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Message of the President
Dear ESME Members and all stakeholders,
I would like first to convey my warmest greetings to you all.
On the occasion of the 21st ESME Annual Conference - Technical Session, it is a pleasure and an opportunity to have the theme of the year ”Development of Railway Technology in Ethiopia”.
Within the framework of the Climate Resilient Green Economy transport strategy it was a prudent move by
the Council of Ministers to establish the Ethiopian Railway Corporation (ERC) with a mandate to develop
an integrated and high-capacity railway providing competitive and affordable passenger and freight transport services. Ethiopia's bold vision for railway transport has begun to become a reality and this will reduce
overall transport costs, it will also initiate a change in the transport landscape from a road-based system to a
truly intermodal freight and passenger transport network.
Our national and eventually regional rail network needs to embrace a comprehensive path for technology
transfer, improve local technical skills as well as maintain skilled human resource to ensure sustainability.
As the national railway development plan is one best showcase of the art and science of mechanical engineering it will provide professionals expertise in design and construction, signaling, communication, operation and maintenance.
I hope the deliberations in this particular ESME technical session will provide a valuable knowledge exchange platform to contribute to the beginning of railway industry and members and professionals will develop successful networks. A comprehensive path for technology transfer to improve local technical skills
as well as maintain skilled human resources will be deliberated.
Ever grateful to our honorable sponsors who made it possible to organize this conference and with a heartfelt thanks and appreciation to ESME staff who tirelessly worked to make it a success, I wish us all a fruitful session and a bright new future abounding with lots of clean rail travel.

Alemayehu Negash
President
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The Ethiopian Society of Mechanical Engineers
(ESME)
The Ethiopian Society of Mechanical Engineers (ESME) was initiated at the founding conference held
on April 7 and 8, 1995 at Akaki Spare Parts and Hand Tools S. Co.
It is a non-governmental and non-profit, professional association. Its members are professional and
qualified mechanical engineers and other individuals who work in the areas of mechanical engineering and allied professions.
ESME was registered on August 1995 with the Ministry of Justice and recently with the Charities and
Societies Agency (CSA) fulfilling the requirements thereof.
The total number of registered members as of August, 2015 is 1,283. It has also 43 active institutional
members.
Members of the Society enjoy a number of privileges among which are the following:







Participation in the different activities of the Society thereby expanding their professional horizon;
Right to elect the Society‘s officers and be elected as an officer.
Have the opportunity to publish technical papers in the Society‘s bulletins and journals and/or
present the same at the Society‘s conferences, workshops, etc
Benefit from the Societies‘ activities such as: workshops, seminars, conferences, panel discussions, technical trainings, study tours, periodic publications, etc.
Practice the profession by getting involved in the professional services delivered by ESME.
Be governed by the Codes of Ethics of the Society and get professional recognition by employers, certifiers, etc.

ESME‘s organizational structure includes a General Assembly, a Board of Directors, an Executive
Committee and a full time Secretariat. The General Assembly has full authority over the Society,
while the Board of Directors, elected every two years, is delegated by the General Assembly to oversee the activities of the Society and decide on issues that do not require the intervention of the General
Assembly. Executive Committee members are also elected every two years and are responsible for the
management of the day to day activities of the Society, supported by a full time Secretariat, consisting
of an Executive manager & one support staff as well as the five Councils expected to actively participate in the execution of the Society‘s objectives.
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Fatigue durability Analysis for welded bogie
frame of AALRT
By Ruhama Minwuyelet
Addis Ababa University, Addis Ababa Institute of Technology, School of Multidisciplinary Engineering,
Graduate Programin Railway Engineering Addis Ababa, Ethiopia, rushrush2@gmail.com
(Graduate Student in Mechanical Engineering (Rolling Stock) Program)
Abstract - This research paper forwards the fatigue durability analysis for the welded bogie frame of AALRT. The
purpose of the research is to observe the fatigue life of the welded bogie frame and to protect it from failure. In the
analysis of the research a three-dimensional finite element model of the bogie frame has been used to investigate the
effect of the applied loading force on the frame surface area and observing the effects at the welded joints. On the
bases of the model analysis the following results have been achieved. Output results without Sensitivity Factors: –
maximum and minimum log10 damage values are 30 and -7.09 respectively, maximum and minimum log10 endurance safety factors are 1 and -5.11 respectively, maximum and minimum fatigue limits are 282 N/mm2 and 255 N/
mm2 respectively, and fatigue life is 2e^6. Output results with the small weld seam sensitivity Factor: – maximum
and minimum log10 damage values are 30 and -20 respectively, maximum and minimum log10 endurance safety
factors are 1 and -5.11 respectively, maximum and minimum fatigue limits are 282 N/mm2 and 0 N/mm2 respectively, and fatigue life is 2e^6. Hence it is possible to conclude that the maximum damage result, which is 30 in
number is much exaggerated result, it is because the weld quality that the researcher has been taken is poor.
Whereas the fatigue limit at each analytical outputs has been proved to be the recommended value. The endurance
safety factor is below the anticipated value. Therefore a special attention should be given to the welded joints. Based
on sensitivity seam thickness results, it is possible to conclude that welded connections are almost nearer to failure
because they are highly exposed to residual stress. The study is significant and applicable as it introduces new
knowledge on fatigue life analysis of welded bogie frame in the minds of the beneficiaries of the study particularly to
those who are working in Railway Corporation.
Keywords: FEMFAT, Fatigue Life, Weld seam, Bogie Frame

I. INTRODUCTION
Rail transport is of great importance to run the economic
system of every country. The inefficiency of rail transport indirectly affects the efficiency and functioning of
the entire economic system of a country. The bogie of
railway vehicle is the primary structures, which support
the weight of car body and passengers, and under the
repeated external loading between rail and wheel.
Therefore, in order to have adequate strength and stiffness against the external loading, bogie frames shall be
made of solid steel or welded structures based on qualitative metal materials. [1]
A bogie frame of railway vehicles plays an important
role in sustaining the static load from the dead weight of
a car body. Quasi-static loads occur periodically during
curving and braking operations, and cyclic dynamic
loads will be produced by an irregular rail surface and
relative movement of the attached equipment. Since
most of the structures of the bogie frame are welded,

hence, it is very susceptible to the fatigue failure under
such loads. To the best effect a fatigue durability analysis of the bogie frame to ensure the required fatigue
strength of its welded structures is a relevant issue. [1]

1. FINITE ELEMENT MODELING
Finite element method modeling of the bogie frame
For the finite element analysis the researcher has selected the motor bogie frame between the two kinds of
AALRT bogie frames. That is motor bogie frame and
trailer bogie frame. [3]
1.1 Fatigue Simulation Process using fatigue Simulation program, FEMFAT
A simulation tool for fatigue assessment is FEMFAT,
developed by the Austrian company Magna Steyr. It is a
well-established software used by various companies in
the automotive and engineering industry. It carries out
fatigue assessment based on the results of finite element
analyses. The software consists of different modules.
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FIGURES

The FEMFAT MAX module is used for analyzing components subjected to multi-axial loadings and it allows a
superposition of multiple stress states. All analysis
within this Thesis were carried out with FEMFAT MAX
version 5.0. In the following section the simulation
process for fatigue assessment of the bogie frame is outlined. FEMFAT WELD sensitivity analysis helps assessing the influence of variation in weld geometry parameters on fatigue results. [2]

1.1 Modeling using CATIA

Weld parameters:Degree of weld penetration- η
Seam thickness-a
Seam inclination angle-α
Weld Gap
1.2 Joint Types for Sensitivity Analysis
There are different types of weld joints such as: - TJoint 45 0, T-Joint 90 0, Y-Joint, Butt Joint and Overlap
Joint. In her fatigue analysis of the bogie frame the researcher has taken the welding type of T-Joint 90 0. The
welding type is demonstrated in the following table. [2]

Fig.1. - Modeling of the bogie frame and connecting by seam
welding using CATIA
1.2 Geometry of bogie frame using ANSYS work bench
for Exceptional loads

TABLE 1
Weld Qualities for welding Parameters of T- Joint 90 0 [5]

Weld Climb Angle α

Good
Quality
1100

Standard
Quality
1000

Poor
Quality
900

Weld Thickness a

15 mm

10 mm

7 mm

Gap Dimension

0 mm

1.67 mm

5 mm

Degree of penetration
η

100%

50%

0%

Among the lables that justify different qualities of welding paramaters the researcher has choosen the poor
quality in order to get the output results at the worest
condition and to check the consquences of poor welding
performances.

Fig.2. - Geometry of the bogie frame and applied forces on
the frame
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1.3 ANSYS Results
Static analysis results for the bogie frame
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1.4 FEMFAT WELD Pre-Processing

Fig.4 . - Input files in FEMFAT

1.5 FEMFAT WELD Post-Processing
RESULTS with FEMFAT WELD Module
Without Sensitivity Factor

Fig.3. - Static structure analysis deformation and Equivalent
(von - Mises) Stress results

Fig.5. - Local S-N curve Without Sensitivity Factor
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Fig. 7. - Damage value without any sensitivity factor

Fig.6 . - Fatigue Limit without any sensitivity factor
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Fig.10. - Fatigue limit at small seam thickness sensitivity
Fig.8. -Endurance Safety Factor without any sensitivity factor

1.6 RESULTS with FEMFAT WELD Module sensitivity
seam thickness

Fig. 9. - Local S-N curve at small seam thickness
sensitivity

Fig. 11. - Damage value at small seam thickness sensitivity
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III. DISCUSSION
This paper focuses on assessing the bogie frame fatigue
life at its welded joints, by employing the sensitivity
effect of different weld geometry parameters.: - seam
thickness, inclination angle, penetration degree and
weld gap, but the presenter has selected weld seam
thickness parameter in her thesis because all weld parameters have similar output values. The output results
that have been obtained during the analysis of the research shall be demonstrated in the following paragraph.The maximum damage result which is 30 in number is much exaggerated; it is because the weld quality
that the researcher has taken is poor. Whereas the fatigue limit at each analytical outputs has been proved to
be the recommended value which is 282 N/mm2. The
endurance safety factor has a maximum value of 1 and a
minimum value of -5.11. At the welded joint which is
the critical point of the frame has a value of safety factor -5.11 which is below the anticipated value. Therefore the welded joints need better treatment. The maximum damage, fatigue limit and endurance safety factor
values are similar to that of the output results without
Sensitivity Factor, on the other hand the minimum damage and fatigue limit are different, which means they
have got less value. This is because small seam thickness minimizes the welding quality and its safety.

