Influence of soil structures on corrosion performance
of floating-DC transit systems
C. Charalambous and I. Cotton
Abstract: The production of stray currents by DC-transit systems leads to the corrosion of nearby
buried metallic structures, such as pipelines and cable sheaths. The paper details the corrosion
performance of a DC transit system with a ﬂoating return rail, for a number of different soilresistivity structures: uniform, horizontal and vertical-layer models. This builds on previous work
carried out in homogenous soils. It is shown that a variation in soil type along the route of a transit
system can lead to high local leakage-current densities on buried metallic structures, increasing their
vulnerability to corrosion damage.

1

Introduction

Current leakage from DC-railway systems is an inevitable
consequence of the use of the running rails as both a
mechanical support/guideway and the return circuit for the
traction supply current. Since the rails have a ﬁnite longitudinal, or series, resistance (around 40–80 mO/km) and
a poor insulation from earth (typically from 2–100 O/km),
a proportion of the traction current returning along them
will leak to earth and ﬂow along one of a number of parallel
paths (either directly through the soil or through buried
metallic conductors) before returning onto the rail and the
negative terminal of the DC rectiﬁer.
Given that current ﬂow in a metallic conductor is
electronic, while that through electrolytes such as the earth,
concrete etc. is ionic, it follows that there must be an
electron-to-ion transfer as current leaves the rails to earth.
Where current leaves the rail to earth and an anode is
produced, there will therefore be an oxidation, or electronproducing, reaction:
Fe ! Fe2þ þ 2e

ð1Þ

This reaction is visible after time as corrosion damage. For
current to return onto the rail, there must be a reduction or
electron-consuming reaction such as that normally observed
on a cathodically protected system. In an oxygenated
environment this will typically be as follows:
O2 þ 2H2 O þ 4e ! 4OH

ð2Þ

Note that the iron-reduction reaction is not thermodynamically preferred and that iron does not plate back onto
the rail.
Corrosion of metallic objects will therefore occur at each
point where current transfers from a metallic conductor,
such as a reinforcement bar in concrete, to the electrolyte
(i.e. the concrete) [1]. Hence stray-current leakage can cause
corrosion damage to both the rails and any other
surrounding metallic elements. In a few extreme cases,
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severe structural damage has occurred as a result of straycurrent leakage. There is therefore a stray-current-control
requirement to minimise the impact of the stray current on
the rail system, supporting infrastructure and third-party
infrastructure.
This paper focuses on the impact of soil structures on the
level of corrosion that will be observed on buried structures
in the proximity of the DC transit system. The importance
of this work is due to the major contribution of the soil
resistivity in determining the path of any stray current that
has already leaked from the traction system. In homogenous systems, high soil resistivities mean that third-party
buried structures are generally less vulnerable to corrosion
damage, while in low soil resistivities the converse is true [2].
Nonhomogenous soils have not typically been considered
in stray-current analysis but are important, particularly
when dealing with vertically layered soils. A sudden change
in soil resistivity along the path of a transit system can, as
will be shown, increase local current densities leading to
higher risks of corrosion.
All of the case studies presented involve the simulation of
a DC transit system with a ﬂoating return rail within the
MALZ module of CDEGS software [3]. To analyse the
ﬂow of DC currents within a system in nonhomogenous
soil, MALZ uses circuit theory and the method of images
for multilayer soil following the technique developed by
Oslon and Stankeeva [4]. Static models (i.e. where the train
is at a ﬁxed point in time) are used and these demonstrate
the principles of the problem discussed.

