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ABSTRACT

Since the very beginning of rail transport, wear has been iden-
tified as one of the dominant damage mechanisms that influ-
ence the Remaining Useful Life (RUL) of rail tracks. Whereas
maintenance of the track is now predominantly executed at
fixed intervals or based on yearly inspections, the accurate
prediction of rail wear could considerably improve the main-
tenance process. The present work proposes a method for
long-term rail wear prediction using measurements of actual
rail and wheel profiles as starting point. By doing so, the
computational expensive step of updating the rail profile in a
wear calculation, as is done in presently used methods, can
be omitted. The proposed method is used to study a number
of generic trends, varying curve radius and rail or wheel pro-
file. Further, the method is validated against measured wear
on actual track sections for moderate curves. Finally, it can
easily be extended to include variations in operational usage
of the track (type / weight of trains, geometric details, slip
conditions) in the future. The method presented in this paper
can therefore assist in improving the track maintenance pro-
cess by maximizing the utilization of the track service life,
and minimizing maintenance costs.

1. INTRODUCTION

Railway tracks have always been affected by wear and un-
til now asset owners and track-maintainers continue to strug-
gle to effectively address this. As wear cannot be prevented,
the ability to predict the amount of wear could lead to main-
tenance planning optimization and cost reduction. Rail and
wheel wear prediction started four decades ago with the first
models primarily based on laboratory and field tests. With
ever increasing computation power, numerical wear predic-
tion models became more relevant. Wheel/rail wear predic-
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tion tools are incomplete without multi-body dynamics and
rolling contact models. The multi-body simulation model is
used to analyze the dynamic behavior during vehicle-track
interaction and yields the contact forces and contact points.
The obtained information serves as input to the local wheel-
rail contact model to determine contact conditions, such as
the amount of slip and the contact pressure distribution in
the contact area. Finally, wear models are used to assess the
degradation rates of the track.

Most of the wear prediction tools were developed for wheels
rather than for rails (Pearce & Sherratt, 1991; Jendel, 2002;
Ward, Lewis, & Dwyer-Joyce, 2003). Zobory (1997) was one
of the few in that time to consider both wheel and rail profile
wear. In 2005, Enblom developed a wear prediction tool for
wheel profile evolution and even proposed one for rail profile
evolution. The same methodology used for the wheel profile
evolution was applied for the rail profile evolution under the
assumption that the wear is uniform and the profile evolution
is constant over the track. However, comparison of the simu-
lation results with actual measurements showed that the wear
rate was overestimated (Enblom & Berg, 2008). The results
from the trial simulation did not correspond to the measured
wear depths but the shape of the profiles were similar to those
measured. The authors argued that the difference is due to the
wear coefficient and environmental influences such as lubri-
cation. They also argued that the difference could be due to
the Hertzian contact theory used in the simulation, which lead
to an overestimation of the contact pressures. Orvnas (2005)
also simulated the rail profile evolution for the Swedish light
rail line, but the results were merely qualitatively correct. The
total wear was compared to the traffic tonnage and the results
did not agree well with the field measurements. The recom-
mendation given by Orvnas and later by Enblom and Berg
(2008) is to increase the scaling of the wear coefficients. The
wear coefficients used by Orvnas were scaled down by a fac-
tor of 5.6 and 11 for natural and artificial lubrication. respec-
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tively.

From the literature, it can be concluded that rail wear pre-
diction remains a challenging subject and application in rail
maintenance optimization has not yet been achieved. Apart
from the mismatch between amount of simulated and mea-
sured rail wear, previous researchers only considered sharp
curved tracks (curve radii smaller than 800 meters). This re-
search is sponsored by Strukton Rail who maintains a large
part of the Dutch rail infrastructure that mostly consists of
moderate curves. For this reason the focus of this paper will
be only on tracks with curve radii between 1000 and 4000 me-
ters. Furthermore, the use of new wheel and new rail profiles
are suggested as initial conditions in previous approaches.
These initial profiles are modified and updated after a certain
amount of wear is predicted. The disadvantage of these ap-
proaches is the required computation time for the profile up-
date. The method proposed in this paper avoids the profile up-
date procedure and simulates wheel profiles in both new and
worn conditions using measured rail profiles. Furthermore, a
validation of the proposed method with measurements on a
real track section is presented, demonstrating the potential of
the proposed method in maintenance optimization.