Fig.12. - Log 10 Endurance safety factor at small seam thickness sensitivity

As it is mentioned earlier in the abstract attached the
purpose of this study is analyzing the fatigue durability
of the welded bogie frame of AALRT. In the current
simulation processes the FEMFAT software is used to
evaluate the fatigue life of the component. The multiaxiality of the stress state needs to be taken into account
for the case of failure in order to obtain reliable results.
The researcher has conducted the analysis on welded
bogie frame model. From the post processing of FEMFAT different results have been found such as S-N
curve with endurance and cycle limits, fatigue limit,
damage and safety factor in different weld geometry
parameters . Those results show that seam welded joints
are highly sensitive area to failure and leads to a minimum component`s fatigue life. Hence it is essential to
present different results as an output to predict accurate
seam weld life. The maximum damage result which is
30 in number is much exaggerated result comparing to
that of the reviewed research papers; it is because the
weld quality that the researcher has been taken is poor.
Whereas the fatigue limit at each analytical outputs has
been proved to be the recommended value. The endurance safety factor has a maximum value of 1 and a
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minimum value -5.11 at the welded joint, which is below the anticipated value. Therefore a special attention
should be given to the welded joints. Based on sensitivity seam thickness results, it is possible to conclude that
welded connections are almost nearer to failure because
they are highly exposed to residual stress.
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Selection of Maintenance Strategy by AHP Algorithm for
Light Rail Transit System
1

2

MulukenAssefa1, Daniel Tilahun2

Schoolof Industrial and Mechanical Engineering, Addis Ababa University Institute of Technology (AAIT),
Addis Ababa, Ethiopia,mulufruit@gmail.com
School of Industrial and Mechanical Engineering, Addis Ababa University Institute of Technology (AAIT).
Addis Ababa, Ethiopia

Abstract-The main objective of this research is identifying key maintenance factors and modeling maintenance
strategy by Analytic Hierarchy Process to select the possible priorities of maintenance strategy by using expert decision software. Selection of efficient maintenance strategy can be achieved by pair wise comparison of
identified functions. This qualitative survey assessed the opinion of 14 maintenance engineers and technicians,
among them 7 experts work in METEC locomotive assembly division. The research method comprises identification of maintenance factors and selection of possible maintenance strategies for Light Rail Transit system.
The analysis shows that Safety (38.2%) becomes the most critical factor on selection of maintenance strategy.
Value adding activities (20%), implementation cost (13.2%), support system integration (11.5%), implementation capability (8.2%), stock & material management (5%) and performance measurement (3.9%) are the
successive priority factors on implementation of maintenance strategy. The five strategies, Corrective Maintenance, Preventive Maintenance, Condition Based Maintenance, Reliability Center Maintenance and Total
Productive Maintenance are identified as a possible maintenance strategies. The analysis discovered that Total
productive maintenance is the most suitable strategy to be implemented for Light Rail Transit system and
Corrective maintenance is the least to follow. Finally sensitivity and sanity is checked for the analysis.
Keywords - Maintenance Strategy, Light Rail Transit (LRT), Analytic Hierarchy Process (AHP), Maintenance factors

1. INTRODUCTION
Maintenance with multi-directional activities, resources,
measurement and management has been important to
rail transport operation organizations. Maintenance exists because we have physical assets which deteriorate
[1]. However, in recent years the need to manage the
multiple factor of maintenance more effectively has
gained important attention due to changing operational
technologies and the changing organizational role of
maintenance. In the case of light rail transport organization, maintenance has a broader perspective. In such
organizations, the scope of maintenance has shifted
from a narrowly-defined operational perspective to an
organizational strategic perspective. The main challenges faced by organizations today are choosing the
most efficient and effective strategies to enhance and
continually improve operational capabilities, reduce
maintenance costs and to achieve competitiveness in the
industry [2]. Implementation of efficient maintenance
system early on the initial establishment of a business
organization has good opportunity if it is carefully studied and designed with overall objective of an organization.

[3] Showed that most Swedish firms, i.e. about 81%, use
the accumulated knowledge and experience within the
company as a method for maintenance selection. Besides, about 31% use a method based on modeling the
time to failure and optimization. About 10% use failure
mode effect and criticality analysis (FMECA) and decision trees and only 2% use multiple criterion decision
making (MCDM). On problem investigation phase of
this research, it is observed that most of Ethiopian organizations also use their own experience or the overall
government policies as their maintenance strategy.
Therefore, there should be a need to develop effective
maintenance strategy, which can achieve the overall
goals of the maintenance activity in a cost effective way.
This research tries to use one of MCDM approaches,
AHP as a method for selection of maintenance strategy.

2. REVIEW OF MAINTENANCE FACTORS,
STRATEGY AND AHP ALGORITHM
2.1 Maintenance factors
Usually maintenance strategy consists of various critical
success factors that are necessary to achieve the overall
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goals for maintenance. There should be methods for establishing the relationship between the operational reliability, the condition of the railway vehicle, track related
infrastructure, maintenance work carried out and measuring the performance of maintenance strategy. Identification of maintenance key criteria is the most important
stage in the formulation of AHP model. To achieve this
task the research tried to identify 42 key maintenance
factors and 25 factors selected through first level questioner by factor analysis. The selected factors grouped as
7 maintenance factors. These are safety, implementation
cost, added value, implementation capability, performance benchmarking, stock and material management and
support system integration.
I. Safety
According to [4] the safety management system must
include systems and procedures for the review of the
management system at specified periods. Safety policies, procedures and guidelines maintains healthy working environment. Interruptions in operations due to failure may form a source of hazard to passengers, train
operators, workers and the nearby system. The maintenance management system should be fully integrated
with safety management system; therefore this research
outlined passenger safety, worker safety & system
safety as main factors to implement efficient and effective maintenance strategy. The higher the strategy ensures safety the higher the rank.
II. Implementation Cost
Maintenance cost usually consists of Direct costs; manpower, spare parts, tools, transportation, training and
methods. There are also Indirect costs which are all the
costs that may arise due to planned and unplanned maintenance actions, e.g., lost operations costs, accidents.
Those are not the only costs in maintenance organization. Approaching specific maintenance strategy will
cost significant amount of investment. This research
categorizes maintenance strategy implementation cost as
hardware cost, software cost, operation and maintenance
cost of the system and training & development of personnel to use special tools and methods to perform the
maintenance activities. The lower implementation cost
of the strategy the higher the rank.
III. Value Added
The customer requirement of light rail transit system is
realizing dependable passenger transport. Their satisfac-

May, 2017
tion is measured by factors like reliability, availability
and quality of service. In addition to providing mass
transit transport for the population the ultimate goal of
transport operation like light rail transit is gaining reasonable profit in order to cover the high cost of train and
infrastructure operation and maintenance management.
Proven quality combined with value adding maintenance strategy concepts makes the operator meet the
highest standards in terms profit oriented business strategy. The higher the strategy ensures value adding factors the higher the rank.
IV. Implementation Capability
Once the maintenance strategy is selected the detail feasibility study should be checked. One factor of feasibility study is the firms‘ implementation capability. The
first indicator will be financial capability to invest on
selected strategy. For example strategies like CBM need
high investment on initial cost their financial profit will
be known at overall life cycle profit. The availability of
technology with personal capability combined with human and managerial willingness to implement is the
main factors of efficient maintenance strategy. The
higher the organization has implementation capability
the higher the rank.
V. Maintenance Performance measure
Maintenance performance measurement enables a solid
basis for establishing where maintenance related improvements are most appropriate at any given time [5].
Performance measures can be classified in a number of
ways. Maintenance Performance measurement system
can be used for strategic and day-to-day operations of
the organization, control implementations of improvements and monitoring of the cost centers. The research
categorizes the maintenance performance factors based
on [6] finding. The maintenance performance indicators
are equipment performance measure, maintenance cost
performance measure and maintenance process measures. The higher the strategy measures the performance
the higher the rank.
VI. Stock & Material Management
If there is maintenance there is also repair and replacement of parts. The parts and consumables are either purchased with the train or to be purchased when the damage occur that is depending on the firm‘s maintenance
philosophy. Stock keeping and material management
have significant contribution to the firm‘s business process but it needs high investment and man power. To
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have optimized spare part, material procurement and
stock keeping should be integrated with in maintenance
strategy formulation. Part availability, purchase planning and inventory control considered as stock and material management factors the higher the strategy suitable for material management the higher the rank.
VII. Support System Integration
In light rail transit maintenance and repair organization
the main function next to transport operation is maintenance department but that doesn‘t mean that it is the
only department in the organization. There are supports
functions like finance, procurement and material management, human resource management, marketing,
sales, Information technology, research & development
and engineering & technical support. If the competence
of the strategy to integrate the maintenance support department such as operation, procurement & material
management, Engineering and technical support & IT is
high the selection rank become high.
2.2. Maintenance strategy
Maintenance strategy is a Management method used in
order to achieve the maintenance objectives. [7] Maintenance Objectives are the targets assigned to or accepted
by the management and organization. The content in the
maintenance strategy is a mix of techniques and/or policies which depends on factors such as the nature of the
plant, maintenance goals or equipment that will be
maintained, work environment and work flow patterns [2].A number of maintenance strategies and concepts have been suggested by intellectuals or implemented by an organization internationally. Five of the
maintenance strategies selected for this research and
LRT operator experiences. The candidate strategies explained as follows:Corrective Maintenance is also referred as, failure
based maintenance, breakdown maintenance or run to
failure strategy[8]. It is the original maintenance strategy appeared in industry [9]. In this strategy an item is
allowed to fail before maintenance is executed. This
strategy is appropriate when the consequence of failure
is small. It can be used where the failure of equipment do not have a greater impact on availability or
service for productive use of an organization.
Condition Based Maintenance is a planned maintenance
approach where failure or break down of rolling stock
and infrastructure is avoided by using pre- diagnostics