2

Model system

2.1 Traction system and third-party
structures
The essential elements of a transit system are the rails, the
rail-to-earth insulation, the power supply and the vehicles.
The design and placement of these elements of the transit
system dictates the stray-current performance in terms of
the total stray current leaving the rails.
The simulation model is based on a 1 km section of track
used to illustrate the rail-to-earth voltage proﬁle when a
train draws current from a substation [5]. This 1 km section
is representative of a symmetrical 2 km section of track with
a single train at the centre and a substation at each end. The
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train, placed at one end, is drawing the 1000 A that has been
produced by a substation at the far end of the track.
For every 1 mO/km of track resistance, there will be a
resulting voltage drop of 1 V/km along the rail. Take a case
where the resistance of a single rail is 40 mO/km (20 mO/km
for the track). For 1000 A current, the resulting voltage
difference between the two ends of the track will be 20 V. In
a ﬂoating system where the running rails (and hence the DC
negative bus) are allowed to ﬂoat with respect to earth, the
voltage will appear on the rails as 10 V to remote earth near
the train and  10 V to remote earth near the substation.
Floating running rails are generally regarded as the best
option if the stray current is to be minimised and are
therefore the subject of this paper [5–7].
The voltages present on the rail cause current to leak into
the earth where the voltage is positive and be collected from
the earth where the voltage is negative. By determining the
path of the stray current and how it ﬂows onto/off buried
structures, Faraday’s electrolytic formula [8] can be used to
estimate the resultant corrosion damage.
As well as the running rails, the model system includes a
stray-current-control mat and a buried pipe. The straycurrent-control-mat, physically the reinforced concrete
trackbed the running rail is mounted on, is intended to
capture a large proportion of the stray current released by
the running rail [5]. This should protect any third-party
buried infrastructure that exists in the system, in this case
the pipe. The details of the three elements modelled in the
system are given in Table 1.
In cross-section, the ideal form of model to be employed
is as shown in Fig. 1. The case where stray current is leaving
the rails is illustrated. The stray current has three possible
paths once it has left the rail: the trackbed, the buried
service or the earth itself. Of particular note in the model is

the complexity of the stray current/trackbed mat placed
underneath the rails. It is not necessary to simulate the
inherent complexity in such a mat, and a simpliﬁcation can
be used as shown in Fig. 1.
The interconnected conductors shown in Fig. 1 form a
ﬂat metallic mat with the same series resistance as the real
case and the same footprint/surface area. Tests using the
software have shown that the number of longitudinal
conductors in a real mat can be reduced signiﬁcantly for
modelling purposes, but a minimum of three are required.
This simpliﬁcation does not signiﬁcantly affect the mutual
resistance between model elements, errors of around 1% in
the stray-current distribution being the result of this change.
The beneﬁt of simplifying the trackbed model lies in the
lower number of conductors required by the CDEGS
model and the corresponding decrease in runtime. As the
conductors within a track bed are normally surrounded by
concrete, the conductors are given a coating layer, which
has the same resistivity and thickness as that of the concrete.
This technique provides a method of modelling steelreinforced concrete that can be placed in different soil
environments. Simpliﬁcation of the mat does, however,
limit the ability of the model to examine the localised
current distribution on the mat.

2.2

Table 1: Data employed in SESCAD conductors model
Rail

Metallic mat

Pipe

Series resistance

0.04 O/km

Resistance to earth

320 O/km

Radius

0.048 m

Number of conductors

1

Buried at depth

0.05 m

Series resistance

0.08 O/km

Coating parameters

180 Om/thickness:
40 mm

Radius

0.0094 m

Number of conductors

10 longitudinal

Buried at depth

0.628 m

Series resistance

0.0002845 O/km

Coating parameters

Uncoated

Radius

0.61–0.512 m

Number of conductors

1 hollow

Buried at depth

20.628 m

Soil models

The CDEGS software has a number of built-in soil models
[3] applicable to different conditions. In this paper,
simulations using uniform soils, two-layer horizontal soils
and two-layer vertical-soil-resistivity environments are
presented. Table 2 gives the speciﬁc details of the various
models used.
The uniform model allows all of the systems to be
enclosed by the same soil resistivity (although the rails
remain coated by a high-resistivity layer to permit
simulation of the correct rail-to-earth resistance and the
trackbed conductors are coated with a layer equivalent in
thickness and resistivity to the cover provided by the
trackbed concrete).
For the two-layer horizontal models, the rail and the
track bed both lie in the top layer while the metallic pipe lies
in the bottom layer. The track bed and rail are placed into
the same environment, as they are in close proximity in real
DC-traction systems.
For the two-layer vertical models, the rail, the metallic
mat and the pipe all see a change in soil resistivity at a
distance of 500 m, i.e. half of their length lies in highresistivity soil while the other half lies in low-resistivity soil.
To assist in the understanding of the results presented
later in the paper, Table 3 tabulates the resistance-to-earth
values of the structures as determined by computer simulations for the soil environments employed in this study. The
simulations took into consideration the fact that the buried
metallic structures will mutually inﬂuence the resistance-toearth values of the neighbouring components [10].

