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Abstract

This paper describes the study of the influence of bridge lateral dynamic displacements in the lateral behaviour of
railway vehicles when crossing the Arroyo las Piedras viaduct, located in the new high speed line between Córdoba
and Málaga, in Spain. Several problems associated to this phenomenon are outlined: bridge lateral displacements,
track irregularities and effects due to wheel-rail contact problems. Different vehicle models were developed and the
dynamic analysis performed, considering the actions of those effects, in order to evaluate the safety and comfort limits
of the passengers.
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1. Introduction

Due to railway traffic, high-speed bridges are
affected by vertical loads and by longitudinal and
transversal horizontal forces. These transversal ho-
rizontal forces are generated by lateral motions of
the vehicles from two sources in a straight track:
horizontal track irregularities and sinusoidal motion
of conical wheels along cylindrical rail heads.

Measures and parametric studies performed by
the subcommittee ERRI D181, discussed in the re-
port RP6 [4], and by subcommittee ERRI D214,
discussed in the report RP5 [5], have shown that
these effects play an important role in the phe-
nomenon of bridge-train interaction, in which were
established some design recommendations in order
to cover these lateral effects. Subsequently, those
requirements were adopted by the new engineering
codes EN1991-2 [9], EN1990-A2 [8] and IAPF [6].
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Usually, lateral vibrations in railway bridges does
not affect the safety of the structure but can put
in risk the comfort or the security of the passen-
gers, due to train derailment. On the other hand,
can contribute to an accelerated degradation of the
railway, like ballast migration and instability, or
track structural damage, which affects the stability
of vehicles motion.

Additionally, lateral displacements in railway
bridges are caused by vertical loads due to railway
traffic in bridges with double track, when these
loads act eccentrically. This phenomenon is related
with the torsional behaviour of the deck, causing
the piers to bend over laterally, displacing the deck
in the lateral direction too. The local torsional ef-
fects within spans, induced by the same vertical
loads, also have a lateral component that increase
these displacements.

In this paper the study developed in order to eva-
luate the level of vehicles lateral vibrations on the
Arroyo las Piedras viaduct [21], is described. Along
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Fig. 1. Lateral displacements of the deck due to torsional effects.

the work this viaduct, located in the new high-speed
railway line between Córdoba and Málaga in Spain,
was object of case study due to the singularity of the
structure. This singularity is a result of the innova-
tive solution adopted, in order to provide the struc-
ture with the torsional stiffness required for ade-
quately controlling the dynamic response when rail-
way vehicles eccentrically run along a single track.
Additionally, the piers are remarkably slender, since
several of them are higher than 93 m, which provides
a significant lateral flexibility to the structure.

In this work, the bridge lateral displacements were
determined without the consideration of vehicle–
bridge interaction, using the unusual concept named
as virtual path. Track irregularities were considered
as stationary and ergodic processes in space and gen-
erated using a suitable power spectral density func-
tion of rail irregularities [18]. The wheel–rail inte-
raction was simulated through the simplified theory
of Klingel [17]. The study of these effects may be
found in [13]. In turn, the lateral dynamic behaviour
of railway vehicles were studied considering the fol-
lowing train models: a model with a single degree of
freedom, a model with two degrees of freedom and
a three-dimensional model.

2. Bridge lateral displacements

Lateral displacements in railway bridges result,
fundamentally, from eccentric vertical loads of rail-
way traffic in bridges with double track, which are
responsible for torsional effects on the deck. This
leads to lateral displacements at the top of piers with
consequent lateral displacement of the deck, as rep-
resented in figure 1. In this figure, δ1, represents the
lateral displacement due to lateral bending of piers,
which depends on its flexibility. However, also the

torsion of the deck within spans is responsible for la-
teral displacements, being represented in the same
figure as δ2.

In the following, the concept called here as vir-
tual path will be used. The virtual path defines the
displacement of the track (horizontal or vertical, de-
pending on the case) at a moving point which follows
the train on its motion along the bridge. Therefore
it will be represented as a displacement–time curve.
Note that the virtual path represents the bridge de-
formation due to train loads only. The bridge-vehicle
interaction is not considered. It may also be rep-
resented as a displacement–longitudinal track coor-
dinate curve, by a simple change of variables. This
change represents the equivalence between time and
train position, v = x · t, with appropriate choice
of zero value of coordinates. Both scales are repre-
sented in figure 2.
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Fig. 2. Representation of a virtual path for a certain axle
of the AVE train at 400 km/h, in the Arroyo las Piedras
viaduct.

