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Abstract: Environmental legislation imposes strict
limits on the maximum noise levels produced by
passing trains. To meet the standards, the civil
engineers of Holland Railconsult design and construct
the so-called "Silent Bridges". The metal elements of
the Silent Bridge are in close proximity to the tracks.
This influences the 75 Hz coded track circuits, used
for ATP at the ProRail network, and as a result the
rolling stock may not detect the ATP code correctly.
Therefore, as a default measure, separate ATP signal
cables are installed to guarantee a sufficient high ATP
level.
To study the effects of alternative measures, two
simulation tools with different mathematical
algorithms were used to study the influence of various
metal construction elements. This paper presents a
detailed analysis of the contribution of each conductor
of the civil structure to the total attenuation of the
ATP signal. A comparison is made of alternative
measures. In an integral design process, a simple
modification of the civil constructions may save
expensive measures with respect to the signalling
system.

I. INTRODUCTION

In the Netherlands environmental legislation imposes
strict limits on the maximum noise levels produced by
passing trains. To meet the standards, the Silent
Bridge Group (Heerema/Grootint, Edilon and Holland
Railconsult) designs and constructs the so-called
"Silent Bridges”. The structure consists of
prefabricated steel deck sections with rails embedded
in cork elastomer. The design offers major
advantages: continuously supported rails last longer,
the bridge is easy to assemble, it needs less
maintenance and it produces considerably less noise.
The impressive result is that in several cases a running
train on a bridge produces even less noise than a train
in a similar situation on ballast track on an open line.
One added advantage is that the low profile of the
bridge often makes it possible to leave more
headroom underneath, making the silent bridge a
good option for replacing existing steel bridges. In
addition, the silent bridge concept can be applied to
existing structures, reducing the load on the existing
bridge. The first bridge that fully exploits the Silent

Bridge technology was built in the Netherlands in
1995.
Most railway lines in the Netherlands use single or
double rail 75 Hz track circuits with an AM-coded
ATP signal (ATP: Automatic Train Protection). The
metal elements of the bridge are in close proximity to
the tracks and the large conductive construction
elements of the bridge attenuate the ATP signal. In
case a standard set-up for the track circuit is used, the
detection systems on the rolling stock may not
interpret ATP code correctly. This results in an
unwanted speed limit and an emergency breaking.
Using standard track circuits, only a small increase of
the ATP signal is possible to compensate this.
Therefore at the moment, as a default measure
separate ATP signal cables are installed in the vicinity
of the rails to guarantee the functionality of the ATP
system. These cables are laid in a custom made
trench, resulting in large installation costs as
compared to normal ATP circuits. Another
disadvantage is the unpractical procedure needed
during maintenance. Whether these measures are
really required is not known beforehand, due to lack
of knowledge of the actual ATP signal attenuation.
The subject is complex, since it combines topics of
civil engineering, signalling systems and
Electromagnetic Compatibility. To study alternative
measures, a research project was initiated by ProRail,
the Dutch Infraprovider. The research was carried out
in a cooperation between the Eindhoven University of
Technology and Holland Railconsult.

II. ATP SYSTEM

ATP systems are used to transmit trackside
information on speed limits and authorizations to
trains. The conventional ATP system, commonly used
in the Netherlands, transmits the maximum permitted
speed to the train. This system, called ATBEG,
utilizes 75Hz track circuits to do this. Figure 1
explains the principal ATP transmission. In the rail, a
75Hz current IATP flows. By periodically switching
this signal on and off, an amplitude modulated signal
is formed. Actually, the system switches between two
current levels:
- low: between 0 and 2,5A
- high: more than 6,5A



The repetition rate per minute defines the ATP code
that the train will interpret as the maximum allowed
speed (40, 60, 80, 130 or 140 km/h).

Fig. 1 - ATP code in the track.

Fig. 2 - ATP transmission from rail to train.