Rail with
insulated
fastener
Stray Current leaves
the rail and enters stray
current control mat

Surrounding Soil

Fig. 1
10

Stray Current Control

Stray current leaves stray
current control mat and enters
buried utility or soil

Stray Current
Collection Cable

Buried
Utility

Cross-section of model used, showing path of stray current when rail is at a positive potential with respect to earth
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Table 2: Models employed in simulations
Uniform model

Rail
Trackbed

Model A

10 Om

Model B

100 Om

Model C

1000 Om

Rail

Two-layer horizontal model
Model D

Top layer: 10 Om/bottom layer: 1000 Om

Model E

Top layer: 1000 Om/bottom layer: 10 Om

Model F

Top layer: 100 Om/bottom layer: 1000 Om

Trackbed

Upper

Lower

Rail
Trackbed

Two-layer vertical model
Model G

Left layer: 19 Om/right layer: 100 Om

Model H

Left layer: 100 Om/right layer: 1000 Om

Model I

Left layer: 10 Om/right layer: 1000 Om

Left

Right

Table 3: Series resistance and resistance to earth of DC-traction basic elements
Rail
Resistance to earth
(O km)

Trackbed

Metallic pipe

Series resistance
(O km)

Resistance to earth
(O km)

Series resistance
(O km)

Resistance to earth
(O km)

Series resistance
(O km)

Uniform model
Model A

319.9

0.040

0.046

0.080

0.016

0.0028

Model B

320.2

0.040

0.227

0.080

0.163

0.0028

Model C

322.8

0.040

1.985

0.080

1.578

0.0028

Two-layer horizontal model
Model D

320.2

0.040

0.252

0.080

0.694

0.0028

Model E

321.7

0.040

0.847

0.080

0.017

0.0028

Model F

320.8

0.040

0.783

0.080

1.159

0.0028

Two-layer vertical model
Model G

320.1

0.040

0.057

0.080

0.028

0.0028

Model H

321.3

0.040

0.377

0.080

0.286

0.0028

Model I

321.2

0.040

0.060

0.080

0.031

0.0028

Two-layer vertical model
Model G

320.1

0.040

0.087

0.080

0.028

0.0028

Model H

321.3

0.040

0.411

0.080

0.286

0.0028

Model I

321.2

0.040

0.060

0.080

0.031

0.0028

When studying the Table of series resistances and
resistances to earth of the metallic structure, it is clear that
the resistance to earth in the uniform cases are proportional
to soil resistivity for the metallic pipe and the track bed. For
the rail, no signiﬁcant change can be seen in the values of
the resistance to earth, as the rail-to-earth insulation
dominates this and not the soil resistivity.
For the two-layer horizontal model, the top layer of the
model has a thickness of 15 m. The effect of the second
layer, for example model D against model A or model E
against model C, on the resistance to earth of the trackbed
is clearly demonstrated. The metallic pipe, located in the
lower layer, is also affected by the higher layer, as
demonstrated by the results given when comparing models
E and A or models D and C.
For the vertical models, the resistance to earth of the
trackbed and the metallic pipe in the section of the lowresistivity soil is slightly increased compared with the
IET Electr. Power Appl., Vol. 1, No. 1, January 2007

resistance to earth of the corresponding low-uniform-soil
model. These are clearly demonstrated when comparing
models G and A, H and B, I and A. Additionally, it can be
shown that the resistance to earth of the trackbed and the
metallic pipe in the section of the high-resistivity soil of
the vertical model slightly reduces when compared with the
corresponding high-resistivity uniform soil.
Of all the parameters detailed in this study, the soil
resistivity is likely to introduce the greatest source of error
into the modelling process. The CDEGS software has itself
been shown to be accurate by many researchers across the
world and has been extensively veriﬁed. The models used in
this paper are simpliﬁcations of a real system but these
simpliﬁcations were used after conﬁrming that they did not
cause an error in any expected current/voltage of more than
1% as previously detailed. The soil resistivity is, however,
difﬁcult to measure and will change as a function of the
seasons/weather conditions. Dawalibi et al. state that
11

100%
90%
Percentage of total Stray Current

soil-resistivity measurements can be in error by as much as
50% when measurements are taken in proximity to metallic
buried structures [10]. For a light-rail system being
constructed in an urban environment, buried structures
are likely to be present. Other researchers ﬁnd that soil
resistivities can change in a local environment by a factor of
20 according to the level of moisture present with a soil [11].
Soil near the earth boundary is likely to be signiﬁcantly
affected. It would therefore be prudent in any analysis to
consider likely variations in soil resistivity over a year and
the inﬂuence of buried objects on measurements before
carrying out simulations.

