dynamic behaviour of the dual gauge track. Finally, the main con-
clusions reached are exposed.
2. Experimental study

The experimental evaluation of the vibrations and displace-
ments induced by railway traffic is a fundamental step for further
investigations and validation of prediction models. Accordingly, in
June 2019 a field measurement on the Valencia-Castellón dual
gauge railway track was performed. This line is part of the Mediter-
ranean Corridor, which is operated with different train services
whose speeds range between 80 and 160 km/h. Monitored slow
trains (commuters and freight) ran on Iberian gauge while high-
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speed trains ran on standard gauge. The measurement site is
placed near Massalfasar station, located 15 km north of Valencia
(Fig. 2).
2.1. Track structure

The test section is a double-line railway with low embankment.
The track is a typical ballast track composed of ballast, subballast
and sub-grade layers, with thicknesses 0.3, 0.3 and 1.5 m, respec-
tively. The three rails are continuously welded UIC 60 rails, with
a mass per unit length of 60 kg/m, fixed to newly designed third-
rail, 400 kg prestressed concrete sleepers AM-05 via Vossloh clips,
spaced 0.6 m. Ballast is siliceous, with an average stone size 31.5
and 50.0 mm. Each singular ballast element has a polyhedral
shape, and its largest dimension must be less than three times its
shortest dimension, according to the shape index test (Fig. 3).
2.2. Test scheme

In order to obtain the dynamical response of the dual gauge
track, two distinct test setups were deployed. The first one records
different component vibration levels at rail and sleeper, while the
second records vertical displacements between rail and sleeper
and between rail and ballast. Accelerometers were held in place
vertically by gluing them onto the surfaces, while distance meters
were fixed to the rail and sleeper by using powerful magnets
(Fig. 4). The acceleration sensors were carefully selected according
to the location of the measuring points. All sensors were connected
to (and powered by) an acquisition system placed near the track,
which in turn was connected to a laptop for data storage.

Specifically, the first setup consisted of five accelerometers
whose characteristics and specific location in the track are detailed
in Table 1. The accelerometers were connected to a four-channel
signal conditioner, which in turn was connected to the laptop.
Fig. 2. General view (a) and detailed
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For the second setup, two potentiometers were used, both with
a range up to 100 mm and a sensibility of 1.19 V/cm. As Fig. 4
shows, one potentiometer was placed to measure relative displace-
ments between rail and sleeper, and the other to measure relative
displacements between rail and ballast. These sensors were also
linked to a data acquisition instrument system to detect the
dynamic responses of the track components. In all cases, measure-
ments were performed on straight parts of the track for each train
passing (Fig. 5).

Finally, the sampling frequency was set to 4000 Hz for all mea-
surements. In the data processing, background vibration noise and
other possible interferences were removed by using a 4-order
band-pass digital Butterworth filter with a 1000 Hz cut-off fre-
quency. Due to one-side access allowed by the Administrator of
Railway Infrastructures (ADIF) at the test track site, the measuring
unit was installed on the outside of the dual gauge track.

With all of this equipment, a large dataset was obtained com-
prising the passage of several distinct trains running at different
speeds. The data measured during one of the passages of the
high-speed and commuter trains was employed in the experimen-
tal validation of the developed numerical model.
2.3. Train characteristics

Due to its proximity to the city of Valencia, the studied site has a
very significant traffic volume. From the range of trains circulating
in the studied railway track, the following types may be high-
lighted: a high-speed train (Ave Class 100) and a commuter train
(Civia). On one hand, the selection of these trains is justified by
their gauge, considering that each type of train runs on a specific
gauge (1435 mm for high-speed and 1668 mm for commuter
trains). On the other hand, it can be explained by the existence
of plenty available information about the commuter and high-
speed trains.
location (b) of the test track site.



Fig. 3. View of dual gauge railway track (a) and detail of rail fasteners at the double rail side (b).

Fig. 4. Accelerometers (a) and distance potentiometers (b).

Table 1
Characteristics of accelerometers.