A virtual path is given for each axle of the train,
being different from one to another. In figure 2 the
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virtual path for a certain axle of the AVE train
when crossing the Arroyo las Piedras viaduct at v =
400 km/h is shown, in which the continuous line
represents lateral displacements, δ1, and point line
the lateral displacements, δ2. Several virtual paths
were developed for certain trains at different speeds
and considering only five axles for each train uni-
formly distributed along the train, due to the long
time needed for computation. For the performance
of each virtual path the deformed shape in every 10
cm along the deck, was considered. t = 0 s was the
instant considered in which the first axle enters on
the bridge. Note that the total length of the struc-
ture is L = 1209 m. The virtual path shown in the
figure is the one with the most significant dynamic
effects and the adopted for the analysis of the vehi-
cles lateral dynamic behaviour, corresponding to an
axle located at 200.15 m from the first axle of the
AVE train locomotive.

3. Lateral stability of railway vehicles

Additionally to the excitation provided from the
lateral deformation of the structure, two sources of
horizontal lateral forces in a straight track will be
considered:
– Track alignment irregularities;
– Sinusoidal motion of conical wheels along cylin-

drical rail heads.

3.1. Track irregularities

The railway track irregularities are normally due
to wear and tear, clearances, subsidence, inadequate
maintenance, etc. The rail irregularities are assumed
to be stationary random and ergodic processes in
space, with Gaussian amplitude probability densi-
ties and zero mean values. They are characterized
by their respective onesided power spectral density
functions, ΦV,A(Ω), where Ω is the rail frequency.
Fryba [12] summarized several power spectral den-
sity functions commonly adopted. In the presented
study, the power spectral density functions based
on the results of measurements on railway tracks of
the USA, are adopted, with the empirical formula
for alignment irregularities, proposed by ARGER/F
[18], and discussed Goicolea Ruigomez [14] and by
H. Claus and W. Schiehlen [3], equal to:

ΦV,A(Ω) = A
Ω2

c

(Ω2
r + Ω2)(Ω2

c + Ω2)
(1)

where the parameters, A, Ωc and Ωr are based on
actual measurements, defined in table 1, being Alow

and Ahigh used to define a track with low or high
grade of irregularities.

Table 1
Parameters for irregularities definition.

Parameters V alues

Ωr 0,0206 rad/m

Ωc 0,8246 rad/m

Alow 0, 59233 · 10−6 rad·m,

Ahigh 1, 58610 · 10−6 rad·m.

A sample function r(x) of rail irregularity can be
generated numerically using the following trigono-
metric series:

r(x) =
√

2
N−1∑
n=0

An cos(Ωnx + ϕn) (2)

which represents the spectral density of N discrete
frequencies Ωn. The independent random phase an-
gles , ϕn, are uniformly distributed in the range be-
tween 0 and 2π. The expression (2) is defined within
the interval of frequencies [Ω0, Ωf ] with an incre-
ment set to:

∆Ω =
Ωf − Ω0

N
(3)

In turn, An is defined as:

An =

√
1
2π

S(Ωn)∆Ωn for n = 0, 1, 2, ..., N − 1

(4)
In figure 3 is represented an example of a lateral

track alignment irregularities profile, generated for
the viaduct in study, adopting a profile with low ir-
regularities, being A = Alow. Note that for a high-
speed railway track this value is reasonable taking
into account that the degree of maintenance of these
type of lines is significant. The wavelengths adopted
to generate this profile are within 0.8 m to 84 m,
which is the range available for the use of the ex-
pression (2). This limitation is due to the measure-
ment equipment. Taking into account that this is a
high-speed railway line and that the use of higher
wavelengths may not be a realistic assumption.

The values obtained are within the limits estab-
lished by the Federal Railroad Administration - FRA
[1] and indicated in table 2, considering that the
maximum deviation for a wavelength of 37.8 m (124-
foot) is equal to 19.05 mm (3/4-inches), for tracks
with the higher quality - class of track 9.
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Fig. 3. Example of a track lateral alignment irregularities profile for a track with low irregularities in a total length of 1209 m.
Representation of the same profile for a length of 100 m.

Table 2
FRA Track Safety Limits for track alignment irregularities
[1].