May, 2017
tools.. Basically, this approach tries to forecast or
predict the wear and tear or life of equipment by
using different methods and accordingly recommends a
corrective action. This form of maintenance strategy as
defined by [10] maintenance is performed with the assistance of diagnostic tools, on a timely schedule; daily,
weekly, or monthly. The diagnostics equipment measures physical conditions such as temperature, vibration,
noise, corrosion, and other revealing signs, which may
lead to premature equipment failure [10]. This kind of
strategy needs high technology, sophisticated sensors
and diagnosis tools.
Preventive Maintenance strategy described by [11], It is
a maintenance strategy that reduces the frequency and
random failure by performing planned repairs, replacement, overhauling, lubricating, cleaning and inspecting
at specific time intervals. The intent of the PM strategy
is to minimize the probability of equipment failure prematurely by conducting maintenance before the failure
of the equipment. In this strategy replacement or repair
at a fixed time after the installation of facility is carried
out which is generally independent of its condition.
The time period used to construct a maintenance schedule can be either calendar time or component running
time.
Reliability Centered Maintenance (RCM) is a methodology that determines what must be done to ensure that
the asset continues fulfilling its intended functions in its
present operating context [12]. The success of this approach depends on the availability of failure data, analysis methods and operating experience to achieve its target. RCM has implementation difficulties due to unavailability of plant failure data. This maintenance strategy focuses on optimizing preventative and predictive
maintenance, which results in an increase in equipment
effectiveness while minimizing maintenance cost.
Total Productive Maintenance (TPM) the prime objective of TPM is to maximize equipment effectiveness
and productivity and eliminate all machine losses create a sense of ownership in equipment operators through
a program of training and involvement promote continuous improvement through small group activities involving production, engineering, and maintenance personnel[13]. Each enterprise has its own unique definition
and vision for TPM [14]. But in most cases there are
common elements and themes. These are Asset strategy,
Empowerment, Resources Planning, scheduling, Measurement, continuous improvement team, Processes, Systems and Procedures. This maintenance philosophy re-
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quires active participation by all employees in the organization, including management. This kind of maintenance focuses on increasing the overall equipment effectiveness (OEE). According to [3] OEE is an excellent
indicator of how well TPM is implemented in organization.

[21].By using the AHP approach, different levels of
contribution of the selection factors, criteria and sub
criteria towards selection of maintenance strategy are
identified.

2.3. AHP Algorithm

The overall research mainly includes five tasks. The
main research process is illustrated as follows.

The analytic hierarchy process (AHP) methodology,
which was developed by [15], it is a one of MCDM
method and it is powerful tool in solving complex decision problems. The AHP helps the researchers organize
the critical aspects of a problem into a hierarchical structure similar to a family tree. By reducing complex decisions to a series of simple comparisons and rankings,
then synthesizing the results, the AHP not only helps the
researchers arrive at the best decision, but also provides
a clear justification for the choices made [16].In the
AHP approach, the decision problem is structured hierarchically at different levels with each level consisting
of a finite number of decision elements. The upper level
of the hierarchy represents the overall goal, while the
lower level consists of all possible alternatives; one or
more intermediate level embodies the decision criteria
and sub-criteria [17].
In this research AHP is considered as an ideal systematic approach for several reasons. First, the AHP considers both qualitative and quantitative aspects of research
and combines them into a single empirical inquiry [18].
The AHP is able to adopt a qualitative way in building
the decision hierarchy and also uses a quantitative approach in data collection and analysis to test the attributes of the models by using a self-completed questionnaire. The AHP has the capability to combine various
types of criteria in a multi-level decision structure to
obtain a single score for each alternative to rank the alternatives among the available multi attribute approaches [19]. Second, the selection of AHP as a
method of analysis in this study is also determined by
the size of the sample population.
The AHP is an analytical method which permits a small
survey group [20]. It is thus helpful in collecting and
analyzing data from a small group of experts who have
real experience in maintenance management. This explains why the AHP is appropriate for use as a method
of test. Furthermore, the AHP provides a function of
seeking an expert‘s judgments and provides a consistency check which makes it a reliable way to determine
the priorities of a set of factors, which may then be incorporated into other evaluation systems [18]and

3. RESEARCH METHODOLOGY

I. Literature review: - The first step of the research is
gathering the maintenance critical factors from different literature and the researcher previous experience. Then forty two maintenance factors are collected.
II. Factor analysis: - The collected maintenance critical
factors are not equally important for the selection of
maintenance strategy. Therefore the identified factors
refined based on factor analysis with likert scale. For
this survey twelve rolling stock technicians and engineers are participated. As a result 25 critical factors
are selected as main indicators for the selection of the
strategy. Then the 25 sub-criteria further regrouped
by 7 main critical factors.
III. Modeling of maintenance strategy: - AHP Algorithm
is used to structure the decision problem into a hierarchical model. This involves the decomposition of
the decision problem into elements according to their
common characteristics. In this study, the hierarchies
illustrate the attribute for selecting efficient maintenance strategy selection for LRT system. The top
level is the selection goal (i.e. prioritization of critical
selection criteria for efficient maintenance strategy
selection), and following this are the selection factors
(main criteria) and selection sub-criteria the third
level) and finally the alternative maintenance strategy. Using criteria, sub-criteria and alternatives, a
hierarchical model is constructed to apply AHP algorithms. Then relationship among criteria and subcriteria are determined and reflected in the hierarchical model. Fig.1 below shows the hierarchical structure of the maintenance strategy selection model,
which includes four levels. The top level of the hierarchy represents the strategic goal of the model,
while the second level of the hierarchy consists of
seven main maintenance strategy selection criteria,
the third level of the hierarchy contains twenty two
sub criteria to fulfill the strategic goal and the last
hierarchy shows the possible alternative strategies.
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be implemented on light rail transit system. CM is the
list preferable maintenance strategy to be implemented
in light rail transit.

Fig.2. - The priority of alternative maintenance strategy.
Fig.1. - AHP model for selection of maintenance strategy

IV. Analysis and data collection
After formation of relationship modeling by AHP
algorithm the next step is the collection of data by
using AHP questioner the combined rating of all
experts‘ opinion on selection of maintenance strategy transferred in expert decision software and analyzed. Each set of pair wise comparisons was
checked for consistency and revised if necessary
until the maximum inconsistency was below ten percent, which is considered the minimum standard
level [15]. The results were synthesized throughout
the model to yield the overall priorities of the strategic alternatives.

According to the analysis 35.1% priority is given to
TPM strategy due to its involvement of the overall employee participation on maintenance. Moreover it is a
strategy which insures OEE through continuous improvement. Learning and team building are the core task
of this strategy. The strategy doesn‘t need expensive
initial investment rather most of the investment is in
work process and employees way of thinking. The least
selected strategy is CM 9.26%; CM lacks most of the
modern maintenance strategy.

V. Result and discussion
Quantitative data obtained from qualitative expert
judgment by using super decision software.

4. RESULT AND DISCUSSION
4.1 Result
After collection of data by using AHP questioner the
combined rating of all experts‘ opinion transferred in
expert decision software and analyzed. Each set of pair
wise comparisons was checked for consistency and
revised if necessary until the maximum inconsistency
was below ten percent, which is considered the minimum standard level [15]. The results were synthesized
throughout the model to yield the overall priorities of
the strategic alternatives. The result is demonstrated on
fig.2TPM is the most suitable maintenance strategy to

Fig.3. - Priority of maintenance factors (main criteria)

Based on the result of the analysis the experts give a
higher value for safety 38% and the lowest value is performance measurement 3.8%. Value adding activities
become the second perferable criteria 20% . Implementation cost 13.2% ,the power of the strategy to integrate
with the different system 11.5%, an organization implementation capablity 8.2%, the effectiveness in stock
&material management 5% have a significant impact
on selection of maintenance strategy.
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Fig.4. - Safety sub-criteria‘s priority
Fig.8. - Performance measurement sub-criteria‘s priority

Fig.5. - Value added sub-criteria priority

Fig.9.- Stock and material control sub- criteria‘s priority

Fig.6. - Implementation sub-criteria priority

Fig.10. - Support system integration sub-criteria‘s priority

4.2. Sensitivity analysis

Fig.7. - Implementation capability criteria priority

Sensitivity analysis was carried out by varying the
weights of the criteria and sub-criteria to determine the
stability of the decision reached by using the decision
model proposed in this study. Sensitivity is performed
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by selecting a criterion (or sub-criterion) and changing
its priority, redistributing the change among the other
criteria (sub-criteria), and recalculating the priorities of
the alternatives to observe if any change occurred in
their ranking. A graphical representation of sensitivity
for the implementation cost criterion is shown in Fig
11and Fig 12 .Criterion priorities are read from the xaxis; the alternatives‘ priorities are read from the y-axis.
In fig 11 the priority of the implementation cost indicated by the vertical line, is set to its original priority of
0.50. Sensitivity is performed by varying the priority of
the implementation cost criterion by moving the vertical
line and determining the corresponding alternative priorities. In Figure 12, it has been moved to the right to a
priority of about 0.70 and the order of the alternatives
has changed and shown on table 1.

Fig.12. - Sensitivity graph with implementation cost priority
set to 0.70

The same procedure as the previous by changing the
priority of the performance measurement indicated by
the vertical line, is set to its original priority of 0.50 in
fig 13 priorities of the alternatives are then read from
the y-axis at the points where the vertical line crosses
the alternatives‘ lines. In fig 14 the priority of the performance benchmarking indicated by the vertical line is
set to 0.9 the rank and values of alternative changed and
shown on table 2.

Fig.11.Sensitivity graph with implementation cost priority set to 0.50
Alternative
strategy

Sensitivity=0.5

Sensitivity=0.7

Rank
0.5

RCM

0.180

0.155

3

Rank
at
0.7
3

TPM

0.261

0.214

1

2

CBM

0.150

0.115

5

5

CM

0.251

0.333

2

1

PM

0.165

0.183

4

4

Fig13. - Sensitivity graph with performance benchmarking
priority set to 0.50

TABLE I
ALTERNATIVE RANKING WITH IMPLEMENTATION
COST PRIORITY CHANGE FROM 0.5 TO 0.7

Fig.14. - Sensitivity graph with performance benchmarking
priority set to 0.902
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Alternative strategy

Sensitivity=0.5

Sensitivity=0.9

Ran
k 0.5

RCM

0.283

0.331

TPM

0.332

CBM
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Rank
at 0.9

[5.]

2

1

[6.]