80%
70%
60%
50%
40%
30%
20%
10%
0%
Model A Model B Model C Model D Model E Model F Model G Model H Model I

3

Metallic Pipe Current

Simulation results

3.1

Current Leakage Density Rail (mA / m)

0.08
0.06
0.04
0.02
0
-0.02

Total stray current in all cases 1.57 mA ¼ 100%

of the current ﬂows are taken at the 500 m point where, for
this symmetrical ﬂoating-rail system, no stray current is
entering or leaving the rails.
The results are as expected, in that a higher soil resistivity
ensures that a higher proportion of stray current is retained
on the trackbed. This is due to the increasing resistance to
earth of the trackbed compared with its series resistance
which remains constant. The series path is made more
attractive to stray current with increasing soil resistivity. In
comparison, the stray current leaking onto the pipe shows a
corresponding decrease, as does the current that remains
within the earth layer.
For the uniform models, it is clear that the performance
of the system can be expected to be constant over its length.
This makes corrosion analysis, where stray-current densities
are converted into gross charge over a period of system
operation, simpler to achieve. A system can be analysed and
the design of the rail insulation or stray-current-collection
system can be altered if third party infrastructure is
particularly vulnerable to damage.

-0.04

3.2

-0.06

The three models simulated represent the cases where
the soil resistivity increases with depth (model D), the
case where the resistivity decreases with depth (model E)
and the case where the two layers have soil resistivities that
differ by a factor of 10 (model F) as opposed to the factor
of 100 applied in the other two cases.
Figure 4 summarises the percentage of stray current
found on each of the metallic structures and within the
earth for the horizontal-layer simulations. Measurements of
the current ﬂows are again taken at the 500 m point where,
for this symmetrical ﬂoating-rail system, no stray current is
entering or leaving the rails.
The results of the horizontal soil models against uniform
models can be compared with the aid of Fig. 4. By
comparing the results of models D and A, F and B, E
and C the effect of changing the bottom-layer soil resistivity
is shown. Comparing models A and D, the bottom-layer
resistivity increases from 10 Om to 1000 Om and the level of
stray current retained on the trackbed is seen to increase.
This relates to the increase in resistance to earth of the
trackbed presented earlier in Table 3.
Comparing models B and F, a similar case is examined
but the bottom-layer resistivity is only increased by a factor
of 10 from 100 Om to 1000 Om. A similar result is found,
but is reduced in severity.
When models C and E are compared, the performance of
the trackbed stays reasonably constant even though the
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Current Density Leaving Pipe (mA/m)

Current-density is expressed for these cases as amperes per metre of
rail and not as amperes per unit rail surface area

Current Density Leaving Trackbed (mA/m)

Earth Current

Fig. 4 Change in proportion of stray current on the stated object
for all models

Uniform-soil models

The leakage-current density of the rail is the same for all
soil-resistivity models owing to the high resistance of the
coating layer placed along the rail. Figure 2 illustrates the
current-leakage-density proﬁle for all three uniform-model
cases. This proﬁle arises from the running rail being at a
positive potential with respect to earth at the location of the
train and a negative potential with respect to earth at the
substation.
Figure 3 illustrates the summated current-density proﬁle
from the trackbed’s conductors and from metallic pipe into
the soil for all three uniform-model cases. The main results
from the uniform-soil models (A, B, C) are presented in
Fig. 4 which gives the numerical values for the speciﬁc three
soil-resistivity models described above. The measurements

-0.02

-0.04
Length (m)
Model 10 Ω.m - Trackbed

Model 100 Ω.m- Trackbed

Model 1000 Ω.m- Trackbed

Model 10 Ω.m- Pipe

Model 100 Ω.m- Pipe

Model 1000 Ω.m- Pipe

Fig. 3 Summated current-density profile from trackbed’s conductors and from metallic pipe into the soil (uniform models)
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Trackbed Current