2. METHODOLOGY

Figure 1 shows the four steps for typical wheel/rail wear anal-
yses with the required input from track and vehicle data. In
case of using the profile update procedure a new rail pro-
file is inserted as the initial rail profile and the rail profiles
are considered to be uniform along the track. The methodol-
ogy proposed in this study discards the rail profile update step
and substitutes the initial rail profiles with measured profiles,
which can also vary along the track. This section describes
the process and models from multi-body dynamic simulation
to wear depth calculation and gives an overview of the ap-
proach followed for the simulations. Furthermore, an overview
of rail profile measurement and analysis is presented.

2.1. Multi-Body Dynamics Model

Multi-body simulations are performed in order to predict the
dynamic variation of contact forces and contact points dur-
ing wheel-rail interaction. These simulations can be con-
ducted with various commercially available multi-body soft-
ware packages. During this study the commercially avail-
able software package VI-Rail is used. This software con-
tains built in vehicle templates that can be adjusted accord-
ingly (VI-Rail 17.0 Documentation, 2016). The vehicles then
consist of car bodies, bogies and wheelsets which are consid-
ered as rigid bodies and are connected to each other by means
of primary and secondary suspensions. The track model can
easily be built up by choosing the track geometry parame-
ters like length, rail inclination, rail cant etc. (see Figures 8
and 9), and the wheel and rail profiles are inserted as discrete

Track data
measured rail profile

curve radius
gauge

rail inclination
rail cant

track length

Vehicle data
measured wheel profile

vehicle speed
vehicle type

Multi-body
Dynamic

Simulation

Local Contact Model

Local Wear Model

Rail Profile Update

Figure 1. Process of rail wear prediction.

points. Furthermore, a general contact element method be-
tween wheel and rail is used that uses the exact wheel-rail
geometry and permits multiple contact points. At each com-
putation step the following contact parameters (as will be ex-
plained in more detail in 2.2) are extracted, for each contact
point:

• Longitudinal and lateral creepage, and spin ( γx, γy and
φ)

• Maximum normal contact load (FN ) between wheel and
rail

• Semi-axes a and b of the elliptical contact

The contact parameters for the complete time period resulting
from the multi-body dynamic simulation are extracted and ex-
ported to a self-implemented Matlab script for the local con-
tact and wear analysis.

2.2. Contact Model

The local contact model is based on the simplified rolling
contact theory developed by Kalker (1990) where the wheel-
rail contact can be described as pure rolling or pure sliding,
or a combination of the two. For rolling and sliding motion,
the contact area is divided into an adhesion (stick) zone and a
slip zone. These zones originate from material points defor-
mation within the contact area. Some points at the interface
of the wheel stick to points of the track, and this part of the
contact area is termed the stick zone. However, in other re-
gions of the contact area, wheel material points move relative
to the track points, thus forming a slip zone. The relative ve-
locity between wheel material and track points is known as
slip or slip velocity. The slip velocity divided by the vehicle
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speed is regarded as creepage. Spin is defined as the relative
angular velocity of the wheel normal to the contact plane di-
vided by the vehicle speed (Sichani, 2016) and thus expresses
the relative rotation of the contact area (Iwnicki, 2006).

The elliptical contact area defined by semi-axes a and b, is
discretized into N × N elements; This enables to determine
for each element whether it belongs to the stick or slip zone
by comparing the tangential stress qt for each element with
the traction bound g. Figure 2 shows this procedure step by
step.

Discretize
contact area in
N × N elements

Calculate normal
pressure distribution

Calculate traction bound g

Calculate tangential stress q

q ≥ g?

Calculate
slip velocity

Element
has no slip
(vslip = 0)

Calculate
sliding

distance

Determine
wear

coefficient

Calculate wear depth with normal
contact force from VI-Rail
and given material hardness

+ accumulate wear
depth over all elements

for each element

yesno

Figure 2. Wear depth calculation step by step for a contact
area.