0.315

1

2

0.208

0.200

3

3

CM

0.068

0.048

5

5

PM

0.110

0.180

4

4

TABLE II
ALTERNATIVE RANKING WITH PERFORMANCE
BENCHMARKING PRIORITY CHANGE FROM 0.7 TO
0.902

Performing sensitivity on the criteria of safety, implementation capability, value added, part & material control and support system integration do not affect the first
ranked alternative, but in some cases RCM and CBM
switched. Similarly, sensitivity analyses of the subcriteria was also conducted and showed that the priorities of the first alternative will not change.

[7.]

[8.]
[9.]

[10.]

[11.]

5. CONCLUSION

[12.]

In this paper maintenance strategy selection procedure
for LRT system is illustrated by AHP algorithm. Super
decision software is used for analysis. .Five alternative
maintenance strategies are considered seven main decision criteria and twenty-five sub criteria have been determined. The criteria and alternatives structured by
AHP algorithm. The expert decision software estimates
the weights (priorities) of decision criteria using pair
wise comparison method. The result indicated that
safety is number one priority from maintenance strategic
factors followed by value adding factors. In addition, the
survey indicated that Total Productive Maintenance is
the most suitable strategy to be implemented for LRT
system and corrective maintenance is the least one.

[13.]
[14.]
[15.]
[16.]
[17.]
[18.]
[19.]
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Abstract — Wear is a natural phenomenon that exists when two bodies, which are in contact, perform a relative motion; this is also true for the wheel and rail of a railway vehicle. This wear is mainly dependent on the type of material they are made of. There is a tolerable level of wear that is safe to the railway operation. Once this critical wear
level is reached, it is mandatory to re-profile the wheel, grind the rail. However, after some time it will be worn out to
the level it can no more be used and the whole system must be replaced with a new one. This indicates that there is a
need to focus on the wear properties of wheel and rail materials in order to secure a safe and sustainable railway operation.
This research tries to set new combinations (pairs) of wheel and rail materials, simulate them for wear performance
using a multi body simulation software (SIMPACK). An important criteria for the comparison is the hardness and
strength of the wheel/rail materials. Then compare the wear rate of the different combination and identify for the
best material combination with the minimum wear rate. Based on the simulation it is found that a softer wheel material rolling on a relatively harder rail material has a minimum wear rate. But increasing the hardness of both wheel
and rails will not secure better wear performance. Safety is also considered in this research using the derailment coefficient parameter. Based on the minimum derailment coefficient value among the combinations those with better
wear performance showed a better safety.
Key words - Wheel/ rail materials, hardness, material combination, wear rate.

1.

INTRODUCTION

Wear is a natural phenomenon that exists when two bodies,
which are in contact, perform a relative motion; this is also
true for the wheel and rail of a railway vehicle. This wear is
mainly dependent on the type of material they are made of.
There is a tolerable level of wear that is safe to the railway
operation. Once this critical wear level is reached, it is mandatory to re-profile the wheel, grind the rail. However, after
some time it will be worn out to the level it can no more be
used and the whole system must be replaced with a new
one.
All the above process demands a lot of time, human effort
and costs large amount of money, so a small improvement
on the wear rate reduction could have a great impact on
such a large scale railway operation. There have been researches made to reduce the wear rate. One of the most effective approaches is to play on the material, as mentioned
above the material in which the wheel is made of is different from the one in which the rail is made.

There are different lists of materials for the rail and for the
wheel, which have been discovered by different researchers. All these materials are steel
based but with different hardness and other mechanical
properties. We can select or set new combination of materials like ER7 for the wheel and 60E1 for the rail. These
materials are recently used in Europe [4]. The word
‗combination‘, used in the above sentence is to indicate
that a matching between a wheel made of ER7 steel and a
rail made of 60E1steel material could be done for railway
operation. The aim of this research is to set new combinations (pairs) of wheel and rail materials, test them for wear
performance then compare the result with the existing
ones and identify for the best material combination.
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2.

PROBLEM DESCRIPTION

Different countries like China, America, India and German spend millions of dollars annually for repairing and
replacement of worn wheels and rails, for instance
America spent more than 900M dollars for wheel replacement in the year 2010-2011 and 32.2% of it is due
to wheel wear[6].
Researches show that improved rail materials like the
standard carbon steel grade R260 reduced wear rate significantly when it replaced the R200 half a century ago.
Recently improved materials like AAR (Association of
American Railroad) classes, AAR Class C, AAR Class
B, and ER7 are widely used for the wheel and Thyssen/
Krupp60E1 for the rail [5].The purpose of this research
is to find a better material combination between wheel
and rail for further reduction of wear rate, which in turn
reduces a great amount of expense. For this research I
will develop a model using SIMPAK software to simulate an actual wheel/rail interaction condition. Many
researches like the one done by Roderik A Smith focuses on a new material for the wheel/rail and some others perform a test for the wear behavior based on real
experimental setups. However, my research does not
aim to find for new sets of materials, instead I will perform a matching between the existing wheel and rail
materials and test for their wear behavior so that we can
identify the effective combinations of wheel/rail materials with minimum wear rate.

3.

4.1.1 Major Technical Parameters based on Addis
Ababa LRT specifications [24]











Tramcar Width: 2650mm
Tramcar Height: 3700mm
Track Gauge: 1435 mm
Minimal Curve Radius: 50m for mainline and
30m for parking garage
Minimal Vertical Curve Radius: 1000m
Tramcar Length: 28400 mm
Wheel Base: 1900 mm for power bogie and
1600 mm for driven bogie
Wheel radius = 600mm
Axle load = 25ton
Maximum operation speed = 70 km/hr

APPLIED METHODS

The methods used to do this research are the following: Data collection and study on recently used wheel/
rail materials.
 Vehicle modeling and simulation using SIMPACK
software.
 Result analysis

4.

May, 2017

MODELLING AND ANALYSIS

4.1. Vehicle Modeling Using Simpack

Fig.1. - Vehicle model

Fig.2. - Contact positions of the wheel-rail pair


Stiffness and Damping
- The stiffness and damping values used are: cx =
cy= 10 kN/mm (107N/m), cz= 5kN/mm (5*105N/
m), and dx = dy= dz= 20 kNs/m (2* 105Ns/m).
- Create a Force Element of type 5



Vertical Load
The same Force Element also exerts the vertical
load. Create a SubVar‘$_PS_Fz‘ with a value of,-50
kN. The minus sign is important because the force
direction is related to the Force Element‘sFrom
Marker: The guidance Marker must be ‘pulled‘ upwards, in negative z direction, in order to have the
wheel setpressed on the rails.
4.2. Wear analysis and results
For the test I used four new combinations of wheel
and rail materials and one material combination
with similar property with the Addis Ababa LRT
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specifications (Material combination 0), the material combinations used for this wear analysis are
presented as below.
4.2.1 Explanation on material combination
To make the concept material combination it is
enough to see fig. 26 material combination implies
simply a selection and matching of different standard
of rail and wheels. It has no connection with mixing
the materials of the wheel and rail chemically.

May, 2017

Material combination

200

0.6

0.5

1.3

≤0.05

240

Material com- Wheel
biantion1
Rail
Material com- Wheel

0.4

0.3

0.8 ≤ 0.05 ≤ 0.05

220

0.6

0.1

1.3 ≤ 0.04 ≤ 0.04

260

0.5

0.1

1.3 ≤ 0.025 ≤ 0.025

240

0.6

0.1

1.3 ≤ 0.03 ≤ 0.03

270

0.6

0.1

1.3 ≤ 0.04 ≤ 0.04

260

0.8

0.1

0.8 ≤ 0.025 ≤ 0.03

350

0.6

0.35 0.8 ≤ 0.05 ≤ 0.05

200

0.8

0.1

0.8 ≤ 0.03 ≤ 0.03

350

Material combination 1 Normalized

Normalized

Material combination 2 Whole heat
treated (hard)
Material combination 3 Rim heat treated
(hard)
Material combination 4 Normalized

Whole heat treated
(hard)
Whole heat treated
( very hard)
Whole heat treated
( very hard)

TABLE 1
HEAT TREATMENT OF THE SELECTED MATERIALS

4.2.3 Chemical composition and hardness of the five
material combinations

≤0.05

biantion2

Rail

TABLE 2
CHEMICAL COMPOSITION AND HARDNESS

4.2.4

Rail
Normalized

Hardness
S

≤0.05

Fig.3. - Explanation of Material combination, example:
- Material combination 0

Material combination 0 Normalized

p

0.35 0.8 ≤ 0.05

combiantion4

Wheel

Mn

0.4

Material com- Wheel
biantion3
Rail
Material
Wheel

Combination

Si

Material com- Wheel
biantion0
Rail

Rail

4.2.2 Heat treatment of the five material combinations

Chemical composition %
C

Material properties and important inputs for the
SIMPACK vehicle model

TABLE 3
SELECTED WHEEL/RAIL GRADES AND THEIR
PROPERTIES

4.2.5 Input for the SIMPACK model
The combined young‘s modulus [29]

Where:Ei is the young‘s modulus of material i.
Ej is the young‘s modulus of material j.
νi is the poisson‘s ratio of material I .
νj is the poisson‘s ratio of material j.
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Combined young‘s
modulus (Gpa)

Material combination 0
Material combination 1
Material combination 2
Material combination 3
Material combination 4

224.3
228.55
229.45
226.44
225.71

TABLE 4
COMBINED YOUNG‘S MODULUS
 Another important input for the SIMPACK model is

the poisons ratio as described in the above table.

5. RESULT

5.1. Wear analysis result, Wear number (Wear index)Iw

(b)
Fig. 5. -Maximum wear number for material combination 0,
(a) graphical representation and (b) SIMPACK output

Fig.4.- Wear results of the five material combinations using
SIMPACK

5.1.1. Maximum wear number (wear index)

Material combination

Wear index
(Iw),max
( N/mm2 )

Material combination 0

89.2698

Material combination 1

89.7228

Material combination 2

89.8164

Material combination 3

89.6633

Material combination 4

89.3419

TABLE 5
MAXIMUM WEAR NUMBER OF THE FIVE MATERIAL COMBINATIONS
5.1.2 Wear rate calculation
 Wear rate Kw (Iw) from equation (16)

(a)
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1. INTRODUCTION
"FORTSCHRITT ELECTRO - MECHANICAL
SERVICES PLC" /FEMS/
is established in 1997 by a group experienced professionals engaged in various Electro-Mechanical
works and consultancy.
2. Activities of the firm
FORTSCHRITT ELECTRO-MECHANICAL SERVICE PLC (FEMS)
has participated in various technical activities throughout the nation. The company
still carrying out some projects located at different regions in the country.

