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OVERALL SUMMARY

The investigation described in this monograph was conducted within the framework 
of the FP7 project NEAR2 – Network of European-Asian Rail Research Capacities – 
from 2012 to 2014. One of the main tasks of the NEAR2 project was the creation of 10 
concept documents that would map the current situation along the Eurasian Railway 
land bridge in specific fields of expertise (based on the 10 poles of the European Rail 
Research Network of Excellence or EURNEX) and define future research needs based 
on identified gaps in technology and knowledge.

The monograph has been developed within the activities of three NEAR2 working 
groups (WG): WG6 “Safety and Security”, WG8 “Infrastructure and Signalling,” and 
WG10 “Training and Education”. So, the content of the monograph is based on the above-
mentioned concept documents of the NEAR2 project. The project had multiple aims:

1.	 To define topics related to railway safety and security that affect the achievement 
of interoperability and rolling stock operation of the European-Asian railway 
corridors

2.	 To identify the problems, needs, gaps, and barriers that exist and degrade the 
regular rail movement of goods between Europe and Asia

3.	 To identify future research needs and priorities that will support the formulation 
of a research agenda for the Eurasian land bridge

The monograph is based on the outcomes of the discussions that took place within 
the ambit of the NEAR2 project. The monograph serves to bridge the gaps in knowledge 
and technology in order to improve technical interoperability, traffic safety regulations 
and risk assessment, and rolling stock maintenance system. It also seeks to analyse 
railway infrastructure more efficiently and to identify interoperability problems, staff 
training and educational issues in the railways of the Eurasian countries.

The national rail networks of various Eurasian countries evolved heterogeneously 
over the past century, and relevant national technical interoperability, safety regula-
tions, and environment protection regulations were put in place, even before relevant 
international coordination existed.
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Three railway systems (geographical regions) were considered in this research work: 
the first, the railways of the countries in the European Union; the second, the Russian, 
Ukrainian, and Belarusian railways; and the third, the railways of Asian countries.

The monograph comprises seven chapters dealing with the particularities of rail 
safety regulation in different countries, technical aspects of safety and interoperability, 
infrastructure and signaling, rolling stock maintenance problems, locomotive slip and 
slide control, and training and education in Eurasian Railways.

Scope of the monograph

The present monograph aims at identifying and presenting a framework of actions that 
will allow the formulation of an appropriate scientific background and partnership that 
will, in turn, support the creation of a competitive Eurasian railway connection. Thus, 
the monograph focuses on the following:

1.	 Network application field, background and problem definition, objectives and 
study methodology, revealing of integrity of railway safety and interoperability; 
mapping of the current situation of infrastructure, and signaling; and staff train-
ing in Eurasian railways (Chapter 1).

2.	 Analysis and description of Eurasian railway infrastructure constituents and com-
ponents: maximum axle load, maximum train length, track gauge, static and dy-
namic clearance, maximum speed both of passenger and freight trains, variety of 
traction and signaling systems, particularities of track maintenance (Chapter 2).

3.	 Comparison analysis of rail safety and security systems in European and Asian 
countries; problems of traffic safety risk assessment; compatibility of rail safety 
policies in different Eurasian countries, and harmonization progress of safety 
policy (Chapter 3).

4.	 Description of rail safety certification stages and processes in European Union 
countries; certification time and cost; characterization of certification procedure; 
single rail vehicle certificate; description of certificate to access railway infra-
structure; the authorization of rail rolling stock (Chapter 4).

5.	 Explanation of technical aspects of railway safety in the Trans-Eurasian land-
bridge: progress of applying global intelligent systems; rolling stock devices in 
connection with the trackside system; rolling stock active and passive safety 
requirements and assessment; rolling stock maintenance quality impact on rail 
safety; research on locomotive driving wheel slip and slide control systems; mod-
eling of inter-failures of renewed rail vehicle fleet and improvement of locomotive 
maintenance system (Chapter 5).

6.	 Railway human resources, training and education issues; verifying the necessity 
to create the integrated/ harmonized rail education and training system in the 



12

Eurasian space based on international experiences; the rail educational standards, 
knowledge management tools and principles, e-leaning practices (Chapter 6).

7.	 Overall concluding remarks: identification of future research needs and priorities 
that will support the formulation of a relevant research agenda for the Eurasian 
land bridge; identification of common future research projects related to the 
main topics of the monograph, as well as to the combination of the interests of 
the Eurasian rail industry and undertakings (Chapter 7).
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ABBREVIATIONS

AC/AC	 Alternative current and alternative current system
AC/DC	 Alternative current and direct current system
AHP	A nalytic Hierarchy Process
ATM	A synchronous Traction Motors
ATP	 Automatic Train Protection
CD	 Concept Document
COTIF	 Convention concerning International Carriage by Rail
CSI	C ommon Safety Indicators
CSM 	C ommon Safety Methods
CST	C ommon Safety Targets
DC/DC	 Direct current and direct current system
EATL	E uro-Asian Transport Links
ERA	E urope Railway Agency
ERTMS	 European Rail Traffic Management System
ETCS	E uropean Train Control System
EU	 Europe Union
EURNEX	 European Rail Research Network of Excellence
HABD	 Hot Axle-Box Detection
HWD	H ot Wheel Detection
FAI	 First Article Inspection
GOST	R ussian State Standard
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IM	 Infrastructure Manager
IRIS	 International Railway Industry Standard
ISO	I nternational Organization for Standardization
JSC	 Joint Stock Company
ISO	I nternational Organization for Standardization
LG	 JSC “Lithuanian Railways”
LCC	 Life Cycle Cost
NSA	N ational Safety Agency
OSJD	 Organization for Cooperation of Railways
PDCA	 Plan, Do, Check and Act (Deming process)
RAC	R isk Acceptance Criteria
RAC-TS	R isk Acceptance Criteria of Technical System
RAMS	 Reliability, Availability, Maintenance, Safety
RU	R ailway Undertaking
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RZhD	R ussian Railways
SE	S tate Enterprise
SPAD	S ignal Passing as Danger
SMARTrail	 Sustainable Maintenance and Analysis of Rail Transport Infrastructure
SMS	S afety Management System
TACE	 Trackside automated control equipment
TAR	 Trans-Asian Railway
TSI	 Technical Specifications for Interoperability
TRACECA	 Transport Corridor Europe-Caucasus-Asia
UIC 	I nternational Union of Railways
UN	 United Nations
WILD	 Wheel impact load detector
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INTRODUCTION

The rapid development of Asian economies, particularly of China, India, and 
Kazakhstan, has dramatically increased the trade volumes between Europe and Asia, 
with the largest trading partners of Europe actually being located in Asia (Migliardi 
et al. 2012). Nowadays, the most significant trade loads are being transported between 
the two continents using maritime routes.

Rail transport, using both the existing and new land routes for the Trans-Eurasian 
land bridge presents a viable alternative to the maritime routes, and is gaining significant 
momentum. Due to the origins and current nature of this rail land bridge, numerous 
issues need to be resolved to bring the infrastructure, services, and operations to a 
modern state. Furthermore, to build the capacity to fully exploit the system’s potential 
adaptation of new technologies, interoperability solutions and optimized safety opera-
tions should be considered. In order to support this objective, NEAR2 proposes the 
creation of a rail research network along the Trans-Eurasian land bridge, exploiting 
the structure and leveraging the achievements of the existing European Rail Research 
Network of Excellence (EURNEX), thus engaging all the existing research centers in a 
continuous and fruitful international cooperation. 

The monograph contributes to the general objective of improving the competitive-
ness of the railway sector vis-à-vis other transport modes, especially in the Eurasian 
land bridge context. Three main factors that ensure the attractiveness and reliability of 
any mode of transport are:

1.	 Transportation speed (short duration) and punctuality/ reliability
2.	 Safety and security both of passengers and freight
3.	 Reasonable cost of service

One of the main tasks of this monograph is to map all the technological issues related 
to the achievement of interoperability along the EU-Asia railway network. The gaps in 
the existing knowledge in terms of barriers and potential solutions are also investigated, 
thus resulting in the identification of research needs and priorities. These issues are rail 
traffic safety, railway technical interoperability, compatibility of infrastructure, rolling 
stock maintenance system and technical conditions of rail vehicles; human resources, 
training and education. 
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Each chapter of the monograph identifies and analyses the relevant points in each 
topic of interest, while a more in-depth analysis of the most important ones follows. 
The goal of this analysis is the identification of needs, barriers, and urgent research 
recommendations in relation to the Eurasian railway corridor. 

Sustainability and integrity of Eurasian railways

The efficiency of an “operational” Europe-Asia railway link, like any railway system, is 
ensured through the rational operation of three components: the railway infrastruc-
ture, the rolling stock, and the transportation process. The rapid development of rail-
way systems requires that the issues of safety and reliability of passengers and freight, 
and increased costs and reliability of rolling stock maintenance system be looked into. 
Therefore, the development of new techniques and approaches to improve safety and 
reliability, and reduce maintenance costs is needed. Along this line, another issue that 
merits attention is the development of real-time detection techniques (trackside equip-
ment) and the establishment of intelligent monitoring systems. Generally, a smart mon-
itoring system is also necessary to find, prevent, and manage railway traffic risks.

The consolidation of the Eurasian railways is necessary to define the minimum 
requirements for maximum rolling stock safety and to enable seamless transport flow 
on the both European and Asian railways. 
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EURASIAN RAILWAYS  
NETWORK APPLICATION FIELD

1.1. Background and problem definition

The efficiency of the Europe-Asia railway links, like any railway system, depends on 
many factors including environmental safety and energy efficiency. UN support for 
the development of transport connections between Europe and Asia has a long his-
tory. The global project entitled “Capacity-building for Developing Interregional Land 
and Land-cum-sea Transport Linkages” carried out between 2003 and 2007 included 
a component focusing specifically on Euro-Asian transport links (EATL). It identified 
certain main EATL of international importance in order to connect the European and 
Asian networks, including nine rail routes. Among these routes there are seven routes 
that pass through the territory of Russia. It is therefore particularly important to know 
the current state and perspectives of development of infrastruture, referring to various 
technical aspects. Similar issues apply to other countries that are crossed by the rail 
lines considered within the context of the NEAR2 project; these are presented in the 
following sections.

In the context of the NEAR2 project, the network application field has been defined 
based on:

1.	 Existing alternative railway routes that connect Western/Central Europe to Asia 
and more specifically to Japan (via the Sea of Japan), China, and India.

2.	 Existing case studies of Europe-Asia cargo transportation by rail (RETRACK … 
2012; Emerson et al. 2009).

The indicative routes that have been selected for further analysis and examination 
are the following:

A: Connection: Western Europe–Russian Far East–Japan
A1: Via main Trans-Siberian railway network: 
Poland–Belarus or Ukraine–Russia (Moscow–Novosibirsk–Irkutsk–Vladivostok or 

Nakhoka)–Japan (Sea of Japan)
Total length: Warsaw–Vladivostok: 11,000 km

1
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B: Connection: Western Europe–China via the Trans-Siberian route and its branches 
B1: Via branch of the Trans-Siberian railway network and the Manchurian route: 
Poland–Belarus or Ukraine–Russia (Moscow–Novosibirsk–Karymskaya–Zabaykal-

sk)–China (Harbin–Beijing via Manchuria)
Total length: Warsaw–Beijing: 11,670 km
B2: Via branch of the Trans-Siberian railway network and the Trans Kazakh route: 
Poland–Belarus or Ukraine–Russia (Moscow–Yekaterinburg–Kurgan)–Kazakhstan 

(Petrovavlosk–Astana–Dostyk)–China (Lanzhou–Zhengzhou–Beijing)
Total length: Warsaw–Beijing: 11,670 km
B3: Via branch of the Trans-Siberian railway network and the Mongolian route: 
Poland–Belarus or Ukraine–Russia (Moscow–Novosibirsk–Ulan-Ude–Naushki)–

Mongolia (Zamyn Uud)–China (Beijing)
Total length: Warsaw–Beijing: 11,560 km
C: Connection: Western Europe–China via the TRACECA corridor (Silk Road)
C1: Via the TRACECA–Turkmenbashi rail route: 
C1.1: Western Europe–Slovakia (Bratislava)–Hungary (Budapest)–Romania (Bucha-

rest, Constanta) or Bulgaria (Varna)–Black Sea–Georgia (Poti–Gardabani)–Azerbaijan 
(Boyuk Kasik-Baku)–Caspian Sea–Turkmenistan (Turkmenabad)–Uzbekistan (Khodza 
Davlet–Keles)–Kazakhstan (Sary Agash–Almaty–Dostyk)–China (Lanzhou–Zheng-
zhou–Beijing)

Total length: Bratislava–Beijing: 10,090 km + (water route via Black sea = 1,270 km)
C1.2: Western Europe–Slovakia (Bratislava)–Hungary (Budapest)–Romania (Bucha-

rest)–Bulgaria–Turkey (Edirne–Istanbul–Sive–Kars)–Armenia (Akhurgan–Ayrum) or 
Georgia–Azerbaijan (Boyuk Kasik-Baku)–Caspian Sea–Turkmenistan (Turkmenabad)–
Uzbekistan (Khodza Davlet–Keles)–Kazakhstan (Sary Agash–Almaty–Dostyk)–China 
(Lanzhou–Zhengzhou–Beijing)

Total length: Bratislava–Beijing: 12,170 km + (water route via Caspian Sea = 270 km)
C2: Via the TRACECA–Aktau route: 
C2.1 (land detour of the Black Sea through Ukraine and Russia): Western Europe–

Slovakia (Bratislava)–Ukraine (Chop–Fastov–Dnepropetrovsk)–Russia (Rostov)–
Azerbaijan (Yalama–Baku)–Caspian Sea–Turkmenistan (Turkmenabad)–Uzbekistan 
(Khodza Davlet–Keles)–Kazakhstan (Sary Agash–Almaty–Dostyk)–China (Lanzhou–
Zhengzhou–Beijing)

Total length: Bratislava–Beijing: 12,885 km
C2.2: In C1.2 the section Caspian Sea–Turkmenistan (Turkmenabad)–Uzbekistan 

(Khodza Davlet–Keles)–Kazakhstan (Sary Agash–Almaty–Dostyk) is replaced by the sec-
tion Caspian Sea–Kazakhstan (Aktau–Makat–Kandagash–Sary Agash–Almaty–Dostyk) 

Total length: Bratislava–Beijing: 12,710 km
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D: Connection: Western Europe–China via the Central Corridor in Kazakhstan 
Western Europe–Poland–Belarus or Ukraine–Russia (Moscow–Aksaralskaya)–Ka-

zakhstan (Ganushkino–Makat–Kandagash–Almaty–Dostyk)–China (Lanzhou–Zheng-
zhou–Beijing)

Total length: Warsaw–Beijing: 11,645 km
E: Connection: Western Europe–India via the Trans-Asian railway route 
Western Europe–Slovakia (Bratislava)–Hungary–Bulgaria–Turkey–Iran–Pakistan–

India (New Delhi)
Total length: Bratislava–New Delhi: 7,970 km 
The above mentioned Trans-Eurasian railway routes are presented in Figure 1.
The countries involved in the creation of the Eurasian railway corridors are respon-

sible for ensuring compliance with the safety, health, and consumer protection rules 
applying to the railway networks in general during the design, construction, putting 
into service and operation of those railways. There are major differences between the 
national regulations and the internal rules and technical specifications which the rail-
ways apply, since they incorporate techniques that are specific to the national industries 
and prescribe specific dimensions, devices, and special characteristics. This situation 
prevents trains from being able to run without any hindrance throughout the EU railway 
network as well as in the Asian countries.

Over the years, this situation has created very close links between the national 
railway industries and the national railways, to the detriment of the genuine opening 
up of markets. In order to enhance their competitiveness at the global level, these in-
dustries require an open, competitive European market (TREN/R1/350-2008 … 2010). 
It is therefore appropriate to define basic essential requirements for the whole of the 
European Community which will apply to its rail system as well. 

Over the years, national rail networks have developed different technical specifica-
tions for infrastructure and rolling stock1, making it difficult and costly to run a train 
from one country to another. Also, different national rules–often overly complicated and 
not transparent–act as major obstacles for new railway companies looking to establish 
themselves in the market, or indeed for any company wanting to use rail infrastructure 
in different countries.

It must be stressed that, following the introduction of the respective railway pack-
ages, the level of railway safety (measured by indicators like the number of accidents 
and fatalities) has gradually increased. 

1	 Resulting, inter alia, in different gauge widths, electrification standards, and safety and signaling systems
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Figure 1. Indicative existing alternative railway routes for the connection of Western/
Central Europe with Asia

(source: Project NEAR². Deliverable D3.8 Concept Document  
“Infrastructure and Signalling”)

However, the EU Commission has received frequent complaints that the system of 
the railway authorities described above, although intending to address the persisting 
technical differences between national railway systems, incorporates different barriers 
that contribute, among other reasons, to the low degree of efficiency and competitive-
ness of the rail sector as illustrated by the problem tree of the fourth railway package. 
While in some member states the national authorities generally function efficiently, in 
others, the procedures they manage are long and costly; this is partly linked to their 
inadequate resources. At the same time, the interoperability and safety requirements, 
which in principle should have been aligned to common EU standards, still diverge 
significantly at the national level. The latter obstacles hamper, in particular, the pro-
cesses leading to the delivery by the National Safety Authorities (NSAs) of the safety 
certificates and the vehicle authorizations.  

The creation of an integrated European railway area, which quickened with the 
adoption of the second railway package in 2004, called for harmonized safety rules and 
improved “interoperability”2 – or technical compatibility – of infrastructure, rolling 

2	 Interoperability is the essential ability of a rail system to allow the safe and uninterrupted movement of 
trains which accomplish the required levels of performance for these lines.
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stock (rail vehicle), signaling, and other parts of the rail system, as well as less complex 
procedures for approving rolling stock for use across the European rail network. Specific 
EU legislation exists to promote a consistent approach to interoperability and safety 
and to overcome national differences.

The main legislative act in force in the field of safety is the Railway Safety Directive 
and in the field of interoperability, a recast of the Interoperability Directive. 

The Safety Directive applies to the railway system of member states and covers safety 
requirements for the system as a whole, including infrastructure and traffic manage-
ment, and the interaction between railway undertakings and infrastructure managers.

In this respect, the Safety Directive focuses on four major aspects, as follows:
3.	 Setting up, in each member state, of an authority responsible for supervizing 

safety
4.	 Safety certificates delivered in member states that are necessary for railway un-

dertakings to be granted access to railway infrastructure
5.	 Establishment of common safety indicators (CSIs) in order to assess that the 

system complies with the common safety targets (CSTs) and to facilitate the 
monitoring of railway safety performance

6.	 Definition of common rules for safety investigations
The Interoperability Directive aims at accelerating integration of the EU rail network 

through increased technical harmonization, guaranteeing a high level of safety (Proposal 
for a Directive  2013). It establishes conditions to be fulfilled to achieve interoperability 
within the EU rail system at the design, construction, placing into service, upgrading, 
renewal, and operation or maintenance stages. The gradual implementation of interop-
erability of the rail system is pursued through the harmonization of technical standards. 

Thus this Interoperability Directive covers:
1)	essential requirements with regard to safety, reliability, human health, environ-

mental protection, and technical compatibility of the system;
2)	the technical specifications for interoperability (TSIs) adopted for each subsystem 

or part of a subsystem pursuant to this directive;
3)	the corresponding European specifications. 

1.2. Objectives and methodology

The purpose of the research is to develop the sustainability of the Eurasian land bridge 
railways and improved access to the market for rail transport services. In the context 
described above, the European Commission sought the commissioning of a project 
on EU member states and third countries’ national civil liability regimes in relation 
to rail accidents occurring in the course of an international service between railway 
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undertakings (RUs) and infrastructure managers (IMs) insofar as they may present a 
barrier to the internal market.

The EU legislation on safety contains a definition of rail accidents. Article No3, (k) of 
Directive 2004/49/EC defines an accident as “an unwanted or unintended sudden event 
or a specific chain of  such events which have harmful consequences; accidents are 
divided into the following categories: collisions, derailments, level-crossing accidents, 
accidents to persons caused by rolling stock in motion, fires, and others.”3 

This monograph deals with the progress of railways interoperability, technical safety 
aspects, differences of various infrastructures, and development of human resources 
(high qualification employees) in Eurasian railways. A number of questions concern-
ing the progress of interoperability were discussed with the authorities, infrastructure 
managers, railway undertakings, and the supply industry representatives. 

The information needed for this monograph was basically gathered by the follow-
ing means.

1.	 Consultations concerning the study with the following stakeholders:
1)	European Commission (EC) regulation;
2)	European Railway Agency (ERA) activity;
3)	representatives of several countries–NEAR2 project partners and the third part;
4)	train operators;
5)	infrastructure managers; and
6)	the railway industry.

2.	O nline research (projects, studies, dissertations, publications, etc.).
Following these consultations and online research, the monograph team carried out 

its analysis. This involved discussions with EC and ERA officials. 

1.3. Integrity of railway safety and interoperability 

The different initiatives vis-à-vis interoperability are divided into three main domains 
(Impact Assessment … 2013):

I. Infrastructure governance: This involves ensuring that the infrastructure manager 
consistently performs a set of functions that optimise the use of infrastructure capacity, 
and that the organization of the IM guarantees non-discriminatory and safe access to 
the infrastructure and rail-related services.

3	 Directive 2004/49/EC of the European Parliament and of the Council of 29 April 2004 on safety on the 
Community’s railways and amending Council Directive 95/18/EC on the licensing of railway undertakings 
and Directive 2001/14/EC on the allocation of railway infrastructure capacity and the levying of charges 
for the use of railway infrastructure and safety certification (Railway Safety Directive), [2004] OJ L 164/44 
and [2004] OJ L 220/16, as last amended by Directive 2008/110/EC [2008] OJ L 345/62.
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II. Interoperability and safety: This involves removing the remaining administrative 
and technical barriers, in particular, by establishing a common approach to safety and 
interoperability rules to decrease administrative costs, to accelerate procedures, to in-
crease economies of scale for RUs, and to avoid disguised discrimination.

III. The interoperability and safety pillar: This involves assessing several ‘institutional’ 
options at the level of interaction between ERA and national authorities with the aim 
to: (a) enhance the effectiveness and efficiency of safety certification and rolling stock 
authorization processes, and (b) reduce the complexity caused by excessive national 
railway rules. As a separate option, a set of additional horizontal measures would be 
considered, which on their own could achieve the mentioned objectives, but could also 
be applied on top of the institutional options to reinforce the overall impact of reduced 
administrative costs or less fragmented markets. 

Several key problems of the railway industry are associated with the progress of 
interoperability, resulting, inter alia, in different gauge widths, electrification standards, 
and safety and signaling systems. Interoperability is the essential ability of a rail system 
to allow the safe and uninterrupted movement of trains which accomplish the required 
levels of performance for Eurasian railway lines.

This ability rests on all the regulatory, technical, and operational conditions, which 
must be met in order to satisfy certain essential requirements.

These essential requirements include:
1.	 safety and interoperability;
2.	 reliability and availability;
3.	 health;
4.	 environment; and
5.	 technical compatibility

1.4. Essential requirements for safety and health  
in railway operation

1. General requirements
1.1. The design, construction or assembly, maintenance and monitoring of safety-

critical components, and more particularly of the components involved in train move-
ments, must be such as to guarantee safety at the level corresponding to the aims laid 
down for the network, including those for specific degraded situations.

1.2. The parameters involved in the wheel-rail contact must meet the stability re-
quirements needed in order to guarantee safe movement at the maximum authorized 
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speed. The parameters of the brake equipment must guarantee that it is possible to stop 
within a given brake distance at the maximum authorized speed.

1.3. The components used must withstand any normal or exceptional stresses that 
have been specified during their period in service. The safety repercussions of any ac-
cidental failures must be limited by appropriate means.

1.4. The design of fixed installations and rolling stock and the choice of the materi-
als used must be aimed at limiting the generation, propagation, and effects of fire and 
smoke in the event of a fire.

1.5. Any devices intended to be handled by users must be so designed so as not to 
impair the safe operation of the devices or the health and safety of the users if used in 
a foreseeable manner, even if not in accordance with the posted instructions.

2. Health
2.1. Materials likely to constitute a health hazard to those having access to them, by 

virtue of the way they are used, must not be used in trains and railway infrastructures.
2.2. Those materials must be selected, deployed, and used in such a way that restricts 

the emission of harmful and dangerous fumes or gases, particularly in the event of a fire.
The initial measures taken in the rail sector were Directive 96/48/EC on the inter-

operability of the trans-European high-speed rail system, and Directive 2001/16/EC 
on the interoperability of the trans-European conventional rail system, amended by 
Directive 2004/50/EC. These directives were recast by Directive 2008/57/EC on the 
interoperability of the rail system within the community, which is currently in force as 
amended by Directive 2009/131/EC and Directive 2011/18/EU.

The interoperability directives put into place a system for conformity assessment 
against the TSIs, the placing into service of subsystems, and the placing of interoper-
ability constituents in the market. The roles of the key actors and bodies–such as notified 
bodies, contracting entities, and supervisory authorities–are established. Further, the 
directives mandate the development of TSIs which establish the technical interoper-
ability requirements that subsystems and interoperability constituents shall meet. It is 
expected that these measures will gradually create an open market for rail products and 
systems, create true operational rail interoperability at a European level, and reduce the 
high costs and burdens currently being experienced from the perpetuation of specific 
national technical solutions and systems. 

