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Abstract – A previous work, published in ACTA 
IMEKO journal, pointed out the attention about 
probable variability performing track to ground 
conductance measurements, using the method 
indicated in the A.3 of the IEC 62128-2 international 
standard. In this work the presence of such 
measurement variability has been proven by on site 
measurements. 
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 I. INTRODUCTION 

Stray current phenomenon, particularly significant for 
DC electrified transportation systems, is proportional to 
the insulation level of the traction current return path 
from the surrounding structures and soil [1][2]. Effects of 
stray current: induced corrosion on metallic structures 
and on the rails themselves, are more evident and serious 
the larger is the traction return current leaking from the 
rails [3][4][5]. A correct measurement of rail-to-earth 
conductance is therefore a very important activity during 
the entire life of an electrified transportation system. 

The IEC 62128-2 international standard [6] identifies 
some methods to perform this measurement, which 
however are affected by a large variability due, not only 
to the characteristics of the measured system, but also to 
the applied method. In a previous work measurement 
variability introduced by several arbitrary factors was 
numerically evaluated [7] and was estimated lower than 
1%. The measured rail-to-earth conductance, however, 
depends on several factors, which hardly can be 
thoroughly modeled and accurately predicted [8]; 
therefore a confirmation of the results using on site 
measurements as indicated in IEC 62128-2 is needed. 

As it is commonplace, when performing 
measurements during the installation phases of a system 
[9], the installed tracks behind the measured section, 
which the standard identify as the grounding path for the 

negative of the power supply, cannot be available and the 
negative terminal of the power supply shall be connected 
to grounded structures or to an electrode driven into the 
soil. As a consequence, the resistance to ground of the 
negative circuit of the power supply may take very 
different values. Such variation, according to the 
simulated results in [7], is expected to create variability in 
the measured conductance. This variability is 
demonstrated and quantified by on site measurement and 
a comparison with the variability forecasted by the 
simulation model is performed. 

 II. TRACK TO GROUND CONDUCTANCE 
MEASUREMENT METHOD REPORTED  

IN IEC 62128-2 

The measurement of track conductance is described in 
App. A, sec. 3, of IEC 62128-2 [6]. The method, whose 
setup is shown in Fig. 1, needs two insulating rail joints 
(IRJs) or two rail cuts, that electrically separate the 
measured running rail. 

 
Fig. 1. Test setup for track conductance  

(IEC 62128-2 Annex A.3) 

The standard requires that a DC voltage source is 
applied across the first IRJ (IRJ-1) by a power supply 
(PS) and that a nearly constant current flows. The current 
is proportional to the conductance to earth of the track 
section under measurement between the two IRJs (with 
the term “track section” we will identify either a single 
running rail or both rail, without explicit distinction if it 
is clear or not relevant). 

The measured quantities are: the test current I leaving 
the positive terminal of the power supply, the voltage to 
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 at the voltage terminal located in P. This 
voltage is in reality measured against a good enough 
ground connection (e.g. reference electrode RE) or a 
grounding circuit used as reference, with respect to which 
the track conductance is to be determined (e.g. concrete 
mesh, stray current collector, etc.). The standard 
considers the ground reference as ideal and gives precise 
indications about its distance from the track, that 
however, cannot be always fulfilled in practical 
situations. 

The conductance to earth is estimated as 

  (1) 

where I is the total current at the injection point, L is the 
section length, VP

 III. MODEL FOR THEORETICAL  
CALCULATIONS 

 is the voltage at the point P. 

The model used for theoretical calculations proposed 
in [7] is briefly reported here for completeness. 

The rail section is modelled as a ladder network of 
resistance and conductance elements, Rr,i and Gr,i, 
respectively, each determined by the per-unit-length 
values multiplied by the equivalent length of the circuit 
cell; R0 represents the equivalent resistance of track 
sections behind IRJ-1 or the resistance to earth of the PS 
grounding electrode (GE).  

 
Fig. 2. Equivalent circuit of the rail section measured; with 
voltage source E applied with positive pole on the track and 

negative on the “behind section”/ “grounding electrode (GE)” 
and voltmetric terminal at point P; the reference potential 

common to all conductance elements and R0 is the ideal ground 

The equivalent circuit may be simplified for any point 
P by calculating the Thevenin equivalent (EP in series to 
Z’P) for the left part (going iteratively from the source to 
the point P) and the series-parallel equivalent resistance 
(Z”P

 IV. VARIABILITY OF RESULTS 

) for the right part (going backwards from the last 
element N to the point P). The reference potential is 
considered as given by an ideal soil, and thus avoiding to 
consider all the variability due to not-ideal the soil or due 
to RE or GE too close to the track. 