Two-layer horizontal-soil models
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bottom-layer resistivity has decreased signiﬁcantly from
1000 Om to 10 Om, whereas the resistance to earth of the
trackbed in the two layer soil model drops signiﬁcantly, as
should be the case [9–13].
Nonetheless the performance of the trackbed stays
reasonably constant due to the high reﬂectivity factor at
the boundary between top and bottom soil layers. When the
upper-layer resistivity is large compared with that of the
lower layer, as in model E, the reﬂection index is
approximately 1 and current cannot penetrate into the
lower layer [14]. Current can therefore not easily reach the
pipe or the lower resistivity and is retained on the trackbed
in a manner similar to that in the 1000 Om uniform-soil
model.
Figure 4 also illustrates the changes in the stray-current
levels noted in the metallic pipe, which is always situated in
the bottom layer of the horizontal model. The results
correlate well with the changes in the level of current
ﬂowing in the trackbed. When models C and E are
compared, no signiﬁcant change in trackbed current can be
observed and therefore no signiﬁcant change is observed for
the metallic pipe. When comparing A and D, more current
is retained on the trackbed for the horizontal model as the
bottom-layer resistivity increases. Less current is therefore
observed on the metallic pipe.

3.3

Table 4: Proportion of total stray current on metallic
structures: vertical models

Two-layer vertical-soil models

The analysis of the results for the vertical-soil models
differs from that presented for the horizontal layers and
uniform models, as a discontinuity in soil resistivity is
introduced at some distance along the track. This has
the effect of changing the current-leakage proﬁles from the
trackbed and the pipe instantaneously. The rail-leakage
proﬁle is, again, not changed since its resistance to
earth is primarily determined by the rail insulation that
surrounds it.
Figure 5 shows the total amount of current leaking from
a section of trackbed into the soil for each of the three
models. The large discontinuities in the leakage current
correspond to the change in soil resistivity. Where the soil is
low resistivity (the left-hand 500 m of Fig. 5), and therefore
the trackbed has a low resistance to earth, the level of
leakage current is high. In the high-resistivity-soil section
(the right-hand 500 m of Fig. 5), the level of leakage current
reduces as the resistance to earth of the trackbed climbs.
The difference on the current-density proﬁles in the cases
where the soil models are uniform along the track length
can clearly be seen by comparing Figs. 3 and 5. For the
horizontal layered models the current-density proﬁles are
also represented by straight line graphs with the same trend
Current Density Leaving Stated Object (mA/m)

as Fig. 3. (A comparison of the uniform and the horizontalsoil-model current distributions is shown in Fig. 4.) The
discontinuities highlighted in Fig. 5 suggest that some
portions of the system around the soil interfaces could be
more at risk. Note that small discontinuities are present due
to the use of interconnecting conductors placed on the mat
at 100 m intervals, as shown in Fig. 1. These would be closer
in a real system and the small discontinuities would not be
present.
The leakage-current proﬁle of the metallic pipe is also
given in Fig. 5 and illustrates the proﬁles for the three cases.
The graphs corresponding to the metallic pipe are effectively
a mirror of the graphs corresponding to the trackbed. When
the trackbed is allowing signiﬁcant current to leak into the
soil, the metallic pipe collects a portion of this. For the
case where a small current is ﬂowing from the mat, the pipe
collects only small levels of current.
Table 4 tabulates the percentage of total stray current
collected by the trackbed and the metallic pipe. In addition,
the lengths of current-collection and current-leakage regions
are also presented.

0.03
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0
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Soil Model 10-100 Ω.m-Trackbed
Soil Model 10_100 Ω.m-Pipe
Soil Model 10_1000 Ω.m -Pipe

Soil Model 100-1000 Ω.m -Trackbed
Soil Model 100_1000 Ω.m -Pipe
Soil Model 10-1000 Ω.m -Trackbed

Fig. 5 Summated current-density profile from trackbed’s conductors and from metallic pipe into the soil (vertical models)
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Total stray
current