Class of track A (inches) B (inches) C (inches)

9................ 1/2 1/2 3/4

The parameters defined in this table A, B and C
are defined as follows:
– A - The deviation from uniformity of the mid-

chord offset for a 31-foot chord may not be more
than the limits indicated;

– B - The deviation from uniformity of the mid-
chord offset for a 62-foot chord may not be more
than the limits indicated;

– C - The deviation from uniformity of the mid-
chord offset for a 124-foot chord may not be more
than the limits indicated.

3.2. Physical Behaviour of the Wheelset on a
Straight Track

When a wheelset is disturbed from the central po-
sition on tangent track (e.g., due to track irregula-
rities and bridge lateral displacements) or when the
curve is too tight, large horizontal forces, called creep
forces, are generated at the wheel-rail interface.

These horizontal forces are responsible not only
for the steering and centring capability but also, un-
fortunately, these restoring forces due to coned or
profiled wheels can result in the vehicle following a
sinusoidal path on tangent track. In 1883, Klingel
[17] described theoretically this phenomenon as a pe-
riodical movement of the wheelset, which is defined
by the following expression, as reviewed in [10]:

Fig. 4. Representation of Klingel motion on a tangent track.

y = y0 sin(2π
x

LK
) (5)

in which y0 and LK are, respectively, the amplitude
and the wavelength of the sinusoidal lateral displace-
ment. In turn, the wavelength is defined as follows:

LK = 2π

√
rs

2γ
(6)

where r is the wheel radius in central position of
the wheelset, s the track width and γ the conicity of
the wheel tread (inclination). For the present study
the Klingel movement was defined considering the
parameters indicated in table 3.

Table 3
Klingel movement parameters definition.

Parameters V alues

r 0,455 m

s 1,435 m

γ 1:20

Lk 16,055 m

f 6,21

These values were defined according to [10].
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The amplitude of the sinusoidal movement is de-
fined as y0 = 0.007 m, according to a case study
reported in [15].

Hence, the expression (5) results in:

y = 0.007 sin(2π
x

16.055
) (7)

or as a function of time:

y = 0.007 sin(2π
v · t

16.055
) (8)

as represented in figure 5. According to the expres-
sion (9), this movement has a frequency of excita-
tion f = 6.21 Hz at v = 400 km/h.

f =
v

LK
[Hz] (9)
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Fig. 5. Lateral displacements of the wheelset given by the the-
ory of Klingel. Example of the movement for a time interval
of 2 seconds at 400 km/h.

However the reality is more complex, specially
concerning the contact physics and taking into ac-
count the inertia of the wheelset, the lateral motion
requires tangential forces in the contact area. As is
remarked in [10] the Klingel theory is simple and
instructive but does not include the effect of cou-
ple axles, mass forces, and adhesion forces. Wheel-
rail forces are functions of at least four independent
variables (multi-dimensional problem), particularly
creep forces:

Flateral = f(sx, sy, ω, a/b) (10)

where sx, sy and ω represent the creepages and a/b
the shape of the contact area. In a computer simu-
lation, the computation of these forces is repeated
many times for each wheel in each integration step.
Therefore a short calculation time is very impor-
tant. Among many theories developed around this
problem, the simplified theory used in Kalker’s pro-
gramme FASTSIM [16] appears to be one of the most

efficient. As a first approach of the problem this will
be not considered in the present work.

4. Lateral vehicle car characteristics

The weight of a vehicle car body is transmitted to
the rails by elements that are called trucks (USA) or
bogies (Europe). Generally, two bogies are used for
each vehicle or, like the AVE train, there is a bogie
in each joint of two vehicle. In passenger and freight
vehicles, each bogie usually consists of two wheel-
axle sets that are connected through some type of
primary suspension to the bogie frame. This frame
supports the weight of the car body through a sec-
ondary suspension system located between the car
body and the bogie frame. There are two different
kind of bogies: passenger bogies and freight bogies.
Between them there are several differences that are
studied in [13]. In figure 6, a vehicle model extracted
from [22], is represented. In order to study the lateral
dynamic behaviour of vehicles, only certain degrees
of freedom, presented in the figure, will be conside-
red. The locomotive car body is assumed to be rigid
and is assigned degrees of freedom with respect to
lateral displacement We and roll θe. For each bogie
the lateral displacement wt and roll θer motions, are
allowed. The yaw motion is not considered in the
study. For the wheelsets only the lateral displace-
ments, ww, are permitted. In the same figure, lc and
ls represents, respectively, the longitudinal and the
lateral distances between the suspensions and the
centre mass point of the vehicle car body, being de-
fined as lc = 6.12 m and ls = 1.23 m. These values
were adopted from the geometry of the front car of
the AVE train.

