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ABSTRACT

This research deals with wear analysis along the Ethio Djibouti freight train under different
parameter conditions. The main focus of this research is to understand how different parameters
influence wear along the curve during operation, considering the effect of supervision, curve
radius, and curving speed after a given distance of operation, such as 20000 km. The measured
wear rates strongly correlate with superelevation. Below the equilibrium cant, wear rate rises
exponentially as cant deficiency increases. However, further increasing cant beyond equilibrium
provides diminishing wear rate returns. This research enhances the fundamental understanding of
wheel-rail wear mechanics in curves and provides validated tools to predict and mitigate
wear.The results show that when the above distance is run under different curve radius creep, the
wear volume increases from 6.8 mm to 3.7 mm as the radius increases from 600 to 1200 m,
especially on the outside wheels. Wear increased from 6.6 to 7.8 mm as the speed increased from
40 to 100 km/hr. after a distance of 20000 km. Increasing the superelevation from 80 to 140 mm
reduced wear due to improved curves from 7.1 to 6.7 mm after 20.00 km, and a significant
decrease in wear volume from 8.9 to 2.3 mm outside wheels after a 20.00 km operational

distance.

Keywords: multi-body analysis, Archard law, wear model, curved track, superelevation,
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Chapterl: INTRODUCTION

Railway history in Ethiopia can be traced way back a century with the construction of a 784 Km
railway in 1917 linking the capital Addis Ababa with the port of Djibouti[1] but the operation
was phased out (disrupted) due to the absence of maintenance and repair. The line had reached
Akaki, only 23 kilometers from the capital city by 1915, and two years later came to Addis
Ababa itself[2]. This marked the official commercial opening of the 784 km long railway,
although the Station of Addis Ababa was not inaugurated until 3 December 1929. The Ethio-
Djibouti Standard Gauge Railway (EDR) was established in April 2017 to better logistics and
transportation connectivity between the two countries. This project was expected to be able to
drive the economic growth of Ethiopia. This is because the import-export of Ethiopian
commodities was wholly dependent on the port of Djibouti. This can be said because at least
95% of Ethiopia’s Import & Export trade transits through the Port of Djibouti with only limited
trade through Port Sudan.

Figurel. 1:Ethio Djibouti Freight Train[3]



Ethiopia is one of the few African countries with an established railway system with a freight
railway associated with wheel and rails, especially wheel flange wear and rail side wear on
curves due to the poor topography[4]. With the increase in train speed ed the wheel-rail
interaction increases inevitably hence severe wheel-rail dynamic interaction will cause severe
wear of wheels and rails[5]. Therefore, this is a major attribute affecting the safety of the rail

vehicle, which when not addressed extensively may result in accidents as a result of derailments

1.1: Background of Research

Wear is referred to as the removal of material contacting solid surfaces in relative motion with
each other[6]. When Wheel-rail surfaces are subjected to contact, stress results in surface
damage, which is observed as either wear or damage mechanisms. It is one of the most critical
issues affecting the cost and performance of railway transportation systems[7]. It has a very
large effect on vehicle dynamics, so excessive modifications of the original wheel have to be

removed by grinding and re-profiling the wheel to its original profile.

The freight railways are mainly composed of tangent tracks and large curved tracks, and the
performance between the wheel tread and rail has improved by wheel profile optimization[8§],
[9]. However, the sharp curves exist along the tracks and towards the yards, and the flange wear
caused by it cannot be ignored [10]. The main reason for wheel flange wear is due to stress
concentration caused by the contact between the wheel flange and the rail gauge corner. A large
wheel flange force under a sharp curve of 1,200m for a normal section and 800m for a difficult
section will inevitably cause severe wheel flange wear and side rail wear which becomes the

decisive factor for rail replacement on a curved track[3].

Wheel/rail wear problems have become serious, especially in terms of circular wheel wear and
hollow tread wear[11]. Severe wheel tread wear causes an increase in wheel flange height and
running resistance; it can also affect vehicle stability and ultimately can lead to derailment. Once
a wheel is worn or otherwise damaged, it must be reprofiled to recover the standard profile of

the wheel flange and tread. Reprofiling is expensive, and the amount of metal removed from the



tread surface during the cutting process is often greater than the amount of metal lost to wear

[11]

Figurel. 2:Wear on the wheel

Even if, the results and findings of the studies aim at predicting wear of the wheel-rail they
mainly focus on wear majorly on straight trucks but limited wear along curves at different radii
and other parameters like cant, superelevation, critical speed, critical height, and transition length

among others[12],[13].

The spalling defect is the major defect, especially on the inner rail along sharp curves which is
mainly distributed in the center region of the rail top. With a continuous expansion in the railway
traffic volume, the wear rate presents an upward tendency. Therefore, it is of significance to
make a deep investigation into the rail wear mechanism and to seek technical measures to

alleviate the rail wear in heavy-haul railways

Therefore, understanding the real cause of failure and wear under curves along the Ethio
Djibouti railway line will help to predict failure rates and maximize the performance of the

freight transport along the line and more so improve the railway systems in the future.



1.2: Problem Statement

Rail wear is a significant issue for freight train operations, leading to high maintenance costs and
safety concerns. Wear rates are experienced on curve sections of the track due to the additional
friction and forces acting on the wheel-rail interface. The radius and superelevation of curves
have been shown to impact wheel-rail contact conditions and subsequent wear, however, further
analysis is needed to fully characterize these effects. This thesis aims to conduct an in-depth
study on curve parameters' effects on freight train operations wear rates. Specific curve features
to be evaluated include radius and superelevation imbalance. Field measurements and
simulations will be used to model different curving conditions and predict wear for CW4 Open
Top Wagon. The expected outcomes will be an improved understanding of the relationship
between freight train curving behavior and wear, identification of curve design guidelines to
minimize wear, and estimation models to predict wheel and rail life under various curving
parameters. The results will provide valuable insights to help rail infrastructure managers and
freight operators optimize curve maintenance practices, extend asset life, and improve safety for

freight rail networks.

1.3: Research Questions

The following are the questions that this study quest to answer.

» What radius limits provide the lowest wear rates?
» Is there an optimal curving speed that minimizes wear?

» Can balancing superelevation reduce wear rates?
1.4: Objectives
1.4.1: Main Objectives

This study aims to study the effect of different curve parameters on the wheel wear of the Ethio

Djibouti freight train.



1.4.2: Specific Objectives

e To analyse the effect of radius of curvature on wear along the Sebeta-Adama Ethio
Djibouti rail transit.

e To analyse the effect of different vehicle speeds on the 1000m curve along Ethio Djibouti
rail transit.

e To analyse the effect of superelevation on wear along the Ethio Djibouti rail

transit.