Floating
current

Collection
region

1.57 mA

502–1000 m

Leakage
region
0–502 m

Metallic pipe

15.06%

0–341 m

341–1000 m

Trackbed

82.91%

0–550 m

550–1000 m

Earth current

2.66%

Total stray
current

1.57 mA

502–1000 m

0–502 m

Metallic pipe

2.38%

0–301 m

301–1000 m

Trackbed

96.82%

0–502 m

502–1000 m

Earth current

0.80%

Total stray
current

1.57 mA

502–1000 m

0–502 m

Metallic pipe

1.04%

0–291 m

291–1000 m

Trackbed

96.57%

0–502 m

502–1000 m

Earth current

2.4%

Soil model

Model G

Model H

Model I

Of particular signiﬁcance in Table 4 is that the metallic
pipe shows a signiﬁcant variation in the region over which it
is collecting or leaking stray current (Fig. 6). This is
signiﬁcant since, if current-leakage was to be concentrated
over a small section of pipe in a real system, increased
corrosion damage would occur on that section.
Note that the presence of a concentrated current-leakage
region on the pipe depends not just on the presence of a
vertical-soil model but also on the placement of the
substation (i.e. in the high- or the low-resistivity layer). In
the ﬁrst case shown below, the substation is placed in the
high-resistivity soil, while in the second case it is placed in
the low-resistivity soil.
When the substation is in the high-resistivity soil, the
metallic pipe collects current in the region 0–300 m. Where
the substation is in the low-resistivity soil, the collection
region extends from 0 to 700 m. Large levels of corrosive
leakage-current density are therefore observed for the
latter case.
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movement
Current
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point

Current flowing
into the rail

10 Ω.m
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Difference in pipe-leakage current-profile behaviour according to substation

Dynamic modelling
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True visualisation of the impact of the different soil models
on the amount of corrosion seen on the transit system and
the surrounding infrastructure is only possible using
dynamic models. These dynamic models are essentially
time-stepped static models in which the train position and
velocity vary as a function of distance. In this Section, a
simple dynamic model has been used in which a train is
moved along a 1000 m section of track while drawing a
constant current (to represent running at constant velocity
on a constant gradient).
By monitoring the total positive stray current (i.e. current
leaking off a metallic structure) during each time step of the
simulation, the total corrosive stray current can be obtained
by its integration. This is deﬁned as the gross leakage
charge. Section 5 shows that, with the use of Faraday’s law
[8], which describes the amount of reduction that occurs in
an electrolytic cell, the corrosion damage can then be
obtained if required.
Figures 7 and 8 illustrate the corrosive leakage charge of
the trackbed and the metallic pipe for uniform-soil models
of 10, 100 and 1000 Om and additionally for the vertical-soil
models of 10–1000 Om and 1000–10 Om.
First Fig. 7 illustrates the corrosive leakage charge of the
base of the trackbed and the metallic pipe, respectively, for

Length (m)
Uniform 10 Ωm -Trackbed
Uniform 10 Ωm -Pipe
Uniform 100 Ωm -Trackbed

Fig. 7
pipe
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Corrosive leakage charge of base of trackbed and metallic
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Fig. 8 Corrosive leakage charge of base of trackbed and pipe
vertical-soil models

the three uniform models. Only the base of the trackbed is
considered, since corrosion at the top of the trackbed is
assumed to be proportional to the rail leakage current that
is fairly invariant with soil resistivity.
It is obvious ﬁrst that the graphs for each soil structure
are mirrors of each other. This can be explained by
considering the left-hand portion of Fig. 7 where stray
current is positive and is leaking off the trackbed (therefore
corroding it). This current must then leak onto the pipe,
causing no corrosion damage. In the right-hand portion of
Fig. 7, this trend is reversed. Figure 7 also illustrates the fact
that, in homogenous systems, high soil resistivities mean
that third-party buried structures are less vulnerable to
corrosion damage while in low soil resistivities the converse
is true.
Figure 8 illustrates the corrosive leakage charge of the
trackbed and the metallic pipe, respectively, for the two
vertical-soil models.
The results of the dynamical model for the vertical-soil
models verify the conclusion stated previously, i.e. that a
concentrated current-leakage region will exist on the pipe
and trackbed when a vertical-soil model exists.
5

Example modelling of a real system

The work detailed is intended to aid the accurate modelling
of real transit systems. An example of the use of the
IET Electr. Power Appl., Vol. 1, No. 1, January 2007