In railway vehicles, both vertical and lateral stiff-
ness of the primary suspension are always high,
which is necessary for a stable running of the
wheelsets. In comparison, the secondary suspen-
sion is much soft. Additionally the mass of the car
body is always high (about 32 ton). The result is a
distinct dynamic behaviour between car body and
bogies, decoupled by a frequency ratio of about
1:10. It is known that the frequency of lateral vi-
bration of the trains is low, between 0.2 Hz to 1 Hz,
being the excitations with frequencies multiple of
these values responsible for resonance effects in the
dynamic lateral response of vehicles. The frequency
of vibration of the vehicles, presented in table 4,
results from the expression:

5



Fig. 6. Three-dimensional vehicle model. Extracted from Yean-Seng Wu [22].
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f0[Hz] =
1
2π

·
√

K

M
(11)

where M is the suspended mass and K the total la-
teral stiffness of the train. In the same table, late-
ral and vertical mechanical characteristics are indi-
cated for the ETR 500 car, taking into account that
this was the vehicle car with the maximum lateral
accelerations obtained through this study, conside-
ring the effects previously described.

Table 4
Suspension and mass characteristics of the ETR-500 car.

Car ETR-500

Lateral Stiffness (kN/m)

Primary 8700

Secondary 256

Total 259

Lateral Damping (kN/m((m/s))

Primary -

Secondary 40

Total 40

Vertical Stiffness (kN/m)

Primary 3220

Secondary 722

Total 590

Vertical Damping (kN/m((m/s))

Primary 15

Secondary 65

Total 12

Suspended Mass (ton) 34.23

Frequency of lateral vibration (Hz) 0.43

The inertia mechanical properties adopted for the
different components of the train models, car body
and bogies, are defined in table 5. This information
was adopted from the characteristic values of the
head car of the Bilbao metro unit. These values were
used in [11] in order to develop a vehicle model of
this unit and study the rail corrugation evolution.
These are not the characteristics of a high-speed rail-
way vehicle but, taking into account that no more
information was provided due to confidentiality is-
sues, they were adopted. However, it is considered
that these characteristics are reasonable and the use
of more accurate values would not bring important
differences.

The properties of the wheelsets are not defined in
this table, taking account of the fact that for the
present study the wheels are considered as fixed to
the rails and massless. If the interaction forces be-
tween wheel-rail interface were taken into account,

Table 5
Inertia properties.

V ehicle Components Inertia( kg.m2)

Carbody (x) 80346

Carbody (y) 1050380

Carbody (z) 1043910

Bogie (x) 983

Bogie (y) 1799

Bogie (z) 2909

the mechanical properties of wheelset should have
been considered.

Fig. 7. Vertical dimensions of the train model adopted. Ex-
tracted and modified from [22]

In figure 7, the vertical distances between the cen-
tre of mass of the different components of these ve-
hicles are presented. hcs represents the vertical dis-
tance between the car body centre of gravity and la-
teral secondary suspension system, hts the vertical
distance between lateral secondary suspension sys-
tem and the bogie centre of gravity, htp the vertical
distance between centre of gravity of bogie and la-
teral primary suspension system and r0 the nomi-
nal radius of wheel. These values were adopted from
Yean-Seng Wu [22] and are defined in table 6.

Table 6
Geometric vertical properties of vehicle model. See figure 7.

Item V alue (m)

hcs 0.75

hts 0.42

htp 0.20

r0 0.455
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5. Vehicle models dynamic analysis

For the analysis of the different vehicle models
developed for this study, the following combination
of effects were considered:

(i) Displacements due to virtual path;
(ii) Displacements due to virtual + track irregu-

larities;
(iii) Displacements due to virtual + track irregu-

larities + klingel movement.

5.1. Vehicle model with one degree of freedom

This model was developed in order to analyse, in
the most simplified way, the dynamic behaviour of
the car body when submitted to a lateral motion on
the wheels. The reduction of the lateral vibration
of the car body into a system with a single degree
of freedom is represented in figure 8. This model is
formed by a spring with stiffness k, a dashpot of
damping, c, and a point mass M .

v

x(t)

y(t)

ck

M

x(t)

M

F(t) = ky(t) + cẏ(t)

M

Fig. 8. Reduction of the lateral vibration of railway vehicles
car bodies into a system with a single degree of freedom.

