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ABSTRACT ARTICLE HISTORY
This paper presents a big data-based analysis of the rail wear of the whole Reqeived 17 May 2023
Belgian railway network measured in 2012 and 2019. Wear rates are Revised 16 August 2023

reported, discussed, and quantitatively formulated as functions of critical Accepted 11 September 2023
factors in terms of curve radius, annual tonnage (rail age), high rail in KEYWORDS
curves, an average from both rails in straight tracks at rail top (vertical Rail; wear rate; big data;

wear) and gauge corner (45° wear) and for steel grade R200 and R260. The country-wide assessment
influence of preventive grinding is also analysed. The wear rates are
derived in an aggregated manner for the whole network. The wear rates
do not show significant change with changes in rolling stock over the
years, implying that the wear rates could also hold for other networks. It is
found that R200 shows, on average, a 34% higher wear rate than R260.
Also, the wear rate per tonnage is lower for high-loaded tracks. Thus, time
is a relevant factor in explaining the wear evolution of low-loaded tracks;
for instance, the effect of corrosion may have an important role. The paper
provides statistically significant information that can be used for wear
modelling, understanding and treating rolling contact fatigue based on
the wear rate and developing tailored rail maintenance strategies.

1. Introduction

An important challenge for railway infra managers is to avoid or minimize the changes in rail and
wheel contact surfaces due to wear [1]. New technologies and methods to control wear are needed
to maintain train stability and passenger comfort, decrease rail and track system degradation and
reduce the risk of derailment. Rail wear is a complex phenomenon that depends on the local
conditions of the infrastructure, the rolling stock, and the exogenous variables such as the environ-
ment and weather conditions at the track location. Rail wear varies by location because of the many
stochasticities in the involved parameters that can change with time and space [2]. Wear is usually
assumed to be proportional to frictional work [3]. The proportionality and frictional work are
functions of the rail steel grade (such as R260 and R200), wheel steel grade (such as ER6 and ER7),
pairing between rail material and wheel material, normal contact stress, coefficient of friction, and
relative slip [4]. Rail wear is also influenced by the design, construction, and maintenance of the
vehicles (primary yaw stiffness, braking and traction control, etc.), tracks (radii of curves, cant, etc.),
the rail and wheel profiles, the surface treatments such as coating or lubrication, the interaction
between the vehicles and the tracks, and the environment (humidity, corrosion, etc.) [5,6].
A discussion of the influence of some of the design parameters for certain material pairings is given in [1].
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The many influencing parameters and uncertainties hinder deriving simple mathematical laws
for wear behaviour. Wear mapping of materials is a common research practice [7]. Various
assumptions are usually considered when determining the wear behaviour in laboratories. In [8],
the relations between rail wear rate regimes and transitions obtained from twin disc tests, pin-on-
disc machines, and field measurements are discussed. The normal stress and relative slip can be
controlled in a laboratory environment and small-scale field tests [9]. Managing the relative slip
becomes difficult for large-scale field operational conditions. Although many small-scale field data
are available for standard rail grades, a systematic analysis of rail wear over a long period and on
a country-wide network is rare [8,10]. Numerical models are also essential for exploring wheel and
rail wear. Many numerical models have been developed, and the modelling strategy varies from
a single wear calculation to iteration of dynamic simulations [11-14]. In practice, rail wear and
rolling contact fatigue (RCF) develop simultaneously. The competitive effects between wear and
RCF should be treated carefully in the simulations [15,16].

This paper analyzes the wear behaviour of rails from long-term monitoring measurements of the
whole Belgian railway network. The wear rates are derived and analysed based on the rail steel
grades, the curve radius, the UIC classes of annual traffic load, and the accumulated million gross
tons (MGT). Wear data from two measuring campaigns, conducted in 2012 on 4,409 km tracks and
in 2019 on 5,338 km tracks, are analysed.

The paper is organized as follows. In Section 2, the wear measurement data is described. Section 3
analyzes the data and presents the results and discussions. Section 4 shows conclusions and further
research.