Sensor range (g) Sensitivity (mV/g) Location

±600
10

Rail foot (common rail)

±600 10 Rail foot (inner rail)
±600 10 Rail foot (outer rail)
±55 100 Sleeper
±5 1000 Ballast
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A brief description of each train follows, with their principal
characteristics.
2.3.1. High-speed train (Ave Class 100)
The S-100 high-speed train is manufactured by Alstom and

started commercial operation in 1992. The trainsets are designed
for high-speed services on standard gauge, with two motorized
bogies each and eight passenger cars with shared bogies. Its total
length is 200 m. During the experiment, the axle load was around
12 t for passengers’ coaches and 18 t for traction units, according to



Fig. 5. Schematic diagram of measuring points.
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RENFE train characteristics [11]. Table 2 shows the specifications of
the AVE Class 100 trainset.

2.3.2. Commuter train (Civia)
Civia series train were developed in 2000 by CAF and Siemens,

covering the major metropolitan areas in Spain. Civia trains are
modular and may comprise two, three, four or five cars with cabins
at both ends. In this case, the monitored Civia trains consist of four
cars with a total length of 80 m and an axle load of 13 t [11], run-
ning on Iberian gauge. Table 2 shows the specifications of the Civia
trainset.

3. FE model for the analysis of the dual gauge track response

3.1. Overview

The reproduction of the railway track response under train
loads in terms of displacements, accelerations and stresses can
be predicted using a wide variety of models, from half-track ana-
lytical models up to complex numerical models. However, the ver-
satility of the latter allows over-coming some of the limitations of
the analytical and semi-analytical approaches.

In the latest years, different numerical models defining the
track response due to train loads have been developed and tried
[6,7,10,12–17]. According to previous studies, numerical models
has been successfully applied to simulate the dynamic response
of railway tracks. Specifically, FEM allows for the construction of
large track models which provides a non-linear solution and a
three-dimensional stress state of different railway track compo-
nents. In addition, the track may often be assumed as a symmetri-
cal structure. However, none of these studies takes into
consideration the presence of the third rail, which represents the
distinctive feature of the dual gauge track. In this case, it is not pos-
sible to study the behaviour of the entire system by considering
Table 2
Characteristics of trains.

Parameters High-speed train Commuter
train

Maximum axle weight (t) Tra. unit: 18 / Pas. car: 12 13
Length (m) 185 80

Train speed at test site (km/h) 150-160 80-90
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only one of its halves. Accordingly, the total response can be only
obtained by modelling the entire track section. To accomplish this
task, this paper presents a 3D numerical model that allows the cal-
culation of track settlements and vibrational response, explicitly
considering the presence of a third rail.
3.2. Modelling the structure

Because the behaviour of the dual gauge track involves three-
dimensional phenomena that are not considered when the model
is simplified to two dimensions, a three-dimensional modelling
process is considered. The model consists of the application of a
FEM for dual gauge track by explicitly considering the presence
of a third rail. To accomplish this task a commercial software
ANSYS� Mechanical APDL 17.2 was used. In the analysis of prob-
lems involving displacements or vibrations induced by railway
traffic, the track may often be assumed as a symmetrical. Never-
theless, the unusual asymmetry of the track due to the presence
of the third rail requires a new model that takes this feature into
account.
Fig. 6. View of case-study homogeneous model, 33 sleepers long, showing finite
element mesh.



Table 3
Material parameters considered in the finite element analysis.

Materials Young modulus
(MPa)

Poisson’s
ration

Density
(kg/m3)

Rail 210,000 0.30 7860
Sleeper 30,000 0.25 2350
Ballast 130 0.20 1730

Subballast 300 0.30 2200
Embankment soil 100 0.40 2050
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The elements employed for the model must change between
different elements. For railway steel I section, SOLID95 was
selected, which is defined by 20 nodes and three degrees of free-
dom at each node (translations in the nodal x, y, and z directions).
The SOLID65 and Link180 elements were used to model concrete
and steel sleepers, taking into account the UIC60 rail profile and
a pre-stressed concrete monoblock AM-05 (assuming rectangular
prisms with 2.75 m length, 0.30 m width, 0.23 m height and
400 kg each). Rails were joined to the sleepers by fastenings char-
acterized by a set of linear spring elements in vertical, lateral and
longitudinal directions. In addition, the rotational stiffness
between the rail and the sleeper provided by the fasteners was
simulated by an elastic rotational spring in the vertical direction.
The substructure was composed of granite ballast and sub-ballast
Fig. 7. Vertical displacement and frequency spectra
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layers, 0.3 m thick each, modelled using SOLID95 elements with
elastoplastic Mohr–Coulomb behaviour. The embankment was
assumed to be a homogeneous, isotropic, well-compacted and rea-
sonably stiff soil, with 3 m thickness. The boundary conditions
imposed on the planes that limit the model are restrictions that
prevent perpendicular movement at these planes. By means of this
model, the track superstructure and substructure can be analysed
as a whole, providing a global vision of the track behaviour when
subjected to specific train loads.