The motion of this system is described, according
to Newton’s second law and D’Alembert’s principle,
by the differential equation (12), as follows:

Mẍ(t) + cẋ(t) + kx(t) = F (t) (12)

where x(t) is the displacement of the mass M at
time t and F (t), equal to:

F (t) = ky(t) + cẏ(t) (13)
being y(t) the base motion imposed on the system
at time t.

In order to understand how the frequencies of vi-
bration of vehicles influence its dynamic behaviour
due to these effects, the study of several fictitious
vehicles was performed. These vehicles have as ref-
erence some of the characteristic values of the real
vehicles provided for this study. Taking these values
into account the characteristics of the fictitious ve-
hicles resulted from a decrement of the mass, stiff-
ness and damping values of these ones in order to
obtain the frequency of vibration needed, between
0.2 Hz and 1.0 Hz. In order to perform the dynamic
analysis of this model, a programme in Matlab code
(OCTAVE)[7] was developed, using the Newmark–
Beta method or the so called trapezoidal method, to
integrate the dynamic response in time of the differ-
ent vehicles. The maximum relative lateral displace-
ments and the maximum lateral accelerations ob-
tained for the different fictitious vehicles due to the
combination of the three effects considered in this
study, are presented in figure 9. Note that there are
presented the results for the same fictitious vehicles
but considering a reduction of 50% of the nominal
damping, in order to evaluate the influence of this
reduction.

Is possible to see that the consideration of Klingel
movement effects is so important as the considera-
tion of track irregularities, being the effect of bridge
lateral displacements not so relevant. The increment
of the dynamic response is more significant for the
case of lateral accelerations than for lateral displace-
ments. As may be seen, the maximum acceleration
corresponds to the vehicle model with a frequency of
vibration equal to f0 = 0.43 Hz, which corresponds
to ETR-500 vehicle car. The reason for this effect
is related with the fact that the combination of all
the effects considered for this study has a predom-
inant frequency of excitation multiple of f0 = 0.43
Hz. Finally, was concluded that the reduction of the
nominal damping in 50% does not have a significant
importance in the vehicles dynamic response.

5.2. Model with two degrees of freedom

The model presented in the last section considered
just one suspended mass, which represented the car
body mass. With a model with two degrees of free-
dom, the influence of bogies mass in the lateral dy-
namic response of the car body, was considered. This
model was developed in the finite element program
FEAP [20] and contains two rigid bodies with mass
(M1, M2) connected by two type of lateral and ver-
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Fig. 9. Maximum relative displacement and maximum acceleration for the different fictitious vehicles due to the combination
of virtual path, track irregularities and Klingel motion effects.

tical suspensions (primary and secondary), in which
only the lateral suspensions were taken into account.
Each suspension is represented by one spring with
stiffness (k1, k2) and one dashpot of damping (c1,
c2). These values were taken as the sum of the nom-
inal stiffness and damping of all the suspensions at
the same level (primary and secondary). The system
is represented in figure 10. Taking into account that
the problem is expressed in terms of incremental
displacements or accelerations, the Newmark–Beta
method is used for the integration of the dynamic
response.

y(t)

c2

c1

x2(t)

x1(t)
M1

M2

k2

k1

Fig. 10. Representation of the system with two degrees of
freedom.

For the analysis of this system no fictitious vehi-
cles were used, being only considered the mechanical
characteristics of the train model with the most sig-
nificant dynamic behaviour, obtained from the anal-
ysis of the SDOF model, the ETR-500 train car.

From the analysis of this model, it may be seen
an important increment in the acceleration response
in relation with the results obtained with the pre-
vious model. The difference between the two mo-
dels is represented in figure 11, in which the accele-
rations increased almost twice, taking into account
that the maximum acceleration obtained with the
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Fig. 11. Comparasion between the response in accelerations of
the two systems considered due to the total affects considered
in the study.

SDOF model is a = 0.8 m/s2 and with the 2DOF
model is a = 1.568 m/s2. The reason for this diffe-
rence may be related with the damping value con-
sidered in each model. The first model considered
a single suspended damper and the second model
adopted two suspensions being one considered as a
spring with no damping. Thus, the excitation on the
base of the system is amplified by this spring that
connects the wheelset and the bogie (M1), and this
amplified excitation will be transmitted to the car
body, increasing its acceleration. In fact, damping is
not zero and in future studies a damping different
from zero should be considered in the analysis.

5.3. Three-dimensional model

The three-dimensional model was defined in the
finite element program ABAQUS [19], being neces-
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sary the knowledge of geometrical and mechanical
characteristics of a typical high speed train car. Ho-
wever, part of the data used in the development of
the model does not correspond to the characteristics
of a high-speed train car as discussed in section 4. In
this section all the data needed for the performance
of this model, were defined.