2. Rail wear measurement
2.1. Description of the Belgian network and parameters to be analysed

Since the late 1990s, the Belgian railway infrastructure manager Infrabel has been using an automatic
train-borne measuring system to monitor the rail parameters mounted on the EM130 measurement
train. The recorded rail parameters include vertical wear, horizontal wear, wear at 45° and inclination
of the rails. The railway network is typically divided into homogenous sections of 50 m for analysis.
A requirement for a track section to be homogenous is that the rails (age, profile, and steel grade) and
annual train tonnage are the same. The measurements are matched with a technical inventory that
includes the detailed status of the track asset, which the local track managers constantly update. All
relevant data are then averaged in each of the 50 m sections following the technical inventory.

By 2020, the Belgian railway network consisted of 422 km of high-speed lines, 222 km of freight
lines, and 5,853 km of conventional lines with mixed passenger and freight traffic. In this paper, only
the conventional lines with mixed passenger and freight traffic are considered. The rails are installed
with an inward inclination of 1:20. The nominal gauge is 1435 mm, and two rail profiles are used in the
plain track: the UIC60E1 profile and the Belgian 50E2 profile [17]. These two profiles have different
geometrical dimensions, but the widths of the railhead and the profiles are equal. The most commonly
utilized rail materials are pearlitic steels. In 1982, Infrabel started replacing steel grade 700 (chemical
composition, % by mass: C 0.4/0.6, Si 0.05/0.35, Mn 0.8/1.25 and RM 680/830MPa) according to UIC
leaflet 860-0 with R260 (EN13674-1) steel grade (chemical composition, % by mass: C 0.62/0.8, Si
0.15/0.58, Mn 0.7/1.20 and RM > 880MPa). The steel grade 700 (UIC 860-0) is referred in the rest of
the document as R200 (EN13674-1) because the chemical composition is closest (chemical composi-
tion, % by mass: C 0.4/0.6, Si 0.15/0.58, Mn 0.7/1.20 and RM > 680MPa). This steel grade corre-
sponded no longer to the needs in track, due to its greater sensitivity to wear. Both steel grades R200
and R260 are not heat treated. Over the years, the steel manufacturing process has been improved,
reducing the occurrence of internal defects. However, regarding surface defects, experiences on the
Belgian and French railway networks indicate that these changes decreased the wear but might trigger
more surface defects. Approximately 66%, 32% and 2% of the network consist of R260 rails, R200 rails
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installed before 1982, and R350 rails or rails with high hardness, respectively. This paper will focus on
R200 and R260, as the number of rails of R350 and higher hardness is small.

Wear calculation is influenced by many in-service parameters and production tolerance. The rails
used in Belgium conform to the standard EN 13,674-1. The tolerance for the rail height is + 0.5/-1.0
mm for height <165 mm (50E2) and + 0.6/-1.1 mm for height 2165 mm (UIC60E1). This tolerance
can influence the calculation of the average wear rate, especially for newly installed rails. Thus,
measurements from individual track sections are not applied in this analysis. Individual cases are
more sensitive to local variables and manufacturing tolerances. Instead, all measurements for the
study are divided into three groups according to the three most significant parameters, i.e., curve
radius, rail grade, and load (UIC class), and the analysis is performed on these aggregated data.

2.2. Definitions of vertical wear and 45° wear

In this paper, we focus the analysis on vertical wear and 45° wear. Vertical wear is calculated by
subtracting the measured rail height from the designed rail height, and the 45° wear is calculated by
subtracting the measured length from the reference length of the new profiles at 38 mm below the rail
surface on the centre axis of the rail, as illustrated in Figure 1. In tangent tracks, the vertical wear is
computed as the average of both rails. In the curves, the high and low rails are separately analysed. On
the high rail in curved tracks, wear mainly occurs at the gauge corner, with substantial vertical wear
[18]. One of the main types of rolling contact fatigue, head checks, mainly occur in the gauge corner,
where 45° wear is measured.