Five TSIs related to high-speed rail and three TSIs related to conventional rail are 
published. The progress of interoperability cannot only be measured through the na-
tional transposition of legislation, and it is important to determine the actual progress 
made with regards to the market for interoperable rail products and services, the num-
ber of subsystems in place, and the improvement in interoperability and reduction of 
technical barriers.
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Directive 2004/49/EC on the safety of the community’s railways, adopted as part 
of the second package (the ‘railway safety directive’), puts into place a harmonized 
framework and approach to rail safety and establishes the roles and responsibilities of 
the key actors, such as railway undertakings and infrastructure managers. The directive 
also requires member states to establish national safety authorities that are responsi-
ble for administering and managing some of the safety provisions described in the 
directive, and accident investigation bodies that will carry out investigations in order 
to establish their cause and background. The directive foresees the development of 
harmonized technical safety measures, such as CSTs and CSMs, and it is expected that 
these will establish links between the safety management of the railway and the tech-
nical requirements established by the TSIs. There is thus a clear relationship between 
interoperability directives and the safety directive, and technical solutions and safety 
shall be harmonized and established in a transparent manner, facilitating the removal 
of market entry barriers.

It is necessary for safety reasons to mandate that EU member states assign an iden-
tification code to each vehicle placed in service. The vehicle should then be entered in 
a national vehicle register. The registers must be open to consultation by all member 
states and by certain community economic players. The registers should be consistent 
as regards the data format. They should therefore be covered by common operational 
and technical specifications.

The adoption of a gradual approach satisfies the special needs of the objective of 
the interoperability of the rail system, which is characterized presently by old national 
infrastructure and vehicles requiring heavy investment for adaptation or renewal, and 
particular care should be taken not to penalise rail transport economically, vis-à-vis 
other modes of transport.

An urgent requirement is the preparation of a strategy to improve the interoper-
ability of rail transport and reduce bottlenecks with a view to eliminating technical, 
administrative, and economic obstacles to the interoperability of networks without 
delay, while guaranteeing a high level of safety and training of the staff concerned.

After a subsystem is placed in service, care should be taken to ensure that it is oper-
ated and maintained in accordance with the essential requirements relating to it. Under 
Directive 2004/49/EC of the European Parliament and of the Council of 29 April, 2004, 
on safety on the community’s railways (Railway Safety Directive) (1), the responsibility 
of meeting these requirements lies, for their respective subsystems, with the infrastruc-
ture manager or the railway undertaking. Member states can check compliance with 
these requirements when granting safety certificates and safety approvals pursuant to 
Articles No10 and No11 of the Railway Safety Directive.
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1.5. Compatibility of the Eurasian railway systems

The quality of rail services in Europe depends, inter alia, on excellent compatibility 
between the characteristics of the network (in the broadest sense, i.e., the fixed parts of 
all the subsystems concerned) and those of the vehicles (including the on-board com-
ponents of all the subsystems concerned). The performance levels, safety, quality of 
service, and cost depend upon that compatibility.

The future success of the Eurasian railway land bridge strongly depends on the use 
of feedback of experiences, the ability to monitor and measure the progress of inter-
operability and recognise the reasons for the lack of progress. 

While the interoperability provisions in the long run aim at allowing any com-
pliant train to run on large portions of the European network, making the train 
and the track work together on a given project seems to be harder now in practice 
than earlier, when the infrastructure management and train operations were not 
separated. The main obstacle for new market entrants is still perceived to be the 
persisting diversity in technical and operational requirements for trains, staff, and 
operations.

1.5.1. Major focus on railway safety

The Common Safety Methods (CSM) apply when a major modification to the rail-
way transport system is proposed. These methods harmonize the modification pro-
cess and guarantee the fact that the existing safety levels are properly monitored 
and maintained. The overall objective of these safety measures related to risk as-
sessment is to facilitate access to the railway transport service market and to allow 
cross-acceptance of the results of “EC regulation on common safety methods for 
risk assessment,” No. 402/2013, published in the Official Gazette, that will come 
into force in May 2013.

The CSM facilitate access to the railway transport service market and favor cross-
acceptance of the results of risk assessment by harmonizing the risk management pro-
cesses used to assess the safety levels and conformity of safety requirements, as well as 
the exchange of information between various players in the railway market with regard 
to safety assessment at the level of the various interfaces used in the railway sector; 
last but not least, they harmonize the results obtained by applying a risk management 
process (KEMA-RTC and DHV B.V. … 2007).

The structural scheme of TSI implementation is presented in Figure 2. 
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 (source: Project NEAR². Deliverable D3.6 Concept Document “Safety and Security”)

Starting in May 2013, this regulation will have to be applied to all the major techni-
cal modifications that affect vehicles, as defined in Article No2, letter (c) of Directive 
57/2008, as well as to all the significant changes related to structural subsystems, as 
defined in Article No15, paragraph (1) of Directive 57/2008, or in accordance with the 
corresponding TSI.

1.5.2. Railway subsystems 

1)	Structural subsystems of a huge railway system are: infrastructure; 
2)	energy; 
3)	control; 
4)	command and signalling; 
5)	rolling-stock. 

Railway functional (operational) subsystems are: 
1)	traffic operation and management; 
2)	maintenance; 
3)	telematics applications for passengers and freight.

1.5.3. Requirements specific to each subsystem

1. Infrastructure
1)	Appropriate steps must be taken to prevent access to installations or undesirable 

intrusions.
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2)	Steps must be taken to limit the dangers to which persons are exposed, particu-
larly when trains pass through stations.

3)	Infrastructure to which the public has access must be designed and made in 
such a way that limits any human safety hazards (stability, fire, access, evacua-
tion, platforms, etc.).

4)	Appropriate provisions must be laid down taking into account the particular 
safety conditions in very long tunnels and viaducts.

2. Energy
Operation of the energy supply systems must not impair the safety either of trains 

or of persons (users, operating staff, trackside dwellers, and third parties).
3. Control-command and signaling
The control-command and signaling installations and procedures used must enable 

trains to travel with a level of safety which corresponds to the objectives set for the 
network. The control-command and signaling systems should continue to provide for 
safe passage of trains permitted to run under degraded conditions.

4. Rolling stock (vehicle)
1)	The rolling stock structures and those of the links between vehicles must be de-

signed in such a way as to protect the passengers and the driving compartments 
in the event of a collision or derailment.

2)	The electrical equipment must not impair the safety and functioning of the 
control-command and signaling installations.

3)	The braking techniques and the stresses exerted must be compatible with the 
design of the tracks, engineering structures, and signaling systems.

4)	Steps must be taken to prevent access to electrically-live constituents in order 
not to endanger the safety of persons.

5)	In the event of danger, devices must enable passengers to inform the driver and 
accompanying staff to contact him.

6)	The access doors must incorporate an opening and closing system that guarantees 
passenger safety.

7)	Emergency exits must be provided and marked.
8)	 Appropriate provisions must be laid down taking into account the particular 

safety conditions in very long tunnels.
9)	An emergency lighting system with sufficient intensity and duration is an abso-

lute requirement on board trains.
10)	Trains must be equipped with a public address system which provides a means 

of communication to the public from on-board staff.
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5. Maintenance
The technical installations and the procedures used in the centers must ensure the 

safe operation of the subsystem and not constitute a danger to health and safety.
6. Operation and traffic management
1)	Alignment of the network operating rules and the qualifications of drivers, of 

the on-board staff, and of the staff in the control centers must exist to ensure 
safe operation, bearing in mind the different requirements of cross-border and 
optimizing services.

2)	The maintenance operations and intervals, the training and qualifications of the 
maintenance and control center staff, and the quality assurance system set up 
by the operators concerned in the control and maintenance centers must be in 
such a way as to ensure a high level of safety.

7. Telematics applications for freight and passengers
1.	 The interfaces between these systems and the users must comply with the mini-

mum rules on ergonomics and health protection.
2.	 Suitable levels of integrity and dependability must be provided for the storage 

or transmission of safety-related information.
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SELECTION AND ANALYSIS 
OF EUROPE-ASIA RAILWAY 
INFRASTRUCTURE

2.1. Railway infrastructure constituents and elements

2.1.1. Maximum axle load

The term load per axle means the vertical static load Q separately transferred by each 
axle of a vehicle and in general of a train, through the wheels to the rails. If one consid-
ers a symmetric loading of the various vehicle parts, then the load per axle substantially 
expresses the quotient of the total vehicle weight to the total number of axles. The axle 
loads are initially exerted at the wheel-rail surface and then, through the different com-
ponents of the track superstructure, they are transmitted to the substructure. During 
their transmission, the area of the surface of application of the internal forces increases, 
while the developing stresses decrease simultaneously.

Based on the permitted load per axle the tracks are classified into two basic groups:
I. Conventional axle-load tracks
In this group the static axle-load Q is ≤ 22.5 tf. The International Union of Railways 

(UIC) classifies these tracks, depending on the maximum permitted load per axle, into 
five categories: Α, Β, C, D and E (Table 1).

Each category is separated into sub-categories depending on the distributed load 
per metre of length (total vehicle load divided by the free length between buffers).

II. Heavy axle-load tracks
In this group the static axle-load Q is ranged between 245 kN (25 tf) and 490 kN 

(50 tf).

2
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Table 1. Categories of conventional axle-load tracks based on the permitted load per axle of 
trains in traffic (in accordance with UIC)

Track category Load per axle (tf)

A 16.0

B 18.0

C 20.0

D 22.5

E 25.0

The maximum permitted load per axle is greatly significant in the dimensioning of 
the railway infrastructure and in determining the maintenance policy that should be 
implemented. More specifically, it affects the following (Table 2):

1.	 The choice of rails type: The increase of the axle load leads to the choice of 
heavier rails. Axle loads of 20 tf, 25 tf, and 30 tf require rails of minimum weight 
50 kg/m, 60 kg/m, and 70 kg/m respectively. A 25% increase in the axle load 
requires a 20% increase in the rail weight.

2.	 The choice of the type of sleepers and sleepers’ spacing
3.	 The choice of fastenings and dimensioning of elastic pads
4.	 The dimensioning of the track bed layers and the choice of gravel hardness
5.	 The geometry of the track alignment: The increase of the train load per axle leads 

to smaller permissible track gradients longitudinally.
6.	 The dimensioning of bridges
7.	 The track maintenance works: The influence of the vertical loads is catalytic to 

the track maintenance policy. The deterioration of the track quality is calculated 
as proportional to the third power of the axle load value. An increase of the axle 
load by 10% reduces the intervals occurring between the maintenance works by 
30%. It has been tested that the developing stress in the rail and therefore its 
wear, increase according to the (Qo)n quantity. Where n is exponent with values 
between 3 and 4, and Qo is load per wheel. The track defects are, among others, 
a function of the loads (static and dynamic) exerted by the rolling stock on the 
track and of the daily traffic load.

8.	 The choice of track gauge: The increase of the track gauge allows a significant 
increase of the load per axle.
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Table 2. Qualitative impact of axle load increase on the constituents and elements of a rail-
way system–requirements

Axle load (Q)–Increase

Is lower in passenger 
trains (12–18) tf than in 
freight trains (16–50) tf

Increase: track design static load, train braking distance, track 
geometry defects deterioration rate, train running resistance

Requirements: less steep gradients, heavier rails, thicker track bed 
layers, longer signal spacing, greater traction power requirements, 

higher maintenance needs

The maximum permitted load per axle differs from railway network to railway net-
work and in almost all countries, from railway corridor to railway corridor and even 
from track section to track section. The load per axle enters indirectly or directly into 
the analytical expressions of all the forces applied on the wheel-rail contact surface and 
affects the behaviour of both the rolling stock and the track.

In this framework, the load per axle is characterized as a strong interoperability 
issue. In Europe, in parallel to the effort of unification of the track gauge, an attempt is 
made to establish, in all countries, a unified permitted load per axle of 221 kN (22.5 tf). 
In America train axle loads are twice as high as the European ones.

2.1.2. Maximum train length

The term maximum permitted train length (L) means the maximum length of a train 
composition that is permitted to circulate in a railway corridor. The train can be a 
hauled composition (power vehicles + trailer vehicles) or a train set (railcar). The length 
of a freight train varies from 400–800 m (conventional loads) to 1,000–4,000m (heavy 
loads).

In Europe the length of trains can reach up to 750 m; in the US it is larger (up to 
2 km) for transportation of conventional loads, whereas in Africa it can reach up to 
4 km for transportation of heavy loads.

In the EU, the average trailer weight of freight trains reaches up to 1000 t, whereas 
in America trainloads are 10 or 20 times heavier, with axle load weight twice as high 
as the European ones and trains two or three times longer. In the EU, trial routes with 
trains of large axle load have been conducted, but only in Sweden, have trains of a 
weight reaching 8.160 t (mixed load) been routed on a 43 km line. This comprises only 
0.3% of the total length of the EU network.

The maximum permitted train length affects the constituents and elements of a 
railway system as shown in Table 3.
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Table 3. Qualitative impact of train length and train weight increase to the constituents and 
elements of a railway system–requirements

Train length (L)–Increase
Is much smaller in passenger trains in relation 

to freight trains

Decrease:
Track capacity
Requirements:

Longer tracks and platforms in stations

Train weight (Β)–Increase
Is much smaller in passenger trains in relation 

to freight trains

Increase:
Braking weight, train running resistance

Requirements:
Less steep gradients, longer signal spacing, 

greater traction power requirements

The maximum permitted train length differs from railway corridor to railway cor-
ridor. To the extent that the train length affects the installations of the railway system, 
and more specifically the location of the signals in the signaling system, the platform’s 
length, and the track layout of the stations, the maximum permitted train length is 
characterized as an interoperability issue.

2.1.3. Track gauge

Short definition of the topic:
The track gauge (2e) is the distance between the inside edges of the heads of a pair 

of rails. This distance is measured 14–16 mm below the rolling surface plane.
Based on the gauge, the railway tracks are divided into five categories:
A. Standard tracks or standard track gauge
This category mainly comprises the 1,435  mm gauge. This distance (4 feet and 

8 inches) was ratified by the British engineer George Stephenson (1781–1848). As at 
that time most countries purchased their steam locomotives from England, that gauge 
has prevailed in most countries since then.

B. Broad tracks or broad track gauge
This category mainly comprises the following gauges: 1,520/1,524 mm (former Soviet 

countries), 1,600 mm (Irish gauge) and 1,668mm, 1,676mm (Spain, Portugal, India, 
Pakistan).

C. Meter tracks or meter track gauge
This category mainly comprises the following gauges: 914 mm, 950 mm, 1,000 mm 

(meter), 1,050 mm, and 1,067 mm (Cape gauge).
D. Narrow tracks or narrow track gauge
This category comprises gauges from 600 to 900 mm and mainly 600 mm (Decau-

ville), 700 mm, 750 mm, and 760 mm (Bosnian gauge). These gauges are usually used 
in secondary lines (industrial areas, factories, mine service lines).
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E. Mixed gauge tracks
This category comprises tracks that allow rolling stock with standard gauge axles 

and those with meter gauge axle to move on the same track sections.
Regardless of the track gauge category, the distance between the rails remains the 

same throughout the network length, except in the curved alignment sections with small 
curvature radius (< 250–300 m), where in many cases a widening of the track gauge is 
permitted to facilitate the inscription of vehicle axles (gauge widening).

The increase of the track gauge presents advantages and disadvantages:
1.	 It improves the vehicle stability, and therefore enables higher speeds.
2.	 It enables the construction of wider vehicles; therefore, it provides the possibility 

for movement of larger shipments and also for a more comfortable design of the 
inner-vehicle spaces.

3.	 It increases significantly the track construction cost. Indicatively it is mentioned 
that the construction of a metric line is estimated to cost 30 percent less than 
the construction of a standard gauge line.

Given the above, the standard track gauge (1435 mm), being the most common 
and also comparatively large, has been established in most countries. Many countries 
(like Spain, Japan, Thailand, etc.) have already begun the gradual replacement of their 
tracks with tracks of standard gauge. In Europe, the standard gauge prevails. Table 4 
indicates the existing railway track gauges and the countries in which these are applied.

Table 4. Railway track gauges worldwide

Track gauge 
(mm) Type Countries applied

1676 Indian track India (Project “Unigauge”: 42,000 km), Pakistan, 
Argentina, Chile

1668 Iberian track Portugal, Spain

1600 Irish track Ireland, partly Australia–“Victorian track” (4,017 km), 
Brazil (4,057 km)

1524
Russian track

Finland, Estonia (also use 1520 mm)

1520 CIS countries, Latvia, Lithuania, Estonia (also use 
1524 mm), Mongolia (only 17% of railways)

1435 Standard track
Central and Western Europe, USA, Canada, China, Korea, 

Australia, the Middle East, North Africa, Mexico, Cuba, 
Panama, Venezuela, Peru, Uruguay (only 60% of railways)

1067 Cape track
South and Central Africa, Indonesia, Japan, Taiwan, 

the Philippines, New Zealand and Australia in part, the 
Sakhalin Railway (Russia) (9% of the railways)

1000 Meter track
South-East Asia, India (17,000 km), Brazil (23,489 km), 

Bolivia, northern Chile, Kenya, Uganda  
(only 7% of railways)
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Track gauge is closely related to the maximum permitted axle load, the width of the 
right of way of the track infrastructure, and the vehicles’ width. Considering this is the 
case, track gauge affects almost all the constituents and elements of the railway infra-
structure, and defines, to a large extent, the efficiency of the railway freight transport.

The track gauge varies from country to country, and in many countries, from railway 
corridor to railway corridor. To the extent that the track gauge affects all the elements 
of the railway infrastructure and does not permit the seamless railway connection of 
neighbouring countries that have different track gauges, this aspect is characterized as 
a very strong interoperability issue.

2.1.4. Maximum speed of freight and passenger trains

Generally speaking, with respect to railways, speed is defined in different ways, depend-
ing on the technical and/or operational expression it may assume.

I. Commercial speed (Vc) is defined as the ratio of the length of a railway line (e.g., 
between two terminal stations) to the time it takes to cover it, including dwell times at 
intermediate stations and delays. Commercial speed always refers to a particular type 
of train.

II. Running or cruiser speed (Vr) is defined as the ratio of the length of a railway 
track section (e.g. between two intermediate stations) to the time it takes to cover it 
under normal traffic conditions (i.e., no unexpected delays). Running speed always 
refers to a particular type of train. In cases where more than one section is considered, 
the average running speed (Var) is taken into account.

III. Permissible track speed (Vmaxtr) is defined as the maximum speed that may be 
developed on a railway track section. The speed is determined by the IM, based on 
the prevailing conditions of the infrastructure. This speed is usually different for dif-
ferent categories of trains (passenger trains, freight trains) sharing the same railway 
infrastructure.

IV. Design speed (Vd) is defined as the speed for which the track layout has been 
designed and the infrastructure has been constructed (superstructure, substructure, civil 
engineering structures, and installations). Thus, it is regarded as the maximum speed 
at which a train can safely and with comfort circulate on a specific track. If possible, 
the design speed should be the same on all track sections.

The relationship between the aforementioned speeds is given below:

	 Vc ≤ Vr < Vmaxtr ≤ Vd.

The quality of the railway infrastructure, with regard to speed, is ensured when the 
permissible track speed (Vmaxtr) of the individual track sections matches the track 
design speed (Vd).
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Based on the design speed (Vd) the tracks are classified into three basic groups:
I. Very high speed tracks (Vd ≥ 250 km/h and Vc > 200 km/h)
II. High speed tracks (250 km/h > Vd ≥ 200 km/h and Vc ≥ 150 km/h)
III. Conventional speed tracks (Vd < 200 km/h).
The maximum applicable speed of passenger trains ranges actually between 100 and 

350 km/h. The maximum speed of freight trains ranges between 60 and 120 km/h. The 
transportation of heavy loads requires slower speeds (60–100 km/h).

Table 5 presents the railway elements that are affected by train speed.

Table 5. Qualitative impact of train features on the constituents and elements of a railway 
system–requirements

Train / vehicle feature:
qualitative influence

Effects on the railway system constituents and  
elements–Requirements

Speed (V)–Increase
Is greater for passenger 
trains (100–350) km/h 
than for freight trains 

(60–120) km/h

Increase: Track design dynamic load, train braking distance, 
centrifugal effort in curves, aerodynamic train resistance, track 

capacity, consequences in case of accident
Requirements: Larger axial distance between tracks, higher 

curvature radius in the longitudinal and vertical alignment, higher 
track cant, greater length of transition curves in the horizontal 

alignment, continuously welded and heavier rails, concrete sleepers, 
elastic fasteners, thicker track bed, track fencing, electric signaling, 

longer signal spacing, electrification (for V>160 km/h), specific 
rolling stock, slow train overtaking, increased safety measures 

along the track, bigger tunnel cross-section,  
higher maintenance needs

The parameter speed is not an interoperability issue. Freight trains can develop dif-
ferent running speeds in different sections of the network.

2.1.5. Track Capacity

Track section capacity is defined as the maximum number of trains that can run on a 
track section during a certain time period (24 hours, 12hours, 1hour, etc.), whereby 
both the particular conditions of track operation and exploitation and the adherence 
to rules, which ensure a good level of service, have to be taken into consideration. The 
capacity of a track section is determined on the basis of its critical subsection.

The available capacity of a certain track section (Cd), during a reference time 
period (Τref), is defined as the difference between the practical capacity (Cp) of the 
track section during the reference period and the number of trains (N) that have 
been scheduled to circulate during the same period. In other words, it expresses the 
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number of additional trains that can circulate on the examined track section during 
the reference time period.
	 Cd = Cp – N.	 (1)

The saturation ratio of a track section (Ss), during a reference time period (Τref), 
corresponds to the ratio of the number of trains actually scheduled for this period (N) 
over the practical capacity (Cp) of the track section during the reference time period:

	
.

N
SS Cp

=
	

(2)

It is expressed as a percentage.
The track capacity depends on various parameters of the track, the rolling stock, 

and the operation and exploitation conditions. The parameter that has the most im-
portant influence is the number of tracks. A double track (two tracks with one-way 
traffic operation) has twice the capacity of a single one (one track with bidirectional 
traffic operation).

Saturation ratio can get values higher than 100%, in case the number of passing 
trains exceeds the practical capacity, which is the case when the dilation margin lower 
than the scheduled one is applied.

The parameters that affect track capacity and are related to the infrastructure are:
a)	the number of tracks available to traffic;
b)	the signaling equipment (mechanical or electrical signaling, length of block sec-

tions, equipment used to detect train’s presence, etc.);
c)	the maximum permitted speed on different sections;
d)	the local speed limits, due to different reasons;
e)	the maintenance requirements; and
f)	 the position of stations and switches.

The track capacity along the track sections of a railway corridor is not an interop-
erability issue. It is of high importance, though, for freight railway transport, given 
that it defines the ability of routing additional trains in a rail corridor and affects the 
itinerary reliability.

2.1.6. Rolling stock static and dynamic gauge (clearance)

Generally, the term “gauge” refers to the maximum outline that has to be available 
around the rolling stock in order for it to be able to move along the tracks. Based on 
factors that are taken into consideration for the determination of the gauge, the follow-
ing types of gauge are distinguished:

1)	The “rolling stock” gauge
2)	The “civil engineering structures” gauge or “fixed obstacle” gauge
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The rolling stock gauge is categorized as:
a)	static gauge or loading gauge;
b)	dynamic gauge or kinematic gauge; and
c)	electrification gauge.

The “fixed obstacle” gauge is the layout within which the existence of any obstacle 
(i.e., civil engineering structures, electrification or signaling columns, track change 
devices, etc.) is forbidden. The fixed obstacle gauge is used in order to define the inner 
cross section of tunnels and the height clearance.

Different fixed obstacle gauges are applied (e.g., GC, GB, etc.) and some countries 
apply their own gauge. The effect of the rolling stock gauge on the components/ele-
ments of the railway system is mostly related to the necessary distance between the 
railway tracks (minimum axial distance between tracks), as well as the clearance under 
the structures.

The relation between the gauge interfaces and civil engineering structures is mostly 
identified as follows:

1.	 The dimensioning of the useful section of a tunnel.
2.	 The estimation of the height between the wheel-rail surface and the bottom 

surface of the body of the civil engineering structure.
In cases of passenger train movement at speeds V ≥ 200 km/h, a verification of both 

the geometric and the aerodynamic efficiency of the useful cross section of tunnels is 
required, with the second control being more adverse, thus defining the surface of the 
section used. On the contrary, in cases of conventional speed passenger trains or freight 
trains, only a verification of the geometric efficiency is required.

In terms of the estimation of the height clearance, this is affected, inter alia (i.e. the 
electrification installations), by the height of the kinematic gauge of the vehicles, which, 
in the cases of freight trains, is bigger.

The applied rolling stock static and dynamic gauge (clearance) varies from coun-
try to country and in many countries, from railway corridor to railway corridor. To 
the extent that the static and dynamic and electrification gauge could prohibit the 
passage of a train in a railway section, this aspect is characterized as a very strong 
interoperability issue.

2.1.7. Traction system

Short definition of the topic
Depending on the source of power used for the train’s movement, the following 

traction systems are identified: diesel, and electrification.
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The comparison between electrification and diesel traction is based on four criteria, 
namely:

1)	technical;
2)	energy;
3)	economical; and
4)	environmental;

The technical and environmental criteria attribute a clear advantage to electrifi-
cation. The energy criterion treats both tractions in the same way, while in the case 

Figure 3. Electrification systems of railway lines in Europe 
(source: http://www.itoworld.com/map/68)

http://www.itoworld.com/map/68
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of the economical criterion, the situation is more complicated, since electrifica-
tion presents advantages when the traffic exceeds a certain threshold (performance 
threshold).

Trains of high speeds (>200 km/h) are mandatorily electrified, while for freight 
trains both solutions are adopted. When compared with diesel traction, electrifi-
cation enables considerably enhanced fuel efficiency even allowing for transmis-
sion losses; it enables much higher specific installed power in the traction unit; it 

Figure 4. Electrification systems of railway lines in Central Asia 
(source: http://www.itoworld.com/map/68)

http://www.itoworld.com/map/68
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substantially reduces maintenance costs and out-of-service times for the traction 
units; it enables more responsive control; and it avoids discharge of products of 
combustion in urban areas. In a few systems, regenerative brakes return some elec-
tric energy from the train.