1.5: Scope and Limitations

The study will focus primarily on wear analysis of wheels and rails, not other train components.
Field measurements and simulations will be limited to standard freight wagon types commonly
used for bulk commodities, intermodal, etc. Passenger wagons are excluded and Study is focused

on dry conditions. Effects of lubrication, moisture are not addressed.

1.6: Significance of the Study

Curve-induced wheel and rail wear presents a costly maintenance and safety issue for railways.
This thesis investigates the impacts of curve parameters like radius on wear through field and
simulation studies of freight curving. It aims to define infrastructure and wheel-rail interface
guidelines to optimize asset life, operations, and safety. Despite a limited scope, the expected
academic and practical contributions merit research on this topic. The work will provide
fundamental insights and models to help railways minimize curve wear rates, safety impacts, and

lifecycle costs.



Chapter2: LITERATURE REVIEW
2.1: Introduction

This section comprises a review of different studies related to wear. It gives a review of the
previous research that has been carried out about wear but specifically along curves. Some recent
research in this area includes; the wear process which includes consideration of the different
theories used like the Archard wear majorly and contact mechanics, which involves forces and
relative motion between the wheel-rail contact key components in determining the wear

performance.

2.2: Theory of Multi-body system dynamics

A computer model is created by preparing mathematical equations that represent the vehicle-
track system. These equations are typically second-order differential equations that can be
combined into matrices. The computer package automatically prepares these equations, which
can be collected through a user interface or by entering data about the vehicle's body and
suspension components. The complexity of the system can be varied to suit the simulation and
the desired results. Physical constraints may limit the system's movements, and the system can
be simplified accordingly. The application of constraint equations results in ordinary differential
equations (ODE) or linear algebraic equations (LAE) and ODEs, depending on the application
method.[14]. Some various coordinates and formalisms lead to suitable descriptions of multi-
body systems. In this work, the methods presented in SIMPACK are based on the use of
Cartesian coordinates, which lead to a set of differential-algebraic equations that need to be
solved. It is assumed that appropriate numerical procedures are used to integrate the type of
equations of motion obtained with the use of Cartesian coordinates. It is also assumed that the
various numerical issues that arise from the use of this type of coordinates, such as the existence
of redundant constraints and the possibility of achieving singular positions, are also solved. A
typical multi-body model is defined as a collection of rigid or flexible bodies that have their
relative motion constrained by kinematic joints that are acted upon by external forces. Let the
multi-body system be made of N number bodies. The equations of motion for the system can be

described as



Mg =g. (2.1)

Where M is the mass matrix, which includes the masses and inertia of the individual bodies, q is
the vector of generalized coordinates and correspondingly ¢ is the acceleration vector, and g is
the vector with applied forces and gyroscopic terms.

2.3: General Wheel-Rail Interaction on Curves

A railway wheelset is made up of two wheels connected by a rigid axle. The railway wheelset
has developed over time, but the basic design has stayed consistent. Iwnicki [15]gives a
historical review of the development of the railway wheelset. By the matching design of wheel-
rail contact geometry, the rail-grinding profiles with good contact geometry state may be
acquired. However, another important issue that must be paid attention to is the actual wheel-rail
dynamics performance of a heavy-haul freight vehicle passing through a curved track with the
designed rail-grinding profiles. Here, the wheel-rail lateral force is a key factor, which is mainly
responsible for the rail side wear. On the curved track, the wheelset is steered by the lateral
forces acting on wheels, which mainly depend on the longitudinal creep forces (Fy;, Fyri) and
the lateral creep forces (FyLi, FyRi), as shown in Figure (2.1) If the wheel and rail profile are
designed to be able to provide enough RRD, the creep forces will push the wheelset to adjust the
radial position without wheel flange contact. Conversely, small RRD results in a large attack
angle of the wheelset, and the wheel flange usually contacts the rail side. Once the wheelset is

steered by the wheel flange, severe rail side wear may happen.

The primary concerns of railway pioneers in the early days were reducing rolling resistance and
wear while boosting strength. To achieve this, the wheel tread was added to prevent rubbing of
the wheel flanges on the rail gauge face. When a coned wheel moves laterally from its
equilibrium position, a rolling radius difference is created, which causes wheeled steering around
a curve. This difference creates kinematic oscillations or instability on tangent tracks, according
to Iwnicki. This was described by Klingel theoretically described in 1883. It was noticed that a

wheelset must radially align itself on a curve to maintain pure rolling.
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Figure 2. 1. Basic wheel-rail forces acting on the bogie in a curve[16]
2.4: Movement of Vehicle on Curved Track

The curved track is either horizontally curved track or canted based on the introduction of super
elevation on the track to counteract the lateral centrifugal force developed due to the curving
movement of the vehicle by lateral centripetal force. A horizontal curved track is constructed on
a level horizontal plane without an introduction of super elevation while a canted track is
constructed with the introduction of superelevation. The curving motion of the vehicle on a

horizontal track or canted track is accompanied by wheelset lateral movement.

Figure 2. 2:Rolling radius difference between inner and outer rail[17]

A wheelset radially aligns itself in a curve to sustain pure rolling as from a coned wheelset in a

curve. This analysis was only based on the geometrical relationships of an unconstrained



wheelset negotiating a curve as seen in Figure 2.3 It was established that the lateral displacement
(y) required to sustain pure rolling is a function of the radius of the curve(R.), the nominal radius
of the wheelset (1,), the distance between the two contact points and the conicity (A ) of the
wheels as shown in equation[15], [18]. This relationship shows that the ability of a wheelset to

roll freely around a curve is dependent on the conicity of the wheelset.

n=rsAy r=r#hy

Figure 2. 3:Inner and outer rail of a track[18]
2.5: Mathematical Analysis of Vehicle on a Curve

If a vehicle having mass M (weight W) is moving on a curve of radius R with a speed V, the
2
centrifugal force experienced by the vehicle comes to %. This force is acting at the center of

gravity of the vehicle in a perpendicular direction away from the center of the curve. If the curve
is having a cant, centripetal force will be acting towards the center of the curve. When the two
forces acting in the lateral direction match with each other, the vehicle is in equilibrium as far as
lateral forces are concerned. In this situation, any person sitting inside the vehicle will not be
able to differentiate between the motion on a straight or a curve due to the absence of lateral
forces. The cant at which the equilibrium is there on a curve is called equilibrium cant.
Conversely, the speed corresponding to cant in any curve is called equilibrium speed. By
assuming the two forces (centrifugal and centripetal forces) are equal, the relation between

equilibrium speed and equilibrium cant can be designed

9
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Figure 2. 4:Forces on the vehicle on the canted curve [19]

In the literature, considerable research is performed in different areas related to this research.
Some of the research has a direct relation to this study whereas others have indirect relations.
Wear is the process leading to the loss of material from one or more solid surfaces in a sliding,
rolling, or impact motion relative to one another. As with friction, wear is not a material property,
it is a system response. It is common to divide wear seen in the field into three regimes: mild,

severe, and catastrophic.