If the tangential stress is lower or equal to the traction bound,
the element is in the stick zone but if it exceeds the traction

bound the element is in the slip zone (Sichani, 2016). The
traction bound is given by:

g(x, y) = µp(x, y) (1)

where µ is the coefficient of friction and p the normal contact
pressure distribution. The contact area is assumed to be of
elliptical form with a semi-axis a in the longitudinal direction
(the rolling direction of the vehicle) and the semi-axis b in the
lateral direction. The maximum Hertzian contact pressure is
calculated by:

pmax =
3FN
2πab

(2)

The normal and tangential stress distributions are then given
by:

p(x, y) = pmax

√
1− x2

a2
− y2

b2
(3)

qt(x, y) =

√
qx(x, y)

2
+ qy(x, y)

2 (4)

where the tangential stresses depend on the creepage and slip:

qx(x, y) =
[
γx(x− a(y))− φ(x− a(y))y

]
/L (5)

qy(x, y) =
[
γy(x− a(y)) + φ(x2 − a2(y))/2

]
/L (6)

where a(y) is half the length of the contact ellipse in lon-
gitudinal direction at location y and L is a single weighted
parameter introduced by Kalker (1990):

L =
Lx |γx|+ Ly |γy|+ Lφ |φ| c√

γx2 + γy2 + (φc)2
(7)

whereLx,Ly andLφ are material dependent equivalent lengths
as defined below and c =

√
ab.

Lx =
8a

3GC11
(8)

Ly =
8a

3GC22
(9)

Lφ =
πa2

4GcC23
(10)

where G is the shear modulus, C11, C22 and C23 are known
as Kalker’s creepage coefficients and are tabulated in the ap-
pendix published by Kalker (1990) for various ratios between
semi-axes a and b and various Possion ratio.

2.3. Wear Model

Wear is related to material volume loss and can be divided in
several types of wear mechanisms such as abrasive, adhesive,
corrosive and surface fatigue wear (Li & Kalker, 1998). In
the case of wheel-rail interaction, adhesive wear is the most
commonly observed wear mechanism (De Arizon, Verlinden,
& Dehombreux, 2007). Therefore the local wear model used
in this research is based on the Archard’s law for adhesive
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wear (Archard, 1953). Archard demonstrated that the amount
of wear volume loss V is proportional to the sliding distance s
and normal contact load FN through a wear coefficientK and
that is inversely proportional to the hardness of the material
H:

V = K
sFN
H

(11)

The wear coefficientK depends on the surface conditions and
is usually determined empirically e.g. with pin-on-disk con-
figuration measurements (Jendel, 2002; Lewis & Olofsson,
2004). For wear calculations regarding the current study the
wear coefficient is estimated from the wear map published by
Jendel (2002), see Figure 3. This map was constructed from a
series of laboratory experiments for various contact pressures,
sliding velocities and hardnesses of the material under dry
conditions. Hence, the wear coefficient is a function of the
contact pressure and the sliding velocity. The contact pres-
sure can be extracted from the results yielded by the contact
model and the sliding velocity can be calculated as (Enblom,
2005; Sichani, 2016):

|v| =
√
(vx)2 + (vy)2 (12)

where,
vx(x, y) = Vvehicle(γx − φy) (13)

vy(x, y) = Vvehicle(γy + φx) (14)

and Vvehicle is equal to the vehicle speed.

Figure 3. Jendel’s wear map (Jendel, 2002).

The wear depth h for every discretized element in the ellip-
tical contact is calculated by dividing Eq. 11 by the contact
area which is assumed to be constant:

h = K
sp

H
(15)

If the specific element is in slip, the sliding distance can be

calculated as:
s =

dx

Vvehicle
|v| (16)

where dx is the longitudinal element length, which is passed
by the moving wheel in a time period t = dx

Vvehicle
.

The wear depth is accumulated along the longitudinal direc-
tion, which results into the wear depth as function of the lat-
eral coordinates of the contact ellipse. The worn area per
contact ellipse is then determined as the integral of the accu-
mulated wear depth over the lateral direction (i.e. wear depth
multiplied by the length of contact ellipse in lateral direction,
which is equal to 2 times semi-axes b).