The disadvantages of electrification include the high capital costs of setting up the 
energy distribution system; a corresponding inability to provide a cheap service to 
lightly trafficked routes; and a relative lack of flexibility in the event of route disruption. 

Figure 5. Electrification systems of railway lines in Central and East Asia
(source: http://www.itoworld.com/map/68)

http://www.itoworld.com/map/68
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Different electrical supply standards in adjacent regions complicate the service. Low 
overhead clearances in many electrified systems prevent the implementation of efficient 
double-stack container service.

Electrification systems are classified based on three main parameters: voltage, cur-
rent (DC or AC), and frequency. Six of the most commonly used voltages have been 
selected for European and international standardization. The permissible range of volt-
ages allowed for the standardized voltages is as stated in standards BS EN 50163 and 
IEC 60850:

1.	 600 V DC
2.	 750 V DC
3.	 1.5 kV DC
4.	 3 kV DC
5.	 15 kV AC 16.7 Hz
6.	 25 kV AC 50 Hz

The railway electrification systems in Europe and Asia are shown in Figure 3, Fig-
ure 4 and Figure 5. Colour lines are used for electrified lines, and grey lines are used 
for non-electrified lines; black lines indicate that there is no information about elec-
trification for the line.

In cases of electric freight trains, compatibility between the electrification equipment 
of the rolling stock and the track installations is necessary. To the extent that this aspect 
could prohibit the movement of a train across a railway section, it is characterized as 
a very strong interoperability issue. On the contrary, in cases of diesel trains, there is 
no interoperability issue.

2.1.8. Signaling System

The main purpose of the railway signaling system is the safe movement of the trains 
along the tracks, and more specifically:

1)	the avoidance of collision between trains (frontal, rear end, lateral and side col-
lision);

2)	the avoidance of unsafe handling in switches and crossings;
3)	the transverse protection of the trains at level crossings with road arteries or at 

pedestrians’ or animals’ crossings; and
4)	the avoidance of derailment at the network segments where a speed limit is 

imposed.
In addition to these, the railway signaling enables the optimization of the use of the 

track capacity, namely the routing of a larger number of freight trains that can move 
safely along the tracks, under certain conditions of line exploitation and operation.
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There are two types of signaling systems:
I. Mechanical signalling
II. Electric signalling
Mechanical signaling uses signs located on the side of the tracks (vertical signs), 

which are identified by their shape, color, and context. Mechanical signaling is imple-
mented with small boards, panels, or semaphores.

Electric signaling is implemented with:
I. Colour-light signals: Side-track light signaling system is used for trains that move 

at speeds less than (200–220) km/h in conventional speed networks.
II. Messages that are directly displayed on the driver’s cab (cab signalling): This 

system is mandatory in networks of high speed trains (V > 220 km/h) and demands 
the transmission/ reception of information between the track and the vehicle.

Signaling systems vary from country to country and, in all countries, from railway 
corridor to railway corridor. To the extent that this could minimize the safety of the 
train movement along a railway section, it is characterized as a strong interoper-
ability issue.

2.1.9. Track maintenance

Maintenance is a horizontal activity and concerns all the components of a railway 
system (track, rolling stock, exploitation). Track maintenance is a very important is-
sue for the efficiency and safety of passenger and goods transportation. (Podofillini 
et al. 2006).

In the case of railway systems, especially large systems, it is necessary to apply a 
systematic approach to maintenance management. The EU railway market uses Eu-
ropean standards EN 50126, EN 50129, EN 50128, that show the way of application 
of requirements, methods, procedures, and criteria for railway applications. They also 
solve the RAMS (Reliability, Availability, Maintenance, Safety) issues and they bring 
in the base background for independent safety assessors. These standards are valid in 
many industrial countries in the EU.

The standard CENELEC EN 50126 has been mandatory for rail systems since 2001. 
It defines the processes and requirements that the track operator and rail industry 
should systematically use in all stages of the life cycle of railway equipment. Such an 
approach not only minimizes potential systematic errors design, but eliminates the risk 
of erroneous entries, thus minimizing potential economic losses associated with these 
errors. The system-level approach defined by this standard makes an assessment of the 
interaction between RAMS elements of complex railway facilities easier.
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The processes defined in this standard are related to cooperation between the 
infrastructure manager and the railway industry, and aim at ensuring the achieve-
ment of the optimum combination of RAMS and the cost of the railways. The pro-
cess defined in the standard assumes that the rail system and the rail industry have 
policies on quality, efficiency, and safety level of trade. The approach defined in this 
standard corresponds to application requirements for quality management contained 
in a set of international standards (ISO 9000). Together with process management, it 
is necessary for the control and safety systems to use standards CENELEC EN 50128 
and CENELEC EN 50129. To install these systems related to safety, it is necessary 
to take into account both parts throughout the system life cycle. The CENELEC EN 
50128 standard focuses on the methods to be used to ensure that the software meets 
the demands for safety integrity.

For the EU-Asia connection, it is necessary to determine generally accepted meth-
odologies and processes, including the documentation of the risk management pro-
cess, which allows accurate determination and demonstration of RAMS parameters for 
railway systems both on the supply side, judges, national regulators or authorities, and 
on that of the customers (operators). In cases where there are no generally accepted 
methodologies and processes, it could bring a series of contradictions, imbalances, 
inconsistent practices, or disagreements between suppliers, judges, national regulators 
or authorities, and customers or operators. Therefore, this issue has a direct relation 
with interoperability problems.

The maintenance techniques, methods, and policies vary from country to country. 
To the extent that this could minimize the safety and the speed of the train movement 
along a railway section, it is characterized as an interoperability issue.

Following the identification of existing alternative railway routes that connect West-
ern/Central Europe to Asia, the next step was to create a table with the railway network 
characteristics. Table 6 summarizes the current values of the railway network in Eura-
sian Railways. The values are provided per crossing country of the considered railway 
routes. The railway segments materializing the railway route at the level of each country 
are also identified.
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Table 6. Crossing countries of the Europe-Asia railway connection routes–Railway  
segments per country materializing the routes4 5 678 9

A. Connection: Western Europe–Russian Far East–Japan

A1. Via main Trans-Siberian railway network

Crossing countries Poland Ukraine Russia

Route/crossing points 
within the country Warsaw Kiev

Moscow–
Vladimir–Perm, 
Yekaterinburg–

Omsk–
Novosibirsk–Ulan 
Ude–Vladivostok 

(port)

Corridor/Network TINA, OSJD 14
AGC Network  

(E30, E50, E95)5,  
OSJD 7

Trans-Siberian, 
AGC Network 
(E20), TAR6, 

OSJD 1

Track gauge (mm) 1435 1520 1520

Max permitted axle load 
(tf) 22.5 23.5

Max permitted train length 
(m) 750 1200 1300

Traction system7 3 kV DC

25kV–50Hz system AC 
(Eastern Ukraine)

3 kV DC  
(Western Ukraine)

3 kV DC
25 kV AC 50 Hz

Signaling system8 ERTMS Automatic Block 
Signaling

Automatic Block 
Signaling

Track capacity9:  
Number of tracks High Max. 210 trains/day 

(current 160 trains/day) High

Max speed of freight trains 
(km/h) 100 90 90

Max speed of passenger 
trains (km/h) 140 160 140

4	 Euro-Asian  rail transport corridors of the Organization for Cooperation of Railways (OSJD)
5	 UNECE European Agreement on Main International Railway Lines (AGC)
6	 Trans-Asian Railway Network
7	 Please indicate the type of traction: electric, diesel. If you choose electric, please indicate the type of 
current (AC, CC) the current voltage and frequency.
8	 Please indicate the signaling system (i.e. mechanical, lateral electric, ERTMS, etc.)
9	 Please indicate the saturation rate: high, medium, low  
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B. Connection: Western Europe–China via the Trans-Siberian Route and its branches

B1. Via branch of the Trans-Siberian railway network and the Manchurian Route

Crossing countries Poland Ukraine Russia China

Route/crossing 
points within the 

country
Warsaw Kiev

Moscow–
Vladimir–Perm, 
Yekaterinburg–

Omsk–
Novosibirsk-Ulan 
Ude–Karimskaya–

Borzya

Manzhouli–Harbin–
Shenyang–Beijing

Corridor/Network TINA, 
OSJD 1

AGC 
Network 

(E30, E50, 
E95), OSJD 7

Trans-Siberian, 
AGC Network 

(E20), TAR, OSJD 1
TAR

Track gauge (mm) 1435 1520 1520 143510

Max permitted axle 
load (tf) 22.5 – 23.5 23.0

Max permitted 
train length (m) 750 1200 1300 900

Traction system 3 kV DC
3 kV DC
25 kV AC 

50 Hz

3 kV DC
25 kV AC 50 Hz

Non-electrified
25 kV AC 50 Hz

Signaling system ERTMS
Automatic 

Block 
Signalling

Automatic Block 
Signalling Lateral electric

Track capacity: 
number of tracks High unknown High High

Max speed of 
freight trains 

(km/h)
100 90 90 90

Max speed of 
passenger trains 

(km/h)
140 160 140 90

10

10	 (Ziyadov, 2011, p. 74)



472. SELECTION AND ANALYSIS OF EUROPE-ASIA RAILWAY INFRASTRUCTURE

B. Connection: Western Europe–China via the Trans-Siberian Route and its branches

B2. Via branch of the Trans-Siberian railway network and the Trans-Kazakh Route

Crossing 
countries Poland Ukraine Russia Kazakhstan China

Route/crossing 
points within 
the country

Warsaw Kiev

Moscow–Vla-
dimir–Perm, 

Yekaterin-
burg–Kurgan

Presnogorkovka–
Astana–Aqtoghay

Lanzhou–
Zhengzhou–

Beijing

Corridor/
Network

TINA, 
OSJD 1

AGC 
Network 

(E30, E50, 
E95),  

OSJD 7

Trans-
Siberian, 

AGC Network 
(E24), TAR, 
OSJD 1, 2

Northern TAR, 
AGC Network 

(E24, E50),  
OSJD 2

TAR, OSJD 2

Track gauge 
(mm) 1435 1520 1520 152011 1435

Max permitted 
axle load (tf) 22.5 – 23.5 1312 23.0

Max permitted 
train length (m) 750 1200 1300 850 850

Traction 
system – 

number of 
tracks

3 kV DC
3 kV DC
25 kV AC 

50 Hz

3 kV DC
25 kV AC 50 

Hz

Non-electrified
25 kV AC 50 Hz

Non-
electrified

25 kV AC 50 
Hz

Signaling 
system ERTMS

Automatic 
Block 

Signalling

Automatic 
Block 

Signalling

Automatic Block 
Signalling

Lateral 
electric

Track capacity High

Max. 210 
trains/day 

(current 160 
trains/day)

High Medium Medium

Max speed of 
freight trains 

(km/h)
100 90 90 90 90

Max speed 
of passenger 

trains (km/h)
140 160 140 140 100

11 12 

11	 At around 2005, the Kazakhstani government and Kazakh Railways strongly promoted the pro-
ject to construct the narrow 1435 mm gauge railway from Dostyk to Gorgan, however, nothing has 
been heard about these plans since yet (Kulipanova, 2012, p.23).
12	 (PADECO Co., 2006, p.259)
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B. Connection: Western Europe–China via the Trans-Siberian Route and its branches

B3. Via branch of the Trans-Siberian railway network and the Mongolian Route

Crossing 
countries Poland Ukraine Russia Mongolia China

Route/crossing 
points within 
the country

Warsaw Kiev

Moscow–
Vladimir–

Perm, 
Yekaterinburg–

Omsk–
Novosibirsk–
Ulan Ude–

Naushki

Darhan–
Ulaanbaatar–

Choir

Erenhot–
Datong–
Beijing

Corridor/
Network

TINA, 
OSJD 1

AGC 
Network 

(E30, E50, 
E95), OSJD 7

Trans-
Siberian, AGC 
Network (E20), 
TAR, OSJD 1

TAR TAR, OSJD 2

Track gauge 
(mm) 1435 1520 1520 1520 1435

Max permitted 
axle load (tf) 22.5 – 23.5 2413 23

Max permitted 
train length (m) 750 1200 1300 850 850

Traction system 3 kV DC

25 kV–50 
Hz system 
AC Eastern 

Ukraine and
3 kV DC 
Western 
Ukraine

3 kV DC
25 kV AC 50 

Hz
Non-electrified

Non-
electrified

25 kV AC 50 
Hz

Signaling 
system ERTMS

Automatic 
Block 

Signaling

Automatic 
Block 

Signaling
Lateral electric Lateral 

electric

Track capacity: 
number of 

tracks
High

Max. 210 
trains/day 

(current 160 
trains/day)

High Medium Medium

Max speed of 
freight trains 

(km/h)
100 90 90 60 90

Max speed 
of passenger 

trains (km/h)
140 160 140 90 100

13 

13	 Same technical railway standards as Russia  (Davydenko, Landa, Martens, Nesterova, and Wark, 
2012, p.79)((PADECO Co., 2006, p. 38).
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Additionally, Table 7 provides detailed information on the traction systems of the 
identified railway routes.

Table 7. Routes and stations with different types of traction within transport corridors

A. Connection: Western Europe–Russian Far East–Japan
A1. Via main Trans–Siberian railway network

Crossing countries – Poland
Routes Length (km) Types of traction Remarks

Warsaw–Krakow 300 3 kV DC –

Krakow–Mostys’ka 200 3 kV DC
Track gauge changing on Mostys’ka 
station (1435/1520); border between 

Poland and Ukraine
Crossing countries – Ukraine (or Belarus)

Mostys’ka–Lviv 70 3 kV DC Changing types of traction on Lviv 
station

Lviv–Kyiv 580 25 kV AC 50 Hz –
Kyiv–Hutor–

Mikhailowsky 340 25 kV AC 50 Hz Border between Ukraine and Belarus 
on Hutor-Mikhailowsky station

Crossing countries – Belarus (or Ukraine)
Hutor–

Mikhailowsky–
Suhinichi

250 25 kV AC 50 Hz
Changing types of traction on 

Suhinichi station. Border between 
Belarus and Russia

Crossing countries – Russia
Suhinichi–Moscow 300 3 kV DC –

Moscow–Vladimir 200 3 kV DC Changing types of traction on 
Vladimir station

Vladimir–Balezino 1100 25 kV AC
50 Hz

Changing types of traction on 
Balezino station

Balezino–Perm–
Yekaterinburg 450 3 kV DC –

Yekaterinburg–
Omsk 900 3 kV DC –

Omsk–Novosibirsk 700 3 kV DC –
Novosibirsk–

Mejdurechensk 480 3 kV DC Changing types of traction on 
Mejdurechensk station

Mejdurechensk–
Ulan Ude 2400 25 kV AC

50 Hz –

Ulan Ude– 
Vladivostok 4700 25 kV AC

50 Hz –

Resume:
Total length railway corridors A1 11000 km

Types of traction
3 kV DC 3600 km (32%)

25 kV AC 50 Hz 7400 km (68%)



60

B: Connection: Western Europe–China via the Trans-Siberian route and its branches

B1. Via branch of the Trans-Siberian railway network and the Manchurian Route

Crossing countries – Poland

Routes Length 
(km) Types of traction Remarks

Warsaw–Krakow 300 3 kV DC –

Krakow–Mostys’ka 200 3 kV DC

Track gauge changing 
on Mostys’ka station 
(1435/1520); border 
between Poland and 

Ukraine

Crossing countries – Ukraine (or Belarus)

Mostys’ka–Lviv 70 3 kV DC Changing types of 
traction on Lviv station

Lviv–Kyiv 580 25 kV AC
50 Hz –

Kyiv–Hutor–Mikhailowsky 340 25 kV AC
50 Hz

Border between Ukraine 
and Belarus on Hutor-
Mikhailowsky station

Crossing countries – Belarus (or Ukraine)

Hutor–Mikhailowsky–
Suhinichi 250 25 kV AC

50 Hz

Changing types of 
traction on Suhinichi 

station. Border between 
Belarus and Russia

Crossing countries – Russia

Suhinichi–Moscow 300 3 kV DC –

Moscow–Vladimir 200 3 kV DC
Changing types of 

traction on Vladimir 
station

Vladimir–Balezino 1100 25 kV AC
50 Hz

Changing types of 
traction on Balezino 

station

Balezino–Perm–Yekaterinburg 450 3 kV DC –

Yekaterinburg–Omsk 900 3 kV DC –

Omsk–Novosibirsk 700 3 kV DC –

Novosibirsk–Mejdurechensk 480 3 kV DC
Changing types 
of traction on 

Mejdurechensk station

Mejdurechensk–Ulan Ude 2400 25 kV AC
50 Hz –

Ulan Ude–Tarskay 700 25 kV AC
50 Hz –
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B: Connection: Western Europe–China via the Trans-Siberian route and its branches

B1. Via branch of the Trans-Siberian railway network and the Manchurian Route

Tarskay–Zabaikalsk 450 3 kV DC Border between Russia 
and China.

Crossing countries – China

Manzhouli–Harbin 1000 Non-electrified

Changing types of 
traction on Manzhouli 
station (diesel); track 
gauge changing on 
Manzhouli station 

(1520/1435mm)

Harbin–Shenyang 550 25 kV AC
50 Hz

Changing types of 
traction on Harbin 

station

Shenyang–Beijing 700 25 kV AC
50 Hz –

Resume:

Total length railway corridors B1 11670 km

Types of traction

3 kV DC 4050 km (34%)

25 kV AC 50 Hz 6620 km (56%)

Non-electrified 1000 km (10%)

B: Connection: Western Europe–China via the Trans-Siberian route and its branches

B2. Via branch of the Trans-Siberian railway network and the Trans Kazakh Route

Crossing countries – Poland

Routes Length 
(km) Types of traction Remarks

Warsaw–Krakow 300 3 kV DC –

Krakow–Mostys’ka 200 3 kV DC

Track gauge changing 
on Mostys’ka station 

(1435/1520mm); border 
between Poland and 

Ukraine
Crossing countries – Ukraine (or Belarus)

Mostys’ka–Lviv 70 3 kV DC Changing types of 
traction on Lviv station

Lviv–Kyiv 580 25 kV AC
50 Hz –

Kyiv–Hutor–Mikhailowsky 340 25 kV AC
50 Hz

Border between Ukraine 
and Belarus on Hutor-
Mikhailowsky station
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B: Connection: Western Europe–China via the Trans-Siberian route and its branches

B2. Via branch of the Trans-Siberian railway network and the Trans Kazakh Route
Crossing countries – Belarus (or Ukraine)

Hutor–Mikhailowsky–
Suhinichi 250 25 kV AC

50 Hz

Changing types of 
traction on Suhinichi 

station; border between 
Belarus and Russia

Crossing countries – Russia
Suhinichi–Moscow 300 3 kV DC –

Moscow–Vladimir 200 3 kV DC
Changing types of 

traction on Vladimir 
station

Vladimir–Balezino 1100 25 kV AC
50 Hz

Changing types of 
traction on Balezino 

station
Balezino–Perm–Yekaterinburg 450 3 kV DC –

Yekaterinburg–Presnogorkovka 
(through Kurgan) 400 3 kV DC

Changing types 
of traction on 

Presnogorkovka station; 
border between Russia 

and Kazakhstan
Crossing countries – Kazakhstan

Presnogorkovka–Moyinty 
(through Astana) 1200 25 kV AC

50 Hz

Changing types of 
traction on Moyinty 

station.

Moyinty–Dostyk (through 
Aqtoghay) 850 Non-electrified

Border between 
Kazakhstan (Dostyk) 

and China (Alashankou)
Crossing countries – China

Alashankou–Wuwei 2000 Non-electrified

Changing types of 
traction on Wuwei 

station; track 
gauge changing on 
Alashankou station 

(1520/1435mm)

Wuwei–Lanzhou 300 25 kV AC
50 Hz –

Lanzhou–Zhengzhou 1200 25 kV AC
50 Hz –

Zhengzhou–Beijing 700 25 kV AC
50 Hz

Resume:
Total length railway corridors B2 10440 km

Types of traction
3 kV DC 1920 km (18%)

25 kV AC 50 Hz 5670 km (54%)
Non-electrified 2850 km (28%)
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B: Connection: Western Europe–China via the Trans-Siberian route and its branches

B3. Via branch of the Trans-Siberian railway network and the Mongolian Route

Crossing countries – Poland

Routes Length 
(km) Types of traction Remarks

Warsaw–Krakow 300 3 kV DC

Krakow–Mostys’ka 200 3 kV DC

Track gauge changing 
on Mostys’ka station 

(1435/1520mm); border 
between Poland and 

Ukraine

Crossing countries – Ukraine (or Belarus)

Mostys’ka–Lviv 70 3 kV DC Changing types of 
traction on Lviv station

Lviv–Kyiv 580 25 kV AC
50 Hz –

Kyiv–Hutor–Mikhailowsky 340 25 kV AC
50 Hz

Border between Ukraine 
and Belarus on Hutor-
Mikhailowsky station

Crossing countries – Belarus (or Ukraine)

Hutor–Mikhailowsky–
Suhinichi 250 25 kV AC

50 Hz

Changing types of 
traction on Suhinichi 

station; border between 
Belarus and Russia

Crossing countries – Russia

Suhinichi–Moscow 300 3 kV DC –

Moscow–Vladimir 200 3 kV DC
Changing types of 

traction on Vladimir 
station

Vladimir–Balezino 1100 25 kV AC
50 Hz

Changing types of 
traction on Balezino 

station

Balezino–Perm – 
Yekaterinburg 450 3 kV DC –

Yekaterinburg–Omsk 900 3 kV DC –

Omsk–Novosibirsk 700 3 kV DC -

Novosibirsk–Mejdurechensk 480 3 kV DC
Changing types 
of traction on 

Mejdurechensk station

Mejdurechensk–Ulan Ude 2400 25 kV AC
50 Hz

Changing types of 
traction on Ulan Ude 

station (diesel)
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B: Connection: Western Europe–China via the Trans-Siberian route and its branches

B3. Via branch of the Trans-Siberian railway network and the Mongolian Route

Ulan Ude–Naushki 250 Non-electrified Border between Russia 
and Mongolia

Crossing countries – Mongolia

Darhan–Ulan Bator–Zamyn-
Uud 2200 Non-electrified

Border between 
Mongolia and China; 
track gauge changing 

on Zamyn-Uud station 
(1520/1435mm)

Crossing countries – China

Erenhot–Jining 340 Non-electrified
Changing types of 
traction on Jining 

station

Jining–Beijing 500 25 kV AC
50 Hz –

Resume:
Total length railway corridors B3 11560 km

Types of traction
3 kV DC 3600 km (31%)

25 kV AC 50 Hz 5170 km (44%)
Non-electrified 2790 km (24%)

C. Connection: Western Europe–China via the TRACECA corridor (Silk Road)
C1. Via the TRACECA–Turkmenbashi rail route

C1.1
Crossing countries – Slovakia

Routes Length 
(km)

Types of 
traction Remarks

Bratislava–Štúrovo 150 25 kV AC
50 Hz

Track gauge 1435mm;
border between Slovakia (Štúrovo) and 

Hungary (Szob)
Crossing countries – Hungary

Szob–Budapest 50 25 kV AC
50 Hz –

Budapest–Lőkösháza 250 25 kV AC
50 Hz

Border between Hungary (Lőkösháza) 
and Romania (Curtici)

Crossing countries – Romania

Curtici–Bucharest 650 25 kV AC
50 Hz –

Bucharest–Constanta 250 25 kV AC
50 Hz –
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C. Connection: Western Europe–China via the TRACECA corridor (Silk Road)
C1. Via the TRACECA–Turkmenbashi rail route

C1.1
Black sea

Constanta–Poti 1000 water route –
Crossing countries – Georgia

Poti–Gardabani 370 3 kV DC
Track gauge 1520mm;

border between Georgia (Gardabani) and 
Azerbaijan (Boyuk Kasik)

Crossing countries – Azerbaijan
Boyuk Kasik–Baku 500 3 kV DC –

Caspian Sea
Baku–Turkmenbashy 270 water route –

Crossing countries – Turkmenistan
Turkmenbashi–Farap 

(via Turkmenabad) 1120 Non-
electrified

Border between Turkmenistan (Farap) 
and Uzbekistan (Khodza Davlet)

Crossing countries – Uzbekistan
Khodza Davlet–

Marokand 330 Non-
electrified

Changing types of traction on Marokand 
station

Marokand–Keles 400 25 kV AC
50 Hz

Border between Uzbekistan (Keles) and 
Kazakhstan (Sary Agash)

Crossing countries – Kazakhstan

Sary Agash–Almaty 950 25 kV AC
50 Hz

Changing types of traction on Almaty 
station (diesel)

Almaty–Dostyk 870 Non-
electrified

Border between Kazakhstan (Dostyk) and 
China (Alashankou)

Crossing countries – China

Alashankou–Wuwei 2000 Non-
electrified

Changing types of traction on Wuwei 
station; track gauge changing on 

Alashankou station (1520/1435 mm)

Wuwei–Lanzhou 300 25 kV AC
50 Hz –

Lanzhou–Zhengzhou 1200 25 kV AC
50 Hz –

Zhengzhou–Beijing 700 25 kV AC
50 Hz –

Total length railway corridors C1.1 11360 km
Types of traction

3 kV DC 870 km (8%)
25 kV AC 50 Hz 4900 km (43%)
Non-electrified 4320 km (38%)

Water route 1270 km (11%)
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C. Connection: Western Europe–China via the TRACECA corridor (Silk Road)

C1. Via the TRACECA–Turkmenbashi rail route

C1.2

Crossing countries – Slovakia

Routes Length 
(km)