As per the model size, 33 sleepers were considered along the
rail at 0.6 m interval spacing. The geometric dimensions are thus
20, 12.5 and 4 m in the longitudinal, horizontal and vertical direc-
tions, respectively. This ensures that the model is big enough to
allow a wave to travel but not to reflect in the boundaries, a cir-
cumstance which may degrade the accuracy of the overall solution.
In this way, the finite element model acquires the form shown in
Fig. 6, to facilitate the understanding of its longitudinal
development.

The properties of all materials are summarized in Table 3. These
values are based on the recommendations provided in current nor-
mative [18], considering the particular geometry and the elements
that form the section of dual gauge railway track installed in Spain.

Finally, the dynamic simulations were performed considering
the passing of single bogies or axles belonging to two railway vehi-
cles as described previously (Section 2.3). Accordingly, the vehicle
between the rail-sleeper during train passages.



Fig. 8. Vertical accelerations and frequency spectra on the sleeper during train passages.
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model is simplified as a single/double row concentrated moving
load.

3.3. Model validation with field measurements

In order to validate the proposed model, comparisons between
measured and calculated track responses during the passage of
several trains were performed. Train loads are modelled as moving
point loads. Each time increment4t, loads are displaced a distance
equal V4t, being V the train speed, and applied to the nearest
nodes inversely proportional to the distance. In this way, the model
dynamic response at a given node i is the sum of the responses at
this node produced by the moving load applied subsequently to
each node j. The model is computed for a single bogie and the over-
all train response is obtained by shifting and scaling the axle load
of subsequent bogies. The goodness of fit is evaluated by comput-
ing the relative mean squared error (rMSE), given by Eq. (1)

rMSE ¼
Pn

i¼1
bxi�xi
� �2

n

var xð Þ ð4Þ

where bx is the data vector of values given by the model, x is the data
vector of registered values and var(x) is its variance. Both vectors
have n elements. According to [21], a model behaves correctly if
the rMSE falls below 20% of data variance. Starting with the analysis
of the track response, Fig. 7 presents the comparison between the
7

computed vertical displacement between the rail-sleeper interface
and the measurement given by the distance meter system. There-
fore, these graphics superpose measured and modelled vertical dis-
placements (expressed in time-scale and also as frequency spectra).

The comparison shows a fair agreement between the numerical
and the experimental results for the commuter train (rMSE = 35%),
and better results for the high-speed train (rMSE = 26%). In fact, the
ability showed by the numerical model is remarkable. For the com-
muter train, only the first carriage is well represented by the
model. Discrepancies in the second and third carriages are mainly
due to the uncertainty in the actual axle loads. In terms of fre-
quency content, the model correctly reproduces frequencies below
1 Hz. Frequencies between 1 and 3 Hz show higher discrepancies,
whereas frequencies beyond 3 Hz have no significant influence. For
high-speed train, it is seen that uplift movement develops in the
rail fasteners before the arriving of the train axles, albeit with lim-
ited amplitude (around 0.2 mm). Thus, small differences may again
be explained due to the complexity of the interaction between
vehicle and track, as well as the existence of wheel or rail defects.
In terms of frequency, the model correctly reproduces the most rel-
evant frequencies in the 0–30 Hz band.

Concerning the sleeper response, Fig. 8 compares experimental
and numerical accelerograms and frequency spectra of the vertical
acceleration of the sleeper induced by the passage of commuter
and high-speed trains. Results yield rMSE values for commuter
and high-speed trains of 25.7% and 26.4%, similar and close to



Fig. 9. Time-histories comparison of rail vertical vibration accelerations and frequency spectra, AVE Class 110 train.

I. Villalba Sanchis, R. Insa Franco, P. Martínez Fernández et al. Construction and Building Materials 299 (2021) 123943
the threshold of 20%. By observing these results, the model was
able to provide a good agreement in terms of timing, magnitude
and shape of the sleeper vertical accelerations. In terms of fre-
quency, the model also correctly shapes the most important fre-
quencies detected in the measurements.