2.3. Traffic load
The traffic load is defined in terms of UIC class. In the UIC714R leaflet [19], six groups are defined:
UIC1 if 130000[ton/day] < TL;

UIC2 if 80000[ton/day] <TL; < 130000[ton/day]
UIC3 if  40000[ton/day] <TL; < 80000[ton/day]
]

UIGi = UIC4 if 20000[ton/day] <TL; < 40000[ton/day] W
UIC5 if  5000[ton/day] <TL; < 20000[ton/day]
UICG6 if TL; < 5000]ton/day]
Vertical wear |  New profile

»Worn profile

=

38 mm

45° wear

(@) (b)

Figure 1. Measurements of vertical wear and 45 wear on the railhead (a) definitions of vertical wear and 45° wear (b) typical
in situ rail wear.
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Figure 2. Division of the network in UIC classes considered in this paper.

where UIC; is the UIC class of track Section i, and TL; is the measured traffic load for track
Section i. All track sections are given a specific UIC class depending on the annual MGT, as shown
in Figure 2.

Given the negligible track length in the UIC1 and UIC2 classes, they are not considered in this
analysis. The total traffic load in 2011 is used for the wear measurement in 2012 and that in 2018 is
employed for the wear measurement in 2019.

2.4. Description of the wear data

The complete network is measured twice a year with the EM130, and the rail profiles are measured
every 25 cm along the track. Wear is recorded as mm/MGT or mm/year. The start time of the wear
calculation is the installation date of the rails, and the endpoint of the wear calculation is the
moment of measuring the wear.

The measurements for 2012 and 2019 are analysed in this paper. The reason for choosing these
two years is that before 2012, negligible preventive grinding was performed. A preventive cyclic
grinding programme has been in force since 2012. Thus, in 2019, rail wear consisted of natural wear
due to train traffic, as well as corrosion and artificial wear due to grinding. In this paper, wear refers
to mechanical wear due to both wheel-rail contact and natural wear due to corrosion unless
otherwise indicated. A comparison between the wear measurements in 2012 and 2019 allows the
evaluation of the effects of preventive grinding. The Infrabel policy states that grinding is performed
at a location only when no rolling contact fatigue (RCF) is reported there. If RCF is reported for
a track, that track should not be ground before the rail is replaced. There could, however, be
situations where RCF defects were present while the rail was still ground. The data analysis shown
indicates that these small inconsistencies between execution and policy do not influence the analysis
primarily because the data show good consistency, as will be seen below. The situations of 2012 and
2019 are compared by examining the following data:

(a) The wear rate derived from the 2012 measurement relative to the dates when the rails were
installed.

(b) The wear rate derived from the 2019 measurement relative to the dates when the rails were
installed. The rails considered for the 2019 measurement were installed before and after
2012.
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In total, measurements for the 4,409 km and 5,338 km tracks are used for 2012 and 2019, respec-
tively. The complete batch of 5,853 km of tracks is not employed because not all the tracks were
measured (due to track works and missing data), and not all the measurements were valid. Data
were considered invalid when considerable deviations were observed and extreme values were
obtained, e.g.:

(1) Compared with the nominal rail profile, a recently installed rail will have almost no wear, but
it may have a manufacturing deviation of 0.6/-1.1 mm, as illustrated in Figure 3. This
deviation can erroneously produce a very high wear rate.

(2) On some lines, re-used rails were installed. The age of the rail used for the wear calculation is
the installation date, but the rail can be many years older, which generates wear rates that are
too high.

(3) The technical inventory was not updated after rail renewal. The measuring system will
measure a low wear rate, but the age of the old rail is used for the calculation, which produces
very low wear rates.

(4) The profile recognition system does not always work correctly, e.g., a UIC50E2 profile is
taken as UIC60EL. An incorrect profile detection yields extreme values for the wear rate.

(5) Measurement conditions at different track locations might affect the measurement due to
the dynamics of the measurement vehicle, particularly at a point with drastic track geometry
changes, such as transitions to bridges and level crossings.