Types of 
traction Remarks

Bratislava–Štúrovo 150 25 kV AC
50 Hz

Track gauge 1435mm;
border between Slovakia (Štúrovo) and 

Hungary (Szob)

Crossing countries – Hungary

Szob–Budapest 50 25 kV AC
50 Hz –

Budapest–Lőkösháza 250 25 kV AC
50 Hz

Border between Hungary (Lőkösháza) and 
Romania (Curtici)

Crossing countries – Romania

Curtici–Bucharest 650 25 kV AC
50 Hz

Changing types of traction on Bucharest 
station (diesel)

Bucharest–Giurgiu 90 Non-
electrified

Border between Romania (Giurgiu) and 
Bulgaria (Ruse)

Crossing countries – Bulgaria

Ruse–Dimitrovgrad 260 25 kV AC
50 Hz

Changing types of traction on Ruse 
station

Dimitrovgrad–
Svilengrad 80 Non-

electrified

Changing types of traction on 
Dimitrovgrad station (diesel); border 

between Bulgaria (Svilengrad) and Turkey 
(Kapikule)

Crossing countries – Turkey

Kapikule–Istanbul 250 25 kV AC
50 Hz

Changing types of traction on Kapikule 
station

Istanbul–Ankara 
(Kayash) 550 25 kV AC

50 Hz
Changing types of traction on Kayash 

station (diesel)

Ankara (Kayash) –
Kars (Dogukapy) 1200 Non-

electrified
Border between Turkey (Dogukapy) and 

Armenia (Akhuryan)

Crossing countries – Armenia (or Georgia)

Akhuryan–Ayrum 160 3 kV DC

Track gauge changing on Akhuryan 
station (1435/1520 mm); border 

between Armenia (Ayrum) and Georgia 
(Sadachalo)

Crossing countries – Georgia (or Armenia)

Sadachalo–Gardabani 110 3 kV DC Border between Georgia (Gardabani) and 
Azerbaijan (Boyuk Kasik)

http://rasp.yandex.ua/station/9801957
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C. Connection: Western Europe–China via the TRACECA corridor (Silk Road)

C1. Via the TRACECA–Turkmenbashi rail route

C1.2

Crossing countries – Azerbaijan

Boyuk Kasik–Baku 500 3 kV DC –

Caspian Sea

Baku–Turkmenbashi 270 water route –

Crossing countries – Turkmenistan

Turkmenbashy–Farap 
(via Turkmenabad) 1120 Non-

electrified
Border between Turkmenistan (Farap) 

and Uzbekistan (Khodza Davlet)

Crossing countries – Uzbekistan

Khodza Davlet–
Marokand 330 Non-

electrified
Changing types of traction on Marokand 

station

Marokand–Keles 400 25 kV AC
50 Hz

Border between Uzbekistan (Keles) and 
Kazakhstan (Sary Agash)

Crossing countries – Kazakhstan

Sary Agash–Almaty 950 25 kV AC
50 Hz

Changing types of traction on Almaty 
station (diesel)

Almaty–Dostyk 870 Non-
electrified

Border between Kazakhstan (Dostyk) and 
China (Alashankou)

Crossing countries – China

Alashankou–Wuwei 2000 Non-
electrified

Track gauge changing on Alashankou 
station (1520/1435 mm)

Wuwei–Lanzhou 300 25 kV AC
50 Hz

Changing types of traction on Wuwei 
station

Lanzhou–Zhengzhou 1200 25 kV AC
50 Hz –

Zhengzhou–Beijing 700 25 kV AC
50 Hz –

Total length railway corridors C1.2 12440 km

Types of traction

3 kV DC 770 km (6%)

25 kV AC 50 Hz 5710 km (46%)

Non-electrified 5690 km (46%)

Water route 270 km (2%)
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C. Connection: Western Europe–China via the TRACECA corridor (Silk Road)
C2. Land detour of the Black Sea through Ukraine and Russia

C2.1 Via the TRACECA–Aktau route

Crossing countries – Slovakia

Routes Length 
(km)

Types of 
traction Remarks

Bratislava–Košice 450 25 kV AC
50 Hz Track gauge 1435 mm

Košice–Cierna nad 
tisou 95 25 kV AC

50 Hz
Border between Slovakia (Cierna nad 

tisou) and Ukraine (Chop)
Crossing countries – Ukraine

Chop–Lviv 270 3 kV DC
Track gauge changing on Chop station 
(1435/1520 mm) and changing types of 

traction.

Lviv–Fastov 510 25 kV AC
50 Hz

Changing types of traction on Lviv 
station

Fastov–Piatihatki 410 25 kV AC 50 Hz –
Piatihatki–

Dnepropetrovsk 120 3 kV DC Changing types of traction on 
Piatihatki station

Dnepropetrovsk–
Ilovaysk 310 3 kV DC Changing types of traction on Ilovaysk 

station

Ilovaysk–Kvashino 50 25 kV AC
50 Hz

Border between Ukraine (Kvashino) 
and Russia (Uspenskay)

Crossing countries – Russia

Uspenskay–Rostov 130 25 kV AC
50 Hz –

Rostov–Stavropol–
Samur 1070 25 kV AC

50 Hz

Border between Russia (Samur) and 
Azerbaijan (Yalama); changing types of 

traction on Yalama station
Crossing countries – Azerbaijan

Samur–Yalama–Baku 210 3 kV DC –
Caspian Sea

Baku–Aktau 370 water route –
Crossing countries – Kazakhstan

Aktau–Makat 710 Non-electrified –
Makat–Kandagash 400 Non-electrified –
Kandagash–Sary 

Agash 1460 Non-electrified Changing types of traction on Sary 
Agash (Arys) station

Sary Agash–Almaty 950 25 kV AC
50 Hz

Changing types of traction on Almaty 
station (diesel)

Almaty–Dostyk 870 Non-electrified Border between Kazakhstan (Dostyk) 
and China (Alashankou)

Crossing countries – China
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C. Connection: Western Europe–China via the TRACECA corridor (Silk Road)
C2. Land detour of the Black Sea through Ukraine and Russia

C2.1 Via the TRACECA–Aktau route

Alashankou–Wuwei 2000 Non-electrified
Changing types of traction on Wuwei 

station. Track gauge changing on 
Alashankou station (1520/1435 mm).

Wuwei–Lanzhou 300 25 kV AC
50 Hz –

Lanzhou–Zhengzhou 1200 25 kV AC
50 Hz –

Zhengzhou–Beijing 700 25 kV AC
50 Hz –

Total length railway corridors C2.1 12285 km
Types of traction

3 kV DC 910 km (7%)
25 kV AC 50 Hz 5865 km (47%)
Non-electrified 5440 km (43%)

Water route 270 km (3%)

C. Connection: Western Europe–China via the TRACECA corridor (Silk Road)
C2. Via the TRACECA–Aktau Route

C2.2
Crossing countries – Slovakia

Routes Length 
(km) Types of traction Remarks

Bratislava–Štúrovo 150 25 kV AC
50 Hz

Track gauge 1435 mm;
Border between Slovakia (Štúrovo) and 

Hungary (Szob)
Crossing countries – Hungary

Szob–Budapest 50 25 kV AC
50 Hz –

Budapest–Lőkösháza 250 25 kV AC
50 Hz

Border between Hungary (Lőkösháza) 
and Romania (Curtici)

Crossing countries – Romania

Curtici–Bucharest 650 25 kV AC
50 Hz

Changing types of traction on 
Bucharest station (diesel)

Bucharest–Giurgiu 90 Non-electrified Border between Romania (Giurgiu) and 
Bulgaria (Ruse)

Crossing countries – Bulgaria

Ruse–Dimitrovgrad 260 25 kV AC
50 Hz

Changing types of traction on  
Ruse station

Dimitrovgrad–
Svilengrad 80 Non-electrified

Changing types of traction on 
Dimitrovgrad station (diesel); border 

between Bulgaria (Svilengrad) and 
Turkey (Kapikule)
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C. Connection: Western Europe–China via the TRACECA corridor (Silk Road)
C2. Via the TRACECA–Aktau Route

C2.2
Crossing countries – Turkey

Kapikule–Istanbul 250 25 kV AC
50 Hz

Changing types of traction on Kapikule 
station

Istanbul–Ankara 
(Kayash) 550 25 kV AC

50 Hz
Changing types of traction on Kayash 

station (diesel)
Ankara (Kayash) –
Kars (Dogukapy) 1200 Non-electrified Border between Turkey (Dogukapy) 

and Armenia (Akhuryan)
Crossing countries – Armenia (or Georgia)

Akhuryan–Ayrum 160 3 kV DC

Track gauge changing on Akhuryan 
station (1435/1520); border between 

Armenia (Ayrum) and Georgia 
(Sadachalo)

Crossing countries – Georgia (or Armenia)

Sadachalo–Gardabani 110 3 kV DC Border between Georgia (Gardabani) 
and Azerbaijan (Boyuk Kasik)

Crossing countries – Azerbaijan
Samur–Yalama–Baku 210 3 kV DC –

Caspian Sea
Baku–Turkmenbashy 270 water route –

Crossing countries – Kazakhstan
Aktau–Makat 710 Non-electrified –

Makat–Kandagash 400 Non-electrified –
Kandagash–Sary 

Agash 1460 Non-electrified Changing types of traction on – Sary 
Agash (Arys) station

Sary Agash–Almaty 950 25 kV AC
50 Hz

Changing types of traction on Almaty 
station (diesel)

Almaty–Dostyk 870 Non-electrified Border between Kazakhstan (Dostyk) 
and China (Alashankou)

Crossing countries – China

Alashankou–Wuwei 2000 Non-electrified
Changing types of traction on Wuwei 

station; track gauge changing on 
Alashankou station (1520/1435 mm)

Wuwei–Lanzhou 300 25 kV AC
50 Hz –

Lanzhou–Zhengzhou 1200 25 kV AC
50 Hz –

Zhengzhou–Beijing 700 25 kV AC
50 Hz –

Total length railway corridors C2.2 12710 km
Types of traction

3 kV DC 320 km (3%)
25 kV AC 50 Hz 5310 km (42%)
Non-electrified 6810 km (54%)

Water route 270 km (2%)

http://rasp.yandex.ua/station/9801957
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D: Connection: Western Europe–China via the Central Corridor in Kazakhstan

Crossing countries – Poland

Routes Length 
(km)

Types of 
traction Remarks

Warsaw–Krakow 300 3 kV DC –

Krakow–Mostys’ka 200 3 kV DC
Track gauge changing on Mostys’ka 
station (1435/1520); border between 

Poland and Ukraine

Crossing countries – Ukraine

Mostys’ka–Lviv 70 3 kV DC Changing types of traction on Lviv 
station

Lviv–Kyiv 580 25 kV AC
50 Hz –

Kyiv–Hutor–
Mikhailowsky 340 25 kV AC

50 Hz
Border between Ukraine and Belarus 

on Hutor-Mikhailowsky station

Crossing countries – Belarus

Hutor–Mikhailowsky–
Suhinichi 250 25 kV AC

50 Hz

Changing types of traction on 
Suhinichi station. Border between 

Belarus and Russia

Crossing countries – Russia

Suhinichi–Moscow 300 3 kV DC –

Moscow–Ryzan 215 3 kV DC Changing types of traction on Ryzan 
station

Ryzan–Michurinsk 250 25 kV AC
50 Hz

Changing types of traction on 
Michurinsk station

Michurinsk–Rtischevo 270 Non-electrified Changing types of traction on 
Michurinsk station (diesel)

Rtischevo–Saratov 200 25 kV AC
50 Hz

Changing types of traction on 
Rtischevo station

Saratov–Aksarayskay 630 Non-electrified

Changing types of traction on Saratov 
station (diesel); border between Russia 

and Kazakhstan on Aksarayskay 
station

Crossing countries – Kazakhstan

Aksarayskay–Makat 460 Non-electrified –

Makat–Kandagash 400 Non-electrified –

Kandagash–Sary 
Agash 1460 Non-electrified Changing types of traction on – Sary 

Agash (Arys) station

Sary Agash–Almaty 950 25 kV AC
50 Hz

Changing types of traction on Almaty 
station (diesel)

Almaty–Dostyk 870 Non-electrified Border between Kazakhstan (Dostyk) 
and China (Alashankou)
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D: Connection: Western Europe–China via the Central Corridor in Kazakhstan

Crossing countries – Poland

Routes Length 
(km)

Types of 
traction Remarks

Crossing countries – China

Alashankou–Wuwei 2000 Non-electrified
Changing types of traction on Wuwei 

station; track gauge changing on 
Alashankou station (1520/1435 mm)

Wuwei–Lanzhou 300 25 kV AC
50 Hz –

Lanzhou–Zhengzhou 1200 25 kV AC
50 Hz –

Zhengzhou–Beijing 700 25 kV AC
50 Hz –

Total length railway corridors D 11645 km

Types of traction

3 kV DC 1085 km (9%)

25 kV AC 50 Hz 4770 km (40%)

Non-electrified 6090 km (51%)

E: Connection: Western Europe–India via the Trans-Asian railway route

Crossing countries – Slovakia

Routes Length 
(km)

Types of 
traction Remarks

Bratislava–Štúrovo 150 25 kV AC
50 Hz

Track gauge 1435 mm;
border between Slovakia (Štúrovo) and 

Hungary (Szob)

Crossing countries – Hungary

Szob–Budapest 50 25 kV AC
50 Hz –

Budapest–Lőkösháza 250 25 kV AC
50 Hz

Border between Hungary (Lőkösháza) 
and Romania (Curtici)

Crossing countries – Romania

Curtici–Bucharest 650 25 kV AC
50 Hz

Changing types of traction on 
Bucharest station (diesel)

Bucharest–Giurgiu 90 Non-electrified Border between Romania (Giurgiu) and 
Bulgaria (Ruse)
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E: Connection: Western Europe–India via the Trans-Asian railway route

Crossing countries – Bulgaria

Ruse–Dimitrovgrad 260 25 kV AC
50 Hz

Changing types of traction on Ruse 
station

Dimitrovgrad–
Svilengrad 80 Non-electrified

Changing types of traction on 
Dimitrovgrad station (diesel); border 

between Bulgaria (Svilengrad) and 
Turkey (Kapikule)

Crossing countries – Turkey

Kapikule–Istanbul 250 25 kV AC
50 Hz

Changing types of traction on Kapikule 
station

Istanbul–Ankara 
(Kayash) 550 25 kV AC

50 Hz
Changing types of traction on Kayash 

station (diesel)

Ankara (Kayash) –
Tatvan 1300 Non-electrified –

Tatvan–Van 140 water route –

Van–Kapıköy 130 Non-electrified Border between Turkey (Kapıköy) and 
Iran (Razi)

Crossing countries – Iran

Razi–Tehran 850 Non-electrified –

Tehran–Zahedan 1120 Non-electrified

Border between Iran (Zahedan) 
and Pakistan (Kuhi Taftan); track 

gauge changing on Zahedan station 
(1435/1676mm)

Crossing countries – Pakistan

KuhI Taftan–Lahore 1600 Non-electrified Border between Iran (Amritsar) and 
Pakistan (Lahore)

Crossing countries – India

Amritsar–Beas 40 Non-electrified Changing types of traction on Beas 
station

Beas–New Delhi 460 25 kV AC
50 Hz –

Total length railway corridors E 7970 km

Types of traction

25 kV AC 50 Hz 2620 km (33%)

Non-electrified 5210 km (65%)

Water route 140 km (2%)
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2.2. Analysis of the current situation of the railway infrastructure

2.2.1. Maximum axle load

The permitted axle load on the examined Europe-Asia railway corridors, clustered per 
crossing country, is presented in Table 6.

Table 6 indicates the incompatibility in the same corridor in terms of permitted 
axle load. The values vary both between countries and between segments in the same 
country. This leads, inevitably, to the composition of block trains of axle load equal to 
or less than the minimum permitted axle load along the whole connection.

The limitation on the permitted axle load in different countries or in different railway 
segments in the same country could be attributed to:

1.	 Narrower track gauges (railway lines of larger gauge enable bigger axle loads); 
lower mechanical duration of the railway superstructure (track panel and track 
bed)

2.	 Inefficiency of the static and dynamic behaviour of the body of the civil engi-
neering structures

3.	 Presence of high longitudinal slopes and high length of inclines
4.	 Absence of electrification
5.	 Combination of the aforementioned factors

	 While trying to increase the axle load, the factors that could create severe 
technical problems are the existence of narrower track gauge and steep vertical align-
ment design.

Nonetheless, all the above issues could be dealt with, taking into consideration the 
following:

In practice, a possible increase of the axle load is not dealt with by the broadening of 
the track gauge, but rather, by the increase of the mechanical duration of the elements 
of the superstructure (i.e. rails of higher moment of inertia, therefore of bigger weight).

The issue of the high longitudinal gradients can be resolved with the installation of 
electrification and/or the use of power vehicles of higher traction power, or different 
variants in the track layout design.

2.2.2 Maximum train length

The maximum length of the trains that are permitted to move along the railway net-
works of the countries under examination varies from country to country or from rail-
way section to railway section within the same country (Table 6 and Table 7). This 
leads, inevitably, to the composition of block trains of lengths equal to or less than the 
maximum permitted train length along the whole connection.
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The limitations on the maximum train length can be attributed to the following:
1.	 The need to reduce, for specific axle loads, the total weight of the trains; this 

need, in turn, can be caused by the presence of high longitudinal gradients and 
high length of inclines, as well as by the absence of electrification

2.	 The presence of smaller platform lengths and track layout in the stations
3.	 The non-use of automatic vehicle coupling systems
4.	 The signaling system
5.	 A combination of the above factors

While trying to increase the train length for the same permitted axle load, the 
factors that could create severe technical problems are the presence of a steep vertical 
alignment design, and the insufficiency of the platform length and stations’ alignment. 
Nonetheless, all these problems can be addressed.

2.2.3.	 Track gauge

Track gauge variations are presented along the Eurasian railway examined routes, more 
specifically, as can be seen from Table 6 and Table 7:

I. Along the Trans-Siberian railway network: Two different track gauges (1435, 1520 
mm; one change of track gauge)

II. Along the Trans-Siberian railway network and the Manchurian Route: Two dif-
ferent track gauges (1435, 1520 mm; two changes of track gauge)

III. Along the Trans-Siberian railway network and the Trans-Kazakh Route: Two 
different track gauges (1435, 1520 mm; two changes of track gauge)

IV. Along the TRACECA–Turkmenbashi rail route: Two different track gauges (1435, 
1520 mm; two changes of track gauge)

V. Along the TRACECA–Aktau rail route: Two different track gauges (1435, 
1520 mm; two changes of track gauge)

VI. Along the connection Western Europe–China via the Central Corridor in Ka-
zakhstan: Two different track gauges (1435, 1520 mm; two changes of track gauge)

VII. Along the connection Europe–India via the Trans-Asian railway route: Two 
different track gauges (1435, 1676 mm; one change of track gauge)

The difference of the track gauge between the countries and between the railway 
segments in the same country is the basic obstacle in the achievement of interoper-
ability along the Eurasian railway corridors. The available solutions are the following:

6)	Unification of the rail track gauge along the whole connection
7)	Installation and operation of advanced systems for track gauge change
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2.2.4. Maximum speed of freight and passenger trains

The Europe-Asia railway connection is currently realized under track sections designed 
with various design speeds, while, on many occasions, the permissible track speeds vary 
significantly from the track design speeds.

Table 6 presents the maximum permissible speed for passenger and freight trains, 
clustered per crossing countries. As can be seen from the Table 6, the various track 
segments of the Europe-Asia rail corridors present different maximum permissible 
speeds. As a result, the running speed of the freight trains also varies. The reduction 
of the average running speed results in the increase of the average travel time.

Problems can be encountered due to a possible increase of the freight train speed 
when and if the design speed is lower than the desirable running speed. In such cases, 
interventions in the track layout design are demanded. On the contrary, in cases where 
the design speed is higher than the permitted speed, an increase of speeds can be 
achieved through the optimization of the track maintenance, or through soft interven-
tions in the superstructure and the track installations.

It is worth mentioning a general problem caused by the traffic composition. The need 
to have passenger and freight trains sharing the same track has a significant impact on 
the design, construction, and maintenance of a railway system. By way of indication, 
in the case of constructing a single or double track for mixed train operation:

1.	 the alignment is determined by the design speed defined for passenger trains;
2.	 superstructure is built based on passenger train speed and freight train axle load;
3.	 track maintenance policy considers the daily traffic load made up of all trains; and
4.	 the train rooting schedule must include trains running at different speeds, what-

ever be the consequence to the track capacity.
Mixed networks primarily satisfy passenger transportation. This priority usually 

leads to resource inadequacy for freight trains, which are further delayed in favor of 
passenger trains. The cargo transportation market needs to differ from that of passen-
ger transportation. This seems to enforce the progressive segregation of networks for 
passenger and freight transportation.

2.2.5. Track capacity

As can be seen in Table 7, along the Europe-Asia railway connection, there are railway 
sections of saturated track capacity, where the routing of additional trains is not feasi-
ble. In such cases, an increase in track capacity is demanded.

Track capacity depends on numerous parameters including: geometrical charac-
teristics of the alignment and the longitudinal profile of the layout; traction and cin-
ematic characteristics of the trains in operation; type and configuration of passing 
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trains; signaling system installed; length of block sections; railway traffic rules; train 
schedules; frequency by train type; ability to absorb traffic at terminals; reception abil-
ity of intermediate stations, etc. These parameters make a precise calculation of the 
capacity of a track section somewhat complicated.

In this respect, various mathematical models have been developed and proposed. 
As a result, each IM, according to the network’s characteristics and needs, adopts a 
different method to calculate track capacity.

The knowledge of track capacity is of major importance for the IM for the follow-
ing reasons.

1.	 Capacity knowledge is required to handle direct problems during the operation 
of a network, such as the routing of new regular, occasional, or periodic trains on 
a track section, the scheduling organization, the safe train traffic, and the choice 
of the appropriate track equipment for this purpose, the reduction of delays, etc.

2.	 Capacity calculation is needed during the first phase of a feasibility study for 
the construction of a new track (single or double), the doubling of a track, the 
abolishment of existing tracks, and the installation of an electric signaling system.

3.	 Capacity monitoring supports the adoption of long-term measures related to 
the investment policy of infrastructure works, and, in general, the transport 
development policy in a specific geographic region.

4.	 Finally, track capacity calculation is the first step when the infrastructure man-
ager has to take “path” allocation decisions (and afterwards capacity allocation) 
when dealing with the various RUs applying for passenger or cargo access to the 
specific railway infrastructure.

2.2.6. Rolling stock static and dynamic gauge (clearance)

The rolling stock static and dynamic gauge varies between the different segments of the 
Europe-Asia railway connection.

The civil engineering structures’ gauge should allow the safe and non-reduced transit 
speed of the freight trains. Therefore, a minimum gauge should be defined along the 
corridors and, in cases of incompatibility, necessary interventions should be made in 
the open tracks, the civil engineering structures, and the track installations.

2.2.7. Traction system

As can be seen from Tables 6 and Table 7, along the railway connection of Europe to 
Asia, a significant portion is not electrified, while the electrified sections present differ-
ent power supply systems.
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In cases of routing of diesel freight trains along the whole connection, no interoper-
ability issues appear. On the contrary, in cases of electrification, where strong interoper-
ability issues exist, there are three choices:

1.	 To provide the possibility of traction unit change along the railway corridor and, 
generally to optimize the traction management plan

2.	 To electrify each railway connection throughout its whole length
3.	 To provide multiple current electric traction units

2.2.8. Signaling system
The rail infrastructure of each country along Trans-Asian landmass includes different 
railway signaling systems.

2.2.9. Maintenance
It is necessary to specify how to manage the life cycle of all interlocking systems and 
equipment that will be used for the EU-Asia connection (design, requirements speci-
fication, development, production, operation, and disposal). Nowadays, the issue of 
RAMS and issues of safety assessment are seen in European countries. Application of 
certified, methodical procedures and methods for application of requirements accord-
ing to EN 50126, EN 50128, EN 50129 in the railway system seems to be the right way 
to address these issues.

2.3. Chapter conclusions
At this level of analysis, the following research needs are identified:

1.	 Evaluation of the current track gauge change techniques and investigation of new, 
more efficient solutions; harmonization of the technical solutions

2.	 Analysis and evaluation of the existing railway corridors connecting Europe and 
Asia (track, rolling stock, exploitation)

3.	 Formulation of an action plan for ensuring the interoperability along the railway 
link Europe-Asia

4.	 Investigation and definition of the optimal permitted axle load, train composition 
length and fixed obstacle’s gauge along the whole railway connection

5.	 A need for a common and agreed method for the calculation of track capacity; 
investigation and calculation of the track capacity along the alternatives railway 
corridors connecting Europe to Asia; formulation of an intervention plan for the 
increase of track capacity along the above corridors

6.	 Feasibility studies on the various alternative solutions for the traction systems
7.	 Feasibility studies on the various alternative solutions for the signaling systems
8.	 Feasibility studies for the operation of dedicated freight corridors in track sec-

tions of the corridors
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RAIL SAFETY AND SECURITY 
SYSTEMS OF EUROPEAN AND 
ASIAN COUNTRIES

3.1. Comparison analysis of rail safety and security systems

A. Rail safety and security systems

Improving safety and security is imperative for all railway stakeholders. Railway safety 
is an interdisciplinary research area. As the rail industry becomes smarter, security be-
comes increasingly more important. In today’s environment, rail industry is faced with a 
critical need to protect its passengers, employees, goods, infrastructures, and assets from 
possible threats with a smarter security system that enables rapid response to security 
breaches and prompts quicker investigation. Safety will be considered as an inherent 
component of the rail transport system relating to infrastructure, freight (goods and 
containers), transport users and operators, and rolling stock, as well as measures at pol-
icy and legislative levels, including decision support and validation tools. Essentially, se-
curity will be addressed wherever it is an inherent requirement in the transport system.