2.4. Approach

Two sets of simulations were performed during this study.
The first set of simulations were intended to gain insight and
gather knowledge about the influence of the vehicle’s dy-
namic behavior on the wear rate. Furthermore, this model
also functions as the reference case which includes the basic
requirements to perform a successful simulation. Hence, the
model developed for this purpose is hereafter referred as the
‘Basic Model’. The second set of simulations is performed to
validate the accuracy of the proposed method by means of a
case study. Figure 4 depicts the built-in vehicle template in
VI-Rail, the ERRI Wagon, which has been used in the simula-
tions of both the basic model and the case study. The vehicle
characteristics are given in the appendix.

Figure 4. Schematic representation of the ERRI Wagon from
the left side (see Appendix for details).

2.4.1. Basic model

The contact interface between wheel and rail has a major in-
fluence on the dynamic behavior. This contact interface is
defined by the wheel and rail profile geometry. Changes in
dynamic behavior yield varying contact forces and contact
points, hence increasing wear rates. The problem of wheel-
rail interface optimization has been addressed by several re-
searchers and they also proposed methods to minimize the
effect of the dynamic behavior by optimizing the wheel pro-
file (Shevtsov, 2008; Santamaria, Herreros, Vadillo, & Cor-
rea, 2013; Ignesti, Innocenti, Marini, Meli, & Rindi, 2014).
However, the wheel profile optimizations are mostly appli-
cable to the specific cases and conditions that were studied.
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Furthermore, re-profiling of wheels and rails are performed
to reduce dynamic variations of contact points, to guarantee
stability during curving and to avoid derailment.

The basic model is used to investigate how the change in
wheel-rail profile shape influences rail wear. Figures 5, 6 and
7 show the cross-sectional view of the wheel and rail profiles
used in the simulations and Table 1 gives an overview of six
combinations for wheel and rail profiles in various worn con-
ditions. The worn rail profile (Figure 5) is measured at the
critical value (vertical wear is equal to 12.5 mm) that triggers
replacement of the track (hence the RUL is zero) and the mid
rail profile is measured when the wear depth value is equal
to approximately half the critical value. Two different wheel
geometries are investigated i.e. s1002 and HIT. The worn
wheel profile (Figure 6) of s1002 is adopted from (Dollevoet,
2010) which was measured after 1.5 years of operation. The
worn HIT profile (Figure 7) was provided by Nedtrain and
was measured just before re-profiling, which took place after
three months of operation. The simulations of the wheel-

Table 1. Wheel-rail combinations.

new wheel worn wheel
new rail × ×
mid rail × ×
worn rail × ×

Figure 5. Rail profile UIC54E1 in new, mid and worn condi-
tion. (for the mid and worn profile, inclination (1/40) of the
track is included in the shown profiles.)

rail combinations were furthermore performed on moderate
curved tracks of radii varying from 1000 to 4000 meters and
at a vehicle speed of 30m/s. The track curvature (i.e. the in-
verse of the radius) variation of a curve with radius R equal
to 1000 meters is shown in Figure 8. The track layout in this
simulation consists of a uniform rail profile where the first 50
meters of the track is straight with zero cant angle. Then af-
ter 50 meters the transition curve starts leading to the actual
curve at a cant angle of 0.1 radians. The new rail profile is

Figure 6. Wheel profile s1002 in new and worn condition.

Figure 7. Wheel profile HIT in new and worn condition.

inclined at 1/40 and zero inclination is defined for the worn
and mid rail profiles as the inclination was already included in
the profile measurement. Configuration 1 in Figure 9 shows a
cross section of a track layout without cant and configuration
2 with cant. Also the inclination is shown in the figure, where
the angle of inclination is equal to 1/40 radians.

Figure 8. Track curvature.

2.4.2. Case study

The vehicle and track model used for the case study are sim-
ilar to the ones shown in Figures 4 and 8. The case study
takes into account the number of wheel passages and locally
measured UIC54E1 rail profiles with 260Mn steel grade. In
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Figure 9. Schematic representation of rail inclination and cant
angle (adapted from (Dollevoet, 2010)).

this case, the railway track between the cities of Weesp and
Almere was chosen for studying a period of approximately
three years (begin of 2014 – end of 2016). According to the
train passages register provided by the Dutch Railways most
of the trains that passed this route were the Sprinter Light
Trains (SLT) and ‘Verlengd InterRegio Materieel’ (VIRM)
trains with s1002 and HIT wheel profiles, respectively.