The current IATP that flows through the rails induces a
magnetic field (H-field), see Figure 2. Related to this
H-field is the magnetic induction, B (in µT).  The
magnetic induction induces a voltage U in pick-up
coils at the front side of the train. This voltage is an
image of the current IATP that flows through the rails.
The pick up coils on the train are placed
approximately 20 cm above the rail. A current IATP of
6.5A results in a B-field of 4.5 µT near the coil.
System performance limits the possible ATP current
in the track to app. 6,5A for long track circuits (max
1200m) and app. 12A for track circuits up to 500 -
700 meters.
According to Lenz law, the track circuit induces
currents in the conductors parallel to the track. Due to
the attenuation caused by these induced currents, the
B-field as seen by the on-board ATP pick up coils is
reduced.

III. CASE STUDY

The Werkspoorbrug, a bridge in the newly extended
main line between Amsterdam and Utrecht, has been
chosen for a case study. The original line dates from
1843 and consists of two tracks. The maximum
capacity of 300 trains per day is almost reached. After
increasing the number of tracks from two to four, the
urban vehicles and intercity trains will use separate
tracks, increasing the capacity and reducing delays.
The high-speed ICE to Germany will reach a speed of
200 km/h. The main span is the largest of all steel

bridges in the Netherlands: 237 meters with a total
length of 255 meters. In total 5.000 tons of steel has
been used.
More bridges of similar type are foreseen in the near
future. Figure 3 shows the bridge under construction.

Fig. 3 - The Werkspoorbrug under construction
(top) and after completion (bottom).

Before the bridge was built, it was uncertain how
much the ATP signal would be affected by the steel of
the bridge. On the bridge, standard track circuits were
planned, with a length of 409 meters.
The metal elements of the Werkspoorbrug in close
proximity to the tracks and the large conductive
construction elements of the bridge are divided in
groups:
1) reinforced concrete track deck 1
2) reinforced concrete track deck 2
3) main girders
4) main bridge deck, consisting of three meshed

layers of reinforcement steel
5) cable conduits on both sides of the bridge

Figure 4 gives an overview. The material parameters
and positions of all steel reinforcement rods in the
concrete are included in the model.



Fig. 4 - The metal elements in close proximity to the
tracks and the large conductive construction elements

reinforced concrete track deck 1.

IV. CALCULATIONS

The B-fields generated by the induced currents add to
the existing B-field of the ATP circuit, reducing the
overall field at the sensor position. All relevant
conducting structures in the bridge, which actually
determine the magnetic field, have been described in
the previous section. These conductors are made from
steel of which the magnetic behavior can be described
by a constant relative permeability µr. Because the
75 Hz currents are in the range of several Amperes,
and a DC traction supply is used, saturation is not
likely to occur. Since exact values for relative
permeability µr and conductivity σ could not be given
by the manufacturer, several typical values are used
starting with µr = 100 and σ = 5.08⋅106 S/m. The DC-
current has no influence and is therefore neglected.

Figure 5 shows the calculated B-field generated by
the ATP signal at the position of the train sensor, for a
regular setup without parallel conductors.
The total B-field (Bt) consists of a horizontal
component (Bx) and a vertical component (By). The x-
component of the field is detected by the train sensor
at 20cm above the rails, positioned at
x = -75cm and x = 75cm. For typical open line
situations, the value is approximately 4.5µT.

Two methods with different mathematical algorithms,
SimspoG and Oersted, were used to analyze the
influence of the metal conductors of the bridge. The
attenuation is calculated by comparing the calculated
values with the typical value (4.5µT).
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Fig. 5 - The B-field at the height of the train sensor
without the presence of parallel conductors. The

railway tracks are positioned at
x = - 75cm and x = 75cm.

IV.1 SimspoG Simulations

Over the last several years, Holland Railconsult has
developed and validated the simulation tool SimspoG
which allows us to model the electrical behavior of
AC-supplied railway lines [1]. It is based on the
Carson-Pollaczek equations [2,3] in order to
determine the impedances of all conductors and the
mutual coupling between them. The multi-pole
technique is used to create a model of the
infrastructure, including all relevant components, like
substations, AT-stations, loads, bonds and joints. For
(pseudo) static calculations at 50 Hz or 75 Hz
systems, it is sufficient to take into account only
inductive and galvanic coupling between the
conductors. Capacitive coupling has recently been
added to the tool, but for simulations presented in this
paper, capacitances are not important. Although
SimspoG is normally used for load-flow calculations,
it can  also be used to calculate the induced currents in
the construction elements of e.g. a bridge.