Europe: Safety and security are of primary concern for any transport system. The Eu-
ropean rail industry is in a state of rapid transformation aimed at meeting the increasing 
safety, environmental, societal, and economic demands set for modern rail transport. 
Europe’s railways are among the safest in the world. EU policies aim to maintain high 
standards and align safety requirements across the EU. The safety level of rail transport 
in the EU is generally very good, especially as compared to its main competitor, i.e., 
road transport. The European Railway Agency (ERA) plays a central role in promot-
ing interoperability and harmonizing technical standards in EU (Gleave 2011). ERA 
develops common technical specifications and common approaches to safety, working 
closely with stakeholders from the rail sector as well as with national authorities, the 
EU institutions and other interested parties (Railway Safety Performance …. 2008).

3
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Development and management of rail safety in EU: Safety rules and standards, such 
as operating rules, signaling rules, requirements on staff, and technical requirements 
applicable to rolling stock have been mainly devised nationally. These national safety 
rules should gradually be replaced by rules based on common standards, established by 
technical specifications for interoperability (TSIs). In this connection, the EU member 
states will ensure that:

1)	railway safety is generally maintained and continuously improved, taking into 
consideration the development of European legislation;

2)	safety rules are laid down, applied and enforced in an open and non-discrimi-
natory manner;

3)	responsibility for the safe operation of the railway system and the control of 
risks associated with it is borne by the infrastructure managers and railway un-
dertakings;

4)	information is collected on common safety indicators through annual reports in 
order to assess the achievement of the CSTs and monitor the general develop-
ment of railway safety.

The activities performed by the ERA aim at:
1)	developing, promoting, and monitoring a common EU approach to safety man-

agement and governance across the agency stakeholders;
2)	improving the interoperability of the European rail system by developing the con-

ditions for the free and uninterrupted movement of trains through technical and 
operational harmonization, including conditions for mutual acceptance of railway 
vehicles. To this end, ERA develops common TSIs and common safety methods 
and targets (CSMs and CSTs), working closely with stakeholders from the rail sec-
tor, national authorities, the EU institutions, and other interested parties.

The concept of a Safety Management System (SMS) is a key element in the legislative 
framework to improve the safety performance in an open railway market, as set out 
by Directive 2004/49/EC (Railway Safety Directive [RSD]). RSD foresees a number of 
concrete instruments for effective railway safety management. They include EU regula-
tory framework, safety certification, and safety assessment. Some major remarks relate 
to the setting up and independence of the NSAs and the National Investigation Bodies 
(NIBs), and the development of the safety management system.
Asian Countries
India: Safety and security of Indian Railways is of paramount importance to the system. 
Over the years, apart from the regular safety norms followed, the network has taken a 
number of steps through the innovative use of technology and by stepping up the train-
ing to its manpower to enhance safety standards. A number of distressed bridges, old 
tracks, signaling systems, and other safety enhancement devices have been replaced. 
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There have been extensive field trials of the anti-collision device (ACD) indigenously 
developed by the Konkan Railway, which uses innovative technology that will help the 
railways reduce accidents due to collision between two trains. The security of railway 
passengers is at present a shared responsibility of the Railway Protection Force (RPF) 
and the Government Reserve Police (GRP). Efforts are on to amend the Railway Act to 
give more powers to the RPF in ensuring security of passengers on trains and within 
railway premises. Women police have been deployed for the security and assistance of 
women passengers.

E-security measures have been designed to preserve the confidentiality and integrity 
of the users’ data on the Internet. E-Lock digital signature solutions provide the basic 
e-security foundation for businesses. The solutions are designed to suit the business 
requirements of the user, making them user-friendly. E-Lock facilitates a secure and 
safe business environment for its users, which allows them to conduct business opera-
tions freely. E-Lock takes a great pride in serving various esteemed customers, span-
ning several verticals, across the globe. Being a pioneer in the field of digital signature 
technology, E-Lock understands its customers and their requirements, and delivers the 
right solutions, helping them achieve desired goals. E-Lock empowers businesses to go 
paperless with its eSig and dSig technologies.

China: An effective safety management system will help the organization involved 
in railway transport to identify and manage risks effectively. It allows an organization 
to demonstrate its capacity in performing its safety responsibilities and in meeting 
regulatory requirements. In the case of a railway safety management framework, there 
has existed a localized practical system connected with specific implementing circum-
stances in China.

–– Legislation basis: In China, safety standards are enacted in the form of legal pro-
visions. The clauses listed in these standards represent behavioural constraints of 
practitioners, particularly those involved in railway operation and management.

–– Safety management entities: With regard to responsibility for safety, four levels 
of tasks are assigned, namely supervision level, strategy level, execution level, 
and implementation level, and safety policies are put into practice. Tyco Securi-
ty is a one-stop rail security solution which addresses security needs. Shanghai 
Maglev Train authorities have deployed real-time monitoring systems, including 
anti-riot mini dome cameras with anti-vibration, anti-smash and anti-sabota-
ge capabilities. Rail security management solutions are adopting multi-layered 
defences including:
a)	External Intrusion Protection: The first line of defence–preventing terrorist incur-

sions outside railway stations. This includes stopping criminals carrying hazardous 
materials close to the station and any of its entrances, vents, and tunnels.
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b)	Regional protection: This is a second layer of protection which involves the 
electronic surveillance of stairs, elevators, and other easily concealed areas. 
A flagged intrusion triggers an alarm to a control center for appropriate ac-
tions.

Japan: Co-relational research on rail transportation safety and security systems is be-
coming highly valued. Japan’s railways, due to its on-time arrivals, accurate operations, 
and safety and security, have played a major role in the nation’s social development. 
These achievements are mostly based on the development and combination of various 
new technologies, and on the improvement of employees’ skills. The Shinkansen (new 
trunk line), also known as the “bullet train,” is a network of high-speed railway lines 
in Japan operated by four Japan Railways group companies. Shinkansen uses advanced 
technologies compared with conventional rail, and it has achieved not only high speeds, 
but also high standards of safety and comfort. Its success has influenced other railways 
around the world and the importance and advantage of high-speed rail has consequently 
been revalued. Over the Shinkansen’s 49-year history of carrying nearly seven billion 
passengers, there have been no passenger fatalities due to derailments or collisions, 
despite frequent earthquakes and typhoons.

Russia: NICE Systems has been chosen to provide security to Russian rail transporta-
tion services between Moscow’s rail terminals and its three airports. The NICE system 
will be integrated with a number of third party systems, including access control, a fire 
alarm panel, a GPS train tracking system, mobile DVR, and a video wall. High-speed 
rail is emerging in Russia as an increasingly popular means of transport, although its 
development is moving at a slower pace than in Western Europe.

B. Euro-Asian connection

An EU FP7 project titled “Sustainable Maintenance and Analysis of Rail Transport 
Infrastructure” (SMARTRail) is to provide a framework for infrastructure operators to 
ensure the safe, reliable, and efficient operation of ageing European railway networks. 
The outputs from the project will result in enhanced safety, reliability, and capacity of 
these rail infrastructure networks, and will address European policy in the areas of 
transport safety and security, inter-modality, opening up a European network for freight 
transport and routes to rapidly developing Eastern European and Asian markets.

C. Relevant research questions/issues

I. TRACECA: The Transport Corridor Europe Caucasus Asia (TRACECA) is a pro-
gram aimed at strengthening the economic relations, trade, and transport commu-
nications in the regions of the Black Sea basin, South Caucasus, and Central Asia, 
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responding to common aspirations of its member states. The European Union tech-
nical assistance program, TRACECA, was first launched in May 1993 and the “Basic 
Multilateral Agreement on International Transport for Development of the Europe-
Caucasus-Asia Corridor” was signed in 1998 by Azerbaijan, Armenia, Bulgaria, 
Georgia, Kazakhstan, Kyrgyzstan, Moldova, Romania, Tajikistan, Turkey, Ukraine, 
and Uzbekistan. The main identified problems within the TRACECA region are the 
fragmentation of transport systems within and between transport modes due to tech-
nical and legal barriers; poor technology and insufficient organization at nodes and 
interchange points; lack of an integrated customs information system (ICIS); and low 
levels of safety and security.

II. One of the weaknesses of the trans-Asian route is the difficulty with guaranteeing 
the reliability of transport services (in terms of punctuality, safety, security and cargo 
information provision), high tariffs for transit cargoes, and the lack of transit cargo 
traceability due to a poor cargo information system (this was also happening along 
the Trans-Siberian route).

III. Improving safety and security of the new Eurasian land bridge should ensure 
flexible and appropriate policies and legal factors that ensure timely delivery.

I. People working on or around the track: Railway operation and maintenance 
requires several groups of staff to work on or around the track; these include track, 
overhead line, and signal maintenance staff, and shunters or couplers. This type of 
railway work has long been recognized as a relatively high-risk occupation, and deaths 
of such workers still regularly occur in almost all countries.

II. Train protection: Train accidents have a wide variety of causes, including rail 
vehicle or track defects, defects in the signaling systems, and human errors by operating 
staff. Accidents due to errors by signaling staff in normal operation have now become 
rare, because modern signaling systems have automatic protection against such human 
errors. However, accidents due to errors by drivers, such as passing signals at danger 
(SPAD) are more common, because it has been more difficult to develop automatic 
protection against these. Such errors are never deliberate, and they are very infrequent 
for each individual driver, but for systems as a whole they are a persistent problem.

I. Driver alertness: Driver alertness is closely related to the continuing problem of 
errors by drivers. The pressure to use staff with greater efficiency is leading to fewer and 
longer work duty periods for drivers, and to the use of single-operator shifts.

II. Level Crossings: Almost all railway systems have large numbers of level crossings, 
especially those in flat terrain (for example, the average density of level crossing loca-
tions varies from 1 km to 7 km in European countries). Most countries have statutory 
or non-statutory rules for the application and operation of level crossings. Such rules 
mandate the type of crossing that is to be used for specified road and rail traffic levels.
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3.2. Railway traffic risk analysis and assessment

3.2.1. Overall description

Regardless of whether for passenger transport or for freight transport, safety is the most 
important and basic requirement in railway transport, rather than aspects such as travel 
time and pricing. For railway transport, this is a complex and systematic problem. As 
it involves problems in several areas, such as rolling stock, communication and sig-
nal systems, and infrastructures, the system is somewhat vulnerable and faces many 
potential risks. Hence risk analysis and assessment is extremely necessary for railway 
transport. Vulnerability analysis is done mainly to identify the vulnerable elements on 
the network, while risk analysis is done mainly to determine which incidents are most 
likely to happen, and the consequences when such incidents do happen. Risk analysis is 
a more comprehensive task which needs more fundamental data. It is also the basis on 
which decision makers can take measures about maintaining the safety of the system.

3.2.2. Relevance to the EU-Asia connection

Maintaining the safety of railway transport is very important for the EU-Asian con-
nection. As the connection concerns two continents and several countries, it is really a 
complex system which might have many risks. Therefore, conducting a risk analysis and 
a vulnerability analysis is absolutely necessary.

3.2.3. Relevant research issues related to risk analysis that  
require further study

Some issues that require further study are as follows:
1)	Subsystem division of railway transport system
2)	Risk identification model and method
3)	EU-Asia railway transport network modelling
4)	Vulnerability analysis
5)	Potential solutions to control the risks and decrease the vulnerability

3.3. Compatibility of rail safety policies
This chapter aims at presenting the safety policies and recommendations from Europe 
and Asian countries to support the safety in the railways, in order to identify compat-
ibility and harmonization of safety legislation and rules. The chapter focusses on safety 
management aspects and risk assessment criteria based on code of practices, system 
reference and risk estimation approaches.



853. RAIL SAFETY AND SECURITY SYSTEMS OF EUROPEAN AND ASIAN COUNTRIES

3.3.1. European Union railway safety policy

The European Safety Directive 2004/49/EC that came into force in 2004 and was 
amended by Directive 2009/149/EC in 2009, is focused on rail safety whilst ensuring 
the opening up of the rail market in Europe. The safety directive aims at harmonizing 
the regulatory structures that enforce railway operation and safety in the whole of the 
European Union and within each member states.

The purpose of the safety directive is to ensure the development and improvement 
of safety in the community’s railways by:

1)	maintaining the global railway safety in each member state;
2)	harmonizing the regulatory structure in the member states;
3)	dividing responsibilities between the players;
4)	developing common safety methods (CSM) and common safety targets (CST);
5)	requiring the establishment, in every EU member state, of national safety au-

thorities and national bodies for accident investigation;
6)	defining common principles for the management, regulation and supervision 

of railway safety;
7)	describing the players involved in the railway safety management, as well as a 

harmonized structure of the safety management and the responsibilities of each 
player within it (the following sections elaborates on each of these points).

3.3.2. Players involved in the railways safety management

The safety management of the European railways is distributed among a few players at 
the EU level and/ or at the national level. These players include the following:

Infrastructures managers are any persons or undertakings that are responsible in 
particular for establishing and maintaining railway infrastructure. The functions of the 
infrastructure manager in a network or part of a network may be allocated to different 
bodies or undertakings. The safety authorization of an infrastructure manager should 
comprise acceptance of the provisions to meet specific requirements necessary for the 
safe design, maintenance, and operation of the railway infrastructure including, where 
appropriate, the maintenance and operation of the traffic control and signaling systems.

Railways undertakings are railway undertakings as defined in Directive 2001/14/
EC, and any other public or private undertaking, whose responsibility it is to provide 
transport of goods and/or passengers by rail with a requirement that the undertak-
ing must ensure traction; this also includes undertakings which provide traction only. 
Railway undertakings are the second kind of railway companies directly involved in the 
Safety Directive. As with infrastructure managers, a railway undertaking is responsible 
for its portion of the system and its safe operation, including the supply of material and 
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contracting of services, vis-à-vis users, customers, and third parties. If an infrastructure 
manager must obtain safety authorization, a railway undertaking must obtain a safety 
certificate in order to have access to a railway network or a part of it.

Safety authorities are the national bodies in each member state entrusted with 
the task of railway safety according to the provisions of the safety directive or any 
bi-national body entrusted by EU member states with these tasks, in order to ensure 
a unified safety regime on specialized cross-border infrastructure. Only one safety au-
thority exists in each EU member state. This authority may be the Ministry responsible 
for transport matters, and can work independently from any infrastructure manager, 
railway undertaking, and applicant and procurement entity. The safety authority has the 
role of upervising and regulating the safety management system implemented in each 
infrastructure manager and in each railway undertaking in the EU member state. The 
supervisory and regulatory tasks of the safety authority apply on both infrastructure 
managers and railways undertakings. These include :

1.	 authorizing the bringing into service of the structural subsystems constituting 
the transEuropean rail system (high-speed and conventional) and checking that 
they are operated and maintained in accordance with the relevant essential re-
quirements;

2.	 upervising that the interoperability constituents are in compliance with the es-
sential requirements;

3.	 issuing, renewing, amending and revoking relevant parts of safety certificates 
and safety authorizations–the safety authority will check that conditions and 
requirements laid down in certificates are met and that infrastructure managers 
and railway undertakings are operating under the requirements laid down in 
rules under community or national law;

4.	 monitoring, promoting, and, where appropriate, enforcing and developing the 
safety regulatory framework including the system of national safety rules; and

5.	 upervising that rolling stocks are duly registered and that safety related informa-
tion in the national register is accurate and kept up-to-date.

Investigating bodies are independent bodies in charge of the investigations of acci-
dents and incidents. As with safety authorities, only one investigating body should exist 
at any given point in time in one EU member state. An investigating body shall com-
prise at least one investigator who will perform the function of investigator-in-charge 
in the event of an accident or incident. An investigating body has the responsibility to 
investigate serious accidents. To undertake its activities, an investigating body is totally 
independent from any infrastructure manager, railway undertaking, charging body, al-
location body, notified body, and any other party whose interests could conflict with the 
tasks entrusted to the investigating body. It is, furthermore, functionally independent 
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of the safety authority and of any regulator of railways. The investigation has a legal 
status in each member state’s legislation framework.

Member states are the members of the European community. It is the responsibility 
of each member state to take the lead role in ensuring that railway safety is generally 
maintained, and, where reasonably practicable, continuously improved upon, taking 
into consideration the development of the community legislation, technical, and scien-
tific progress, giving priority to the prevention of serious accidents. The member state 
responsibilities include the following :

1.	 Each member state has to adopt laws, regulations, and administrative provisions 
brought into force by the Commission to comply with the safety directive.

2.	 With the agreement of the Commission, a member state may introduce a new 
national safety rule, which requires a higher safety level than the CST defined 
by the agency.

3.	 Each member state has to maintain two organizations (a safety authority and an 
investigation body) with sufficient resources to conduct their tasks.

The European Railway Agency (ERA) is the community agency for railway safety and 
interoperability established by regulation of the European Parliament and of the Coun-
cil. The ERA has a central role in the proposed harmonized rail structure and hence 
in ensuring rail safety as well. It has the main goal of facilitating coordination between 
member states and is the “force of proposals” in the rail safety field. It has to maintain 
and improve common European principles on safety. These common principles include:

1.	 the Common Safety Indicators (CSI);
2.	 the Common Safety Methods (CSM);
3.	 the Common Safety Targets (CST);
4.	 the common safety requirements for safety certificates and safety authorizations;
5.	 the safety authority for decision-making principles and safety certification 

process;
6.	 the investigating bodies in their tasks of networking.

The Commission can be mainly represented here by two main parts: the Council and 
the European Parliament. The European Commission has the main role of ensuring the 
adopting of new regulations, rules and so on, including the adoption of CST and CSM 
for rail transport at the European level with the main principles of opening the Euro-
pean rail market and harmonizing operation (Bearfield et al.2004; Bearfield et al.2005; 
El-Koursi et al. 2007). This task must be done in a non-discriminatory manner. From 
this perspective, the Commission can enforce a decision on a member state, for example 
on a draft national rule, if it finds that the rule is incompatible with the CSM or with 
achieving the CST, or that the rule constitutes a means of arbitrary discrimination or 
a disguised restriction on rail transport operation between member states.
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3.3.4. Basic elements of the European Safety Management System

A Safety Management System (SMS) is an organization’s formal arrangement, through 
the provision of policies, resources, and processes, to ensure the safety of its work activ-
ity. An effective SMS helps the organization to identify and manage risks efficiently. It 
allows an organization to demonstrate its capability in achieving its safety objectives 
and in meeting regulatory requirements.

A crucial aspect of RU’s and IM’s safety management activities will be the manage-
ment of interfaces. In many member states’ railways, the new organizational structure 
will increase the number of interfaces, and hence introduce potentially new types of 
risks. An organization faces essentially three different types of risks to its operations:

1.	 Internal risks are those associated with activities and locations for which the 
organization is solely and wholly responsible.

2.	 External risks are those originating from systems, people or organizations, and 
processes that are wholly outside the scope of the organization’s control.

3.	 Shared risks are risks associated with activities or locations for which there are 
shared responsibilities rather than sole ownership; to manage such risks the 
organizations have to ensure that compatible approaches are used.

3.4. Member states’ institutional framework
In order to ensure a safe and interoperable EU railway sector, the second railway pack-
age has created a decentralized system of railway authorities covering a number of rail-
way institutions with different roles and responsibilities. It includes today:

1.	 National Safety Authorities (NSAs), responsible, inter alia, for granting safety cer-
tificates to railway undertakings, and safety authorizations to infrastructure man-
agers, and authorizing the placing in service of railway vehicles and subsystems36;

2.	 Notified Bodies (NoBos), responsible mainly for conformity assessment of rail 
vehicles and subsystems, after having verified their compliance with the relevant 
technical specifications for interoperability (TSIs);

3.	 Designated Bodies (DeBos), responsible for conformity assessment in the case of 
national rules which are still applicable (TSI open points, specific cases, derogations);

4.	 National Investigation Bodies (NIB), responsible for investigating serious railway 
accidents;

5.	 Regulatory Bodies, responsible for ensuring a fair and non-discriminatory access 
to the rail network and services.

36	 The system constituting the rail system may be broken down into the following subsystems: (a) structural 
areas (infrastructure, energy, control, command and signaling, rolling stock); and (b) functional areas (traffic 
operation and management, maintenance, telematics applications for passenger and freight services).
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3.5. Regulations on Common Safety Methods

3.5.1. Risk Acceptance Criteria (RAC) and Risk Acceptance Criteria of 
Technical System (RAC-TS)

According to the European safety directive, the CSMs are the methods to be developed 
to assess whether safety targets and other safety requirements are met. It focuses on 
risk assessment, as this a priority in the safety directive. CSMs shall apply to any change 
to the railway system in a member state, as referred to in point (2) (d) of Annex III to 
Safety Directive 2004/49/EC, which is considered to be significant. CSM shall be ap-
plied only to assess predictively the safety of significant changes to the railway system 
both in EU member states and in Eurasian countries (see Fig. 6).

Safety Relevance  
Is it safety  related?  C:  
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Figure 6. Initial analysis of significant change (El-Koursi et al. 2006)
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The European Regulation No 402/2013 on the common safety method for risk evalu-
ation and assessment and repealing Regulation (EC) No 352/2009, on the 30th of April, 
2013, proposes in its annex a common risk management process and independent 
assessment. The risk management process shall start from a definition of the system 
under assessment and comprise the following activities:

a)	the risk assessment process, which shall identify the hazards, the risks, the as-
sociated safety measures, and the resulting safety requirements to be fulfilled by 
the system under assessment;

b)	demonstration of the compliance of the system with the identified safety require-
ments;

c)	management of all identified hazards and the associated safety measures.
This risk management process is unceasing and iterative, and is depicted in Figure 7. 

The process ends when compliance of the system with all the safety requirements neces-
sary to accept the risks linked to the identified hazards is demonstrated.
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Risk assessment is the overall iterative process that comprises:
I. System definition
II. Risk analysis that includes:

1.	 Hazard identification and classification
2.	 Three risk acceptance principles (existing safety assessment methods):

a)	codes of practice;
b)	similar reference systems;
c)	explicit risk estimation.

III. Risk evaluation
A risk in classic theory is stated as:

	 Risk = Vulnerability × Threat × Impact.
Then:

	 Vulnerability × Threat = Probability of Risk.
Finally:

	 Risk = Probability of Risk × Impact.
Where hazards arise from failures of technical systems not covered by codes of 

practice or the use of a reference system, the following risk acceptance criterion shall 
apply for the design of the technical system: “For technical systems where a functional 
failure has a credible direct potential for a catastrophic consequence, the associated 
risk does not have to be reduced further if the rate of that failure is less than or equal 
to 10-9 per operating hour” (Risk Acceptance 2010).

3.6. Applying Analytic Hierarchy Process to assess traffic safety 
risk of railway infrastructure

Here, the authors present the approaching Analytic Hierarchy Process (AHP) for as-
sessment of the risk level in railway infrastructure areas. AHP has been described in 
recent research as an emerging multicriteria decision-making approach to solving 
large, dynamic, and complex problems, which reflect real situations, such as strategic 
planning of management or resources, justification of introducing new technologies 
or determining the effectiveness of systems’ operation. The application of the AHP to 
performance evaluation was through a case study of the Lithuanian Railways traffic 
safety risk. The results of the performed investigation showed that the application of 
the AHP method can help railway traffic control managers and decision makers effec-
tively evaluate the railway infrastructure objects from the perspective of traffic safety 
risk, and make long-term strategic plans for preventing accidents on railway lines, even 
under difficult economic and transportation conditions. A model for assessing railway 
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infrastructure objects from the perspective of traffic safety risk, developed and realized 
by the authors for the Lithuanian Railways’ two operating lines, is presented below.

Traffic safety is one of the main problems facing road and railway operators in many 
countries of the world. The traffic safety situation in Lithuania, despite the progress 
made in 2008, is still not good enough compared to the other European Union coun-
tries. The effective control and management of railway traffic and ensuring its safety, 
requires a comprehensive analysis of the state of the railway infrastructure objects and 
systemization of the obtained data. This would help to develop urgent, effective meas-
ures to considerably reduce railway traffic safety risks (Cacciabue 2005). The component 
of railway infrastructure that causes many problems associated with the collisions of 
trains with road vehicles, and human injuries and mortalities, is the level crossing. 
A comprehensive analysis of level crossings was performed for a period of several 
years (2003 to 2011) in Australia, and the risk evaluation model ALCAM (Australian 
level crosssing assesment model) was suggested, and practically implemented by its 
governmental institutions. Experts in Great Britain also pay great attention to increas-
ing traffic safety at railway level crossings with the help of the developed traffic safety 
control model ALCRM. The Safety Risk Model (SRM), which presents a quantitative 
investigation of the potential accidents resulting from the operation and maintenance 
of the Great Britain rail network is widely applied too (RSSB … 2012). SRM comprises 
a total of 120 individual models, each representing a type of hazardous event. Other 
railway infrastructure components causing problems to specialists dealing with the 
problems of railway traffic safety in the Baltic States, Poland, and Finland, are railway 
stations, freight terminals and their sorting track yards, and pipelines (Lama et al. 2006; 
Sivilevičius et al. 2010).

Railway traffic safety control is aimed at protecting people, their health and wealth, 
as well as improving traffic conditions, reducing harmful effects of rail transport on 
the environment, and ensuring the realization of the general aims associated with rail-
way traffic safety and the relationship between railway systems of various countries. 
The control of railway traffic safety is regulated in Lithuania by the Lithuanian law 
on railway traffic safety. This law defines the rights and responsibilities of the state 
institutions developing and implementing the policy of railway traffic safety, as well as 
the requirements and the rights of the managers (carriers), and the investigation and 
registration of traffic accidents.