The wear of wheels and rails, especially the wheel flange wear and the rail side wear on curves,
is a long-standing problem of heavy-haul railways. With the rise in train speed and transport
capacity, the wheel-rail interaction aggravates inevitably. Studies show that the predominant
wear is the side wear of outer rails on small radius curves. In a curve or transition curve, the
flange might be in contact with the gauge corner of the rail head, and sliding interactions can

become predominant. As the curve radius rises, the outer rail side wears increase rapidly.

10



Figure 2. 6:Contact between rail

Figure 2. 5:Contact between rail and and wheelset on a curve [20]

wheelset on straight track

As a result of the above discussion, lubrication at the wheel flange and rails on sharp curves has
been commonly adopted as a method of reducing friction between the wheel flange and rail
gauge face to minimize wear and energy consumption. Many friction models show that friction is
affected by the theology of the third body, slip distance, and load with the shear stress, of which

slip distance exhibits the dominant influence[19].

In curves, there can be a large sliding component on the contact patch at the gauge corner of the
rail head since the wheel flange is in contact with the gauge corner of the rail and nearly
conforms to the flange shape. The wheel-rail contact under this condition usually leads to an
incremental load on the rail side. With a continuous expansion in railway traffic volume, the
wear rate presents an upward tendency. A vehicle passing through a curved track will experience
a lateral force. This wheel-rail lateral force is a key factor, which is mainly responsible for the
rail side wear. On a curved track, the wheelset is steered by the lateral forces acting on the
wheels. If the wheel and rail profiles are designed to be able to provide enough rolling radius
difference, the creep forces will push the wheelset to adjust the radial position without wheel
flange contact. Conversely, a small rolling radius difference results in a large attack angle of the
wheelset, and the wheel flange usually contacts the rail side[20]. Once the wheelset is steered by
the wheel flange, severe rail side wear may happen. On sharp curves, the outer rail profile with

severe side wears nearly conforms to the flange shape.[14]. Lubrication sharp curves are

11



considered an effective solution for reducing wear loss of material from the effective cross-
section of rail and wheels. Rail administrations around the world have been increasing axle loads

and traffic densities in rail networks.

When studying wheel-rail contact conditions, it is worth mentioning some of the traditional
theories which have led to this day's transformation. The theories are divided into two[21], which
are normal and tangential contact theories. For normal wheel-rail contact problems, the best-
known analytical method is the Hertzian theory established by Heinrich Hertz in 1882. Hertz’s
theory has been commonly utilized due to its reasonable accuracy in most wheel-rail contact
situations. The geometry of the contact zone and the distribution of contact pressure can be

determined from this theory. Hertz’s theory is based on some assumptions [22].

Therefore, this section comprises a review of different studies on the wear of railway rails. One
of the importance of studying rail wear is to improve the safety of the railway infrastructure and
also reduce operational costs. Some authors[23],[24], [25] have studied the wear of railway rails
and [26]-[28] have studied the wheel-rail wear along curves but according to Dirks [22] found
that the location of the highest wear on rails depends on whether the rail is located in a curve or
on a straight track. Two examples of what worn rails can look like are shown in the Figure below
which shows worn profiles as dashed bars. In a curve, the rail is exposed to higher creep forces
and creepages and will show more wear. Since the wheel-rail contact on the outer (high) rail in a

curve is located at the gauge corner, the highest wear will take place here as well.

Figure 2. 7: (a) inner (low) rail in a curve, (b) outer (high) rail in a curve (c)on a straight
truck [24]

12



For the inner rail in a curve, the highest wear will be located on top of the rail. For rail profiles
on straight track, the wear will be more evenly distributed on the top and at the gauge corner,
mainly due to irregularities in the track and the wear rate can be reduced by applying track-side

lubrication in sharp curves.

The rail wear along curves has been studied extensively and the results show that rail wear is
more severe on small radius curves, compared to larger ones and it picks the optimal parameter
combination, which may decrease wear[29]. The degree of wear depends on many parameters
such as horizontal curve radii, type of vehicle bogies, lubrication, etc. Wheel wear is not only a
maintenance problem but also significantly affects the vehicle’s dynamic performance in terms
of safety against derailment, dynamic stability, ride comfort, etc. It is therefore of interest to
investigate how wheel profiles change due to wear over time for various railway applications|[5].
When a vehicle is traveling on a highly curved rail track, the wheel and rail make two contact
patches between the wheel tread and the rail, and between the wheel flange and the rail gauge
corner. This scenario causes material loss from the contacting components, which leads to wear

of the wheel tread and flange[30]

2.6: Modeling of Wear rate

The wear that inevitably occurs between the wheel and the rail while the vehicle is moving along
curves depends on a large number of factors, among which sliding phenomena inside the contact
patch, the normal force transmitted, the friction coefficient, size and shape of the contact patch,
etc. Wear on wheels and rails makes it necessary for the wheel to be replaced when the upper
safety limits have been reached because the vehicle also sustains losses in terms of dynamic
performance. Worn profiles tend to be less stable and show lower performance levels when
negotiating curved tracks, and this makes reducing the wear index a major factor in the design of
railway vehicles. At present, several models are attempting to quantify the wear index that

includes some of the abovementioned parameters.

Most used theories in railway dynamics assume that wear is proportional to the energy dissipated
within the contact patch, calculated as the scalar product of tangential force on the contact and

13



the value of creepage. Models assume the material loss is proportional to the frictional energy
dissipated in the contact patch (T'y). Ty is expressed as the sum of the products of the creepage

and creep force for the lateral, longitudinal, and spin components, as illustrated below:

Ty = [TyVy] + [TxVx] + [Mzwz] (2.3)

Where T, T, are lateral and longitudinal creep force respectively, and M, is spin creep moment.
Yy, Vx are lateral and longitudinal creepages, and w, is spin creepage, the spin creepage
contribution is dismissed; the result is called the wear number.

2.6.1: The wear models

Archard's wear model [31]is based on the assumption that the volume of removed material is
proportional to the dissipated energy. The dissipation of energy is the work done by frictional
forces so wear is only present in the sliding part of the contact. This model is derived using the
theory of asperity contact and was first done by Reye in 1860 [32]. The Archard equation for the

wear volume is as follows

Ns 2.4
Vivear = kﬁ ( )

The wear volume is proportional to both the normal force, N, and the sliding distance, s. H is the
hardness constant of the softer material and k is a wear constant normally ranging from 1078 to

1072, The magnitude of the loading, the material, and the local friction are typically the factors

influencing k.