Some of our works include:
Design, Installation, Rehabilitation and Maintenance of electro-Mechanical
works. Such as High Voltage Sub stations, Electrical Distribution networks,
Waste Water Treatment Plants Supply and installation of equipment for Hotels, Hospitals and Factories,

Address:

CETU building, Bole Road Room No 001/1
P.O.BOX 13574
Addis Ababa Ethiopia
Telephone: +251-111-550-9545
+251-111-550-3938
Email: fems@ethionet.et/mannfe@yahoo.com
Contact Person:
Mr. Mulugeta Edea ö Managing Director
Cell Phone: +251-911-23666
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Wear rate, Kw(µg/m

Combination

mm2 )
Material combination 0

802.8

Material combination 1

830.8

Material combination 2

836.6

Material combination 3

827.1

Material combination 4

807.2

May, 2017
5.2. Derailment coefficient
The derailment coefficient is an indicator of the risk of
derailment of the vehicle. It indicates the safety level of
the vehicle.

TABLE 6
WEAR RATE OF THE FIVE MATERIAL
COMBINATIONS

5.1.3 Specific volume of material removed
 From equation (17)

Fig.7. - Derailment coefficient outputs

5.2.1 Maximum Derailment coefficient values
Combination
Material combination 0
Material combination 1

Specific volume of material removed
( mm3/m mm2 )
Rail
Wheel
0.103

Material combination 2

0.107
0.107

Material combination 3

0.105

Material combination 4

0.103

0.111
0.106
0.108
0.106
0.103

TABLE 7
SPECIFIC VOLUME OF MATERIAL REMOVED

(a)

(b)
Fig.6. - Specific volume of material removed

Fig.8. - Maximum derailment coefficient of Material
combination 0. (a) Graphical representation and
(b) SIMPACK output
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Combination

Derailment coefficient

Material combination 0

0.351391

Material combination 1
Material combination 2

0.3530
0.353967

Material combination 3

0.353946

Material combination 4

0.35176

May, 2017

TABLE 8
MAXIMUM DERAILMENT COEFFICIENT VALUES OF
THE FOUR MATERIAL COMBINATIONS

We know that µ depends on the material in contact and
it decreases as hardness increases. Which implies that
the derailment coefficient is greatly affected by the
hardness of the existing material of the wheel and the
rail as can be seen from the SIMPACK simulation and
the mathematical equation.

6. CONCLUSION
 Generally, as the hardness of the rail, increase there
Fig.9. Maximum derailment coefficient of the five material
combinations

5.2.1 Discussion on the derailment coefficient values

is a better wear performance but in the case of wheel
rail contact a better result is obtained when a relatively softer wheel material rolls on a relatively
harder material.

 Increasing hardness of both wheel and rail doesn‘t

secure wear rate reduction

 Specific volume of material removed highly depends

on the density of the material combination not only
on hardness.

 Softer wheel material with rim heat treated performs
Fig.10. - Forces at flange and tread contact [30]

Q, vertical load
Y, lateral reaction
F, component of tangential force in the transverse vertical plane
N, normal reaction
 Explanation
Derailment occurs when the vertical load Q is carried
entirely by the point of contact on the flange, and so the
derailment limit is defined by the minimum value of the
lateral reaction Y.

better wear property when rolled on a harder rail.

 Grade of material also affects the coefficient of fric-

tion that is necessary to keep the vehicle on track.

 We can see that material combination 0 has the best

wear performance for the wheel and material combination3 has the best wear performance for the rail.
But the combined effect of the wheel from material
combination0 and rail from material combination3
gives a better result. However, as the hardness increases the cost of material increases because of the
processes needed to attain high hardness, which
makes the initial investment, as well as replacement
cost expensive.
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―Investigation of wheel and rail wear under conditions
of sliding and rolling-sliding contact‖. 10th International Wheelset Congress, Sydney, Australia, October
1992

 As a combination, among the simulated combina-

tions material combination4 is the best in terms of
wear performance and have a good stability in terms
of derailment.
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Abstract - The paper aimed at developing overhead contact wire material (Cu-Ni-Cr), which has better sliding wear and corrosion resistance with moderately low cost, in view of the current Addis Ababa Light
Rail Train overhead contact wire (Cu-Ag). The sliding wear resistance, corrosion resistance and electrical
conductivities of the prepared copper alloys were investigated by using lab testing machines. The characteristics of worn surfaces of the copper alloys were analyzed by optical microscope. The dominated wear mechanisms are abrasive and adhesive wear in mechanical sliding frictional process. Among the copper alloys investigated, Cu- Ni-Cr which possesses highest corrosion resistance, quite good electrical conductivity and relatively high wear resistance (two times that of Cu-Ag). Based on the findings obtained in this work, it is suggested that Cu-Ni-Cr is found to be suitable for Addis Ababa light rail train and future national railway
overhead contact wire. However further investigation is needed with the application of electric current.
Keywords: Overhead contact wire, Sliding wear, Corrosion, Electrical conductivity

I. INTRODUCTION
Railway transportation is attracting attention as an effective means of modal shift in transportation. Currently; electrified railway system has vital environmental advantages that are becoming significant as
concern about climate change grows.
With technological advancements of electric railway,
speed up of train, prolonging lifetime and reducing
maintenance cost of the overhead contact wire are compulsory. Major efforts have devoted to solve these issues to meet the expectations of stakeholders. The properties of the contact wire are of the basic factors that
greatly affect the speedup of the train and the cost
of maintenance. To improve the quality of the contact wire, wear resistance and corrosion resistance of
the material should be enhanced.
To withstand the harsh service condition in real application, the electric contact wire made with the new materials should possess high hardness and mechanical
strength, high sliding wear and corrosion resistance and
good electrical conductivity.
A poor contact produces various drawbacks, including
bursts of arcing: if they have a long duration, locomotive efficiency may reduce and an excessive wear of
the pantograph strips and of the contact wire may

lead to maintenance problems, up to crashing of catenary [5]. Excessive wire wear can lead to breakage
causing the service to be suspended it will results maintenance cost. The costs linked to a service being suspended can be extremely high, although the most important factor is the consequence on the passengers affected so it has socio economic impact.
In the new network rail transport in Ethiopia if these
problems are not analyzed from the beginning and ignored, it will cost more in incidents, accidents, fatality
and excess maintenance cost. Therefore, it is very important to find a compromise that will allow maximum
usage of the wire without entailing any risk of breakage
and major efforts have been devoted to prolonging the
lifetime and reducing the maintenance costs of the
overhead catenary.
Addis Ababa Light Rail Transit uses Cu-Ag contact
wire and pure copper supports, but their contact wire
material has poor wear and corrosion resistance. Since
our country is introducing this technology, the contact
wire line system shall be characterized of safe and reliable performance, being able for satisfy the operation
requirements at the maximum operation speed of 80km/
h and in various environmental conditions. The aim of
present study is to develop the overhead contact wire
materials that have relatively better wear and corrosion
resistance with low cost and good electrical conductivity.
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II. LITERATURE REVIEW
The contact wire serves as a medium through which
electricity is supplied to the train using sliding contact
with pantograph of rolling stock. Both mechanical and
electrical considerations have to be acknowledged
when choosing material of the contact wire [1]. The
overhead contact wire is subjects to friction and corrosion at different degrees of severity depending on the
wire materials and the environmental conditions. Similarly external influences such as w i n d a nd humidity
can h a v e an effect on the rate of contact wire wear [4].
The wear behaviors of tribological pairs with electrical
current were different from those without electrical current [8].Wear is due to mutually related mechanical and
electrical factors. According to[10],the most influential factors are the material and collector strip are made
of, the contact force, the current intensity and the
speed of the vehicle. Irregularities in the wire and particularly singular spots with local variations in stiffness
cause contact losses between the pantograph and the
catenary, [10], [11], [12], and [13]. These accelerate
the wear process at a local level.
The over head contact wires are designed to give high
resistance to wear, corrosion and have good electrical
conductivities to prolong service life. Copper alloy conductors are preferred instead of pure copper [2].There
are different researchers who have conducted on developing and improving materials for train overhead contact wire by considering their electro mechanical property. Among those researches; the paper on the
―Sliding wear behavior of copper alloy contact
wire
against
copper-based strip‖ they developed
CuAg Cr alloy in order to compare to that of Cu Ag
alloy. Finally; they found that the Cu Ag Cr alloy wire
had much better wear resistance because of the addition of Cr [3].
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terials have chosen by considering both mechanical and
electrical properties. Table1 shows wear resistance, corrosion resistance, hardness and electrical conductivity of
selected materials.
After having the appropriate materials to get the needed
percentage composition, calculation was conducted. The
chemical composition of copper alloys before melting
process is presented in Table 2 below. Following
amount preparation the melting process was carried out
by graphite crucible with oil furnace at Yalew garage.
The materials were melted according to their melting
temperature. Finally; Pins of diameter of 13 mm and
length of 13 mm were prepared by lathe machine at the
Mechanical Workshop of AAiT. As a sample, Fig.1
shows the copper alloy pins Cu-Ni-Si-Cr and Cu-Ni-Cr
after melting and machining process. With collaboration
of Hebert Manufacturing Industry, the chemical composition and hardness of the prepared copper alloys were
obtained by using spectrometer and Vickers hardness
testing machine respectively.
Sliding wear, corrosion and electrical conductivity of
the copper alloys were tested by lab testing machine in
the department of Mechanical, Chemical and Electrical
Engineering laboratory respectively.
(a)

Cu - Ni - Si - Cr

(b)

In Ethiopia, due to the early establishment of railway engineering sector there is a shallow or few
researches have been done on railway area. Specifically, on development of train over head contact
wire material, there is a huge gap of conducted research
in the area. Therefore this study is expected to reduce
this gap.