The aim of this research is to present a traffic safety risk evaluation model developed 
by the authors with respect to various objects of the railway infrastructure based on 
qualitative (expert) evaluation. In the considered risk management model, it is suggested 
to assess the damage made by railway traffic accidents based on the criteria presented 
in the Lithuanian law on railway traffic safety.
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The study of Japanese scientists (Silla and Kallberg 2012) was conducted to evaluate 
the effect of potential risk factors such as driving without a license, alcohol use, speed, 
seat belt, and helmet use on fatality in motor vehicle traffic accidents. Human factors 
play an important role in the occurrence of railway traffic accidents too. They include 
the violation of traffic rules, ignorance of road signs and signals by train operators, 
tiredness, intoxication, etc. (Lobb 2006; Savage 2006). However, traffic safety specialists 
emphasize that technical factors, including the provision of fencing, pedestrian and 
cattle crossings, lighting and signs, visibility, etc., can also increase traffic safety (Chang 
et al. 2008; Olejnik 2003).

The application of multicriteria methods, especially the AHP method, largely de-
pends on calculation of the criteria weights, based on expert evaluation (Saaty 2003). 
The results obtained can be used for practical purposes if expert judgments are in 
agreement (Szybka et  al. 2011). The latter may be determined by the concordance 
coefficient obtained by ranking the available alternatives. The risk level estimation pro-
cessing considers a possibility to apply the concordance coefficient in the cases when 
expert evaluation is not based on ranking. The calculations reveal the dependence of 
the agreement of expert estimates on a particular method used. The highest degree of 
agreement has been obtained by using the direct ranking method. The effect of equally 
assessed criteria, i.e. the tied ranks, on the concordance coefficient and thereby on the 
level of expert judgments’ agreement is usually insignificant and cannot change the 
results of rating.

For the reasons discussed above, in the presented survey, the AHP method was 
chosen by the authors. It was applied to the analysis of the transport sector, particularly 
to the assessment of Lithuanian railway traffic risks.

In the railway line environment, these groups of criteria (factors) were evaluated:
1)	the intensity of railway and road traffic;
2)	the degree of line traffic control (controllable, semi-automatic, and fully auto-

matic);
3)	ambient conditions (rain, snow, darkness, fog, etc.); and
4)	other risks.

The infrastructure of the Lithuanian Railways embraces the main lines of 2000 km of 
length, more than 500 level crossings (located at a distance of 4.2 km from each other), 
many railway stations, bridges, viaducts, several locomotive maintenance depots, and 
one tunnel. All objects of the railway’s infrastructure are clearly defined, the compre-
hensive data referring to them is presented, and major criteria describing railway traffic 
safety are determined. The significance of these criteria is also determined, based on 
expert evaluation, and they are ranked according to this parameter. After evaluation of 
factors influence weight on the analyzed railway line accident level, the urgent measures 
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to increase the traffic safety can be ranked. The authors offer the developed model for 
evaluating safety risks with respect to the objects of Lithuanian railway infrastructure. 
This model was applied on two Lithuanian real rail lines situated on the main transport 
corridor (the IXB trans-European corridor) to investigate the level of traffic risk and 
recommend vital means to improve the situation on these lines. The suggested estima-
tion process, based on scientifically-grounded methods (Davey et al. 2008; Lin 2010; 
McCollister and Pflaum 2007; Podofillini et al. 2006; Shedden et al. 2011), could also 
be used for assessing and managing traffic safety on the railways infrastructure objects 
of various Eurasian countries.

3.6.1. Railway infrastructure and identification of risk objects

The operator of the Lithuanian railway infrastructure is the state-owned company LG, 
which manages and regulates the traffic in the entire railway network. The railway sid-
ings are private. Railway traffic is controlled by the State Inspection of Railways subor-
dinate to the Ministry of Transport.

The investigation and assessment of traffic safety risks associated with railway in-
frastructure were performed in three stages:

1.	 The initial stage includes the collection (registration) and organization of data on 
the objects of railway infrastructure, identification of threats which may result 
in traffic accidents, expert evaluation of possible damage, the collection of data 
on the risks associated with the infrastructure objects, and determination of the 
significance of risk factors.

2.	 The railway traffic risk analysis stage is when the risk level of an object or a set 
of objects, chosen based on particular criteria, taking into account the registered 
risk factors of the considered object or set of objects, is considered.

3.	 The traffic risk management stage covers the selection of the required or recom-
mended measures aimed at reducing risks associated with a particular object or 
a set of objects, selected based on particular factors.

At the initial stage of analysis, the data on the objects of the Lithuanian railway 
infrastructure presenting risks to traffic safety are collected. The risks presented by the 
following objects of railway infrastructure to railway traffic safety are considered and 
assessed by the evaluation model:

1)	rolling stocks;
2)	rails and automatic switches;
3)	railway buildings;
4)	level crossings;
5)	signaling systems and automatic devices;
6)	railway stations and terminals.
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The main objective of railway traffic safety risk evaluation is to look at the most basic 
railway infrastructure component – the railway line. The railway network of the state 
consists of railway lines, which form the primary chain of the automatic and signaling 
system of traffic management.

Traffic safety on the railway line depends on certain general factors, as follows:
1)	type of the railway line (single/double track);
2)	availability of automatic train traffic control devices;
3)	the conditions of track repair performance, with the traffic stopped or active;
4)	operational (actual average) speed of the trains;
5)	actual number of pairs of trains, running along the railway line per day;
6)	the type of the traffic block-system (automatic or semi-automatic system);
7)	type of the railway line (crossing–or not–any settlements);
8)	the distance to the closest residential building;
9)	type of the railway line (passing–or not–any stations);

10) fencing of the railway line;
11) the number of level crossings;
12) visibility of level crossings in both directions;
13) level crossing lighting (present or not present);
14) the number of automatic switches on the railway line;
15) the number of bridges;
16) the number of animal crossings;
17) the number of viaducts and overpasses;
18) the number of viaducts over water;
19) a description of the track largest grade (slope) of the railway line;
20) the smallest radius and length of a horizontal curve;
21) geometric errors of the gauge;
22) the highest super-elevation of the rails.
The survey of experts’ opinions (specialists in railway traffic safety and train main-

tenance) allowed the authors to determine the main risk factors for railway line traffic 
as follows:

1)	single-track or double-track railway;
2)	geometric errors in the railway track gauge;
3)	the number of pairs of trains per day;
4)	type and number of level crossings;
5)	category of level crossing (intensity of road and train traffic);
6)	availability of automatic control devices of train traffic;
7)	the largest track grade and the track’s smallest horizontal curve.
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3.6.2. Identification of traffic accident threats on railways

The analysis of the data on railway traffic safety risks allowed the authors to identify the 
main threats as follows:

1)	the collision of trains;
2)	train derailing;
3)	the collision of rolling stock;
4)	the derailing of rail vehicle;
5)	the collision of rail vehicle and road vehicles at level crossings;
6)	running of rail vehicle vehicles over the people at level crossings;
7)	the collision of rail vehicle and some foreign bodies at level crossings;
8)	the collision of rail vehicle and people in the area of the railway and its equip-

ment (buildings);
9)	the collision of rail vehicle and the objects of railway infrastructure;

10)	the collision of rail vehicle and other objects;
11)	fire in the rail vehicle;
12)	signal passing at danger (SPAD);
13)	breakage of the rail vehicle wheels;
14)	breakage of the rail vehicle wheelsets;
15)	spontaneous uncoupling of automatic train carriage coupling;
16)	rail breakage;
17)	geometric gauge damage;
18)	signaling error (erroneous train route design);
19)	breakages in signaling, communication, contact systems and power equipment;
20)	faults in other engineering equipment.
The threats to railway traffic are constantly revised during the operation of trains and 

other infrastructure objects. Threats are identified by performing the following actions:
1.	 While investigating railway traffic accidents, it should be determined if the ac-

cident was caused by violation of a law regulating railway traffic safety.
2.	 The investigator of railway safety risks, having found the cause of the traffic ac-

cident, should check if this cause had already been registered as a risk factor in 
the traffic safety evaluation model.

To determine railway traffic safety risks, the potential threats should be determined 
(Rheinberger et al. 2009). It is found taking into account the factors given below:

1.	 human safety.
2.	 direct and indirect financial losses due to:

a)	infrastructure damage;
b)	damage to the rail vehicle;
c)	harm to the environment;
d)	train delay.
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To perform the analysis of railway traffic safety risks based on the suggested model, 
taking into account railway infrastructure objects, the following expert information is 
required:

1.	 Types of objects
2.	 Threats typical of a particular object
3.	 Factors, increasing the weight of threat criteria
4.	 Relative values of factors, increasing the weight of threat criteria
5.	 Factors, decreasing the weight of threat criteria (control measures are offered)
6.	 The level of damage caused by the realized threat

3.6.3. The determination of the railway infrastructure objects risk model

The application of the created model was demonstrated by considering two railway 
lines, representing Lithuanian Railways infrastructure. Their brief description is given 
below.

The first considered Lithuanian railway line is “Livintai–Gaižiūnai.”
1)	Railway type: a single-track railway
2)	Railway track gauge: 1520 mm
3)	Distance: 12 km
4)	Automatic block system
5)	Type of signalling: interlocking system
6)	Communication system: analogue, digital
7)	Railway traffic intensity: 63 pairs of trains per day
8)	Allowable speed on the railway line for freight/ passenger trains: 90/120 km/h
9)	The number of level crossings:1unit

10)	The type of level crossings: 1 unregulated level crossing
11)	Road traffic intensity at the level crossing: 12 vehicles/day
12)	The number of switches on the railway line (without railway station switches): 

no switches
13)	The smallest radius of the road curve on the railway line: 833 m
14)	The largest track on the railway line: 7.9%.
The second considered Lithuanian railway line is “Kaišiadorys–Pravieniškės.”
1)	Railway type: a double-track railway
2)	Railway track gauge: 1520 mm
3)	Distance: 16 km
4)	Automatic block system
5)	Type of signalling: interlocking system
6)	Communication system: analogue, digital
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7)	Railway traffic intensity: 43 pairs of trains per day
8)	Allowable speed on the railway line for freight/ passenger trains:

a)	Even route: 80/120 km/h
b)	Odd route: 90/120 km/h

9)	The number of level crossings: 1 unit
10)	The type of level crossings: 1 unregulated level crossing
11)	Road traffic intensity at the level crossing: 1533 vehicles/day
12)	The number of switches on the railway line (without railway station switches): 

no switches
13)	The smallest radius of the road curve on the railway line:

a)	Even route: 850 m
b)	Odd route: 1373 m

14)	The largest track on the railway line:
a)	Even route: 5.8%o
b)	Odd route: 5.5%o

3.6.4. Threats deliberated in the risk management model

Three common threats to any railway line were chosen to reveal the operation of the 
risk estimation model:

1.	 Human injury (T1)
2.	 Derailment (T2)
3.	 The collision of rail vehicle (T3)

For each of these three threats, the factors increasing the weight of criteria were 
identified.

The first threat, T1. The factors increasing the weight of the threat “Human injury” 
criteria:

1)	T1F1: High allowable train speed (more than 100 km/h)
2)	T1F2: Intense railway traffic (more than 50 pairs of trains per day on a double-

track and more than 24 pairs of trains on a single-track railway)
3)	T1F3: The railway in the state of track repair (with traffic stopped)
4)	T1F4: The railway in the state of track repair (with traffic active)
5)	T1F5: Regulated level crossing with low intensity road traffic (up to 500 vehicles 

per day)
6)	T1F6: Unregulated level crossing with low intensity road traffic (up to 500 ve-

hicles per day)
7)	T1F7: Regulated level crossing with high intensity road traffic (more than 500 

vehicles per day)
8)	T1F8: Unregulated level crossing with high intensity road traffic (more than 500 

vehicles per day)
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The second threat, T2. The factors increasing realization weight of the threat “De-
railment” criteria were identified.

1)	T2F1: High allowable maximum speed (more than 100 km/h)
2)	T2F2: Intense railway traffic (more than 50 pairs of trains per day on a double-

track and more than 24 pairs of trains on a single-track railway)
3)	T2F3: The railway in the state of track repair (with traffic active)
4)	T2F4: Passing a switch (switches)
5)	T2F5: Railway curves of small radius (up to 700 m)
6)	T2F6: Railway track grade (a large grade of more than 8% and length of more 

than 2 km)
7)	T2F7: Irregular straight railway track gauge (lower than 1517 mm or higher 

than 1525 mm)
8)	T2F8: No automatic railway traffic regulating devices (on the passed railway line)
9)	T2F9: The ambient temperature (-30°C and lower, or +30°C and higher).

The third threat, T3. The factors, increasing the realization weight of the threat 
“Collision of rail vehicle” criteria were identified.

1)	T3F1: The use of automatic block system on the railway line
2)	T3F2: The railway in the state of track repair with traffic stopped, when an even 

train is allowed to run on the odd track or vice versa
3)	T3F3: A single-track railway
4)	T3F4: The use of a parallel gauge (European and wide track gauges) on the 

railway line
5)	T3F5: High allowable maximum speed (more than 100 km/h)
6)	T3F6: Intense railway traffic (more than 50 pairs of trains per day on a double-

track and more than 24 pairs of trains on a single-track railway)
7)	T3F7: Passing a switch (switches)
8)	T3F8: No automatic railway traffic regulating devices (on the railway line)

3.6.5. Evaluating the factors, which increase the weight of the threat criteria, 
by using the AHP method

Ranking is not the only method of comparing various objects. Experts may evaluate 
the objects (or the factors describing them) in the units of measurement of a particular 
scale, as well as in percent, or in any system of points. They may also determine the 
values of the criterion weights by the method of pairwise comparison. In this case, the 
sum of the criterion weights should be equal to one. If we wish to apply the concord-
ance coefficient W for establishing the level of consistency of experts’ judgements, any 
assessment of the objects should be transformed into ranking. This is not difficult to do 
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because any method shows the significance of the objects as well.
For quantitative evaluation of the weights (significance) of the criteria describing 

the objects, the AHP (Analytic Hierarchy Process) pairwise comparison method was 
applied by Saaty (1980) and later widely used by many other scientists (Lin 2010). 
Experts compare all estimated factors (criteria) in pairs.

The pairwise comparison matrix is:
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	 ai i= 1; aij =
1

a ji
and aji ≠ 0.

where: m is the number of compared factors (criteria).
T. Saaty devised a consistency test to distinguish the consistent comparisons (with 

acceptable deviations) from the inconsistent comparisons (with unacceptable devia-
tions). The consistency test involves the use of a consistency ratio, CR = (λmax−n)/
(n−1)/RI, where RI is a random index given in the tables (Saaty 1980). If the value 
CR∼0.1, the decision maker has to redo the pairwise comparison matrix.

An example of determining the values of the weights of threat criteria, using the 
above-mentioned T. Saaty method, and the filled in questionnaire of pairwise com-
parison of criteria obtained from the experts, are shown in Table 8, in Table 10 and 
in Table 12.

Applying the T. Saaty’s AHP pairwise comparison method, the level of consistency 
of judgements is determined for each expert. In this case, the level of consistency of 
judgements of a group of experts based on the concordance coefficient was determined 
by calculating the T. Saaty weights of the criteria and ranking them according to decreas-
ing weights. The method enables us to determine the level of judgements’ consistency 
for an expert. The consistency of 20 experts’ judgements was acceptable because the 
concordance coefficient was less than 0.1.
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To evaluate the factor) increasing the weight of the threat criteria, the method of 
pairwise comparison was used. During the analysis, the factors increasing the weight of 
each threat criteria, were compared with each other against the 9-point scale. Perform-
ing risk analysis of traffic on Lithuanian Railways, a questionnaire survey of 12 experts 
of railway traffic control and management and four staff members (decision makers) 
of the state company “Lithuanian Railways” was made. When the data elicited from 
experts were processed and the consistency of experts’ judgements was validated by 
methods presented in the papers of Sivilevičius et al. (2010), the comparison matrices 
and values of the threat-increasing factors were obtained in this research work.

3.6.5.1. Risk threat “human injury”
The values of the comparison matrix’s factors increasing the weight of the threat “hu-
man injury” are presented in Table 8.

Table 8. The comparison matrix of the factors increasing the threat “human injury” (threat T1)

Factors increasing threat 
realization

Values of comparable coefficients
T1F1 T1F2 T1F3 T1F4 T1F5 T1F6 T1F7 T1F8

T1F1. High allowable 
maximum speed  

(more than 100 km/h)
1 ½ 1/3 1/6 1/3 1/5 ¼ 1/8

T1F2. Intense railway traffic 
(more than 50 pairs of trains 

per day on a double-track and 
more than 24 pairs of trains 

on a single-track railway)

2 1 ½ 1/5 ½ ¼ 1/3 1/6

T1F3. The railway in the state 
of track repair  

(with traffic stopped)
3 2 1 1/6 2 ½ 5 ¼

T1F4. The railway in the state 
of track repair  

(with traffic active)
6 5 6 1 4 2 4 1

T1F5. Regulated level crossing 
with low intensity road traffic 
of up to 500 vehicles per day

3 2 ½ ¼ 1 ¼ ½ 1/8

T1F6. Unregulated level 
crossing with low intensity 

road traffic of up to 500 
vehicles per day

5 4 2 ½ 4 1 ½ 1/5

T1F7. Regulated level crossing 
with high intensity road 
traffic of more than 500 

vehicles per day

4 3 1/5 ¼ 2 2 1 1/3

T1F8. Unregulated level 
crossing with high intensity 
road traffic of more than 500 

vehicles per day

8 6 4 1 8 5 3 1
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Based on the data of the comparison matrix presented in Table 1, and the validation 
of consistency of the compared coefficients, the weight values of the factors describing 
the threat of “human injury” are given in Table 9.

Table 9. The weight values of the factors increasing the threat “human injury” (threat T1)

Threat-increasing factors Weight value
T1F1. High allowable maximum speed (more than 100 km/h) 0.021

T1F2. Intense railway traffic (more than 50 pairs of trains per day on a 
double-track and more than 24 pairs of trains on a single-track railway) 0.047

T1F3. The railway line in the state of track repair (with train traffic stopped) 0.077
T1F4. The railway line in the state of track repair (with train traffic active) 0.311

T1F5. Regulated level crossing with low intensity road traffic of up  
to 500 vehicles per day 0.033

T1F6. Unregulated level crossing with low intensity road traffic of up  
to 500 vehicles per day 0.101

T1F7. Regulated level crossing with high intensity road traffic of more  
than 500 vehicles per day 0.064

T1F8. Unregulated level crossing with high intensity road traffic of more  
than 500 vehicles per day 0.345

3.6.5.2. Risk threat “derailment”
The values of the comparison matrix’s factors increasing the weight of the threat “derail-
ment” criteria were estimated. As was gathered according to AHP analyses, the threat 
factors T1F4 and T1F8 are the most determining factors of the weight of threat T1 “hu-
man injury” criteria. Based on the comparison matrix of the coefficients given, and the 
validation of the presented data, the values of the factors increasing the weight of the 
threat of derailment criteria, are obtained. They are presented in Table 10.

Table 10. The weight values of the factors increasing the threat “derailment” (threat T2)

Threat-increasing factors Weight value

T2F1. High allowable maximum speed (more than 100 km/h) 0.031
T2F2. Intense train traffic (more than 50 pairs of trains per day on a double-

track and more than 24 pairs of trains on a single-track railway) 0.026

T2F3. The railway line in the state of track repair (with train traffic active) 0.220

T2F4. Passing a switch (switches) 0.120

T2F5. Railway track curves of small radius (up to 700m) 0.112
T2F6. Railway track grade (a large grade of more than 8% and length of more 

than 2 km) 0.029

T2F7. Irregular straight railway track gauge  
(lower than 1517 mm or higher than 1525 mm) 0.346

T2F8. No automatic railway traffic regulating devices  
(on the passed railway line) 0.068

T2F9. The ambient temperature (-30°C and lower or +30°C and higher) 0.047
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As is seen in Table 10, the threat factors T2F3 and T2F7 are the most determining 
factors of the weight of the threat T2 “derailment” criteria.

3.6.5.3. Risk threat “collision of rail vehicle”
The values of the comparison matrix’s factors increasing the weight of the threat “colli-
sion of rail vehicle” criteria, were estimated by the realization of the comparison matrix. 
Based on the solved comparison matrix of the coefficients and the validation of the pre-
sented data, the values of the risk factors increasing the weight of the threat “collision of 
rail vehicle” are obtained. They are presented in Table 11.

Table 11. The weight values of the factors increasing the threat “collision of rail vehicle” 
(threat T3)

Threat-increasing factors Weight value

T3F1. The use of automatic block system on the railway line 0.079

T3F2. The railway in the state of track repair  
(with train traffic stopped, when an even train is allowed to run  

on the odd track, or vice versa)
0.224

T3F3. A single-track railway 0.184

T3F4. The use of a parallel gauge  
(European and wide track gauges) on the railway line 0.239

T3F5. High allowable maximum speed (more than 100 km/h) 0.037

T3F6. Intense railway traffic (more than 50 pairs of trains  
per day on a double-track and more than 24 pairs of trains on  

a single-track railway)
0.076

T3F7. Passing a switch (switches) 0.113

T3F8. No automatic train traffic regulating devices  
(on the passed railway line) 0.048

As is seen in Table 11, the threat factors T3F2 and T3F4 are the most determining fac-
tors of the weight of the threat T3 “collision of rail vehicle” criteria.

3.6.5.4. Risk assessment of the threat “collision of rail vehicle” in  
real lines of Lithuanian Railways
The results of the weight of the threat “collision of rail vehicle” criteria obtained for the 
considered infrastructure objects (railway lines) are presented in Table 12.
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Table 12. Assessment of the weight of the threat “collision of rail vehicle” criteria on the 
railway lines

Threat-increasing factor Weight of 
criteria

Infrastructure line (section)

“Livintai– 
Gaižiū-

nai”
“Kaišiadorys–
Pravieniškės”

“Kaišiadorys- 
Pravieniškės” 
(railway under 
track repair)

T3F1. The use of automatic 
block system on the railway line 0.079 0.079 0.079 0.079

T3F2. The railway in the state 
of track repair (with traffic 

stopped, when an even train is 
allowed to run on the odd track 

or vice versa)

0.224 – – 0.224

T3F3. A single-track railway 0.184 0.184 – –

T3F4. The use of a parallel 
gauge (European and wide track 

gauges) on the railway line 0.239 – – –

T3F5. High allowable 
maximum speed (more than 

100 km/h)
0.037 0.037 0.037 0.037

T3F6. Intense train traffic (more 
than 50 pairs of trains per day 

on a double-track and more 
than 24 pairs of trains on a 

single-track railway)

0.076 0.076 – –

T3F7. Passing a switch 
(switches) 0.113 – – –

T3F8. No automatic railway 
traffic regulating devices (on 

the passed railway line) 0.048 0.048 – –

The numerical value of threat 
weight of criteria 1.0 0.424 0.116 0.340

Threat realization weight of 
criteria – Medium Low Medium

The potential damage of the threat “collision of rail vehicle” was estimated as 
large because it meets the catastrophe criteria. Having assessed the weight of the 
threat criteria, the authors obtained the values of the threat risk, which are given 
in Table 13.
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Table 13. Assessment of the threat “collision of rail vehicle” risk level

Name
Railway line

“Livintai–
Gaižiūnai”

“Kaišiadorys–
Pravieniškės”

“Kaišiadorys–Pravieniškės”
(railway under track repair)

Threat Medium Low Medium

Damage High High High

Risk High Medium High

By calculating the traffic risk level of the particular threats on the particular railway 
lines, the total risk of an object can be assessed. The comparative analysis of the risk 
level on the railway lines “Livintai–Gaižiūnai” and “Kaišiadorys–Pravieniškės” not dur-
ing the track repair is presented Table 14.

Table 14. Comparison of traffic risk levels of two Lithuanian Railway lines

Risk of threat
Railway line

“Livintai–Gaižiūnai” “Kaišiadorys–Pravieniškės”
Risk of the threat “human injury” Low Medium

Risk of the threat “derailment” Low Low

Risk of the threat “Collision  
of rail vehicle” High Medium

Total risk (determined based on 
the highest risk level) High Medium

Finally, as is seen in Table 14, the risk of the threat “Derailment” has the lowest level 
on both analyzed railway lines.

3.6.6. Discussion and conclusions

The authors developed this model of railway traffic risk management, ocusing on the 
objects of railway infrastructure, which may be used by railway managers for improving 
traffic safety strategies, for establishing the priority of the required measures, and for 
their correction.

The suggested railway traffic risk management model provides information about 
the particular factors causing traffic risks, which would allow for identification of the 
areas or objects to be improved in order to increase railway traffic safety. The suggested 
railway traffic risk assessment model allows for the ranking of basic railway infrastruc-
ture objects such as railway lines, according to their risk to traffic safety, and helps to 
determine the “weakest points” and to plan the organizational measures required for 
eliminating the threats.
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First, all infrastructure objects presenting considerable risk to railway traffic ac-
cording to the results obtained by using the created model, were put in the required 
order. Then, the level of risk of all the objects was reduced to the medium and finally 
to the low level.

The analysis of the threat “human injury” has shown that the factor T1F8, associated 
with unregulated level crossing with high intensity road traffic of more than 500 vehicles 
per day on the estimated railway line, highly increases the weight of the considered 
threat realization criteria. The elimination of this factor would allow traffic accident 
threats to be reduced to the “low” level, thereby decreasing the risk of the threat “hu-
man injury” to the “low” level.

3.7. Demonstration of compliance with safety requirements

This demonstration shall be carried out by each of the players responsible for fulfilling 
the safety requirements. The approach chosen for demonstrating compliance with the 
safety requirements, as well as the demonstration itself, shall be independently assessed 
by an assessment body. Any inadequacy of safety measures expected to fulfil the safety 
requirements, or any hazards discovered during the demonstration of compliance with 
the safety requirements shall lead to reassessment and evaluation of the associated risks. 
The new hazards shall be registered in the hazard record.