The total B-field at a position (x,y) is determined by
the currents of all conductors. Once the conductor
positions and current distribution are known, the
contributions of all separate currents to the x- and y-
components of the B-field are added for each position
(x,y) in MATLAB. This results in the B-field at the
position of the train sensor.



IV.2 Oersted Simulations

The Boundary Element Method (BEM) for
electromagnetic field calculation is extremely suited
to numerically simulate these types of metal
structures. Only the boundaries of the relevant
structures have to be discretised [5]. This not only
saves computation time with respect to the Finite
Element Method (FEM), since BEM involves only
linear discretisation elements instead of a two-
dimensional grid. More importantly, BEM does not
require an artificial outer boundary around the
configuration, since it can handle open structures.
From the simulation point of view the configuration
of the bridge exists of a linear arrangement of a
number of conductors. This allows two-dimensional
software to be used (e.g. Oersted, Integrated
Engineering Software, Winnipeg, Canada). In the
simulations, the construction elements of the bridge
are considered as parallel conductors. The total
current of all ground structures together must be zero.
However, the magnetic field from the 75 Hz ATP
signal current along the rails induces current loops in
these conductors according to Lenz’s law. Neglecting
resistive losses, this would result in zero total flux
contained in all possible ground loops. Due to the
finite resistivity of steel, the flux is only partly
compensated. Moreover, due to the relative
permeability of steel 100, the skin depth (≈ 3mm) is at
75 Hz much lower than the conductor diameters. The
numerical BEM solver used takes these effects into
account.

V. SIMULATION RESULTS

From the current distributions in all conductors, the
magnetic field distribution is calculated and can be
compared to the magnetic field obtained for a
configuration without the field reduction by induced
currents.

To study the influence of all groups of conductors
separately, simulations were done with various
configurations. Figure 6 gives the Oersted simulation
results for a configuration with all conductors. The
track deck and main bridge deck cause most of the
attenuation, which can be seen by the density of the
field lines. Despite the large cross-section, the
influence of the main girders at both ends, and the
cable duct is negligible.

The influence of various conductor (groups) is studied
separately. Each configuration is described. Table 1
gives an overview of the results obtained by the
simulation tools SimspoG and Oersted. The current
IATP’ indicates the required ATP current to obtain a
similar signal level. Main observations are the
following:
• The results of the SimspoG and Oersted

calculations are in good agreement.
• The construction elements reduce the ATP signal

by 30%. The deck track and upper reinforcement
mesh are responsible for the main part of the
signal attenuation.

• The reinforced concrete track reduces the ATP
signal by 15%. The main girders (conf. 3a/b) and
the conductors of the other track (conf. 2a/b) have
only a small influence on the total attenuation.
The results of configuration 4a and 5 (with and
without second deck track and main girders) give
the same attenuation. These results confirm that
the influence of the cable conduits is small.

• The exact material parameters of the steel
reinforcement rods are unknown. An increase of
their internal impedance will result in smaller
induced currents, limiting the attenuation. Two
expected tendencies are confirmed by the
simulation results:
- A low µr  of the steel conductors results in

larger induced current, decreasing the
original B-field.

Fig. 6 - Lines with constant
value for the Bt-field

calculated with Oersted.

Rails in
Track deck

Main girder

Reinforcement main bridge
deck



- A higher resistivity of the parallel conductors
limits the attenuation.

VI. CONSIDERED MEASURES

After the calculation of the attenuation and the factors
contributing to the attenuation, we considered several
measures to guarantee a sufficient signal level of the
ATP code:

1) Avoidance of earth loops by interruption of the
steel conductors.

In case of a perfect insulation, no currents will be
induced and the ATP signal will not be reduced.
Given the large number of conductors a (long term)
insulation is difficult to guarantee. It is expensive and
will influence the mechanical strength of the
construction.

2) Shielding against the induced B-fields
A metal with high permeability can shield the fields
generated by the induced currents. The required
drastic modifications of the construction exceed the
costs of the current separate ATP cables in trenches
by far.