In Figure 4, data of the vertical wear (average of the left and right rails) is shown for the
measurements in 2019 for the R260 rail, UIC4 load and tangent tracks. The average vertical
wear is 1.20 mm/100 MGT with a standard deviation of 3.50 mm for the complete dataset,
i.e., 100% of the data. The data showed extremely high wear rates of up to 60 mm/100
MGT. Such a wear rate is physically impossible and has an important influence on the
overall average wear. Thus, data with these large deviations will be removed from the
analysis. In Figure 4, the average and standard deviation of the vertical wear are presented
when 100%, 95%, 92%, 90% and 85% of the data points are employed for the 5,338 km of
tracks in 2019 (0%, 2.5%, 4%, 5% and 7.5% of the data points that are the highest and
lowest are removed from the measurements). Based on the 90% dataset, the average vertical
wear is 0.82 mm with a standard deviation of 0.62 mm. This 90% dataset will be employed

in further analysis, i.e., the 5% highest values and 5% lowest values are not considered in
further research.

manufacturing deviation 0.6/-1.1mm

__—————————

Nominal profile

Figure 3. lllustration of manufacturing deviation.
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—e— Averaged wear
—&— Standard deviation

N~ w

Vertical wear [mm/100MGT]

o0
L X ]

100% 95% 92% 90% 85%
Percentage of data

Figure 4. Vertical wear at tangent tracks shows that 5% of the data contains large deviations (2019, R260).

Thus, the analysis will consider the load categories UIC3, UIC4, UIC5 and UIC6. The rail grades
are R200 and R260. The curve radius is divided into the following groups:

if R < 500[m]

if  500[m] <R < 750[m]

if  750[m] <R < 1000[m]
if 1000[m] <R < 1250[m]
if 1250[m] <R < 1500[m] (2)
if 1500[m] <R < 2000[m]

if 2000[m] <R < 2500[m]

if 2500[m] <R < 3000[m]

if 3000[m] <

=
I
O 0N GG W R
-
ana)

where R; is the number of a curve radius group where track segment i belongs and R is the measured
radius. Note that tangent tracks are included in the 9™ group where R > 3000[m]. All the measure-
ments are averaged per 50 m and for transition curves also the average curve radius per 50 m is
used.

3. Data analysis and discussions
3.1. Vertical wear versus tonnage of rails with R260 from measurements in 2012

A railway track consists of tangent and curved parts. The rail will wear differently in these two parts.
The rail-wheel contact point is located at the top of the rail in a tangent line, and the vertical wear
will thus be the most important. The average vertical wear of both rails is utilized for the analysis of
this part. For a curved track, the investigation will be separated for vertical wear and 45° wear at the
high rail.

The wear rate is defined as
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Table 1. Vertical wear (average of both rails) on straight track in relation to UIC class (2012 - R260).

Standard deviation

UIC-Class # km Vertical wear [mm/100MGT] [mm/100MGT]
uIc3 700 0.33 0.21
uic4 809 0.78 0.46
uIcs 564 1.57 1.22
uIC6 67 4.20 3.48
Total 2140 0.93 0.67
traffic Wi
vaertical - m x 100 (3)
where Aw!" is the wear rate per 100 MGT in mm/100MGT measured in year f, w; in mm is the

wear measured in year ¢, AL, is the annual traffic load in MGT measured in year t, and ¢, is the year
of the rail installation.

Table 1 lists the vertical wear on straight tracks with R260 in terms of the UIC classes. It
can be seen in Table 1 that the wear is quite different on tracks under different traffic
loads. The rails on heavily loaded lines wore at a slower rate as a function of tonnage, with
a smaller standard deviation, while those on less loaded lines wore at a quicker rate, with
a larger standard deviation. Usually, rail wear happens because of three main reasons: traffic
loads, natural corrosion, and grinding. The data in Table 1 does not include grinding
effects. Therefore, the reason behind the faster wear rate on less loaded lines is probably
because of natural corrosion. Less loaded tracks have more time per tonnage for corrosion.
The effect of natural corrosion is considerable because a factor of 12.7 is observed: on UIC-
Class 6 it was 4.2 mm/100MGT, whereas on UIC-Class 3, it was 0.33 mm/100MGT. UIC-
Class 4 tracks had a wear rate that is nearest to that of [20].

Figure 5 shows the vertical wear rate with respect to track radius and UIC class.