3.7.1. Existing principles and techniques, from  
CENELEC 50126 standards

The main standard in use across the European community which describes risk and 
reliability assessment is EN50126: ‘Railway Applications – the specification and dem-
onstration of Reliability, Availability, Maintainability and Safety (RAMS).’ The standard 
gives examples of some risk acceptance principles and defines a comprehensive set of 
tasks for the different phases of a generic life cycle for a total rail system. However, 
EN50126 has evolved from the perspective of adopting new systems in the railway en-
vironment (for example, a new interlocking system, or new rolling stock). All of the 
techniques described in EN50126 are potentially relevant and usable. Table 15 presents 
tool and techniques to assist organizations in meeting the requirements and similarly, 
Table 16 has been produced to map the safety tools and techniques to each step of the 
CST proposed for risk assessment.

Investigation of accidents. The purpose of investigations should be to make safety 
recommendations for railway operators in the Europe-Asia corridor based on the find-
ings of the investigations, in order to prevent accidents and incidents in the future and 
improve railway safety in the entire transcontinental land bridge/ corridors.
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Table 15. Mapping of safety methods to railway system life cycle stages  
(Impact Assessment 2013)

Applicability of safety tools/ techniques

Failure Initiative Design Cons-
truction

Exploitation

Operation Maintenance

Organizational 
failure

HAZOP37, 
HAZID38, / /

Safety culture 
assessments/ 

audit
/

Operational/ 
human failure

HAZOP, 
HAZID

FTA39, event tree 
analysis (bow-tie)

task analysis, 
workload 

assessment

/ Procedural 
audit

Procedural 
audit

Te
ch

ni
ca

l
/E

ve
nt

s

Hardware
HAZOP, 
HAZID,
FMEA40

FTA, Markov 
modelling, 

other reliability 
modelling, 

calculation of 
component failure 

rates, RCM

/

Fault 
tolerance/ 

redundancy, 
diagnostic 
reporting

Fault 
tolerance/ 

redundancy, 
diagnostic 
reporting,

RCM41

Software
HAZOP, 
HAZID,
FMEA

FTA, SIL42 failure 
rate estimates /

Fault 
tolerance/ 

redundancy, 
diagnostic 
reporting

Fault 
tolerance/ 

redundancy, 
diagnostic 
reporting, 

RCM

37 38 39 40 41 42 

37	 Hazard and Operability Analysis
38	 Hazard and Operability Study
39	  Fault Tree Analysis
40	Failure Mode and Effect Analysis
41	 Reliability Centred Maintenance
42	Safety Integrity Level
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Table 16. Mapping of safety methods to risk assessment activities  
(Impact Assessment 2013) 43

Applicability of safety tools/ techniques

Failure Hazard identifi-
cation Risk analysis Risk evaluation

Risk reduction, 
control and mo-

nitoring

Organizational 
failure HAZOP, HAZID / /

Safety culture 
assessments/ 

audit

Operational/
human failure HAZOP, HAZID

FTA, event tree 
analysis

(bow-tie)

Task analysis, 
workload 

assessment, 
HEART43

Procedural audit

Te
ch

ni
ca

l/ 
Ev

en
ts

Hardware HAZOP, HAZID,
FMEA

FTA, Markov 
modelling, 

other reliability 
modelling

Calculated 
component 
failure rates

Fault tolerance/ 
redundancy, 
diagnostic 
reporting,

RCM

Software HAZOP, HAZID,
FMEA FTA SIL failure rate 

estimates

Fault tolerance/ 
redundancy, 
diagnostic 
reporting

3.7.2. Railway safety policy in Asian countries

Unlike the European Union, Asian countries, collectively, are yet to introduce Common 
Safety Methods or Indexes or Criteria (CSM, CSI, CSC) for the Trans-Asian Railways or 
the railways that cross into each other’s boundaries. However, Asian countries individu-
ally have safety management systems, and composite safety indexes which are managed 
by bodies or organizations that have been formed with a focus on common safety and 
security of railways in their countries.

The International Transport Workers’ Federation (ITF), an international trade 
union of transport workers runs certain projects in the Asia-Pacific region. One 
such project is on organizing strong railway unions and networks in South Asia and 
Southeast Asia.

The project observes that restructuring in the railway industry in most of the coun-
tries of South and Southeast Asia is at various stages of implementation and completion. 

43	 Human Error Assessment and Reduction Technique



1093. RAIL SAFETY AND SECURITY SYSTEMS OF EUROPEAN AND ASIAN COUNTRIES

Workers and unions are facing major changes to their working conditions, including 
increased work intensity, decreased job security, and lower job satisfaction. Developing 
alternatives to neoliberal transport restructuring, such as quality public services for 
railway workers and passengers is one of the objectives of the project. ITF’s railway 
safety project in India is focused on enhancing safety policies and implementation of 
safe working practices.

3.7.3. Chinese Railways safety policies

Safety Management Architecture for China Railway
In a research publication on the railway Safety Management System (SMS) in China, 
five common elements involved in risk-based SMS are suggested. Organization funda-
mentals and process fundamentals compose the basic requirements for the duty hold-
ers, who should clearly define the safety responsibilities of all relevant positions, and 
establish proper safety reporting mechanisms. These duty holders should also maintain 
scientific processes for planning, evaluating, recording, and reviewing safety-related 
work to make hazards traceable. On the basis of these processes, a whole set of hazard 
identification and analysis technologies can be introduced as specific measures to in-
stantiate the process at the bottom. As the consequences of these hazards are quantified, 
methodologies of assessing and controlling risks will be brought into the specific prod-
uct and application development; at the same time, relevant quality management and 
process assurance systems will be implemented with the evidences supported by safety 
regulations. But above all these things, a unified and unambiguous safety principle will 
give an invisible and formative guidance to these activities above, during each step of 
the system’s life cycle.44

In the Chinese railway industry, the regulation and laws have perfectly defined the 
responsibilities of all the participants’ roles, and have standardized most procedures for 
practitioners, even supervisors. In order to ensure the continuity of safety management 
and the adoption of the technology at the same time, the research publication consid-
ers it necessary to plug the risk-based Plan, Do, Check and Act Principle (PDCA) into 
existing safety laws and regulations for organization and process aspects, and define 
safety principles (see Table 17 and Figure 8).

In this way, guaranteeing systematic safety depends on indicators assigned by risk 
allocation.

44	“Research on Safety Management System for China Railway”, by Tao Tang, Chao Li and, Ru Niu, 
State Key Laboratory of Rail Traffic Control and Safety, Beijing Jiaotong University, China
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Table 17. PDCA for railway safety management (Tao Tang et al. 2009; El-Koursi et al. 2007)

Deming Cycle Safety Management System

Plan

Nature and scope of duty holder’s business
Safety policy

Risk 
management

Risk identification

Risk control

Safety assurance

Do
Organization structure and responsibilities

Competence, training and qualification

Check

Incident and accident reporting and learning

Emergency management

Safety communication and information integrity

Act Monitoring, auditing, corrective measures, and annual reports

Figure 8. PDCA principle cycle (Tao Tang et al. 2009)

Safety Principle

Risk Assessment
■ System de�nition
■ Hazard identi�cation
■ Risk Evaluation

Current Safety 
Regulations
■ Regulation on 

Accidents Grading
■ Rules on Railway 

Operation Safety 
Supervision

 - Organization, task 
and responsibilities

 - Principles and procedures 
of production

Organization Fundamental
■ Safety policy
■ Organization structure and 

independency
■ Working with suppliers

■ Safety responsibility
■ Competency&Training
■ Safety-related 

communicating

Process Fundamentals
■ Safety planning
■ Independent 

professional review

■ Systematic processes
- Con�guration management
- Records

Risk Control
■ Audit and Monitor
■ Corrective Measure
■ Accident Reporting and 

learning
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Any process involved in the SMS framework should be applied to each of the life 
cycle phrases. It may be that specific adoption or expansion of a duty holder’s overall 
generic SMS may be required to address specific issues relating to the various life cycle 
phrases.

For example, the safety policy commitments may contain specific commitments for 
each life cycle phase, and these should be cascaded so that the SMS framework suf-
ficiently addresses them; however, regardless of any specific commitments the safety 
policy and the resulting SMS should appropriately address each of the life cycle phrases.

The quality of an SMS is typically assessed through audits, which are based on a 
control and monitoring loop (for example, Deming cycle). By going though such a loop, 
the completeness of the loop investigated can be quantified numerically, or assessed 
qualitatively. Therefore, if for every activity within an SMS there is a policy or a plan 
related to safety, evidence that it has been implemented and checked by measurement 
of performance is required. Also it needs to be included that the results of these checks 
or measurements are followed up by the management45.

3.7.4. Indian Railways safety policy

The Indian Railways, of their own initiative, periodically get the system reviewed and 
scrutinized for safety performance. During the last four decades, four safety review 
committees have investigated the deficiencies in the system, and have suggested re-
forms to improve the safety of the system.

Some of the safety policies of the Indian Railway include46:
Measuring safety through a ‘Composite Safety Index’: Any system of measuring 

safety must meet the following two criteria: (i) validity, and (ii) reliability. Safety in any 
system – a railway network or otherwise – has to be an integral part of the process, 
methods, equipment, materials, people, etc. that it employs to produce its services. 
Logically speaking, measuring safety should be concerned with the quantity and qual-
ity of the system, as well as measuring events like accidents, averted accidents, other 
incidents, the safety performance monitoring system, human failure risk management, 
equipment failure, etc.

45	 “Research on Safety Management System for China Railway”, by Tao Tang, Chao Li and, Ru Niu, State 
Key Laboratory of Rail Traffic Control and Safety, Beijing Jiaotong University, China
46	Measuring Safety Through A ‘Composite Safety Index’, Brijesh Dixit, Chief Safety Offficer, Western 
Railway, INDIAN RAILWAYS
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The safety culture/ climate as a factor while measuring safety: Assessing an organi-
zation’s safety culture/ climate requires the measurement of a number of applicable 
contextual dimensions. The following 11 dimensions can be said to provide the main 
focus for ascertaining an organization’s current safety culture/ climate:

1.	 Management commitment
2.	 Management actions
3.	 Personal commitment to safety
4.	 Perceived risk levels
5.	 The effects of the required work pace
6.	 Beliefs about accident causation
7.	 The effects of job-induced stress
8.	 The effectiveness of safety communications within the organization
9.	 The effectiveness of emergency procedures

10)	Safety training
11)	The status of safety people and safety committees within an organization
Corporate Safety Plan (CSP): A CSP for Indian Railways was formulated for a pe-

riod of ten years (2003–2013) entailing a multi-pronged strategy, laying emphasis on 
prevention by reducing human dependence and mitigation of consequential effects in 
case of an accident. The CSP envisages a substantial reduction of accidents in IR by 
the year 2012–13.

Safety Information Management System (SIMS): A web-based system for overall 
safety management of Indian Railways has been developed in which one of the modules 
is related to level crossings. This level crossing management system monitors the data 
at level crossings by assigning a unique number to every level crossing.

3.7.5. Railway safety bodies (government inspections)  
in Asian countries

China
The Ministry of Railways (MoR) has acted as both the regulator and the operator of 
China’s railway system ever since its establishment. The ministry is responsible for pas-
senger services, regulation of the rail industry, and development of the rail network and 
rail infrastructure in mainland China. The MoR is also in charge of the operations of 
China Railways which manages the railway bureaus and companies in mainland China. 
On 10 March, 2013, it was announced that the Ministry would be dissolved and its 
duties taken up by the Ministry of Transport (safety and regulation), State Railways 
Administration (inspection) and China Railway Corporation (construction and man-
agement).
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The Chinese railway sector is governed by the 1991 Railway Law which has five 
main components:

1)	sector administration;
2)	commercial arrangements for passenger and freight transport;
3)	planning, construction standards, and opening arrangements;
4)	safety and protection; and
5)	legal and associated matters.

The MoR is responsible for nearly all aspects of railway economic and safety regu-
lation. But in practice, the NDRC (National Development and Reforms Commission) 
administers economic and safety regulation.

The structure of the Ministry includes 12 departments which cater to varied func-
tionalities of the railways. While the department of policy and regulation formulates 
economic policies and industrial regulations of Chinese Railways, the development and 
planning department prepares long- and medium-term development plans and annual 
railway construction plans, and are responsible for combat-readiness, energy-saving, 
and environment protection of the railways. Other departments include the financial 
department, personnel department, department of science and technology, labor and 
health department, international cooperation department, and train operations bureau.

There is a separate department for safety supervision. Safety standards are enacted 
in the form of legal provisions. This department drafts safety laws and regulations of 
the railway operations and supervises their implementation. The department is also in 
charge of labor safety, labor protection, and the safety of boiler pressure containers, as 
well as the investigation and settlements of serious railway accidents.

The Public Security Bureau maintains and safeguards railways’ order, and manages 
the safety guards of dedicated and special transport, guiding the synthesis security ad-
ministration, and fire prevention. Subject to the management of Ministry of Railways 
and Ministry of Public Security, their duties are mainly led by the Ministry of Public 
Security.
India
The MoR oversees the Indian railway sector through the Indian Railway Board, referred 
to as MoR (IRB). The MoR (IRB) exercises all central government policy powers, and 
administers, supervises, and directs the entities that provide most of the rail services. 
The MoR (IRB) also fulfils most industry regulatory roles, except for safety oversight 
and railway rates appeals.

The office of the Chief Commissioner of Railway Safety (CCRS) is responsible for 
all safety-related aspects of IR operations and is assisted by Commissioners of Railway 
Safety (CRSs). To maintain independence from IR, the CCRS is under the Ministry 
of Civil Aviation, not the Ministry of Railways. The CRS certifies permanent way and 
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rolling stock, conducts routine inspections of IR facilities and equipment, and investi-
gates serious railway accidents.47

Safety organization
Safety organization is a coordinating service department, concerned mainly with safety 
audit functions, helping the relevant departments to discharge their safety functions 
effectively.

Safety organization was created in the Indian Railways working system based on 
the recommendations in reports of inquiries into serious train accidents. Initially the 
safety organization was functioning as one of the wings of the operating department. 
Based on the recommendations of the Railway Safety Review Committee, a broad-based 
safety department was set up with officers and staff drawn from all disciplines concerned 
with safety in train operations, viz., operating, engineering, mechanical, electrical, and 
signal and telecommunication departments manning the posts.
Levels of Safety Organization
The safety organization functions at all the three levels of organizational structure of the 
Indian Railways, i.e., the Railway Board at the apex level, Zonal Railways at the middle 
level, and Divisions at the bottom level.

At the Railway Board level, the safety directorate is headed by an adviser assisted 
by directors, other officers, and inspectors drawn from various disciplines. At the Zonal 
Railway level, the Chief Safety Officer (CSO) heads the safety department assisted by 
officers and supervisory staff from other departments connected with safety. At the 
Divisional level, the safety department is headed by senior divisional safety officers. 
An assistant officer is also available in some divisions. Supervisory level staff from all 
concerned departments is available for providing assistance at the divisional level.

The safety organization shares a common purpose in its drive towards increased 
reliability and availability of the rail system whilst seeking to continuously improve 
socially acceptable and reasonably practicable levels of safety. These are the very basic 
principles of sustainable development which seek to retain a holistic view and maintain 
risks in balance. There can never be zero risk and the safety organization’s work is about 
helping the railways to consistently achieve a tolerable level of risk.

The broad scope and functions of the Safety Department are:
6)	to sensitize all those involved with railway operations on safety-related issues;
1)	to oversee all safety matters;
2)	to identify safety-related susceptibilities and vulnerabilities; and
3)	to enable the concerned departments to deliver.

47	  Source: Railway Reform: Tool kit for improving Rail Sector Performance, Case Studies, The World Bank 
- http://www.ppiaf.org/sites/ppiaf.org/files/documents/toolkits/railways_toolkit/ch7_4.html

http://www.ppiaf.org/sites/ppiaf.org/files/documents/toolkits/railways_toolkit/ch7_4.html
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The following activities are undertaken by the Safety Organization:
1.	 It audits the safety awareness/consciousness of the railway employees at all levels 

through normal and surprise inspections as well as super-checks. This will also 
include checks on availability and adequacy of rules and procedures laid down 
by various departments for ensuring safety in train operations and their compli-
ance by various levels of staff.

2.	 It reports accidents, conducts accident inquiries, analyses the causes leading 
to such situations, and recommends corrective actions so as to prevent such 
incidents in future.

3.	 It monitors the disaster management mechanism of providing an effective re-
sponse to untoward incidents on the railways, and also coordinates with the state 
government and other agencies in disaster management activities.

4.	 It creates awareness amongst the public for ensuring safety in railway compart-
ments and at level crossings.

5.	 It creates safety awareness amongst railway staff through publication of bulletins, 
magazines, posters, calendars, etc., and also motivates railway staff who have 
acted in manner as to avoid an accident or untoward incident through cash 
awards and other schemes.

6.	 It follows up on the implementation of recommendations made by the Railway 
Safety Review Committee, the High level committee on Disaster management, 
and those by the Commissioners of Railway Safety as a result of inquiries into 
train accidents.

7.	 It monitors progress of various safety related works and activities, keeping in 
view the objectives and goals laid down in the Indian Railways Corporate Safety 
Plan 2003–2013.

Japan
The Japan Railways Group, more commonly known as the JR Group, consists of seven 
for-profit companies that took over most of the assets and operations of the govern-
ment-owned Japanese National Railways (JNR) on April 1, 1987.

The group consists of seven operating companies and two other companies that do 
not provide rail services. The operating companies are organized into six passenger 
operators and a nationwide freight operator. Unlike some other groups of companies, 
the JR Group is made up of independent companies, and it does not have a group 
headquarters or a holding company to set the overall business policy.

Japan Freight Railway Company operates all freight service on the network previ-
ously owned by JNR. In addition, the group includes two non-operating companies. 
These are the Railway Technical Research Institute and Railway Information Systems 
Co., Ltd.

http://en.wikipedia.org/wiki/Japan_Freight_Railway_Company
http://en.wikipedia.org/wiki/Freight
http://en.wikipedia.org/wiki/Railway_Technical_Research_Institute
http://en.wikipedia.org/w/index.php?title=Railway_Information_Systems_Co.,_Ltd.&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Railway_Information_Systems_Co.,_Ltd.&action=edit&redlink=1


116

The Ministry of Transport (MoT) is responsible for all matters relating to land, sea, 
and air traffic and transportation, plus maritime safety and meteorological services–
chiefly the construction and maintenance of railways, seaports, airports, and other traffic 
arteries and hubs that serve as social infrastructure, the construction of expressways 
and local traffic systems, and the review of safety and environmental considerations.

An important element in the safety of many high-speed, inter-city networks such 
as Japan’s Shinkansen is the fact that trains only run on dedicated railway lines without 
level crossings. This effectively eliminates the potential for collision with automobiles, 
other vehicles, and pedestrians, vastly reduces the likelihood of collision with other 
trains, and helps ensure that services remain timely. In order to ensure the highest pos-
sible degree of safety, independent scrutiny and assessment of safety-critical products 
and processes is of vital importance, which the Japanese Railways has implemented 
successfully. Japanese railways are installing more cameras and making other improve-
ments with their capital investment budget.

The Ministry of Land, Infrastructure and Transport (MLIT), which oversees railway 
companies, also focuses on security improvements for mass transportation.

3.7.6. Harmonization of railway safety policy

The safety policy generally reflects the philosophy and culture of safety of a country. 
The main influencing factor is the railway transport market, which is part of the total 
market of the country, including national and international sites. The main benefit of 
this comparison is to identify the main elements of the various railway safety policies 
systems in European and Asian countries and to compare them in order to analyse their 
compatibility and harmonization.

3.7.7. Harmonization processing

The main goals and means of harmonization are to:
1)	increase the compatibility of railway subsystems and parts;
2)	harmonize technical specifications and safety regimes;
3)	increase the modal share of the railway; and
4)	make railway transport more competitive.

Harmonization of the Eurasian railway corridors can only be a long-term goal be-
cause of the enormous costs involved. Innovation is not necessarily a goal of interoper-
ability; interoperability creates conditions for an open railway market, but it does not 
create the market itself, neither does it solve financial problems of further introduction 
and improvement of interoperability. The next steps after creating this market depend 
largely on the political will to define and support effective migration strategies.
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Table 18. Comparison of railway safety policy systems in EU (Impact Assessment 2013)

Cultural aspects Differences in culture, language:  
need for harmonization of the terminology used

Goals of the laws

–– Maintaining the global railway safety in each 
member state and where reasonably practicable, 
improving it

–– Harmonizing the regulatory structure

Proposition of federal rail safety laws The European Rail Agency

Adoption of federal rail safety laws The European Commission, then in each member 
state

Enforcement of federal rail safety laws The member states

Adoption of national rail safety laws The member states with the approval of the 
European Commission

Enforcement of national rail safety laws The member states

Structure Top-down bureaucracy organization by successive 
integration process

Type of company involved
–– Infrastructure managers
–– Railway undertakings
–– Integrated railway companies

Authority in rail safety for federal laws EU and ERA for application

Authority in rail safety for states laws Member state’s safety authority

Accident investigation Member state’s investigating body

Type of certification

Safety authorization/safety certificate, including an 
SMS, established by the infrastructure manager/ 
railway undertaking to conform to European laws 
and national laws

Submission of the demand of certification

–– Applicant initiative
–– Railway company initiative
–– On safety authority demand (on substantial 
change)

Approval Member state’s safety authority

Time to take decision on certification Four months after the reception of all requested 
information

Record of “certificate”
–– Member state’s safety authority
–– The European Rail Agency

Monitoring of company according to 
their “certificate” Member state’s safety authority

Validity period/revision of the 
“certificate”

–– A maximum of 5 years
–– Until any substantial change arises that requires a 
revision of the SMS
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Regarding the migration from the system of national rules to the common Eurasian 
“international” rules, the possibility of adopting new national rules by different coun-
tries will be limited to strictly defined cases. In this context, it is necessary to:

1.	 Continue the work of cataloguing and evaluating national rules
2.	 Identify (in consultation with relevant national authorities) which of the national 

rules can be removed
3.	 Encourage the national authorities to remove unnecessary and obsolete national 

rules
It is necessary to deal predominantly with the issuing of (a) authorizations for plac-

ing in the market vehicles and vehicles types, (b) authorizations for placing in service 
trackside control-command and signaling sub-systems, and (c) safety certificates.

The compatibility and harmonization in the EU is summarized in Table 18.

3.7.8. National railway rules

The railways across Europe have developed as islands over the past century with 
each member state choosing to adopt their own national standards (or in some 
cases multiple, competing, national standards) with little thought to the effects of 
integration across borders. These rules act as a barrier for the growth of the rail 
sector in terms of:

I.	 availability of rolling stock that can cross borders; and
II.	getting vehicles and equipment authorized to operate in a number of EU member 

states.
National rules can be divided into National Technical Rules (NTRs) and National 

Safety Rules (NSRs). The agency is currently facilitating the process of notification 
of NTRs by the member state with the ultimate goal of removing the majority of, if 
not all, NTRs. However, the process is slow, with significant progress restricted only 
to a subset of NTRs. Given this scenario, it is difficult to obtain a clear picture of the 
NTRs that exist in different member states, let alone understand which ones are no 
longer relevant and can therefore be removed. There are also a substantial number of 
NSRs; there is a more advanced process in place for the notification of NSRs (relative 
to NTRs) and an NSR task force is currently working on further progress in this area. 
The number of national rules and harmonization stages are presented in Table  19, 
Table 20 and Table 21.
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Table 19. Total number of national rules in EU countries  
(Impact Assessment 2013)

Category of rules Number of rules

Safety rules 1.200

Vehicle design technical rules–to be covered in the 
future by TSI (when the scope is extended) 7.500 (300 × 25)

Vehicle design technical rules–to be covered in the 
future by TSI (currently open points) 2.000 (80 open points × 25)

Vehicle design technical rules–non-TSI required for 
compatibility with non-TSI conform networks 3.000 (120 × 25)

Network design technical rules  
(relevant for vehicle-network interface) 3.000 (120 × 25)

Total National Rules currently quantified 11.700

Technical operational rules 400 (very high-level estimate 
provided by the agency)

Technical rules for maintenance 400 (very high-level estimate 
provided by the agency)

Other network rules Unknown
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Table 20. Authorization categories used in the assessment (Impact Assessment 2013)

Authorization Category
Average cost

(in thousands 
of €)

Average 
timescale  

(in months)

New locomotive type authorization (the 1st country) 6,000 24

New wagon type authorization (the 1st country) 100 2

New multiple unit type authorization (the 1st country) 600 24

New coach type authorization (the1st country) 100 24

New locomotive type authorization (supplementary country) 916 11

New wagon type authorization (supplementary country) 0 0

New multiple unit type authorization (supplementary country) 120 7

New coach type authorization (supplementary country) 0 0

Locomotive type re-authorization without ERTMS  
(1st country) 750 12

Locomotive type re-authorization with ERTMS (1st country) 1,500 12

Number of wagon type re-authorizations (1st country) 100 1

Multiple unit type re-authorization without ERTMS  
(1st country) 600 24

Multiple unit type re-authorization with ERTMS  
(the 1st country) 6,000 27

Coach type re-authorization (the 1st country) 100 24

Locomotive type re-authorization without ERTMS 
(supplementary country) 0 0

Locomotive type re-authorization with ERTMS 
(supplementary country) 750 8

Number of wagon type re-authorizations (additional country) 0 0

Multiple unit type re-authorization without signaling 
(supplementary country) 0 0

Multiple unit type re-authorization with ERTMS 
(supplementary country) 2,000 6

Coach type re-authorization (supplementary country) 0 0

NOTE: Zero values mean that re-authorization is not 
obligatory.
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SAFETY CERTIFICATION AND 
AUTHORISATION IN THE 
EURASIAN RAILWAYS

Two safety certifications are mentioned in the Safety Directive. First, a safety authoriza-
tion is necessary for an infrastructure manager (IM) to manage and operate rail infra-
structure, and second, a safety certificate is necessary for a railway undertaking (RU) 
to operate on rail infrastructure. For RUs, each safety authority should give detailed 
guidance on how to obtain a safety certificate. It should list all requirements and make 
all relevant documents available to the applicant.