As pointed out in the introduction and in [7] there are 
many sources of variability in rail-to-ground conductance 
measurements using the IEC standard method. Some 

variability can be avoided adopting precautions when 
performing measurements [7], other depend on 
contingency, characteristics of the measurement site, 
availability of connections, etc. 

The variability due to the resistance to ground of the 
negative connection of the power supply (R0

[7]
) was 

analyzed from a theoretical point of view in , and the 
conclusion was that variability in the measured 
conductance due to R0

 A. Description of the measured sections 

 is around 1%, but highly 
dependent on the physical characteristic of the measured 
system. 

Variability is here demonstrated using on site 
measurement results; for a comparison between modeled 
and measured variability, the physical conditions of the 
system subject to measurement were carefully taken into 
account.  

The on site measurements were performed in two 
track sections, A and B, with different characteristics. 

Length of section A is 74.9 m and measured rail p.u.l. 
resistance is 43.15 mΩ/km. Section A is characterized by 
a very short section of behind tracks to connect to the 
negative of power supply, and the resistance to ground of 
this section is estimated in 93Ω (see section  B-1). One 
copper electrode was driven into the soil to be used as 
alternative grounding means for the power supply. 

Length of section B is 60.8 m and measured rail p.u.l. 
resistance is 42.27 mΩ/km. This section, unlike the other 
section A, has a very long track section behind it, with an 
estimated resistance to ground lower than 5 Ω (see 
section  B-1). One copper electrode was driven into the 
soil to be used as alternative grounding means for the 
power supply. 

 B. Measurements 
On site measurements of the rail-to-ground 

conductance were performed with both the scope to 
demonstrate the variability due to the resistance of the 
grounding path of the power supply forecasted in [7], and 
to validate the numerical simulations proposed in [7]. 
Measurements of rail-to ground conductance were 
performed for both section A and B. Preliminary steps 
were the measurement of the resistance to ground of 
power supply grounding electrode (GE) and the 
estimation of the resistance to ground of the behind track 
section, as described in subsection 1. 

1. Grounding electrode (GE) resistance to ground 
The used grounding electrode is a copper cylindrical 

rod with a length of 1.5 m and a diameter of 2.54 cm. 
The resistance to ground of the (GE) was measured 

using an AEMC/Chauvin Arnoux mod. 6471 “digital 
ground resistance and soil resistivity tester” [10]. The 
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method used is the 3-pole earth/ground measurement with 
the 62% method [11]. Two auxiliary electrodes (EH and 
ES) are placed in a straight line from the electrode under 
test, at a distance ruled by the 62% method. The electrode 
S, the closest to the measured electrode (GE), was placed 
at a distance (d) equal to 10.5 m that is more than 8 times 
the driven depth of the GE electrode (1.1 m). The 
electrode EH is placed in a straight line with electrode 
GE and ES at a distance d-62%d. The measurement was 
repeated rotating the electrodes EH and ES in three 
different positions around the electrode GE, to verify the 
homogeneity of the surrounding soil and the absence of 
interference. 

The track-to-earth resistance of the track section 
behind the injection point is estimated using as input 
values the track length and a conductance value of 0.092 
S/km. The choice of such conductance value comes from 
conductance measurements performed in other track with 
similar characteristics of the behind sections and 
assuming homogeneous the track insulation. 

At site A: the measured value of earth to ground 
resistance of the GE is 59.0 Ω with an intrinsic error 
declared by the AEMC of ±2%. The variations among the 
three measurements around the grounding electrode are 
±1.5% of the mean of the measured values; the low 
variability indicates a good homogeneity of the soil 
surrounding the electrode, as well as a lower instrument 
uncertainty. The track section behind injection points is in 
this site very short, 117 m, leading to an estimated 
resistance to earth of 92.9 Ω. 

At site B: the measured value of earth to ground 
resistance of the GE is 61.4 Ω with an intrinsic error 
declared by the AEMC of ±2%. The variations among the 
three measurements around the grounding electrode are 
±1.7% of the mean among the measured values; the low 
variability again indicates good soil homogeneity and 
lower instrument uncertainty The track section behind the 
injection point was in this site very long, more than 2 km. 
As the precise length couldn’t be measured a value of 5 Ω 
is assumed for its resistance to ground. 

2. Rail to ground conductance measurements 
The results of the rail to ground conductance 

measurements for both sites A and B are reported in 
Table 1. The voltmetric measurement point P is fixed at 
50 m from the injection point and the reference electrode 
(RE) is placed 30m away from the center of the track). 
The column “ΔGmeas” represents the percent of variation 
with respect to the mean conductance value between 
measurements using the section behind injection point 
and the grounding electrode as ground return for power 
supply. The values of the resistance to ground of the 
negative pole of PS are reported in column “R0

The measured conductance variability, depending on 
R

”. 