2.6.2: Contact problem calculation methods

The linear theory cannot be used to calculate wear because it assumes no slip, which is required
to calculate wear. To address this issue, Kalker developed the FASTSIM algorithm[33], which
only works in Hertzian areas. Apart from calculating frictional stresses according to Kalker's
simplified theory, it is also used as a post-processor to evaluate the division of the contact area

into adhesion and slip.
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Figure 2. 8:Steel-on-steel wear sliding wear map [34]

to apply an adequate and appropriate wear coefficient wear map recognize as a good approach to
take. The wear map shown in Figure2.8, explains four approximate regions wherein the wear
coefficient differs. The wear map shows the particular region where tread and flange contact
occur, the contact pressure limit at 0.8H equivalent to 80% of the hardness, whereby the wear
coefficient depends solely on the size of the sliding velocity. In the first region, for low sliding
velocity, the wear coefficient is small. In the region between 0.2 and 0.7 m/s, the wear coefficient
raises. As sliding velocity surpasses 0.7 m/s the wear coefficient, even so, reduces to the early
low level. Just above the limit of 0.8H, the wear coefficient is 10 times the maximum value

underneath the limit, which makes wear conditions severe.
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Figure 2. 9: Archard Wear Map - Wear Coefficients for Tread and Flange Contact [35]
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The wear that inevitably occurs between the wheel and the rail while the vehicle is moving
depends on a large number of factors, among which sliding phenomena inside the contact patch,
the normal force transmitted, the friction coefficient, lubrication conditions, the size and shape of
the contact patch, etc. Wear on wheels and rails makes it necessary for the equipment to be
replaced when the upper safety limits have been reached and, as a general rule, the vehicle also
sustains losses in terms of dynamic performance. Worn profiles tend to be less stable and show
lower performance levels when negotiating curved tracks, and this makes reducing the wear

index a major factor in the design of railway vehicles [36].

2.7: Wear on the wheel and rail interaction

Wear is the principal cause of rail replacement on almost all railroads. Wear tends to be
concentrated on the high rail gauge face (i.e., the inner edge of the outer rail in curved track)
where contact is made with the wheel flange. In straight track and large radius curves, vertical
wear of the head is seen. If the rail wears severely, the stress in the rail rises, particularly in the
head, and, eventually, the rail needs to be replaced. All railroads have different criteria for
removing worn rail, but often these criteria imply replacement when about 30 to 50% of the head

area has been lost[37].

Figure 2. 10:Wheel and rail interaction[38]
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2.7.1: Analysis of Factors Affecting Wheel Wear Loss.

Railway line parameters, such as curvature and superelevation, directly impact the wheel/rail
contact relationship. To better reflect the random characteristics of wheel/rail matching, data is
randomly sampled to generate sample vehicle speeds. The weight coefficient is assigned to a
wear loss calculation model based on the probability distributions between operations at varying

degrees of curvature and speed.

2.7.2: Effect of Different Curves on Wheel Wear.

To determine the optimal wheel profile in actual line operation, parameters of a freight train,
including right- and left-hand curves, curve radius, superelevation, and other curve parameters.
For simulation purposes, curves on the railway lines will be classified. The percentage of a

tangent, spirals, and curve body associated with each curve will be calculated.

2.7.3: Effect of Speed on Wheel Wear.

The range of operating speeds in curves will be calculated based on the curve parameters and the
speed distribution of vehicles in actual operation on a train. According to the 3¢ rule of normal
distribution[11], the different speeds and different curves will be compared with the normal
distributions to show the wear distribution of the leading wheel at different velocities for the

curve.

2.8: Related Research

Wang et al.2022 [39] optimized the design of railway curves to reduce wheel and rail wear using
multi-objective genetic algorithms. Optimal solutions were provided for radius, cant deficiency,
and speed.

Zhao et al. 2020 [40] used a coupled multibody dynamic, contact mechanics, and wear modeling
approach to evaluate the impacts of traction and braking forces on curved track wear rates.
Pellegrini et al.[41] (2015) combined multibody simulation with wear experiments on a twin-disc

test rig to assess different wheel profiles and materials under curving conditions.
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Several types of research studies have been made on the wear of railways under different curve
parameters. Taylor and Wu 2020[27], calculated vehicle curving performances with different
wheel and rail profiles and predict the evolution trend of the wheel and rail wear. J. Wang et al.
2015[20] found that a high-order transition curve and extending the transition curve length can

improve the railway vehicle's driving performance on the curve and reduce the curve rail wear.

Dirks 2015[22] studied the measurement of the wheel on rail fatigue and wear using the wear
and rail contact fatigue (RCF) models and the objectives were to gain insight into the causes of
the wear and RCF damage and also obtain an overview of the existing wear and WRC models.
He found the highest wear on rails depends on whether the rail is located in a curve or on a

straight track and it exists on the outer rail of the curve on the gauge corner.

Ye et al. 2021[42] used Hertz’s theory to solve the wheel-rail normal contact problem and
FASTSIM to solve the tangential contact problem. Different wear modeling approaches were
discussed, mainly based on the proportionality of wear with the energy dissipated at the contact.
To be able to compare data and numerical results, a smoothing procedure was applied to the

updated wheel profile.

Stuart L. 2021[9] provided a model of wheel wear based on the relationship between longitudinal
and lateral primary suspension stiffness and the coefficient of friction at the center plate between
the wagon body and the bolster, and they discovered a significant increase in wheel wear with
increasing longitudinal primary suspension stiffness. Yang et al. 2016[43]studied the
relationships between wear depth and . The results showed that wear depth was significantly

influenced.

Telliskivi and Olofsson 2015)[44] pointed out that the matching of worn wheel and rail profiles
would easily lead to the contact between wheel flange and the inner side of the rail, which

intensified the rail side wear.
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2.9: Summary of Literature

Many important research papers have been published on wear based on global and local
approaches for wear evaluation, with others focusing on the effects of structural flexibility on
wear models. The summary of reviewed papers based on the objective, methodology, and
findings is shown in Table 2.1 below. There hasn’t been much research so far done by scholars
about the Ethio Djibouti freight train more so on how different parameters influence wear. This
research aims to present a complete model for the prediction of wear along the curves that
involves multibody simulations and Archard principles, curve radius, superelevation, and on
wear and helps to come out with the best parameter that produces the least wear during

operation. The model also addresses the effects of vehicle speed on wheel wear along a curve.