3) Increase of the ATP signal.
This is the most obvious measure. To obtain a similar
signal level, the ATP current should be increased to
9A. For the maximum possible track circuit length of
1200 meters, this is not possible without special
measures. For track circuits up to some 500-700
meters, the required current is achievable, especially
considering that the ballast resistance on the bridge is
quite high compared to slab ballast.

For future comparable bridges the following aspects
should be considered during the design phase:
- in short track circuits a higher signal current is

possible, up to app. 10-12A.
- in this type of track circuit used, a high ATP

current can be more easily achieved from the
receiver end than from the feed end of the track
circuit. Positioning the track circuit according the
normal train driving direction could simplify the
adjustment of the track circuit and increases
reliability.

- optimization of civil technical construction with
regard to EMC aspects. The number, cross-
section and position of the reinforcement rods
track deck have a significant influence.

Conf. B(microT) Attenuation (%) IATP' B(microT) Attenuation (%) IATP'

0 4.5 0 6.5 4.5 0 6.5

1a 3.7 17 7.9 3.9 13 7.5

1b 3.3 25 8.7 3.8 15 7.7

1c 3.8 16 7.8 4.0 11 7.3

2a 3.8 16 7.7 3.9 12 7.4

2b 3.7 17 7.8 3.9 13 7.4

3a 3.7 17 7.8 3.8 14 7.6

3b 3.7 17 7.8 3.8 14 7.5

4a 3.4 24 8.6 3.3 26 8.8

4b 3.5 22 8.4 3.5 22 8.3

4c 3.5 21 8.2 3.6 19 8.1
5 3.2 27 8.9

0 : No parallel conductors
1a : Only track deck 1
1b : Only track deck 1, permeability reinforcement rods=15
1c : Only track deck 1, resistivity reinforcement rods=1,25rho 1a
2a : conf. 1a+ track deck 2
2b : conf. 1a+track deck 2
3a : conf. 1a+main girders at y = 0
3b : conf. 1a+main girders at y = - 0. 3m
4a : conf. 1a+reinforcement of main bridge deck at y= -31.4 cm
4b : conf. 1a+reinforcement of main bridge deck at y= -43.4 cm
4c : conf. 1a+reinforcement of main bridge deck at y= -55.4 cm
5 : combination of 1a, 2a, 3a en 4a

OerstedSimspoG

Table 1 - B-field at the position of the sensor. The ATP-current is 6.5A.



VII. MEASUREMENTS

Recently measurements were carried out, after the
completion of the bridge. Figure 7 gives the measured
ATP signal (y-axis) as a function of position (x-axis).
The arrow (A) indicates the complete GRS section,
located between 31.640 and 32.08. The bridge (B) is
located between  km 31.7 and 31.95.
The attenuation of the ATP signal on the bridge is
approximately 15-20%. The calculated attenuation
with worst case assumptions is 27%, which is in
reasonable agreement with the calculations.

VIII. CONCLUSIONS

The influence of various metal construction elements
of the Silent Bridge on the ATP code has been studied
in detail. Two simulation tools with different
mathematical algorithms were used. Both methods
show a total expected maximum reduction of the B-
field of about 30%. The attenuation caused by the
induced currents in the reinforced concrete track deck
proved to be most influential in the total signal
attenuation.

A comparison is made of alternative measures. Not
only modifications in the signalling system, but also
changes in the civil structure of the bridge are
considered. The paper presents a set of design rules
for future Silent Bridges. Within the framework of the
technical solutions, cost optimization is a major
selection criterion for the final choice of measures to
be taken. In an integral design process, a simple
modification of the civil constructions may save
expensive measures with respect to the signalling
system.

To reduce the effect of the attenuation of the ATP
signal, there are several options for the case studied.
The authors suggest to use the standard track circuits,
and increase the current to approximately 9A, rather
than using measures in the bridge construction or the
use of cable loops.

For other bridges, the attenuation may be larger. In
close consultation between civil engineers, signalling
engineers and EMC specialists, for every situation,
the optimum solution can be chosen prior to the actual
building of the bridge and prior to the installation of
signalling systems. Using simulation techniques
reduces building costs and also reduces the risks for
the timely commissioning of the bridge and the
signalling equipment.
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