0, is clearly visible for all measurements. The measured 
rail to ground conductance increases for larger R0

 C. Simulations 

 values. 

The observed variability, considering the mean of the two 
measured values as reference, is in the ±0.6%, ±1.7% 
range, with a peak value of ±7.96% for the measurement 
A2. It is underlined that for measurement A2 the 
voltmetric measurement at point P was performed using a 
RE placed at the opposite side of the measured rail, 
oppositely to all other measurements, where the reference 
electrodes was placed always at the same side of the track 
of the measured rail. The presence of the other rail in the 
path between measured rail and reference electrode can 
disturb the electric field created by the measured rail and 
the measurements could be affected by this distortion. 

As mentioned in the previous section, the numerical 
calculation performed in [7] shows that the variability in 
the measured conductance, due to power supply 
resistance to earth R0

Results of numerical calculations are shown in 

, highly depends on the physical 
characteristic of the measured system (e.g. real 
conductance and track length). New numerical 
calculations are thereof performed, in order to obtain 
variability results comparable to measurements in sites A 
and B. The input parameters of the model are thereof set 
according to the physical parameters of the system listed 
in the previous sections. 

Soil resistivity is not considered directly in the model, 
as its effect on the voltage drop between the two 
electrodes (the reference electrode and the grounding of 
the power supply negative, either by behind track or 
additional electrode) was considered negligible. The 
closer the elements, the larger the influence of the electric 
field and the voltage drop in the soil. 

Table 
1, where the column “ΔGsim” represents the variability of 
the simulated values expressed in percent, considering the 
different values of power supply resistance to ground R0

 D. Comparison 

 
when using the track section behind and a vertical 
grounding electrode. The simulated variability is always 
lower than ±0.03% taking as reference the mean of the 
two calculated results. 

Measurement results reported in Table 1 shows that 
both in case A and B, the simulated variations of the 
measured conductance, due to R0 variations, highly 
underestimates the variations that occurs in real 
measurements. The underestimation is about two orders 
of magnitude and for the measurement A2 it increases to 
three orders of magnitude. 

The extreme simplicity of the model used: neglecting 
soil resistivity and consequential voltage drop, 
discontinuities, field distortion due to conductors in the 
nearby and so on, can be used as justifications of such 
difference.  
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Table 1. Rail to ground conductance measurement and 
variations against different resistance to ground of the power 

supply. 

Site R0
G [Ω] meas ΔG 

[S/km] 
G

meas sim ΔG[S/km] sim 

A1 92.9 0.3805 ±1.7% 0.37442 <±0.01% 59.0 0.3678 0.37438 

A2 92.9 1.2986 ±7.96% 1.20390 ±0.01% 59.0 1.1070 1.20382 

B1 5 2.6394 ±0.62% 2.65674 <±0.03% 61.4 2.6721 2.62832 

B2 5 2.5158 ±1.04% 2.54311 <±0.03% 61.4 2.5686 2.54460 

 V. CONCLUSIONS 

The variability in rail to ground conductance 
measurement due to a different resistance to ground of 
the power supply used to apply the method described in 
the appendix A.3 of the IEC 62218-2 standard [6] has 
been experimentally proven. The comparison with 
numerical simulations shows that in real cases the 
variability is larger than those predicted by numerical 
calculations. The discrepancies with numerical 
calculations can be justified considering that the 
measured sections were very short and the soil 
characteristics should be taken into account: an improved 
and more complex model should be used losing however 
the advantage of simplicity. The variability in rail to track 
conductance measurements due to the grounding 
resistance of the power supply in real cases is about few 
percent, but increases to about 10% when the reference 
electrode for the voltmetric measurement is placed 
opposite to the measured rail. This behaviour suggests 
that the voltmetric reference electrode shall be placed on 
the same side of the measured rail. 

In the other cases a variability of some percent of 
measured conductance results can be considered 
acceptable for the type of measurement. 

Future measurements framed within foreseen testing 
activities are envisaged to assess the variability of the 
results due different soil resistivity values and voltmetric 
point (P) location along the measured track section. 

 

An improvement of the simulation model would be 
useful to include soil resistivity and related voltage drops 
by using lumped longitudinal resistive elements. 
Estimating correctly the measurement variability due to 
the above factors would bring to define corrective factors 
to obtain an estimate of the real conductance of the 
system. 
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