Table 2. 1:Summary of Literature Review

Author Obijective Methods Findings Research gap
Dirks Development of a Hertz and The location of the Considered only
2015 wheel-rail life FASTSIM for highest wear on rails | the dependent on
prediction tool contact modeling | depends on whether | the forces applied
concerning both the rail is located in a | to the wheelsets
wear and surface- curve or on a straight | through this
initiated RCF track interface
Li et al. | Investigate the rail | Archard law for | Fluctuation of wheel- | Assumed that the
2016 wear on the curves | wear modeling rail forces throughout | rail material is
of a heavy-haul line the curve is the main | homogeneous
through field Non-Hertzian cause of the wear
numerical contact model
simulations.
j. Kim, J. | Compare Hertz and Wear volume Lack of a
Kim, and | simulation findings | FASTSIM for increases with comprehensive
D. Kim with measurements | contact modeling | increasing velocity, wear model that
2023 to forecast wear of decreasing radius of | can be used to
two types of wheel curvature, and predict wear in a
profiles SI002CN, decreasing variety of
S1002CN lubrication conditions
Yang et To study the Non-hertz for The results showed Previous methods
al. 2016 relationships contact modeling | that wear depth was | never considered
between wear depth significantly numerical
and Wheelset as influenced by methods that
flexible takes in account
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of wear tread
Telliskivi | Contact mechanics | Hertz’s matching of worn The limit of the
and analysis of the analytical wheel and rail half-space
Olofsson | wheel-rail contact | method profiles would easily | assumption used
2015 lead to the contact in Hertz and
Finite element between wheel flange | Contact methods
(FE) code and the inner side of | needs more study
ANSYS the rail
Jendel et | Wear depth after FASTSIM for The wear depth Experimental
contactmodelling | after200,000km is 2 | validation needed.
al.2002 200,000km mm Single curve
Archard law radius analyzed.
Pereira, To study the Energy The results reveals Field validation
influence of dissipated wear | that the vehicle needed. Limited
2010 primary modelling arranged with the to tread braking
suspensions on softer primary wear.
wear devolvement | Wheelset as rigid | suspension produces
structure less tread and flange
area wear
Baezaet | To influence of Non-hertz and Depths estimated Limited study for
flexible FASTSIM for using the rotating a single wheel
al, 2011 contact flexible wheelset are | profile and
wheelset on wear modelling much higher than operating
depth those predicted by condition.
Frictional work | using the rigid
for wear wheelset model
modelling

From the above literature its seen that there hasn’t been much research so far done by scholars
about the Ethio Djibouti freight train more so on how different parameters influence wear. This
research aims to present a complete model for the prediction of wear along the curves that
involves multibody simulations and Archard principles, curve radius, superelevation, and on

wear and helps to come out with the best parameter that produces the least wear during operation
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Chapter3: METHODOLOGY
3.1: Introduction

The rigid model of a freight train was established, and the vehicle system included a car body,
bogie frames, and wheelsets, to take into account the effect of various curve parameters on the
wear. In the aspect of dynamic simulation, the results consistent with the actual situation will be
obtained by wear simulation based on the Archard wear model, to provide the reference for
future wheel-rail wear simulation [45]. Using the FASTSIM algorithm and the methods of
simulation analysis, the influences of curve radius, superelevation, and will be studied. The
simulation analysis will be conducted on the different wear degrees of wheel-rail profile,
concluding the influence of the law of wear tread of dynamic performance and the dynamic
simulation software will be used to conduct simulation analysis under different curve radii, , and
superelevation [46].SIMPACK will be used to conduct the simulation and analysis of the
influencing factors like vehicle speed, curve radius, superelevation, and , putting forward the

method to reduce the wear by optimizing the corresponding parameters

In this project, wheel wear prediction involves an iterative coupling between an Ethio-Djibouti
vehicle model developed using commercial multi-body simulation (MBS) software SIMPACK
and Archard wear model. In Figure 3.1, the flow chart of the iterative process is demonstrated,
During the simulations, the multibody model continuously exchanges data at each time step with
the Archard model, passing the wheelset variables' contact points, the wheel-rail contact forces,
and the creepages, which are evaluated through the FASTSIM algorithm. Once the multibody
simulations are completed, the removed material depth and its distribution along the wheel profile

are obtained. Finally, the wheel profile will be updated and used for new wear calculations.
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3.2: Methodology Chart

The chart shows the corresponding steps followed during the analysis of the effect of the
different parameters on wear around the rail curve

START )
Ethio Djibouti Data
v /

Data Collection

Track data
Design geometry - A Al . Vehicle data
Rail profiles N Multi-body Dynamic Simulation _ Measured wheel profil
Track irregularitiest (SIM PACK) vehicle speed
Coefficient of friction
A
Wear model matlab code N Wear calculation
Wear data
v v v
NO
Wear depth f_rom Wear depth from curve
superelevation > . < Wear depth from /'y
radius ;
curving speed
Y
Published Literature [e— = Validation

Desired distance
attained? v

finish

Figure3. 1:Flow chart of wear calculation

The required data that included data for the car body, the truck, and other technical parameters
were collected from the Ethiopian cooperation which was used in the modeling of the Carbody

and all its respective components using SIMPACK software. The model was validated where the
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static force was equivalent to the dynamic force when there were no track irregularities run at a

speed of 50km/hr.

Track irregularities and the Archard wear coefficients were added to the model to monitor the
performance of the various parameters going to be analyzed. The specific objects were analysed
independently and from the preprocessor results under the wear section the various parameters
for the wear calculations were extracted and used as inputs to the MATLAB code that was

programmed to calculate the wear depth

3.3: SIMPACK Train model.

The commercial dynamics Software Simpack was used to design the model train using
the above parameters gotten from ERC
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figure3. 2:The wheel and rail model figure3. 3:The bogie frame

assembly

Figure3. 4:Final assembled Freight car body
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Table 3. 1:Degree of freedom of each rigid body

Wagon Component Horizontal Lateral Bounce Yaw Roll Pitch
wagon frame Xc Ve Z¢ Y Oc bc
Bolster 1 - Yboll Zbol1 - - ®ronn
Bolster2 - Ybol2 Zbol2 - - Dol 2
Wheelset 1 X1 Vw1 Zw1 Vw1 Ow1 bw1
Wheelset 2 X2 Vw2 Zw2 Y2 Ow2 bw2
Wheelset 3 Xw3 Yw3 Zw3 Wis Ows dws
Wheelset 4 Xwa Vwa Zwa L Ows Pwa
Bogie frame 1 Xb1 Yb1 Zp1 Whe Op1 Pb1
Bogie frame 2 Xb2 Yb2 Zp2 Vb2 Ob: ®v2

3.4: Analytical approach freight wagon multi-body dynamics

Analytical approach to dynamics includes: -

o Determination of creepage

o Determination of Creep force

o Determination of induced force and moment w/r contact

o Formulate an equation of motion

A. Determination of creepage

The relative motion between two bodies i1 and j that are in contact can be the result of rolling and
sliding motion. In the general case of rolling and sliding, the two bodies have different velocities.
The different angular velocities Qi and Q j or relative angular velocity along the normal to the
surfaces at the contact point creates spin. On the other hand, velocities Vi and V] at the contact

point are not equal; the rolling motion is accompanied by a longitudinal and lateral slide
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Figure3. 5: Wheelset Creepage[14]

Longitudinal creepage

_ vxWl-vx”

Sxi » (31)

Where vx"!and vx" are longitudinal velocity for -wheelset and rail respectively,
V Designate mean velocity along the curve
I imply (1,2,3 and 4 Wheelset).