In Figure 5, the horizontal axis is the track radius, R;=1, 2, ..., 9 as defined in (2), and the
vertical axis is the vertical wear rate (high rail in curves and average of both rails in straight tracks).
The wear rate in logarithm is a linear function of the radius, i.e.,

lg(YUICj) = k-R; +1g(yo) (4)

where yj is the vertical wear extrapolated to radius = 0; they are 0.554, 0.926, 2.115 and 6.117 for
UICj, j=3, 4, 5 and 6, respectively.

Note that (4) is equivalent to
yuicj = Yo 10K (5)
The four curves in Figure 5 are approximately parallel to each other, meaning that in (4) they have
approximately the same k value. This k equals —0.025.

Thus, the vertical wear rate in mm/100 MGT of R260 is, on the Belgium network, as a function of
curve radius and traffic load, including corrosion:

yR260_2012_vertical wear — YO(J) '1070'025}22 Ri = 1,2) .09 andj S {3) 4) 5) 6} (6)

with y,(j) = 0.55, 0.93, 2.12 and 6.11 for j =3, 4, 5, 6, respectively.
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Figure 5. Vertical wear of high rail with R260 in 2012 in relation to UIC class and curve radius. (wears of high and low rails are
averaged at each tangent track, i.e. R>3000m; the R-Squared values of the fittings for UIC3, UIC4, UIC5 and UIC6 are 0.784, 0.343,
0.240 and 0.453, respectively).

3.2. 45° wear versus tonnage of rails with R260 in 2012

With a decrease in the curve radius, the rail-wheel contact at the high rail shifts towards the gauge
corner. The narrower the curve is, the more pronounced this phenomenon will be. Wear in curves is
therefore characterized by wear at an angle of 45°. Figure 5 shows the wear at 45° for all radius
groups. The logarithmic wear rate roughly linearly increased with decreasing curve radius. The
influence of the daily load of the track is important, similar to the vertical wear rate in Section 3.1.
The lower the daily tonnage was, the faster the wear per tonnage. In narrow curves with a radius of
less than 500 m, the wear evolves on average two to three times as fast as in a tangent section of the
track; the wear rate of UIC3 is, for example, 0.4 for R > 3000 and 0.96 for R <500 m in Figure 6. Also,
Figure 6 shows a high wear rate with low tonnage due to corrosion.

Following the same way of deriving (4) — (6), the 45° wear rate rail in mm/100MGT of an R260
high rail is, on the Belgium network, as a function of curve radius and traffic load, including corrosion:

yR260_2012_45" wear — YO(]) '10_0.042Ri’ Ri = 1>2: .9 andj S {3: 4> 5) 6} (7)

with yo(j) = 0.95, 1.42, 4.06 and 9.38 for j =3, 4, 5, 6, respectively.

3.3. Wear versus tonnage for R200 and R260 in 2012

3.3.1. Vertical wear at tangent tracks
The 2012 wear rates of R200 and R260 are compared in Table 2.

On average, the R200 rail will wear 34% faster than the R260 rail in a tangent section of the track.
Low tonnage lines show high wear rates per tonnage, which is the effect of corrosion. The wear rate
is higher for the R200 steel grade compared to R260. UIC4 seems to be the load with which the 2
grades behave the most similarly, considering the effect of corrosion.
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Figure 6. 45° wear of high rail with R260 in 2012 in relation to UIC-class and curve radius. (wears of high and low rails are

averaged at each tangent track, i.e. R>3000m; the R-Squared values of the fittings for UIC3, UIC4, UIC5 and UIC6 are 0.968, 0.892,
0.755 and 0.811, respectively).

Table 2. Comparison between R200 and R260 in terms of vertical wear at tangent
tracks in 2012.

Vertical wear [mm/100MGT]

UIC-Class R260 R200 Difference
uic3 0.33 0.44 33%
ulc4 0.78 0.80 3%
uICs 1.57 1.93 23%
ulce 4.20 9.94 137%
Average* 0.95 1.27 34%

* The average is calculated based on the kilometres in each UIC class in Table 1.

3.3.2. 45° wear at curves

Most of the R200 rails are present in the low-loaded lines, as these are also the oldest rails. Thus,
UICE6 is chosen for comparison in Figures 7 and 8. Figure 7 shows the wear at 45° in the curves for
R200 and R260 in 2012.