Three curves were selected for the case study: two right hand
sided curves and one left hand sided curve with curve radius
1500 and 2500 meters, and 1800 meters, respectively. More
information on the track layout can be found in Table 2. A
minus sign in front of 1800 meters indicates that this curve
is left hand sided. Furthermore, the track layout is composed
of variable rail profiles measured at every 100 meters and the
vehicle speed during the simulations is set to 38 m/s. The
measured rail profiles were provided by Strukton Rail. The
method for measuring these profiles will be discussed in the
next subsection.

Table 2. Track layout characteristics for the case study.

Track layout 1 2 3
Curve radius(m) 1500 -1800 2500
Straight track length(m) 55 385 240
Transition curve length (m) 172 140 150
Actual curve length (m) 938 1200 1500
Cant angle (radians) 0.07 0.07 0.06

2.5. Rail Profile Measurement and Analysis Method

Rail profiles are measured and recorded by Eurailscout us-
ing the UFM 120 track recording car (Esveld, 2001). This
type of train is fully equipped with laser scanning systems,
cameras, GPS and other positioning methods which enables
non-contact measurements of gauge variations, supereleva-
tion (cant) and rail profiles. The maximum vehicle speed is
equal to 120 km/h and data sampling takes places every three

meters. Hence every three meters rail profiles on both sides of
the track are measured and recorded. Absolute wear area loss
calculations (in mm2) from raw data of the measurement train
were unsuccessful due to the measurement error. This error
is equal to ±0.5 mm, while the vertical wear on the rail head
can be in the same order or even less than 0.5 mm. Thus,
determination of wear area loss is achieved by profile wear
calculations derived from the European standard which has
been published to support rail re-profile or rail grinding de-
cisions (Vermeulen, Beltman, & Nauw, 2016). This method
determines the amount of wear (in mm2) that is worn off (in a
2D cross sectional view) with regard to the nominal/reference
rail profile. It assesses the amount of material on the mea-
sured profile which deviates from the nominal profile after
fitting the measured profile to the nominal profile over the
points A (highest point of profile) and B (± 14mm below
point A), see Figure 10. Furthermore, the method assesses
the worn area (in mm2) for the inner (running/gauge) side
and the outer (field) side of the rail separately. The reference
line used to separate the inner and outer side of the rail is the
line through the center of the nominal profile, and reference
point A. The most right-hand side (RHS) section of the rail
(for a RHS profile) is not included in the calculation. It is
argued that there will be hardly any wheel-rail contact in this
area, hence there will be no material loss. The 5 degree and
70 degree lines are used to bound the region for most likely
to occur wheel-rail contact points. Figure 11 shows how the 5
and 70 degree lines are defined, these lines are perpendicular
to the lines that make an angle of 5 and 70 degrees with the
profile (Standard, 2009). The difference in area between the
reference and measured profile at the gauge and field side is
assumed to be equal to the worn area of gauge and field side,
respectively. The final total wear of the rail head is then equal
to the sum of the gauge and field side worn area. Although
the results from this method can be argued to be unequal to
the absolute worn area, for the purpose of validation of the
simulated results they are used as the lower-bound.

Figure 10. Cross sectional profile wear calculation method
(Vermeulen et al., 2016).
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Figure 11. Definition of 5 and 70 degree lines. (Standard,
2009).

3. RESULTS AND DISCUSSION

In this section the results of the proposed method are pre-
sented and discussed. First, the basic model is used to obtain
some generic insights and sensitivities. After that, the method
is applied in a specific case study, and the results are validated
with measurements on a real track section.