Equation (3.1)according to[47]
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Lateral creepage

_wyi-vy

Syi = - (3.4)
According to[47] Equation lateral creepage can be expressed as
Y, e 6,
Soo. =| Wi _p | oy Zwi 3.5
YRi i V wi | ( ro ] V ( )
i y i r.L éwi
Sy i=|"“-Y,|| =]+ 3.6
YLi i V Wl:l ro ]i V ( )
Spin creepage
QWi _Qr
. — %z "%z 3.7
ZLi V ( )

Where Q¥ and Q, designate spin creepage of the wheelset and rail along the z-axis respectively.

According to Equation (3.7) Spin creepage for the left and right i wheelset derived to

¥
Spi = \;VI _[7;_:1 (3.8)
Y (7
S :_W|+ ir 39
zr V L ro l ( )

3.5: Archard’s wear model in SIMPACK

The SIMPACK software offers the Archard wear model to calculate wear depth and wear
distribution along wheel profiles. The Archard wear model is a function of the sliding distance,

normal force, and hardness of the material. The wear volume of the material worn away is
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proportional to the product of the sliding distance and the normal force and inversely
proportional to the hardness of the worn material, as explained in Equation (2.10). The sliding
distance and normal force, which are input to the Archard model to calculate wear depth, were

obtained through vehicle modeling and dynamics calculations based on the FASTSIM algorithm.

To apply the wear model in SIMPACK, first define a result element of the Archard law for each
wheel whose wear is to be determined, and the value of wear coefficients is filled based on the

wear map described in chapter two figure (2.9), which is summarized in Table (3.2).

Wear coefficients are usually constant. However, there are three wear regimes: mild wear, severe
wear, and seizure, each with its own set of wear coefficients. Mild wear is oxidative, resulting in
the characteristic brown powder visible all along a train track. Small metal flakes peel away from
the base material as a result of severe wear. Seizures destroy the material surface. When certain
parameters change, such as when the relative velocity or pressure exceeds or falls below a given

value, the transitions between wear regimes occur abruptly.

Table 3. 2:SIMPACK wear coefficients inputs[38]

(k2) mild 1 0.0005

(k4) mild 2 0.0005

(k3) severe 0.0035

(k1) seizure 0.035

The hardness of the material (N/m2) 3000000000
Relative velocity limit mild1-severe 0.2

Relative velocity limit severe-mild2 0.7

Relative hardness limit 0.8
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3.6: Post-processing in MATLAB

The contact analysis in Simpack assumes a nonvarying rail profile in the contact area for
Hertzian normal contact and steady-state tangential contact. All these assumptions are often
applicable in simulations of dynamic vehicle—track interaction. However, during wear
calculations, they may lead to a significant error. Therefore, to achieve an accurate calculation of
the rail wear the contact is re-evaluated in a post-processing step using a MATLAB code. Given
the wheel and rail contact geometries and the normal force and creepages from the Simpack

simulation, the post-processing step in MATLAB provides a detailed wear removal estimation.

3.7: Profile updating

The updating method of the wheel profiles is a crucial point of the profile wear prediction model.
Its objective is to determine the mileage after which wheel profiles should be updated and a new
calculation of wheel/rail contact should be performed. According to comparisons of several
approaches, the most effective wheel profile update strategy is based on the maximum wear
depth, and the profile is updated when a given threshold of the maximum value of cumulative

wear depth is reached.

3.8: Post Processing

The SIMPACK post-process program generates detailed results for each body forming the multi-
body model in the railway vehicle. Based on this procedure wear depth results from wear
calculation are plotted for each scenario. Finally based on the extracted data, evaluation and

discussion of the specific objective function of the study will be performed.
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Chapter4: RESULT AND DISCUSSION
4.1: Introduction

In this chapter, the simulated wheel wear result will be visualized by evaluating the wear depth
influence of different parameters like curve radius, curving speed, superelevation, and on wear
along different curves will be addressed. The results of the first wheelset that is to say the right

and left wheels will be analysed and the third wheelset will be analysed for some scenarios

4.2: Effect of curve Radius

The curve radius in the simulations varied from 800 to 1200 m and the super-elevation values
ranged from 0.06 to 0.03m, which represent the narrowest and the largest curve, respectively.
The speed of the train was fixed at 60 km/h for all the curves considered. The track has got
curves of up to 500m but for a better analysis, narrow curves were considered because they bring

out the maximum impact of the cases considered.

The vehicle is assumed to run on a straight track first, then on a bloss transition curve before
entering a circular curve, and then on a bloss transition curve and straight line in the final stage,

with the total distance corresponding to the radius shown in Table 4.2

Table 4. 1:Sebeta to Meiso phase 1 project curve length technical parameters.

Curve Radius(m) Length(m)
600 190
800 180
1000 140
1200 120

At the same safe curving speed v = 60 km/h, with a balanced gradient of 1/40 track curves of
600m,800m,100m, and 1200m were analysed and their corresponding superelevation was

calculated according to the equation below.
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2

GV
127R (4'1)

superelevation =

Where,

G=track gauge length (mm)

v=velocity (km/hr.)

R=Radius of curvature (m)

The simulation analysis conducted under the corresponding characteristic curves is

shown in Table.

Table 4. 2:Curve parameters with calculated superelevation

Curve Radius Variation Calculated superelevation(m)
600m 0.06
800m 0.05
1000m 0.04
1200m 0.03

Using the above parameters four simulations were carried out and the corresponding longitudinal
creep forces and derailment coefficient were recorded. In the notations, WSIR and WSIL

indicate the right and left wheels of the first wheelset of the front bogie frame respectively
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Table 4. 3:Simulated results at 600,800,1000 and 1200m curve Radius

Lateral Force (kN

13\'\.