Cu - Ni - Cr

III. RESEARCH METHODOLOGY
For this experimental investigation, four industrial grade
materials like Cu, Ni, Cr and Si were collected from
Aka ki basic metals, Elsewdy cables and Gafat. The ma-

Fig.1. - Photographs of the copper alloy pins after melting and
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Material

Hardness

Wear
resistance

Resistance to
corrosion

Copper

low

low

low

Chromium

very high

very high

good

Nickel

high

high

very high

Silicon

good

good

high

Source: Copper Development Association
TABLE 1
PROPERTIES OF SELECTED MATERIALS FOR THIS
STUDY
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test. The test was conducted by corrosion
studies kit and the copper alloys were embedvery high
moderate
ded in pure
distilled
good
high
water, 3.5%Nacl solution and acid rain solumoderate
low
tion for 3 to 10 days.
moderate
higher
After the experiment has
been comple- ted, reweighed the specimen and Put the gram difference
which indicates the corrosion part.
Electrical
conductivity

Cost

Electrical Conductivity Test
After knowing t h e chemical composition
Chemical composition in %
and later the hardness test and the electrical
conductivity test was conducted at room
Material
Si Cr
impurities temperature .The resistance value of the four
Cu
copper alloys measured with the help of mulCu -Ni-Si-Cr 96.7with0.04% O2 2.4
0.003 0.077 <0.78
timeter from these value the resistivity and
conductivity value of the alloys can be
Cu-Ni-Si
99 with0.04% O2 0.503 0.14
<0.317
found.
Cu -Ni-Cr
- 0.193 <0.837
98.6with0.04% 0.33

O2
Cu-Ag

3.

(99.3Cu-0.08Ag) as per specification of ERC V. LABORATORY TEST RESULTS
AND DISCUSSION

TABLE 2
CHEMICAL COMPOSITION OF COPPER ALLOYS USED
FOR THE STUDY

IV. LABORATORY TESTS AND CONDITION
1.
Sliding Wear Test
Sliding wear tests of the alloys were conducted using a
pin-on-disc tribometer which simulated the tribological
conditions of sliding contact strip on overhead wires in
the railway system. The copper-alloys in the form of
cylindrical pins were forced to slide against a stainless
steel disc with a sliding velocity of 80 km/h at room
temperature under un-lubricated condition and normal
load up to 11N without electric current. The amount of
wear is determined by weighing the specimen before
and after the test using precession electronic weighing
machine. The worn surface and wear debris of the selected specimen after sliding wear test were then analyzed by optical microscopy.
2.
Corrosion Test
In order to simulate acidic and costal environmental
conditions the corrosion test was carried out with
3.5%NaCl solution, acid rain solution with 5PH and
distilled water under room temperature, while the current supply to the solution ended constant throughout the

1.
Sliding Wear Behavior
The plot of wear resistance with different normal
forces under constant velocity and time is shown in
Fig.2 below. The graph shows the wear resistance property of each material. Among the copper alloys Cu-NiSi-Cr has highest wear resistance followed by Cu-Ni-Cr
and Cu-Ni-Si. Cu-Ag possesses the lowest wear resistance. Moreover, the graph shows when the force increases the wear resistance of all material decrease because of high friction at the contact. The ranking of
sliding wear resistance at 3.5N, 5.5N and 7.5N and
at constant velocity in descending order is; Cu-Ni-SiCr>Cu-Ni-Cr>Cu-Ni-Si>Cu-Ag. Cu-Ag has highest
wear rate followed by Cu-Ni-Si .The copper alloy CuNi-Si-Cr has lowest wear rate. Addition of elements
such as Cr, Ni and Si to copper significantly improves the hardness and hence the wear resistance also
increases. Compared with CuAg, the wear resistance
was increased by 3 and 2 times for CuNiSiCr and
CuNiCr respectively. In general, the wear resistance of
the Cu based alloys increases with the increase in hardness.
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Fig.2. - Plot of wear resistance versus applied load

(b)

2.
Mechanism of Sliding Wear
The worn surfaces of the specimens were observed
by optical microscope. Figure below shows the
worn surface of copper alloys without the electrical
current under load of 7.5N at the sliding speed of
80km/h for 2 minute respectively. Friction is the
main factor of mechanical wear when the alloys
slide without electric current which includes abrasive
and adhesive wear mechanism.
On micro-scale, asperities of the harder surface press
into the softer surface, with plastic flow of the softer
surface occurring around the harder asperities. The detached mixture of metal and oxide debris acts as the
hard abrasive and causes abrasive wear. For adhesive
wear, the asperity junction of the sliding surfaces of
counter parts under normal contact force adhered together.

(c)

(d)
Fig.3. - Photographs of worn surfaces of (a) Cu-Ag;(b) CuNiSi ;(c) CuNiSiCr and (d) CuNiCr With load of 7.5N

(a)

In this Experiment, for the harder material which is
CuNiSiCr, the size of the wear debris is much smaller
as shown from the figure 3(c) and the smaller wear
particles were removed from the CuNiSiCr specimen
after the wear test and a lower degree of scratch is
observed .CuNiCr has also a good wear resistance the
size of the fragment is small as shown in figure 3(d)
so CuNiCr harder compare to Cu-Ni-Si and Cu-Ag.
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3.

Corrosion Behavior

The plots of weight loss in grams with different corrosion Medias are presented in Fig.4. From the graph below the corrosion effect is highest at acid rain solution
followed by 3.5%Nacl solution. The high weight loss
indicate the high corrosion rate and the low corrosion
resistance property of the material. From the ranking of
corrosion resistance for the corrosion Medias, Cu –Ag
is highly corroded followed by Cu-Ni-Si. Cu-Ni-Cr
has highest corrosion resistance.

May, 2017

RECOMMENDATION

 It is better to consider service life of contact wire

for future work since the overhead contact wire is
subjects to abrasion, friction, scraping, corrosion,
erosion and vibration, at different degrees of severity.
 For Addis Ababa light rail project and future na-

tional railway, it is suggested that for the future by
making further investigation with the application of
electric current , they can use this Cu Ni Cr material
as the over head contact wire.
 At acid rain solution the corrosion effect is high so

in order to promote safety issue that related to corrosion failure of overhead contact wire while implementing the project it is necessary to have protected environment beyond the contact wire material
property.
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Fig.4. - Plot of Corrosion media versus weight loss
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Abstract - The number of fatalities due to train–vehicle collisions at highway-rail grade crossings, the number
of pedestrian and bicycle fatalities at highway- and pathway-rail grade crossings has increased in the last
dozen years. While engineering solutions and education and enforcements initiatives have been proposed and
implemented, little is known as to their effectiveness to mitigate such incidents. This paper reports on safety at
rail grade crossings. Major areas that in need for improvement include (a) advancing consistent standards for
warning devices and treatments; (b) advancing consistent approaches for managing non-motorist risk; and (c)
continuing commitment to education, engineering, enforcement, and evaluation efforts by enabling stakeholders to provide adequate resources. The paper highlights the multitude of factors related to pedestrian
safety in this context, and provides information for researchers and practitioners involved in advancing safety
initiatives.
Key words- Pedestrian Safety, rail grade crossing, highway grade crossing

I. INTRODUCTION
The number of fatalities due to train–vehicle collisions
at highway-rail grade crossings, the number of non motorist fatalities at rail grade crossings has increased.
However the number of pedestrian fatalities has increased. Advancing pedestrian safety at rail grade crossings is a challenging issue for many reasons. Pedestrian
crossing incidents occur in different settings requiring
the coordination of different stakeholders with contextsensitive solutions. For example, incidents involving
violations at rail grade crossings are different from trespassing incidents away from such crossings. Note that
violations in this context can occur in three occasions
[33, p. 28]: (a) when a pedestrian enters the crossing
when the warning lights are flashing but before the gate
arms have begun to move; (b) when a pedestrian enters
the crossing when the gate arms are in motion, either in
their descent (before train arrival) or ascent (after train
departure); and, (c) when a pedestrian enters the crossing after the gate arms are in their horizontal position.
On the other hand, trespassing incidents involve individuals who are trespassing on railroad rights-of-way at
locations other than authorized grade crossings, including overhead and underground crossings. Other contextual distinctions regarding pedestrian crossing incidents
may include those at crossings that are exclusively used
by non-motorists in the vicinity of or within the area of

commuter rail stations vis-a`-vis those occurring at
highway rail grade crossings with attached sidewalks.
Furthermore, incidents in crossings with commuter rail
or light rail would require different countermeasures
than those occurring in crossings with freight rail. A
large array of treatments has been applied in different
rail grade crossing environments to improve the safety
of non-motorized users, but their effectiveness remains
difficult to assess [26]. This paper will highlight thematic areas related to pedestrian safety at rail grade
crossings that are primed for further research and policy
intervention. The presentation will synthesize literature
findings. The objective of the paper is to offer information for researchers and practitioners involved with
safety at rail grade crossings.