Given the results shown above, the numerical model leads to a
very reasonable assessment of the main aspects of the dual gauge
track superstructure. It should be noted that the agreement
between the calculated and the measured results corresponds to
a partial validation of the developed numerical model. This is
because the present work focuses on the mechanical phenomena
occurring on the rail-sleeper grid of the dual gauge track. The
model does not consider wheel-rail interaction forces since there
was no possibility to measure them during the data gathering.

4. Dual gauge track response

As emphasized above, the main objective of the study is to iden-
tify the dynamic behaviour of a dual gauge track generated by the
passage of trains. Since the track described previously was in oper-
ation, trains were circulating at different speeds that may be con-
sidered as representative of a real traffic scenario. Therefore,
numerous tests were carried out by measuring acceleration and
displacement signals in various track positions, considering speeds
8

from 80 to 90 km/h for Civia trains and from 150 to 160 km/h for
AVE Class 100 trains.
4.1. Characteristic of vibration on dual gauge track

As mentioned before, several train passages were recorded dur-
ing the experimental campaign. Vibrations were analysed in terms
of accelerations as a function of time. Fig. 9 shows the accelero-
gram and frequency spectra of the rail vertical accelerations during
the passage of the AVE Class 100 at 150 km/h, running on the stan-
dard gauge. To analyse whether there is a difference between rails,
it was thought appropriate to analyse the response of each rail sep-
arately, considering the gauge in which each train is running. As
can be seen, each train bogie induced a cluster of significant verti-
cal rail vibration values.

The model adjustment yields an rMSE of 24.9% for the common
rail and 25.2% for the inner rail. As can be seen, higher amplitudes
of vibrations were generated on the inner rail, which corresponds
to the standard gauge. Particularly, the maximum amplitude of
vertical accelerations was approximately 300 m/s2, while the com-
mon rail reaches peak values around 200 m/s2. In terms of fre-
quency, the common rail shows the greatest amplitudes at
frequencies around 600 Hz, whereas the inner rail shows its max-



Fig. 10. Time-histories comparison of rail vertical vibration accelerations and frequency spectra, Civia train.

Fig. 11. Contact force distribution on sleeper-ballast interface, AVE Class 100 train.
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Fig. 12. Contact force distribution on sleeper-ballast interface, Civia train.
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imum amplitude at a frequency of 800 Hz. It also presents another
clear peak at 1400 Hz.

In addition, Fig. 10 shows the comparison between experimen-
tal and numerical rail accelerations at the sleeper for the passage of
the commuter train running at speed of 80 km/h on Iberian gauge.
In this case, the model achieves an rMSE of 24.9% for the common
rail, and and rMSE of 24.6% for the outer rail. Again, significant dif-
ferences between both rails were observed. In the time domain,
peaks in the outer rail are 50–100% higher than in the common rail.
In terms of frequency, in both cases, three main frequency intervals
may be observed: 0–200, 400–600 and 900–1100 Hz. Nevertheless,
the outer rail shows more relevant amplitudes in the frequency
interval between 600 and 900 Hz, as well as two clear peaks at
1200 Hz and 1300 Hz.

Since the track under study is regularly maintained and support
conditions remain constant along the entire sleeper, the track stiff-
ness should be generally uniform along the track section. However,
in the case of dual gauge track, vertical rail accelerations show a
significant difference when compared to the other side. This is
due to the uneven mechanic behaviour introduced by the loss of
symmetry along the track axis. It can therefore be asserted that dif-
ferences come mainly from the presence of the third rail, which
increase the steel section and, consequently, the stiffness of the
track. In fact, the vertical rail accelerations are significantly higher
in the side with two rails, because both rails are fixed on the slee-
per, strengthening the track only on one side. This effect might
increase track degradation, as well as rail wear, fatigue, track set-
tlement, and so on.
4.2. Sleeper-ballast stress analysis

Because of its newness, the measurement of the sleeper pres-
sures in dual gauge tracks has not been previously reported in
the literature. In addition, it was not possible to install load cells
in the test site, so the stresses on the dual gauge track transmitted
to the ballast layer were exclusively analysed using the numerical
model described previously. It should be noted that ballast is mod-
elled as a continuum material, while the sleeper-ballast interface
was simulated by means of contact elements to ensure interaction
and load transfers among the components [20,20]. Under these
conditions, the friction can be estimated using geotechnical criteria
10
assuming perfect interaction between concrete and granular mate-
rials. This is assumed as 45 of the friction angle of the ballast.