As shown in Figure 7, there is an approximate constant difference, with a scale of about 1.93,
between the wear rates of R200 and R260, i.e., the wear rate of R200 is proportional to and 1.93
times as high as that of R260. The average difference between R200 and R260 at 45° is comparable
with the literature, i.e., R260 has 34% less wear (Table 2) [21].

Figure 8 shows the comparison between 2012 and 2019 in terms of 45° wear of high rail for UIC6
in relation to the curve radius for R200.

A deviation is nevertheless noted in Figures 7 and 8 for R <500 m. The wear seems to be
much less than expected for R200 in curves with a radius of less than 500 m. A more
detailed analysis attributes this deviation to the technical inventory not being updated. Due
to the high wear rates, the high rail was more frequently replaced, sometimes without
updating the technical inventory.
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Figure 7. 45° wear of high rail with R200 or R260 in 2012 for UIC6 in relation to curve radius (the R-Squared values of the fittings
for R200 and R260 are 0.529 and 0.811, respectively).
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This inconsistency is not observed with either R260 in 2012 (Figure 7) or R200 in 2019
(Figure 8), because there has been much emphasis on keeping the technical inventory data up to
date in recent years. The 2019 measurements are more consistent in the curves with a small radius
(Figure 8). If extrapolating the 2012 R200 wear rate to a radius of less than 500 m, as indicated by the
dotted line in Figures 7 and 8, it can be seen in Figure 8 that the wear rate of R200 has a good
agreement between 2012 and 2019.

3.4. Influence of preventive grinding

Since 2012, Infrabel has introduced a preventive maintenance strategy in which the rails are
periodically ground to remove shallow cracks in the rail surface. This strategy should influence
rail wear because grinding creates artificial wear. The wear data from 2012 and 2019 are compared
to investigate whether this preventive maintenance is visible in the data.

For the R200 rails, there should be no pronounced difference in the wear rate between 2012 and
2019 because the preventive grinding strategy focuses on recently installed rails on important, high-
loaded lines. Usually, these lines are equipped with R260, installed after 1982. Between 2012 (the
start of the preventive grinding strategy) and 2018, a total of 10.536 km of tracks were ground with
two or more grinding passes.

Figure 9 shows that in tangent tracks, the wear of R260 was higher in 2019 than in 2012 due to
preventive grinding, except for UIC class 4. For UIC4, the wear in 2012 and 2019 are equal, meaning
there was a lack of grinding for UIC4 tracks, assuming that the mechanical wear rate due to wheel-
rail contact is the same, as was argued in Section 3.3.2.

Figure 10 shows that the wear in R200 was equal in 2019 and 2012. This can be explained by the
fact that the preventive grinding campaigns were focused on recent rails (R260). Figure 10 shows
the curves overlay with each other almost perfectly, indicating a very good consistency and, thus,
reliability of the measurement data. Since this consistency is observed in the entire network for each
load class (UIC3, 4, 5, 6) (Figure 10) and each radius group (Figure 8), it is reasonable to believe that
the other data shown in this paper are also consistent and reliable, as they are collected in the same
way on the same network in the same period.

In 2019, the wear rate of R260 rails in tangent tracks was higher than that of R200 due to preventive
grinding (compare Figures 9 and 10). Taking the R260 natural wear rates of 2012 and 2019 being
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Figure 9. Vertical wear at tangent tracks (average of high and low rails) in 2012 and 2019 for R260.
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Figure 10. Vertical wear at tangent tracks (average of high and low rails) in 2012 and 2019 for R200.
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comparison of 2012 and 2019 (R260 — UIC3) (the R-Squared values of the fittings for 2012 and 2019 are 0.787 and 0.652,
respectively).

equal, the artificial wear can be calculated. With UIC3 in Figure 9, the mechanical and natural wear
was 0.33 mm/100MGT, and the artificial vertical wear was 0.25 mm/100MGT on average between
2012 and 2019 for tangent tracks (i.e., R >3000 m). The artificial wear combined with the natural wear
made the total wear of R260 higher than the total wear of R200, which was natural wear only.