3.1. Basic Model

The wear area, caused by a single ERRI Wagon passage, ver-
sus the location on the track having a curve radius of 1000
meters is plotted in Figure 12. Only new s1002 wheel pro-
files have passed the RHS curved track consisting of new
UIC54E1 rail profiles. The results show that the outer rail
(w1l) experiences higher amount of material loss compared
to the inner rail (w1r). These results can be explained by un-
derstanding the dynamic behavior of the wheelset. Due to
the conicity of the wheels one side (side of the outer rail)
will have a larger rolling radius than the other during curv-
ing. However, they have the same angular velocity and the
wheelset is forced to yaw about the vertical axis. This intro-
duces creep forces that try to get the vehicle back to the cen-
tral position of the track (Wickens, 1965). As the creep forces
are higher on the outer rail, that rail is wearing at a higher rate.
Furthermore, results also show that the wear area depends on
the location of the wheel in the bogie. The first wheel of the
front bogie on the left-hand side (w1l front) generates more
wear on the rail than the second wheel (w2l front). The same
conclusion has been drawn for the rear bogie. This is again
caused by differences in creepages caused by the wheels due
to varying yaw angles and rolling radii of the wheels. As
the track layout consisted of a straight, transition and actual
curved part, the difference in generated wear area is as ex-
pected. The wear area generated on the actual curve (>100
m) is far more pronounced than on the straight part (0 – 50
m), since the rolling radius difference between left and right
wheels are minimal for the straight track. The same results
as shown in Figure 12 are also generated for curved tracks
with radii varying from 1000 to 4000 meters. The average
wear area calculated for only the actual curve part (see Fig-
ure 8) as function of curve radii is plotted in Figures 13 and
14. These plots show the results for different rail profiles in
combination with varying s1002 and HIT wheel profiles, re-

Figure 12. Wear area as function of the location on a curved
track with radius R=1000m for the combination of UIC54
new and s1002 new. Curves for 5 different wheels of one
wagon are presented: 3 wheels of the front bogie (first and
second wheel on LHS (w1l front and w2l front, respectively)
and first wheel on RHS (w1r front), and 2 wheels of the rear
bogie (first wheel on LHS (w1l rear) and RHS (w1r rear)).

spectively. The results show that the new-new combinations
generate the least amount of wear. This is as expected be-
cause wheel and rail profile geometries are optimized (during
the design phase) such that the dynamic motion of the train
is minimal. The highest amount of wear is generated for the
worn rail - new wheel combinations. From these figures, it
can also be seen that the wear for the curves with smaller
radii is more pronounced than for the larger radii curves. The
results give a good insight into the wear behavior but cannot
give an accurate prediction of the wear rate yet, because the
rail profiles used for the simulation are measured at random
locations and left and right rails are assumed to be identical
and uniform. To develop a method that is able to accurately
predict the wear rate, a case study analysis is conducted for
rail profiles measured at a specific location over a certain pe-
riod.

3.2. Case Study

The rail profiles on the Weesp – Almere railway line have
been measured six times in the period of 2014 – 2016. Figures
15 until 17 show the results for measured and simulated wear
area for the three chosen curves of the case study, namely the
curves with radii R=1500m, R=-1800m and R=2500m. The
measured wear is obtained by calculating the difference be-
tween the relative wear area of two consecutively performed
measurements. The relative wear area is defined as the dif-
ference in wear area between measured and reference profile
(in this case the new UIC54E1 profile) as was discussed in
section 2.5. For example, relative wear area of the measure-
ments performed in October 2014 are compared with relative
wear area calculated from previous measurements performed
in April 2014, to determine the change or increase in wear
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Figure 13. Maximum wear depth as function of curve radii
for different s1002 wheel-rail combination.

Figure 14. Maximum wear depth as function of curve radii
for different HIT wheel-rail combination.

area between two measurements.

The UFM120 recording car yields a measured rail profile ev-
ery three meters, hence there will be relative wear area val-
ues for every three meters on the track (for each measure-
ment period). However, the measurement locations will not
be identical for two different periods. Therefore, the com-
parison between two measurement periods are done such that
the minimum distance in location of the two measured pro-
files is at most one meter. For example, a profile measured
in April 2014 at kilometer 2.500 is compared with a profile
measured in October 2014 at kilometer 2.501. The measured
results shown in the Figures 15 until 17 represent the average
wear area as obtained from the total number of rail profiles
measured on the curve.

As mentioned in section 2.4.2, the track model for the case
study consists of variable rail profiles such that every 100 me-
ters the rail profile is changed. Then two type of simulations

are carried out with this track model; in the first simulation
only new wheel profiles run over the track, in the second one
only worn wheels. The simulation results are then multiplied
by the number of first wheel (w1) passages (of both, front and
rear bogie) and corrected on the actual measured axle load.
The number of wheel passages is extracted from the informa-
tion received from the Dutch Railways. They provided the
type of vehicles that passed on the track section of the case
study with each type of vehicle containing the information of
wheel profiles. Then the number of passed wheels for every
type of wheel is established by only considering the number
of front wheels of the bogie. This is because from the basic
model it can be concluded that only the first wheel of the bo-
gies are dominant for rail wear, see Figure 12.