Once the vertical applied load on the top head of each rail are
determined, the contact pressure can be calculated for trains run-
ning on standard or Iberian gauge. As can be seen in Fig. 11, the
contact pressure is distributed evenly throughout the concrete
sleeper with some concentrated values in small areas located
under the rail seats. Moreover, it is observed that contact pressure
has higher values at the inner rail than at the common rail. It is
observed from the numerical analysis that, at a 100 kN rail seat
load, the maximum sleeper-ballast pressure increases by 35% from
90 KPa to nearly 121 KPa when comparing the pressures obtained
beneath the rail seats.

On the other hand, when considering commuter trains running
on Iberian gauge, the region that experiences the highest magni-
tude of sleeper-ballast pressure is the area under the common rail,
as shown in Fig. 12. Particularly, the contact force in the common
rail is approximately 50% higher than that in the outer rail.

Considering that the proposed model assumes a uniform sup-
port below the level of the sleeper, the above-mentioned differ-
ences could be associated with the geometrical conditions and
the gauge on which each train is running. This effect is most prob-
ably caused by structural changes in the rail-sleeper system, which
governs stress transfer from the wheel-rail interface into the bal-
last layer. Although one rail is not loaded, the three rails must
together simultaneously support loads because they are all fixed
by clips.

5. Conclusions

With the implementation of an interoperable dual gauge rail-
way tracks in Spain, there is a need to develop new studies to
understand the mechanical phenomena occurring on the rail-
sleeper grid of the track. Up to date, the response and behaviour
of dual gauge tracks are unclear, especially those under dynamic
conditions. Thus, this paper investigates the dynamic behaviour
of dual gauge tracks using experimental and numerical simulations
on a straight section. The results are summarized below.

1. Based on the measured data, characteristics of vertical rail and
sleeper vibration accelerations are obtained experimentally for
the first time. It is observed that the maximum vertical rail
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accelerations are significantly higher on the side with two
adjacent outer rails. This effect is most probably caused by
structural changes due to the presence of the third rail, which
increases the steel section, especially on one side of the track.

2. To assess quantitatively the behaviour of dual gauge track, a
numerical finite element model has been developed by use of
the FEA software package. Comparisons between the results of
the experimental and numerical model showed a good agree-
ment in terms of vertical accelerations. In fact, it is possible to
notice that the amplitudes of the vibrations calculated at vari-
ous points are quite close to the experimental values.

3. To extend the analysis, the numerical model was employed to
understand how the stresses are transmitted to the ballast
layer. For the case investigated, results showed that contact
pressure at the sleeper-ballast interface is highly variable on
the bottom surface of the sleeper. Particularly, loads on the nar-
rower rails generates maximum contact pressures under the
inner rail, while loads on the wider gauge rails tend to be con-
centrated under the common rail.

4. -All things considered, the numerical and experimental results
demonstrate the asymmetric nature of the dual gauge track
behaviour. Consequently, differential track structure response
caused by train forces can lead to significant economic loss
for track owners through damage to rails, sleepers and ballast
layer. To minimize this effect, softer rail pads and implementa-
tion of under sleeper pads may mitigate the risk of differential
track settlement by lowering the sleeper–ballast contact pres-
sure, although further analysis is required to ensure this.

These conclusions represent a first assessment of the dynamic
behaviour of dual gauge tracks, which highlight the inherent asym-
metry of such tracks and how they react quite differently depend-
ing on whether the train passing through uses the narrower or
wider track gauge. However, there is still uncertainties as to why
these differences happen and what long-term effects may have
on the degradation and maintenance needs of the track. Conse-
quently, data should be gathered repeatedly over a long period of
time to characterise the wear and tear of the infrastructure. Addi-
tionally, further FEM modelling could be done to study in more
detail the contact forces between sleepers and ballast and how
these may affect ballast degradation. Finally, mitigation measures
to address the detected asymmetrical behaviour (such as using
softer rail pads, as proposed in conclusion number four) should
be modelled and studied.
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