II. LITERTURE REVIEW
In this paper, the terms ‗pedestrian,‘ ‗nonmotorists ‘and‗ non-motorized users‘ will be used interchangeably to indicate crossing users who utilize pedestrian approaches to rail grade crossings. Such users include (obviously) pedestrians, pedestrians pushing a
stroller, cyclists (either on bike or off their bike), and
users on wheelchair using an exclusive pedestrian approach to a rail grade crossing.
The literature findings will discuss issues with warning
devices, accessible non-motorist signals, engineering,
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education and enforcement, engineering standards and
guidelines, intelligent grade crossings, and cost considerations. Such issues have received considerable attention and remain central in the discussion of pedestrian
safety but, to our knowledge, have never been presented
in a systematic manner. It would be worth noting that
other important relevant issues not frequently found in
the literature but identified by collecting secondary information from experts.
A.
Warning Devices
In an effort to ‗‗foster the exchange of information
among and experiences among transportation agencies
and organizations that are involved with pedestrian
crossings of railroad tracks,‘‘ the Federal Railroad Administration (FRA) compiled a report [37] on deployed
pedestrian safety devices at grade crossings that are not
included in the Manual on Uniform Traffic Control Devices (MUTCD). The report discusses both active and
passive devices. Active devices change their appearance
or position as soon as they receive a signal that a train is
approaching from a train detection system. Passive devices do not change their appearance or position.
Examples of active devices discussed in the report include audible/visual devices, such as low-rise flashing
pedestrian signals and multi-use path flashing light signals; short gate arms; and second train coming electronic warning signs. Examples of passive devices include highly reflective passive warning signs and channelizing devices, such as different types of fencing,
swing gates, and zigzag or Z-gates. According to the
report, various factors that should be examined during
device selection include (a) collision experience, if any,
at the crossing, as it involves pedestrians; (b) pedestrian
volumes and peak flows, if any; (c) train speeds, numbers of trains, and railroad traffic patterns, if any; (d)
sight distance that is available to pedestrians approaching the crossing; and (e) skew angle, if any, of the crossing relative to the railroad tracks.
A study evaluated the (preliminary) effects on pedestrian behaviour of the installation of a second train
warning train activated signal at a highway-rail crossing
near the Vernon Avenue Station on the Los Angeles
County Metropolitan Transportation Authority‘s Metro
Blue light rail transit line [19]. The pedestrian sidewalk
crossed two light rail transit (LRT) tracks and two
freight rail tracks. Two measures of pedestrian behavior
were examined: (a) the number of pedestrians entering
the track area at 15 s or less before a train entered the
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crossing and (b) the number of pedestrians entering the
track area at 6 s or less before a train entered the crossing with the flashers activated, a much riskier behavior.
The study compared pedestrian behavior before and after installation and found that the installation of the signal reduced the incidence of risky pedestrian behavior
by 14 % on the first benchmark and 32 % on the second
one.
B. Accessible Non-motorist Signals
Accessible pedestrian signals (APS) are devices that
communicate information about pedestrian timing in
non- visual formats such as audible tones, verbal messages, and/ or vibrating surfaces (MUTCD, Section
4A.01) [36]. According to a synthesis on best practices,
the new type of APS available can provide information
to pedestrians about the existence and location of the
pushbutton using audible tones; the onset of the walk
interval using a vibrotactile indication; the direction of
the crosswalk and location of the destination curb using
different audible tones for north/south and east/west
directions; the clearance interval using audible tones;
intersection geometry through maps, diagrams, or
speech; intersection street names in Braille, raised print,
or speech; and intersection signalization using a
pushbutton information message.
A description of these features is given in a series of
reports produced by Project 3-62, ‗‗Guidelines for Accessible Pedestrian Signals of the National Cooperative
Highway Research Program‘‘ [13–15]. Additional published guidelines are provided by the U.S. Architectural
and Transportation Barriers Compliance Board [35].
APS at rail grade crossings may assist disabled pedestrians with making better judgments in regard to safely
crossing the tracks at rail grade crossings. However,
research about APS use in such environments is limited.
Indeed Korve Engineering [20] found only limited research testing APS under field conditions in LRT environments and no additional research other than Blasch
[4] comparing the effectiveness of different APS in normal traffic conditions.
The study found there was a significant difference regarding their utility to provide a line of direction for
street crossing, but no significant differences in regard
to confidence and comfort of the user.
In addition, in the United Kingdom, Delmonte and Tong
[9] conducted a comprehensive analysis to identify solu-
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tions for improving safety and accessibility at grade
crossings for disabled pedestrians. More specifically,
the study conducted discussion groups with disabled
pedestrians, scored and ranked potential solutions, and
developed an industry-approved set of solutions. The
most promising solutions were grouped to create an
‗ideal‘ accessible grade crossing. However, these solutions have not been field tested yet.
C. Engineering, Education, and Enforcement
Under the Rail Safety Improvement Act of 2008 (P.L.
No.110-432), the U.S. Department of Transportation has
developed model railroad trespassing, vandalism, and
highway-rail grade crossing warning device violation
prevention strategies to assist State and local governments, and railroads. These strategies fall under three
broad categories: (1) expanding educational outreach,
(2) energizing enforcement, and (3) fostering engineering and sight improvements. Educational outreach involves public awareness programs helping nonmotorists to safely navigate grade crossings. Consistent
enforcement of traffic safety laws by State or local police and a sustained effort by the courts to impose penalties on violators discourage and deter non-motorists
from making poor decisions at grade crossings. A recent
report has published the latest compilation of state laws
and regulations affecting highway-rail grade crossings
[17]. Moreover, engineering improvements greatly reduce or prevent the potential for non-motorist-train collisions [38]. Finally, Fitzpatrick et al. [10] presents additional discussion about engineering treatments for light
rail, commuter rail, and streetcar rail services.
The Illinois Commerce Commission (ICC), and the
FRA initiated the Public Education and Enforcement
Research Study (PEERS) to measure the before and after change in the public‘s adherence to traffic safety
laws [33]. The study demonstrated a reduction in crossing violations and a dramatic reduction in the most dangerous pedestrian behaviour. Moreover, Khattak and
Luo [18] found there is a need for pedestrian and bicyclist outreach and education, especially for children 8
years old or younger. In addition, Lobb [25] suggested
that lessons learned about behaviour and consequences
from cognitive psychology may apply to pedestrian
safety at rail grade crossings.
D. Engineering Standards and Guidelines
The Federal Highway Administration‘s (FHWA‘s) Railroad- Highway Grade Crossing Handbook [27] provides
guidance about pedestrian crossings. Additional guid-
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ance is provided by the MUTCD (Part 8) [36], American Railway Engineering and Maintenance of Way Association (AREMA) Communications & Signal Manual
[2], and Code of Federal Regulations 49 (Part 234). In
addition, the FHWA‘s Handbook [27] identifies pedestrian crossing treatments and provides recommendations
for flashing light signals, second train coming signals,
dynamic envelope markings, pedestrian automatic gates,
swing gates, bedstead (maze) barriers, z-crossing channelization, and combined pedestrian treatments.
Different standards apply to at-grade crossings of LRT.
LRT has at least five different categories of operational
alignments all of which have criteria for the type of
warning systems needed at intersections based on the
maximum operating speeds. Usually at speeds under 35
mph, LRTs use the existing street traffic signal controls
in conjunction with priority and pre-emption controls
[23]. At speeds above 35 mph, Active Warning Railroad
systems are used in conjunction with adjacent traffic
signal controls [21]. Additional guidelines for improving pedestrian and motorist safety along LRT alignments are reported in [8].
In California, CalTrain developed their own design criteria regarding grade crossings and began implementing
them in 1999 [6]. These standard practices utilize active
warning devices similar to those at vehicular crossings:
signal equipment modified from that of vehicular crossing, crossing gate arm, and a crossing configuration
which channels pedestrians. Different design criteria
apply for pedestrian crossings in general regarding
warning time, center fence, warning devices, safety
buffer zone, warning assemblies, gate recovery, as well
as pedestrian crossings at stations, at stations and roadway, and crossings between roadway crossings.
The American Public Transportation Association
(APTA) provides guidance for rail transit systems for
selecting, installing, and operating highway-rail transit
grade crossing warning systems and includes minimum
requirements for highway-rail grade crossing warning
devices, highway traffic signs, and other highway traffic
control appliances [1]. Particular recommendations are
made for pedestrians at rail grade crossings.
The California Public Utilities Commission (CPUC) has
published extensive design guidelines for pedestrian-rail
crossings within the state of California [5]. Their review
of design considerations and installations includes recommendations for swing gates, detectable warnings, and
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pedestrian gates, flashing light signal assemblies, signage, crossing surfaces, channelization design, and other
treatments. Signage must conform to the state MUTCD.
The report makes a particular reference to the Transportation Research Board‘s Transit Cooperative Research
Program (TCRP) Report 69 Section 3.8.3 [21] which
provides a decision tree as a tool to determine appropriate pedestrian rail at-grade crossing treatments. In addition, a risk-scoring methodology to evaluate safety factors at station pedestrian crossings is in use in the
United Kingdom [34].

guidelines, intelligent transportation technologies. To
the extent that such issues would need to be addressed
whenever new safety treatments are being planned, designed, implemented, and evaluated, it is also clear that
very few, if any, studies have delved into these issues in
a holistic manner.

A risk assessment methodology for pedestrian grade
crossings is part of the Australian Level Crossing Assessment Model (ALCAM) still under development [11,
32]. The model is an assessment tool used to identify
key potential risks at level crossings and to assist in the
prioritization of railway level crossings according to
their comparative safety risk. ALCAM uses a scoring
algorithm which considers each level crossing‘s physical properties (characteristics and controls) including
consideration of the related common human behaviors,
to provide each level crossing with a ‗‗Likelihood Factor‘‘ score. This score is then multiplied by the level
crossings ‗‗Exposure‘‘ score (a factor taking into account the volumes of Vehicles/Pedestrians and Trains)
and finally multiplied by the Consequence score (which
is set to be one for pedestrians) to give the ALCAM
Risk Score.

 What types of non-motorist safety treatments have to

E. Intelligent Grade Crossings
Interesting new developments in the area of Cooperative
Intelligent Transportation Systems (ITS) may bring to
bear applications that could dramatically affect safety
for non-motorized users in grade crossings in the not so
distant future. Vehicle-to-vehicle (V2V), vehicle-toinfrastructure (V2I), and vehicle-to-consumer devices
(V2D) are being developed to deliver more safety mobility benefits. Pedestrians and non-motorized users, in
general, at rail grade crossings will be able to receive
personalized advance warning of incoming trains in
time to avoid injuries and fatalities.



Synthesis
It is evident from the previous literature review that
there is a considerable body of research that has studied
several dimensions of the problem regarding improving
pedestrian safety at rail grade crossings. These research
efforts have investigated issues with warning devices,
accessible nonmotorist signals, engineering, education
and enforcement strategies, engineering standards and

F. Initiatives for researches
The Problems that need to be concentrated by researchers and practitioners involved in advancing safety initiatives are:
be installed at rail grade crossings?
 What types of APS have to be designed and in-

stalled?
 What information to be collected on cost estimates














and/or actual costs of the warning systems that have
already installed?
How to evaluate the cost effectiveness of such safety
treatments?
What criteria need to be for the selection of warning
devices for deployment?
What engineering standards and guidelines have to
be applied to such crossings?
What are the educational outreach activities (e.g.,
public awareness programs, partnerships with other
organizations, etc.). How effective are they?
What are the enforcement initiatives (e.g., police,
courts). How effective are they?
What is the overall budget for safety at grade crossings? For pedestrian safety?
The percentage of cost breakdown among engineering, education, and enforcement activities?
What funding sources to promote pedestrian safety at
rail crossings?
What are the policies/warrants/standards for using
warning signs for non-motorized users at rail grade
crossings (e.g., minimum warning times at/near to/
far from commuter stations, design/installation/
operational guidelines, etc.)?
What state and local regulations in addition to federal
regulations apply to non-motorized users at rail grade
crossings in your area?