The correction on axle load is performed in order to make
the simulations representative for the specific case study, be-
cause the actual vehicles VIRM and SLT are not modelled in
VI-Rail. The ERRI wagon is used as vehicle model and only
its wheels are changed to either s1002 or HIT (in both new
and worn condition) and the wagon mass is adjusted to either
VIRM or SLT.

Some interesting findings from the basic model also apply
to the case study. For example, from the Figures 15 until 17 it
can be seen that curves with larger radii like R=2500m expe-
riences less wear compared toR=1500m. Furthermore, it can
be concluded that when only new wheels pass the track, the
wear is much more pronounced than when worn wheels pass
the track. The results of the latter simulation are also closer
to the relative wear obtained from field measurements. The
reason behind this is that the wear rate of wheels are higher
compared to wear rates of rail (Nilsson, 2005; Dirks, 2015),
because the wheel experiences more contact points due to its
traveling over thousands of kilometers. Thus, most of the
wheels that run over the tracks are already in worn condition.

Figure 15. Outer rail wear area vs time for a curve with
R=1500m.
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Figure 16. Outer rail wear area vs time for a curve with R=-
1800m.

Figure 17. Outer rail wear area vs time for a curve with
R=2500m.

4. CONCLUSION

This study proposes a strategic method that reduces the re-
quired computation time for rail wear prediction on moderate
curves by omitting the rail profile update procedure and tak-
ing into account a specific set of operating conditions. The
initial condition of the rail track in this case is defined by
measured rail profiles rather than new rails. Results show
that running worn wheels on the track in the simulation pre-
dicts a wear rate close to the measured wear, where the mea-
sured wear can be regarded as a lower-bound and simulations
with new wheels as the upper-bound. Absolute wear area dif-
ference values are expected to be in-between these bounds.
Hence, it can be concluded that the simulated results are re-
liable. However, one of the main challenges remains the de-
tailed validation of the calculation method regarding the ab-
solute wear area, which is complicated by the lack of detailed
measurements of rail profiles.

The next step is to investigate the influence of the actual vari-
ations in usage like specific train type, vehicle speed, track

geometry irregularities, etc.. For this purpose the research
will be continued by performing a sensitivity analysis in or-
der to find dominant operating parameters followed by de-
veloping meta-models which take into account the resulting
parameters. In this way a decision support tool for infrastruc-
ture managers can be developed such that they do not have to
perform simulations for each case.
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NOMENCLATURE

A wear area [mm2]
a semi-axis a of contact area [mm]
b semi-axis b of contact area [mm]
C11, C22, C33 creepage coefficients [-]
FN normal contact force [N]
G shear modulus [N/mm2]
g traction bound [N/mm2]
H material hardness [N/mm2]
h wear depth [mm]
K wear coefficient [-]
L single weighted parameter [m/N]
Lx, Ly, Lφ flexibility parameters [m3/N]
V amount of wear volume [mm3]
Vvehicle vehicle speed [m/s]
p contact pressure distribution [N/mm2]
pmax maximum contact pressure [N/mm2]
qt tangential force [N]
qx x-component of tangential force [N]
qy y-component of tangential force [N]
R curve radius [m]
s sliding distance [mm]
V vehicle speed [m/s]
v sliding velocity [m/s]
γx longitudinal creepage [-]
γy lateral creepage [-]
φ spin creepage [1/mm]
µ friction coefficient [-]
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APPENDIX

Table 3. Vehicle characteristics of the ERRI Wagon.

Car body mass (kg) 32000
Distance between bogie pivots (m) 19
Primary suspension mass
Bogie (kg) 2615
Wheelset (kg) 1503
Wheel radius (new) (m) 0.46
Wheel radius (fully worn) (m) 0.42
Primary vertical dampers
Non-linear damping (N/m/s) 1000
Series stiffness (N/m) 6.0E+005
Primary suspension
Longitudinal stiffness (N/m) 6.17E+005
Lateral stiffness (N/m) 6.17E+005
Vertical stiffness (N/m) 7.32E+005
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