The components of the model were defined as
rigid bodies, which are the car body, bogies and
wheelsets. These rigid components were, in turn, de-
fined through nodes specifically located in space. For
each train component these points are:

(i) The reference node of the rigid component;
(ii) The points of connection with the other com-

ponents.
The points that are assigned to a certain reference
point have the same behaviour as this one. The con-
nection between components was made through ele-
ments that simulate the different suspensions of the
train car. There are six degree of freedom per node.
The only points with applied boundary conditions
were the reference points of the wheelsets in which
only the lateral displacements are allowed.

In order to understand and visualize the be-
haviour of the model, the components of the train
were drawn and assigned to the reference node of
each part. These bodies are named as display bo-
dies and have the same motion that the respective
reference node. The suspensions were considered
by means of connectors with vertical and lateral
properties, in order to simulate vertical and lateral
suspensions, whose values are defined in table 4. In
figure 12 the complete model is represented.

Fig. 12. Three-dimensional railway vehicle model with the
mechanical properties of the ETR-500 car and with the geo-
metric characteristics of the AVE train.

In order to integrate the dynamic response in
time, ABAQUS [19] uses a general direct-integration
method, called the Hilber-Hughes-Taylor (HHT)
operator that is an extension of the trapezoidal rule.
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Fig. 13. Results obtained for the different models developed
in this study due to the effects of the three combination of
effects considered in this work.

This operator is implicit: the integration operator
matrix must be inverted, and a set of simultane-
ous nonlinear dynamic equilibrium equations must
be solved at each time increment. This solution is
achieved iteratively using Newton’s method.

The results obtained in terms of displacements
are shown in figure 13 for each combination of ef-
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Fig. 14. Representation of the maximum relative displacements to the track (virtual path) and the maximum accelerations,
for the three models developed and for the three effects considered in this study: 1–Virtual path; 2–virtual path + track
irregularities;3–virtual path + track irregularities + Klingel movement effects.

fects defined in the beginning of this section. Addi-
tionally, the results obtained with the other vehicle
models due to the same combination of effects, are
presented in the same figures, in which it may be
seen that the results are in good agreement. The dy-
namic responses do not have significant differences,
being these increased with the increment of the ex-
citation.

Figure 14 presents the results in terms of maxi-
mum relative displacements and accelerations of the
three models, considering each combination of ef-
fects. It may be seen that for each combination,
the differences between responses are insignificant,
with a maximum variation of 0.35 mm. In terms of
accelerations these differences are higher, as it was
expected, taking into account that the acceleration
values result from a second time derivative of dis-
placements.

In the same figure the percentage of influence of
each combination of effects in the total lateral dy-
namic response of the vehicles that crosses the Ar-
royo las Piedras viaduct, is defined. These values
were obtained taking into account the response of
the three-dimensional model. In this analysis it was
concluded that the influence of the lateral displace-
ments of the viaduct represents 11% of the total
response of railway vehicles. In turn, the combina-
tion of bridge lateral displacements with track irre-
gularities contributed 42% for the total dynamic re-
sponse, being approximately 31% the contribution
of track irregularities. Finally, the consideration of
Klingel motion effects contributed 58% for the to-
tal dynamic response of the vehicle model, being the
more significant effect.

6. Conclusions and suggestions for
subsequent studies

From the analysis it was concluded that there is
no risk of excessive vibration at the railway vehicles
when crossing the Arroyo las Piedras viaduct. The
accelerations values obtained are within the limits
established by the FRA [1] and by SNFC (French
National Railway Company), for the criterion of pas-
senger comfort, which defines that the lateral acce-
lerations in car bodies should not exceed the limit,
a = 1.5 m/s2.

Although the simplifying assumptions considered
in this study, the results obtained are reasonable and
significant as a first approach to the problem. Howe-
ver, further studies should be performed, in which
more realistic parameters should be considered. A
special attention to the parameters used to generate
track irregularities profiles and to the effects pro-
duced by the forces generated in the wheel-rail in-
terface, should be given.

7. Acknowledgements

The author gratefully acknowledge the supported
provided by J. M. Goicolea, Felipe Galbaldón (Es-
cuela de Caminos de Madrid) and Jorge Proença
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Hormigon Estructrural. Viaduct de ”arroyo las
piedras” primer viaducto mixto de las ĺıneas de
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