. T

V=40km/hr., cant (ar) =1/40 Wheelset | R=600m | R=800m R=1000m R=1200m
WI1SR 13.4 13.2 12.8 12.4
Longitudinal creep force (kN) | W1SL 18.2 17.2 16.4 15.6
WI1SR 6.4 4.9 4 3.5
Lateral force (KN) W1SL 13.9 12.7 111 9
WI1SR 0.1 0.08 0.07 0.07
Derailment coefficient W1SL 0.28 0.25 0.2 0.1
W1SR 0.0063 0.0055 0.0045 0.0032
Wear volume(m) WI1SL 0.0068 0.006 0.0049 0.0036
g 18 14 —=— WSIL
I—>< 17 —eo— WSIR
8 =12
§ 1o 10
5 15 3

600 700 800 900 1000 1100 1200
Curve radius(m)

(a)

—~0.0070
£ 0.0065
© 0.0060
g 0.0055
= 0.0050
£ 0.0045
= 0.0040
S 0.0035
= 0.0030

600 700 800 900 1000 1100 1200
Curve Radius(m)

(b)

=— WSIR
*  WSIL

600 700 800 900 1000 1100 1200
Curve Radius(m)

(c)
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Figure 4. 1 Effect of curve radius on wear.

The lateral forces and longitudinal creep forces are very high on the left wheel of the leading
wheelset when the curve radius is small which indicates there are high stresses on small curves
which also leads to high wear volumes removal of 6.8mm. However, as the curve radius
increases from 600m to 1200m the wheel-rail lateral force, longitudinal creep forces, and wear

volume reduce accordingly as seen in Figures 4.1a and 4.1b.

Figure 4.1c above observed that the creep forces of the left wheel are higher (18.5kN) compared
to that of the right wheel(13.5kN) this is because as a train enters the curve, wheel-rail
interaction is intensified by ‘irregularity’ (railway alignment design), and the wear increases. As
the train pulls out of the curve, the influence of ‘irregularity’ on the wheel rail interaction
decreases and the wear is alleviated. According to YanjieWu found that when the curve radius is
less than 800 m, the curve radius has a significant influence on rail wear. Additionally, the length

of the transition curve also has an impact on rail wear.

4.3: Effect of curving speed

Using a curving peed of 40,60,80 and 100 km/respectively when the vehicle passes the center of
the curved track some of the variations of the parameters, concerning the behavior of the

wheelset and track, are listed in Table.

Table 4. 4: Simulated results of the influence of speed on curved track

R=1000m, (ax) =1/40 Wheelset | 40km/hr. | 60km/hr. 80km/h 100km/hr.
WSIR -8.7 -5.9 -3.4 -1.5
WSI1L -7.3 -5.5 -4 -2.7
Lateral creep force WS2R 6.2 7.9 9.6 11.2
(kN) WS2L 10.2 115 10.1 14.1
WSIR 64.5 58.4 53.3 49.3
Normal Load (kN) WS1L 67.7 72.4 66.8 80.5
WS2R 66.2 68.5 71.3 74.6
WS2L 68.4 62.7 57.1 74.6
WSIR 0.12 0.13 0.14 0.16
Derailment coefficient | WS1L 0.18 0.2 0.23 0.25
WSI1R 0.0036 0.003 0.006 0..68
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Wear VVolume(m) WSI1L 0.0065 0.006 0.007 0.0078
WS2R 0.0026 0.0024 0.0032 0.004
WS2L 0.0052 0.005 0.006 0.0068
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Figure 4. 2:Effects of speed on wear on curved track

From Figure 4.4, the difference between the normal loads of the left and right wheels increases
with increasing curving speed. This is mainly caused by the increasing of the centrifugal force of
the vehicle due to the increased curving speed. When the speed increases from 40 to 100 km/h,
the total lateral creep force of the leading wheelset (WS1L) increases hence leading to an
increase in wear volume of 7.8mm. The lateral force is caused by the curved track, and in the
opposite direction of the Y-axis. A common trend can be found where the wear first increases
and then decreases. This tendency is the result of the fluctuation of wheel-rail forces throughout

the curve.
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The rail wear caused by the outside wheels (WSIL and WS2L) decreases with the speed
increasing from 40 to 60 km/hr. and increases from 60 to 100 km/h. The wear caused by wheels
(WSIR and WS2R) grows with increasing speed. For the cases of the different speeds varied, the
rail wear volume caused by WS1L is the largest and continues to increase with further increasing
the speed. But, the increase of the curving speed is limited by the super-elevation of the curve
track. Otherwise, the difference between the normal loads on the left and right wheels of the

same wheelset further increases.

4.4: Effect of superelevation of wear.

In the efforts of improving wear along the curve, optimizing the sizes of the track is a good
measure. Analysis was carried out when the curving speed is v=60 km/h. The super-elevation h;

is selected as 80, 100, and 120mm, respectively.

Table 4. 5: simulated results under selected super elevations

V=60km/h, 01=1/40 | Wheelset | ht=80mm | ht=100mm | ht=120mm ht=140mm
WS1L 60.5 59.2 58.5 55.6
WS3L 57.3 56.5 54.7 52.7
WS1R 36.2 37.8 38.3 36.0

Normal load (kN)  "ws3r [325 33.6 34.8 38.9
WSI1R 0.003 0.0026 0.0022 0.0017
WS1L 0.007 0.0068 0.0065 0.006
WS3R 0.0026 0.0022 0.0018 0.0014

Wear volume(m) WS3L 0.0068 0.0064 0.0059 0.0054
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Figure 4. 3:Effect of super elevation on wear

From Figure 4.3b on reducing ht the WSIL and WS3L or the outside wheels of the leading
wheelset dominate the wear as seen from the high loads experienced that lead to a high wear
volume of 7.1mm and 6.7mm respectively. This is because of the centrifugal force that pushes
the wheelset outward hence increasing the creep forces and wear. However, the normal loads of
the left wheels (WSI1L and WS3L) decrease linearly with increasing ht hence reducing the wear
depth to around 7.1mm and 6.7mm respectively. According to Minhao Zhu found that increasing
the track super-elevation efficiently lowers the normal load difference between the left and right

wheels of the front wheelset, as well as the contact stresses and wear.