III. FOCUS AREAS FOR IMPROVING PEDESTRIAN
SAFETY
A.
Prioritization of Safety Upgrades
The safety upgrades at dedicated pedestrian crossings
are not prioritized as highly as those at rail-highway
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grade crossings unless these two types of crossings are
adjacent to each other (e.g., adjacent sidewalks on one
or either side of a rail-highway crossing extending to the
other side of the tracks).
B. Engineering Standards
Based on substantial passenger, commuter, and freight
rail operations are leading the effort to develop guidelines and engineering standards for safety improvements. Moreover, it is likely that pedestrian safety at rail
grade crossings will benefit in the longer term by the
increasing consistency in standards for warning devices
and treatments among organizations responsible for this
task. As an example of standards consistency, the definition of advance preemption in MUTCD looks the
same as the one in AREMA and Institute of Transportation Engineers (ITE) documents as well as in APTA
standards.
The requirement for extra warning time for pedestrians
and motorists in grade crossings of high-speed rail operations is emerging as an additional issue for safety
upgrades at such crossings. Currently, the typical warning time at crossings where pedestrians may be present
is between 20 and 30 s for conventional speed trains. In
an environment with 110 mile an hour trains, there
would be a need to provide confirmation signals to the
train crew and the onboard computer that the crossing is
clear likely requiring a warning time of at least 80 s.
The question about how pedestrians will react to such
extended warning times at pedestrian crossings remains
to be determined. This is because currently most of the
warning time is built into the time that the train occupies
the crossing. When high-speed trains begin to operate,
most of the warning time is going to be built into the
time for the train approaching the crossing.
Therefore, there would be an extended warning time
where the crossing remains unoccupied while a highspeed train cannot even be seen on the horizon. This
situation will require ‗‗reeducation‘‘ of the public, especially in areas where crossings are very near to each
other.
C. Selection Criteria
Number of criteria are used for the selection of warning
devices for deployment at pedestrian- rail grade crossings including pedestrians collision experience at the
crossing, frequency of inclement weather, pedestrian
volumes and peak flows, train speeds, numbers of
trains, and railroad traffic patterns, surrounding land
uses, sight distance for pedestrians approaching the
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crossing, skew angle of the crossing relative to the railroad tracks, multiple tracks, vicinity to a commuter station, and installation/maintenance costs. Furthermore, to
discourage trespassers at or in the vicinity of grade
crossings, communities apply fencing, landscaping, prohibitive signs, video monitoring, education/outreach,
and enforcement.
D. Lack of Accessible Pedestrian Signals
The lack of APS at pedestrian-rail grade crossings is
mainly due to the shortage of dedicated funding for such
crossings. Such signal treatments need not convey the
type of messages needed in regular intersection street
crossings with more complicated traffic patterns. Occasionally, there are situations in grade crossing improvement projects where certain options are not available.
For example, in the absence of adequate right of way, it
usually becomes impossible to produce accessible sidewalks of the proper width in compliance with the
Americans with Disabilities Act (ADA) standards. Another reason for the infrequent use of accessible signals
(other than detectable strips and detectable yellow tiles
just ahead of the pedestrian gates) at rail grade crossings
is the lack of standardization among manufacturers.
E. Risk Management
The absence of consistent approach for managing the
risk at pedestrian-rail grade crossings that could assure
(a) the uniformity and continuity of data collection programs and administration of related databases on all
such crossings; (b) the analysis of risks at such crossings; (c) the prioritization of crossing upgrades; (d) the
introduction of suitable risk controls; and (e) the assessment of cost effectiveness of such measures.
The five-point program of risk management
(affectionately called the five ‗Es‘—‗Engineering,‘
‗Education,‘
‗Enforcement,‘
‗Enabling,‘
and
‗Evaluation‘) to increase safety at pedestrian (and vehicular) rail grade crossings. Note that the first three
‗Es‘ have been key underlying principles of Operation
Lifesaver in the USA. ‗Enabling‘ was added during the
formation in Britain of the National Level Crossing
Safety Group (NLXSG) in 2002, and is concerned with
providing resources, people, and systems to facilitate
progress with improving level crossing safety [24].
‗Evaluation‘ was added more recently, and has become
of particular interest in Europe where attention is being
paid to developing common reporting methods for level
crossings (i.e., types of crossings, numbers, and risk
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measurement), and being able to measure the effectiveness of programs. Little [24] defined these five ‗Es‘ as
follows:










Enabling: The provision of resources through people, procedures, and systems to allow the other ‗Es‘
to be effective.
Education: Increasing public awareness of the dangers of crossings and educating pedestrians, road
vehicle drivers, and other users how to use them correctly.
Engineering: The protection fitted to level crossings
through lights, horns, barriers, telephones, and signs
together with research into innovative means of increasing safety.
Enforcement: The use of laws to prosecute those
who endanger themselves or others by misuse of
crossings.
Evaluation: The idea as envisaged by the NLXSG is
to encourage organizations to set a baseline before
embarking on new initiatives so that the before and
after can be properly compared.

May, 2017
tained over time and place and use a variety of techniques to engage the user community. Campaigns for
commuter and light rail grade crossing safety can be
relatively more effective with the active participation
of the transit agency and a captive local audience exposed to the frequency of transit operations.
7. There is no consistent approach for managing risk at
pedestrian-rail grade crossings that could ensure (1)
the uniformity and continuity of data collection programs and administration of related databases on all
such crossings; (2) the analysis of risks at such crossings; (3) the prioritization of crossing upgrades; (4)
the introduction of suitable risk controls; and (5) the
assessment of cost effectiveness of such measures.
8. It is likely that pedestrian safety at rail grade crossings
will benefit in the longer term by the increasing consistency in standards for warning devices and treatments among organizations responsible for this task.
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የብረታ ብረት እና ኢንጂነሪንግ ንዑስ ዘርፍ ልማትን እንዲመራ በሚኒስትሮች
ም/ቤት ደንብ ቁጥር 182/2002 የተቋቋመ የፌዴራል መንግሥት ተቋም ነው፡፡
“ኢንስቲትዩቱ በ2017 በአፍሪካ ቀዳሚ በዓሇም አቀፍ ተወዳዳሪ የሆነ ቀላል የብረታ ብረት እና ኢንጂነሪንግ ኢንዱስትሪ
በመገንባት፣ሇከባድ ኢንዱስትሪ ልማት መሠረት መጣል” በሚል ራዕይ ሇሁሇተኛው ዕድገትና ትራንስፎርሜሽን ዕቅድ ስኬት
እየሰራ ይገኛል፡፡
አገራዊ የልማት ራዕይን ዕውን ሇማድረግና የተቋቋመበትን ተልዕኮ ከዳር ሇማድረስ በብረታ ብረት እና ኢንጂነሪንግ ልማት
ሇተሰማሩና ሇወደፊትም ሇመሰማራት ውጥን ላላቸው ልማታዊ ባሇሀብቶች ኢንቨስትመንት አቅም፣ የምርትና ምርታማነት አቅምና
የግብይት አቅምን በማሳደግ ላይ ትኩረት ያደረገ ተከታታይ ድጋፍ በመስጠት ኢኮኖሚው መዋቅራዊ ሽግግር እየሰራ ነው፡፡
በተሇይም የአዋጭነት ጥናት ማረጋገጫ፣ የቴክኒክና የማማከር አገልግሎት ድጋፍ፣የቴክኖሎጂ ሽግግርና ልማት፣ የፕሮጀክት
ጥናትና ትግበራ፣የአቅም ግንባታ ስልጠና፣ የምርቶች የፍተሻ አገልግሎት፣ ውጤታማ የምርምርና የምርት ልማት ሥራ
በማከናወን የኢንዱስትሪው ምርትና ምርታማነት እንዲያድግ በመስጠት ላይ ነው፡፡
የብረታ ብረት እና ኢንጂነሪንግ ኢንዱስትሪ ልማት ዘርፍን ሇማሳደግ መንግሥት ተመጣጣኝ የማበረታቻ ሥርዓቶችን ዘርግቶ
ተግባራዊ በማድረግ ላይ በመሆኑ ሀብትና ዕውቀቱን አቀናጅቶ ኢንቨስት ሇሚያደረግ ልማታዊ ባሇሀብት ሁለ ሰፊ የኢንቨስትመንት
አማራጮች አለ፡፡
በአሁኑ ጊዜም በንዑስ ዘርፉ የአርማታ ብረት አምራች ኩባንያዎች፣ የስቲል ፕሮፋይል ኢንዱስትሪዎች፣ማሽነሪና ኢኩዩፒመንት
አምራቾች፣ የአውቶሞቲቭ ኩባንያዎች፣አልሙኒየም ፕሮፋይ፣ የኤሌክትሮኒክስና ኤሌክትሪካል ኩባንያዎችና ሌሎች ኢንጂነሪንግ
ምርቶች በኢንቨስትመንቱ ሥራ ላይ ተሰማርተው የሚገኙ ሲሆን ከፍተኛ አቅም ይዘው ንዑስ ዘርፉን ሇመቀላቀል በፕሮጀክት
ትግበራ ላይ የሚገኙ ድርጅቶችም በእንቅስቃሴ ላይ ይገኛለ፡፡
ኢንስቲትዩቱ እነዚህን ሇመቀላቀል ፍላጎት ያላቸውን ልማታዊ ባሇሀብቶች ተቀብሎ ሇማስተናገድ ሁሌም ዝግጁ መሆኑን
ያረጋግጣል፡፡

የንዑስ ዘርፉ ምርቶች በከፊል

አድራሻችን፡- ስልክ ቁጥር 251-116 29 30 06 ፋክስ 251-116 29 34 74
ኢ-ሜይል midi@ethionet.et ድረ-ገፅ www.midi.gov.et
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SINTEC ETHIOPIA
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Suppliers of
* Elevators and Escalators


Welding Electrodes



Welding Machines



Cutting & Grinding discs



Vehicle & Industrial Filtration
solutions

Engineering Solutions



Generators



Pumps

Design and Fabrication of
structures and industrial parts.
Erection and commissioning of
plant and plant equipment
Rehabilitation and maintenance:
of plant and plant equipment
Service: Arc, MIG,TIG and power
welding and sheet metal
shearing, bending and rolling

Contact Us Tel: 251 11647 87 87/88
P.O.Box 7604
info@sintec.com.et
www.sintec.com.et

Fax # 251 11 6477883
Gurd Shola , Addis Ababa