The difference between 2012 and 2019 is even more pronounced in the curves, as shown
in Figure 11 below, taking UIC3 as an example. The artificial wear in curves is higher
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compared with tangent tracks mainly because curves need more preventive maintenance.
Between 2012 and 2016, the grinding interval was 80 MGT for both curved and tangent
tracks. Since 2016, the grinding interval is 25 MGT in curves and 60 MGT in tangent
tracks.

Figure 12 shows the average vertical wear rates of 2019 for the 4 UIC load classes.

Comparing Figures 12 with 5, all the measurements show higher wear rates in 2019 than in 2012
due to the preventive grinding. Figure 12 also shows that the UIC4 curve almost overlaps with that
of UIC3, meaning that the UIC4 rail had the least grinding, in line with what can be seen in Figure 9.

3.5. Vertical wear per year

In previous analyses, wear was expressed in mm/100MGT. In this section, wear will be expressed
in mm/per year since the installation of the rails, calculated as follows:

early Wt
AW{ertiml - t—t (8)

where AM{Z?&I;Z is the wear rate per year in mm/year measured in year t, w, [mm] is the wear
measured in year f, and ¢, is the year of the rail installation.

Figure 13 shows the vertical wear per UIC group in relation to the curve radius based on the
measurements performed in 2012.

The wear increased when the curve radius was narrower. The wear rate per year also increased
when the daily load was increased, contrasting the trend of the wear rate per tonnage. A higher daily
load produces more wear per year. Corrosion is time-related and most likely causes fewer differ-
ences between the UIC classes compared with the analysis in mm/100MGT, where the influence of
time is less important. Steel without any protection will corrode under atmospheric conditions, and

time becomes an important parameter for the lower tonnage tracks.
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4. Conclusions

Rail wear rate of the whole Belgian network from two measuring campaigns (2012-4,409 km and
2019-5,338 km) has been calculated and analysed. The effects on the wear rate of the curve radius,
steel grade, UIC class, and grinding influence has been assessed and discussed. The following
conclusions are drawn:

(1)

()
3)

(4)

(5)

for both vertical wear and 45° wear, the rail wear rate (mm/100MGT) in the logarithm scale
is found to be an approximately linear function of curve radius. The gradient can be
considered the same for different UIC classes.

the wear rate for rails with grade R200 is proportional to and 1.93 times as high as that for
rails with grade R260.

the artificial wear due to rail grinding makes the rail wear rate not a linear function of curve
radius in the logarithm scale (as is the case for natural wear. Comparing the wear data
between 2012 and 2019, the effect of the preventive grinding strategy in Belgium is clearly
shown.

when the rail wear rate is calculated in mm/100MGT, the rail wear shows to be much faster
in less busy traffic lines. However, when the rail wear rate is calculated in mm/year, the
higher the tonnage, the higher the rail wear rate. Wear rate analyses are recommended per
UIC class, thus for better-guided maintenance.

the rail wear rates do not show significant variations with changes in rolling stock over the
years, which implies that the estimated wear rates in this paper could also possibly hold for
other networks.

There are still gaps in the current knowledge of rail steel wear data and wear mechanisms. For
example, in further research, the role of corrosion in low-loaded lines is to be quantified and
analysed, including its influences on wear and its possible consequences on rolling contact
fatigue. Further research can also be done to derive the wear laws for each point of the rail
profile by simulating the wear process of the Belgium railway network [22]. Such simulation can
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be done with vehicle dynamic modelling considering detailed wheel-rail contact solution [3].
The wear can be assumed to be proportional to the local frictional work in the contact patch
[3,23]. The simulated worn profile should match the measured profiles. Such wear laws can
then be used for predicting the evolution of the rail profiles and for optimizing monitoring and
maintenance procedures of rail [24]. Many railway networks have rolled out a preventive
grinding strategy in recent decades. The magic wear rate needed to control preventive main-
tenance depends on the annual tonnage. Further research on how RCF evolves (mm/ton
and mm/year) in lines with different annual tonnages, including the findings on wear behaviour
obtained in this paper, is needed.
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