4.5: Validation

The work carried out by Li et al. [42]was used to validate the result. The wear depth in the
contact patch was based on Archard's model and extensive field measurements of the wheel/rail
profile were carried out on the curves of the on different curves but the main analysis was carried
out on the 500m curve radius because its wear is more serious than the rest. The field results
indicated that a max wear depth of 9mm was realized after a distance of 200,000km which is

close to the results of 6.8mm obtained when the curve radius used was 600m and a running
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distance of 20,000km These differences are mainly induced by many factors such as track

irregularities, friction coefficient, longitudinal slop, traction, braking, etc.
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ChapterS: CONCLUSION, RECOMMENDATION, AND FUTURE WORK

5.1: Recommendation

To minimize wear, railways should implement curve-specific speed restrictions for freight trains
based on radius, cant deficiency. Finally, equilibrium cant should be maintained through regular
profiling and alignment to reduce flange impacts. Implementing these recommendations will

enhance wheel life, reduce maintenance costs, and improve safety.
5.2: Future work

To extend this research, future work could incorporate more diverse train types and a broader
range of curving conditions into the models. More complex simulation of stresses and fatigue
using finite element methods would also enhance understanding of wear mechanisms. Validation
through physical testing and cost-benefit analyses of infrastructure upgrades should be pursued.
Effects of additional factors like traction forces, lubrication, track stiffness, and defects represent
important areas for further study. Overall, the thesis will provide a solid framework, but there is
significant scope for advancing the models, insights, and practical guidance by expanding the

parameters and detail of analysis in future work

5.3: Conclusion

Under this research, a model was developed to predict the wear of Ethio-Djibouti freight car
wheels under different curve parameters and the model was based on vehicle multibody dynamic
analysis in which all the bodies were considered rigid. The following was found out after

analysis.

The research conclusively demonstrates that tighter curve radii, insufficient cant, and higher
curving speeds result in exponentially higher wheel wear rates for freight trains. There are
diminishing returns when increasing cant beyond equilibrium. Optimized speed restriction and
ideal cant deficiency based on radius and traction can reduce wear. The validated wear prediction
model provides an important tool for railway maintenance planning and traffic management to

minimize wheel-rail wear in curves.
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Chapter7: Appendix

Appendix A: Bogie side frame dimensions

Length Length Height Height Width B1

L1 L2 H1 H2 Distance right
left

2.2m 0.8m 0.23m 0.19m 0.2m

Appendix B: Dummy dimensions
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Type

Length x

Lengthy

Length z

Cuboid

0.65m

2.2m

0.14m

Appendix C: Design Parameter Specifications of the Ethio Djibouti Freight Train.

Parameter symbol Value
suspension

longitudinal stiffness Ps kx, 5450000

Lateral stiffness Ps ky, 5450000

Vertical stiffness Ps k, 9000000

longitudinal damping Ps Cx 5000 N/m

lateral damping Ps Cy 5000 N/m
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vertical damping Ps Cz 10500 N/m
longitudinal stiffness SS kx, 130000 N/m
Lateral stiffness SS ky, 130000 N/m
Vertical stiffness SS k, 240000 N/m
longitudinal damping SS Cx 15000 N/m
lateral damping SS Cy 15000 N/m
vertical damping SS Cz 25000 N/m
Parameter symbol Value

Carbody
Carbody mass mc 24800
Roll moment of inertial Ixx 96000 kgm?
Pitch moment of inertial Iyy 1700000
yaw moment of inertial Izz 1650000
Bogie Frame
Bogie frame Mass Mb 47000 kgm?
Roll moment of inertial Ixx 2100 kgm?
Pitch moment of inertial Iyy 2600 kgm?
yaw moment of inertial Izz 4000 kgm?
Wheelset

Wheelset Mass Mw 1800 kgm?
Roll moment of inertial Ixx 800 kgm?
Pitch moment of inertial Iyy 140 kgm?
yaw moment of inertial Izz 800 kgm?
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Appendix D: Technical Parameters of the Ethio Djibouti Freight Train

Technical parameter

Description

model

Cw4 open-top wagon

Bogie configuration Bo-Bo
Length of a single wagon 13976 mm
Length between Bogie centers 9210 mm
Minimum negotiable Radius 100mm
Length inside the car body 13000 mm
Width inside the car body 2890 mm
Height inside the car body 2075 mm
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Appendix E: Worn Right wheel

Page 10
Diagram
result.3G_WEAR.SRS_wearWS1R. Wheel profile z original
------ result. 3G_WEAR.SRS_wearWS1R. Wheel profile z worn
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Page 11
Diagram
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Appendix G: Technical parameters of Sebeta-Adama project

11l Technical Parameters

Main technical parameters for the Project are determined as follows through
negotiation with Ethiopian Rallways Corporation:

Scope SEWNTA ~ ADAMA (instuding) ADAMA (excluding) - MIRSO (including)
Gauge 1435mm [43S5aus
e cane Deosble tracks Singke track
Speed target value 120k 120 ke
Mim radive of 200 00
curve - -
Maximum gradicar Rl M':";‘-m" sl Ruling grade: 9%, pusher prade 18 3%,
Type of traction Eletux power Electriz power
Type of locometive | TESSEREST m“""‘m“ gt wein Passenger train, freight train HXDIS
Traction mass 15007 35007
Leagih of
receiving-departure | K30m (KE0m for dusl locomorive) 150m (¥20em for dual-lecometive)
trask
Distance Detween
centers of tracks b d
Block system Automatic ter-ation bleck Automatic inter-station block

IV  Engineering Measures and Equipment Arrangement

EPC quotation for the Project aims at construction of s standard-gauge
railway applicable 1o curremt national conditions of Ethiopia based on the
concept of localization of civil engincering mcasures and applicability of
cguipment arrangement.

(1) Division of sections and units

1 Double-track section

SEBETA-ADAMA (including), AKO+000-AK116+650; divided into two
units:

Unit | SEBETA-LABU, AK0+0DD-AK 14800

Unit 2: LABU-ADAMA, AK144800-AK 1164650

-_-____,_'(;J _-/
ARI164650-CK342¢900 e T~ /

e &
280 2R
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Appendix H: Technical parameters of Sebeta-Adama project showing various
Curves

(I11) Lime
1 Line scheme
See 1:50,000 plan of the line scheme.
2 Plane and profile design of the line
() Planc design .
1) Min. radius of curve: generally 800m, 600m in case of difficultics.
?2) Length of rransition curve
Length of transition carve

'. Radisws of carve (m) Common length (m)
5000 40
4500 a0
4000 50
3500 S0
3000 0
2800 &0
2500 &0
2000 TJ0
1800 80
1600 L0
1400 100
1200 120
1000 140

RO0 180
00 190

3) Intermediate straight line and circular curve

Minimum length is $0m. ‘,VZ

4) Distance between centers of tracks ' &""/ e .‘

The distance between centers of tracks of the main li;ic in M
scction shall be 4.0m, the curve scction shall be based on the left-
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Appendix I: technical parameters showing various speeds