Corrosion rate ¼

Icorr
nF

ð3Þ

In (3), Icorr is the corrosion current density in amperes per
square metre, F is Faraday’s constant (96 490 C/mole), and
n is the number of electrons transferred per molecule of a
metal corroded. The corrosion rate is the number of
corroded moles of metal per square metre per second, which
converts to grams per square meter per day (g/m2/d), by
multiplying by the atomic weight of the metal.
Figure 9 shows an example of the application of the
model and this equation. This graph gives the metal loss
that will be observed along the entire length of trackbed
bars in one year, for a number of soil structures.
For oxygenated areas of the system, the depth of steel
corrosion required to cause cracking of the concrete, and
thus allow rapid penetration of chloride ions to the steel, is
typically thought to be in the range of 150–200 mm. Using
this thickness to estimate the life of the system, Fig. 10
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illustrates the effect of the different soil structures on the
corrosion-life calculation of a section of a trackbed based
on the 150 mm threshold.
In areas of the system with a lower lifetime, extra straycurrent management in the form of upgraded rail insulation, larger trackbed conductors or a stray-current-control
cable could be used to give a longer system lifetime.
6

Conclusions

The stray current produced by a ﬂoating-DC mass-transit
system will adversely affect the transit system itself (rail)
and any other metallic structure in the nearby vicinity. This
paper demonstrates the inﬂuence of different soil models on
the corrosion performance of the rail, trackbed and a
metallic pipe.
For uniform soil layers it can be seen that, as the soil
resistivity increases, the proportion of the stray current
retained on the trackbed is increased while for the metallic
pipe the proportion of the stray current is decreased as soil
resistivity increases. Therefore it can be concluded that
severe corrosion on pipelines predominates in sections
where there is a low earth resistivity.
The performance of the trackbed when used as a straycurrent-collection system (inadvertently or not) is highly
dependent on the soil structure. As the soil resistivity
increases with depth, the efﬁciency of the trackbed, i.e. the
current retained on the trackbed, is signiﬁcantly increased
compared with the trackbed’s efﬁciency for a uniform-soilresistivity model. Furthermore, the corrosion risk on the
metallic pipe signiﬁcantly reduces as the soil resistivity
increases with depth.
In the vertical-soil models, a nonuniform current-leakage
density is observed. For the metallic pipe the most severe
corrosion will occur in the layer where the soil resistivity is
low. Additionally, the placement of the substation with
respect to the earth layer (i.e. in the high- or the low-soilresistivity region) will also help to determine the severity of
corrosion.
Finally, the model can be used to optimise the level of
stray-current protection required along the system length.
To do this, accurate soil-resistivity information would be
required and this would probably only be available for a
new system.

1000

Length (m)
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Horizontal top 100 / bot. 1000 Ωm

Corrosion Life of Trackbed (Years)

modelling in the analysis of a simple system is now
presented.
The model consists of a 1 km track on which a train
moves with a constant velocity and hence draws a constant
current. The current used in this simulation is 1000 A. The
results could be scaled linearly for other values of current.
The example operational condition is that trains move
along the section of track with a headway of 3 min. This will
result in 20 trains running per hour. Assuming that services
are running for 19 hours, i.e. from 5 am until midnight, the
total number of trains that will run across the section under
study would be 380. Therefore the total charge produced by
the movement of 380 trains will be 380 times more than the
charge produced by the operation of one train. The model
must assess the cumulative impact of this stray current on
the rails, the stray-current-collection system and any
surrounding metallic infrastructure.
As an example of the approach taken to convert the
values of current from the model to lifetime, ten
interconnected 8 mm bars are used to form the straycurrent mat placed under rail. When current leaks onto the
mat ( from the rail) and off the mat (into the soil), it is
assumed that the current will be evenly distributed over
the whole mat, but only on the half of the bar closest to the
interface. This assumption is based on studies of an entire
mat within the CDEGS software.
For 1 m of stray-current-control mat, the surface area
vulnerable to corrosion is therefore 0:5  p  10  8 mm 
1000 mm ¼ 125 664 mm2 or 0.126 m2. The current ﬂowing
onto/leaving the mat at a particular location can be
converted to a current density using this area and
the corrosion rate ( for the areas where current is leaving
the mat) can be determined using (3):

7
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