While an IM must obtain its safety authorization only from the safety authority in 
the member state where it is established, the safety certificate of a RU may cover more 
than one member state’s rail 1network. The RU must hence apply for a “European” 
safety certificate in any one of the member states in which it wants to operate, and 
it must also apply for a “national” safety certificates from the relevant national safety 
authorities of each country which it wants access to.

The safety authorization/ safety certificate is renewed at the latest every five years 
on application by the infrastructure manager/ railway undertaking. An infrastructure 
manager/ railway undertaking must inform the relevant safety authorities in the event 
of any substantial change in their safety authorization/ safety certificate. In this case, 
the safety authority may request the safety authorization/ safety certificate to be revized.

4.1. Certification problems and issues concerning  
the separation of railway operations from infrastructure 

Certification time and cost

The experience of some new projects already certified against TSI requirements reveals 
the following facts (Impact Assessment … 2013). A great number of notified bodies 

4
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exist in Europe; most of their work is safety assessment as an ISA (Independent Safety 
Assessor), and only a small part of their work is certification. It was investigated and 
found that a number of certificates are available, and that the certification process in-
volves a great number of stakeholders, interfaces, products, and certificates. To manage 
such a process, one has to start at an early stage in the project to define all items for 
certification and contracts of notified bodies, and see to the integration of all issues. The 
separation of functions makes this hard to do.

1.	 Certification needs a transparent way of working, so all interfaces must be known, 
the requirements must be clear and the timeframe must be very strict. The sepa-
ration leads to multiple interfaces and thus less transparency.

2.	 The parties that have to play a part in the certification process must be involved 
with the certification process and have to accept that other bodies have a look at 
their processes. This is a different way of working from how parties have worked 
for a long time. They have to show their way of working to other parties and be 
clear and transparent. This could be perceived by the employees of these com-
panies as a threat to their company.

3.	 Is the process clear to everybody? Do all the participants have the same level 
of information? We are living in a new world and everybody has to find a new 
place in the process. Everybody has to find out what he thinks is the best way 
and has to communicate his role and boundaries to other parties.

4.	 Only a few people have knowledge about this way of working. In other industries 
(e.g. oil and gas) this way of working is more commonly seen than in the railway 
field. The few experts available for this work are busy with discussions in Europe 
for new changes to the system.

5.	 We can conclude that the certification process is not yet used in a stable way.
6.	 Co-ordination e.g. traffic control, must be formalized.
7.	 Some operators are more popular with the IM than others are.
8.	 The IM has a geographical monopoly.
9.	 Knowledge of the other aspects disappears; for example, the IM is not conversant 

anymore with rolling stock.
10.	 For infrastructure projects, the separation of operation and infrastructure means 

that the rolling stock running on a line is not known when the construction of 
a line starts, because it is not yet known who will operate the line. As such, and 
in theory, this would plead for interoperability. In practice interoperability is still 
insufficiently evolved to guarantee complete compliance with all requirements 
and complete technical compatibility. The risk exists that after the operator and 
its rolling stock is known, modifications to the infrastructure and/or rolling stock 
appear necessary.
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4.2. Options of certification procedures

The objective of a reduction in the average time to market (RU safety certification plus 
vehicle authorization timescale) is also achieved through the following options:

1)	Entire corridor certificate
2)	Safety certificate validation on entire corridor
3)	Setting the conditions and procedures for the certification of train crews operat-

ing locomotives and trains (for example, Directive 2007/59/EC)
4)	Ensuring basic rights for rail passengers (Regulation 1371/2007), for example, 

with regard to insurance, ticketing, and for passengers with reduced mobility

4.3. Certificate to access railway infrastructure

A subsystem or interoperability constituent is only really interoperable after its interoper-
ability is demonstrated through certification. Since 1st January, 2011, the Railway Safety 
Directive 2004/49/EC (and subsequent amendments) required RUs to hold a safety cer-
tificate in order to be granted access to railway infrastructure. The authorities responsible 
for issuing these certificates are the NSAs. The safety certificate has two parts.

Part A: the acceptance of an RU’s Safety Management System as described in Article 
No9 and Annex III of Directive 2005/49/EC. The Part A certificate is valid throughout 
Europe provided that the type and extent of the operation is unchanged. NSAs are 
therefore required to accept Part A certificates issued by other member state NSAs, 
should the RU request to operate on a different network within Europe.

Part B: the acceptance of provisions adopted by the RU to meet the requirements 
necessary for safe operation, as described in Annex IV of Directive 2004/49/EC. These 
cover compliance with network-specific requirements for staff competence and man-
agement of rolling stock. The Part B certificate states the ability of the RU to comply 
with network-specific rules applied in the member state in which the RU operates. 
Therefore, an RU can have a single Part A certificate but as many Part B certificates as 
the member states in which it provides services.

Single safety certificate

The concept of a single safety certificate for railway undertakings, already indicated as a 
target in the original Safety Directive of 2004, should be implemented in the following way:

1)	ERA would issue all single EU safety certificates requested by the railway un-
dertakings using the knowledge and experience of the NSAs; such a certificate 
will be valid in all EU member states.
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2)	To this end, the railway safety directive needs to be modified in order to remove 
the requirement of a Part B certificate and the certification process will consist 
of elements described in the following section.

4.4. Authorization of rail vehicle

The authorizations for placing in service of vehicles (including also authorizations 
for types of vehicles) are issues by the NSAs. A distinction can be made between the 
first and additional authorizations, as well as authorizations for TSI conform vehicles 
and non-TSI conform vehicles. In theory, the first authorization should be valid in all 
member states without further checks for fully TSI-compliant vehicles running on TSI-
conform networks; additionally, these TSIs must be without specific cases and open 
points relating top technical compatibility between vehicle and the network. Therefore, 
in practice, additional authorizations are needed in a large majority of cases.

As a consequence, as is the case with safety certificates as well, there is great variation 
in both the time required and the fee charged by NSAs to issue vehicle authorizations.

Single rail vehicle authorization

The current process should be simplified and modified in such a way that there is no 
longer any need for an additional authorization for each member state where the vehicle is 
being used. The proposed new rail vehicle authorization process would be the following:

I. The first authorization is issued by ERA and consists of a “vehicle passport” which 
would in principle be an extract of the future ERATV (European Register of Author-
ized Vehicle Types), to be implemented by ERA in accordance with the Commission 
implementing decision N° 2011/665/EU. The vehicle passport would attest to the values 
of the parameters specified in the TSIs as being relevant, to check the technical compat-
ibility between the vehicle and the network. The values themselves can be compliant 
with the TSIs or, in some justified cases, with the national rules. The vehicle passport 
may stipulate conditions for use and other restrictions.

II. The vehicle passport would no longer include the aspect of compatibility with 
the national network. The compatibility with any specific network is, according to the 
railway safety directive, already the responsibility of the RU and will be checked by the 
RU with the help of the future RINF (Register of Infrastructure) to be implemented by 
member states and ERA in accordance with the Commission implementing decision 
N° 2011/633/EU.

The TSIs will have to be modified in order to include not only the procedures to 
verify conformity with the TSI (which exist already), but also the procedure for checking 
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the compatibility between the vehicle and the network and the roles of all actors in-
volved. The results of the checks would lead to individual decisions by the RU to place 
a vehicle in service, and this would replace the additional authorization(s). 

In order to improve the (often inefficient) functioning of national authorities, ERA 
would have the duty of monitoring the performance and decision making of the NSAs, 
including the right to audit:

1)	the capacities (staffing, financial resources) of NSAs to execute tasks related with 
railway safety and interoperability, and

2)	the effectiveness of their operations as regards monitoring of SMSs of RUs, IMs 
and entities in charge of maintenance.

In parallel, ERA would also play a greater role in the certification process by super-
vizing and coordinating the notified bodies, especially to ensure that they perform in a 
more harmonized way; this is of particular importance in relation to ERTMS. ERA would:

1)	check that the NoBos meet the criteria provided for in annex VIII to the Inter-
operability Directive, and recommend any change necessary for the NoBo to 
retain the status conferred upon it (accreditation criteria);

2)	define guidelines and templates for the assessment of conformity or suitability for 
use of an interoperability constituent and for the EC verification procedure (e.g. 
templates for the certificate, for the technical file, test report template, checklist);

3)	check that application files to be submitted to the NoBo are adequately docu-
mented (including product/component test reports, on-site/in-vehicle/in-labs in-
tegration test reports) before the EC verification procedure of individual ERTMS 
(on-board or trackside) subsystems is launched;

4)	check that the NoBos perform the EC verification procedure in a standard (high 
quality) manner and report as less as possible “reservations” in the certificates 
they deliver;

5)	check that the technical files are adequately documented before the authorization 
of individual ERTMS subsystems are requested;

6)	guide all NoBos in ERA’s ad hoc ERTMS coordination group.
In addition, ERA should check that calls for tenders published in the case of indi-

vidual deployment projects are in line with the ERTMS specifications (stemming from 
the measure, “enhanced role of ERA in providing advice and support for member states 
and other stakeholders in implementing legislation on safety and interoperability.”)
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TECHNICAL ASPECTS OF RAIL-
WAY SAFETY AND INTEROPE-
RABILITY IN TRANS-EURASIAN 
LANDBRIDGE

5.1. Applied global intelligent systems for rail safety and security

5.1.1. Galileo system

In addition to GPS and GLONASS, which were established as military systems, Galileo 
is the global navigation satellite system (GNSS) of Europe with focus on civil use. 
Presently the system is being built and full operational capability (FOC) is expected 
in 2016. Galileo will be the first system with guaranteed availability. Besides open ser-
vice (OS), special services for commercial users are provided by commercial service 
(CS). It is crucial for safety critical applications to have reliable information. Galileo is 
planned to provide integrity information integrated in the system. This service will be 
called safety-of-life-service (SoL).

Considering the described features, Galileo will be a step towards applications that 
will use safety critical position information. The use of Galileo in train control systems, 
for instance, is expected to result in an augmentation of line capacity and a reduction 
in infrastructure costs. Like with other modes of transport, Galileo has a potential for 
safety critical applications in the rail sector too. Presently, applications based on GNSS 
can only be found in nonsafety critical areas, like passenger information systems and 
traffic, energy, and fleet management systems.

High requirements with regard to accuracy, availability, and reliability have to be 
met when using GNSS signals in the railway domain. Track selective positioning is 
essential for many applications. An accuracy of 2 m is necessary for the usual track 
distance of 4 m. Position information can be augmentation systems and sensor fu-
sion. By exploiting the characteristic of rail-bound traffic, namely, the movement in 

5
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one dimension along the track. Together with a digital track map, fewer satellites are 
needed to calculate the position.

A safety critical application for Galileo in the rail sector is train control. At higher 
levels of the European Train Control System (ETCS), a train needs to determine its 
position autonomously. The combination of Galileo with an odometry platform is a 
reasonable alternative for existing systems, especially on regional lines. Between 2005 
and 2008, the GRAIL consortium developed a strategy for the introduction of GNSS 
in the rail sector particularly for ETCS, funded by the Galileo Supervisory Authority 
(GSA). The consortium demonstrated the potential for the enhancement of the accuracy 
of the odometry platform as well as train integrity check.

5.1.2. Train communication network and control

TSI CCS (Control command safety) characteristics relevant to interoperability:
I. On-board ETCS
II. Track-side ETCS
III. European integrated railway radio enhanced network (EIRENE)
IV. ETCS and EIRENE air gap interfaces
V. On-board interfaces to Internal to Control Command
VI. Track-side interfaces to Internal to Control Command
European Train Control System (ETCS) is the signaling element of the system which 

includes the control of movement authorities, automatic train protection, and the in-
terface to interlocking’s. It allows the stepwise reduction of complexity for train drivers 
(automation of control activities). It brings track side signaling into the driver cabin. 
It provides information to the on-board display. It allows for permanent train control. 
The train driver concentrates on core tasks.

Global System for Mobiles-Railway (GSM-R) is the communication element contain-
ing both a voice communication network between driving vehicles and line controllers, 
and a bearer path for ETCS data. It is based on the public standard GSM with specific 
rail features for operation, for example, priority and preemption (eMLPP). Functional 
Addressing Location Dependent Addressing - Voice Broadcast Service (VBS) – Voice 
Group Call (VGC) - Shunting Mode - Emergency Calls - General Packet Radio Service 
(GPRS option) - Fast call set-up.

5.1.3. European Integrated Railway Radio Enhanced Network (EIRENE) 
Specifications

The EIRENE functional requirements specification (FRS) and system requirements 
specification (SRS) are released to address the complete GSM-R system requirements, 
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containing in particular the requirements that are relevant to the interoperability of the 
rail system within the European Community, according to the Directive 2008/57/EC.

EIRENE is a railway telecommunications network based on the European Telecom-
munications Standards Institute (ETSI) GSM standard, which complies with all related 
mandatory requirements specified in the EIRENE FRS and SRS. An EIRENE network 
may also include optional features and these shall then be implemented as specified in 
the EIRENE FRS and SRS.

The EIRENE network excludes terminals:
–– EIRENE Network Access Number

A number dialled as an access code to allow use of functional numbers not compli-
ant with The international public telecommunication numbering plan [ITU-T E.164].

The EIRENE System includes terminals:
–– Engine number

A number assigned to an item of traction stock on a permanent basis. The engine 
number may form a component of a functional number used to address users/systems 
of an item of traction stock.

–– ETCS data only radio
The radio equipment dedicated to support the ETCS train control application data 

transmission requirements. This equipment includes one or several radio transceivers 
and their enclosure.

–– Fiche
A UIC fiche or leaflet is a document adopted by UIC members. Statements within 

the fiche may comprise specifications which are binding on UIC members (“obligatory” 
specifications) or optional (“recommended” specifications). The existing track-to-train 
radio standard is contained in UIC fiche 751-3. It is envisaged that the EIRENE standard 
will be covered by a new UIC fiche, 951.

–– Functional addressing/numbering
A term used to describe the process of addressing a call using a number representing 

the function a user is performing rather than a number identifying the user’s terminal 
equipment.

–– Functional identity
The full alphanumeric description of the function performed by a called or calling 

party within the functional numbering scheme, identifying them by function or role 
rather than by a specific item of radio equipment or user subscription. The functional 
identity can include characters and numbers.

–– Functional number
The full number used within the functional addressing scheme to contact an end 

user/system by function or role rather than by a specific item of radio equipment or 
user subscription.
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–– General purpose radio
A standard GSM radio based closely on commercially available units for general use.

–– Group call
A call made to all members of a pre-defined group within a local geographical area. 

Only one member of the group may talk at any instant with all other group members 
listening only.

–– Handover
The process by which connection between the GSM mobile and the GSM network 

is maintained as the mobile moves from area to area, by passing communication chan-
nel control from one base station to another or between different channels in one cell.

–– High priority call
High priority calls (critical group calls for drivers in the same area initiated by a 

driver, critical group calls for station and security staff, trackside maintenance staff and 
controller groups) are made in exceptional circumstances where the situation requires 
a higher level of priority than normal operational calls, but the same call handling re-
garding alerting and setup. These calls have lower priority than railway emergency calls.

–– High speed line
A section of route forming part of the European High Speed Rail Network and any 

additional routes specified as such by national administrations.
–– Link assurance signal

A form of unidirectional signaling transmitted periodically or constantly from one 
radio to another to allow the receiving user to detect a break in radio transmission 
during critical manoeuvres (e.g., during shunting).

–– Location dependent addressing
A term used to describe the process of addressing a particular function (typically a 

controller) based on the current location of the user (typically a train).
–– Maintenance settings

Maintenance settings are settings that are not normally accessible by the user in 
operational modes. These settings will normally be accessible only by authorized main-
tenance personnel.

–– Multi-party call
A voice communication method whereby a number of parties defined by the call 

initiator may participate in the call. All parties may talk simultaneously.
–– Multiple driver communications

A term used to describe communications between the drivers of each active cab in 
a train comprising multiple traction vehicles.

–– Operational communications
These are railway communications directly concerned with train movements or train 

operation. For example controller-driver communications.
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The Train Communication Network (TCN) has been adopted as an international 
standard for use in critical transportation applications on trains. In general, TCN has 
excellent error detection properties and is much more thoroughly specified in this 
regard than other embedded network protocols. TCN is a hierarchical combination of 
two fieldbus systems for digital operation of trains.

The only significant recommendation for improvement is prohibiting the use of 
variable or multiple length frames for any particular frame ID value to guard against 
corruptions that can cause undetected changes in message lengths (current implemen-
tations use only single lengths, but this is not specifically required by the standard). 
Additionally, it is important that designers pay close attention to receiver circuitry to 
minimize vulnerability to ìbit slipsî that could cause phase shifting and resultant burst 
errors in received Manchester-encoded bit streams.

5.1.4. Relevant Research Topics, Challenges, and Obstacles

The main goal of activity is to follow up on matters relating to the certification and 
validation of Galileo for railway applications in the safety area and to act in accordance 
with the mandate given by the UIC executive board to represent the railway viewpoint 
in contacts with EU projects and with the Galileo Joint Undertaking during the devel-
opment stage of the Galileo project which is due to enter operational service in non-
European and Asia countries as well.

5.2. Interfacing of rail vehicle devices with track-side train 
detection system

5.2.1. Overall description

ERTMS is a train signaling and speed control system based on technical specificities 
that are common to all rail networks throughout Europe. It is replacing progressively 
the more than 20 national signaling and speed control systems currently in use, and 
thereby reducing the over cost of cross-border rail traffic by decreasing the risk of in-
teroperability failures and subsequently improving safety, as well as smoothing cross-
border rail operations.

ERTMS deployment policy at EU level targets high-speed and rail freight traffic. Its 
installation is compulsory on new high-speed lines, as well as on existing high-speed 
lines on which signaling systems are significantly renewed.

Eurobalise subsystem is a part of the European train control system (ETCS), which 
enables interoperable rail traffic all over Europe by a standardized track and train equip-
ment (ERTMS/ETCS).
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Regarding trackside equipment for conventional lines, ERTMS deployment is com-
pulsory on lines receiving EU co-funding. In addition, a priority network composed 
of six major freight corridors and areas is expected to be equipped according to fixed 
deadlines in 2015 or 2020. This future core ERTMS network will cover around 25,000 
km. With regard to on-board equipment, the EU set a priority on rail freight locomo-
tives and requests that new locomotives ordered after 1 January 2012 or put into service 
after 1 January 2015 be equipped with ERTMS.

ERTMS outside Europe has become well established in the past years (UNIFE statis-
tics 2012); markets in Asia have been particularly quick to take up the new technology – 
China, Taiwan, and South Korea in particular – but a new customer base is emerging 
in Africa and the Middle East, Latin America, Australia, and New Zealand. As seen in 
Figure 9, mostly (up to 83%) ERTMS systems are implemented in Eurasian Railways.

ERTMS is a European innovation that facilitates interoperability in cross-border 
operations. Customers around the world appreciate its capability to increase capacity 
and operate faster while guaranteeing maximum safety. It had originally been developed 
for the European rail network with high speed lines co-existing with a high-density 
freight and conventional passenger traffic network; but the system has also been proven 
viable for suburban rail operations as recent large-scale investments (Rio de Janeiro, 
Auckland, Sydney, or Mexico City) suggest.

It has been successfully implemented in European countries such as Spain, Switzer-
land, the Netherlands, Italy, Luxembourg, Belgium, and Poland. ERTMS has become 
the global standard for train control, with the European Railway Agency (ERA) acting 
as the system authority producing the ERTMS specifications. It is a European standard 

Figure 9. Trackside ERTMS contract in per cent by world-wide regions
(http://www.unife.org/uploads/120425_Press_release_UNIFE_ 

Statistics_on_ERTMS_Deployment.pd)

http://www.unife.org/uploads/120425_Press_release_UNIFE_Statistics_on_ERTMS_Deployment.pd
http://www.unife.org/uploads/120425_Press_release_UNIFE_Statistics_on_ERTMS_Deployment.pd
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largely used outside Europe – now with the signing of the memorandum of understand-
ing, hopes are up that ERTMS will be uniformly implemented across Europe.

Indian Railways at present does not use any automated system for real-time online 
monitoring of the performance of bogies and wheel sets. Bogies are checked only during 
TXR examination for loose or broken parts. Wheel sets are changed when they reach 
the condemning limit. Problems like skew in the bogie or asymmetric wheel wear are 
attended to during preventive maintenance schedule only. Geometric faults in alignment 
and tracking of wheel are known to cause premature wear as well as abnormal stresses. 
Re-profiling and replacing worn wheelsets constitutes a significant portion of rolling 
stock maintenance costs. Misaligned wheelsets are also responsible for increased fuel 
consumption and accelerated track deterioration. In developed countries, state-of-the-
art, online monitoring systems, such as the Truck/Bogie Optical Inspection (T/BOGI) 
station, which measures angle of attack (AOA), and tracking position (TP) of each axle 
of a passing train. AOA and TP parameters combine to provide a planar description 
of the bogie, which is a distinct signature of a particular bogie that remains stable over 
time and distance travelled. Other parameters that characterize the performance of 
bogies are inter-axle misalignment (IAM) and tracking error (TE), etc.

5.2.2. Relevant research issues, challenges, and obstacles

Compatibility in terms of the type and design of rolling stock employed by neighbour-
ing railway systems in international traffic would ensure rolling stock interoperability 
when no break of gauge is involved. Ideally, systems should cooperate in the design 
of exchangeable rolling stock to ensure that only the most efficient designs (i.e., those 
which maximize payload to tare ratios or minimize gross to net ratios, and are capable 
of running nearly at passenger speeds) are adopted.

Rolling stock compatibility issue becomes critical where track gauge continuity ex-
ists but stops being essential where there is track gauge discontinuity simply because 
in such situations, there can be no requirement to exchange rolling stock, but only to 
exchange the loading conveyed on that rolling stock.

The project manager of a collaborative European research project called SAFERAIL, 
Ian Nicholson, scientific research interest harmonizes with non-destructive testing 
methods, system integration and automating non-destructive testing (NDT) inspection.

Wheel-set fault detection is a tricky business, he says. “Usually, the only type of 
defect that can be picked up by a train crew is a wheel flat. A SAFERAIL priority is to 
develop techniques to identify faults in wheelsets before they are big enough to cause 
a breach of safety,” says Nicholson. “There needs to be standardization of equipment 
capabilities for trackside inspections. This would ensure that defects are caught before 
manual inspection.”
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Exchanges of goods between Europe and Asia are showing a steady and constant 
increase. These large transport volumes offer the railways the chance to carry goods 
between selected economic centers economically and environmentally. The opening 
up of new markets and the increased effectiveness of freight transport by rail require 
new transport technologies.

Currently, rail traffic across the different track gauges that exist in Europe (the 
1435 mm standard gauge, the countries with a broad gauge network of 1524 or 1520 mm 
in Finland, the CIS states, and the Baltic States, and the 1668 mm gauge in Spain and 
Portugal) is heavily disadvantaged.

Matters are made even more difficult by the different coupling and braking systems 
to be accommodated by the traffic between standard gauge railways and the railways 
of the CIS, Baltic States and Belarus, Ukraine, Russia, etc. There are further differences 
in the strength requirements to be met by vehicles and the obstacle gauge profiles for 
lines and clearance of difference UIC and OSJD type wagons. These problems are not 
directly linked to the actual use of the gauge changeover system in East-West directions. 
Efficient implementation of such systems on the Eurasian routes mentioned above will 
only be possible, however, once these matters have been solved.

Environmental protection is to be accorded ever greater attention. It is also to be 
considered therefore that that some goods must not be transhipped for reasons of 
environmental protection (liquids), safety (dangerous goods), or passenger security.

At the interfaces between different track gauges, however, the usual solution at 
present is to tranship the goods to another wagon, or alternatively change the axles 
or complete bogie. These technologies require considerable logistical outlay, extensive 
trackside installations, and involve long, unnecessary stoppage times at the border.

For example, in Spain there has been a solution for passenger trains since 1969, 
meaning that passengers do not have to change trains and bogies do not have to be 
changed. It is not necessary to change the locomotives either because there are loco-
motives and passenger coaches in revenue service with gauge-adjustable wheel sets.

This demonstrates that a considerable reduction in transport time can be achieved at 
the same time as improving transport quality by using systems that can be implemented 
without restrictions on the railway’s different track gauge networks.

An analysis of three existing systems (produced by TALGO, RAFIL, and SUW) 
led to the conclusion that a unification of the three changeover facilities could not be 
achieved without modifications to the infrastructure (the trackside installation) and 
the vehicles themselves (gauge-adjustable wheel sets, bogies).

The main problems with the existing gauge changeover systems for passenger and 
freight applications alike is that the technologies are based on privately-owned patents 
and are only partially compatible with one another, and there is a lack of corresponding 
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rules or European and Asian standards defining uniform requirements to be met by 
gauge changeover systems.

It is necessary to estimate the possibility of developing a common infrastructure 
for three different types of gauge-adjustable wheel sets: TALGO, DB/RAFIL Type V, 
and PKP/SUW. Particularly the technical and economic aspects should be investigated. 
Two systems (DB/RAFIL and PKP/SUW) were technically compatible, but the three 
systems that existed at the time and their associated infrastructures were not compat-
ible with one another. Whilst it seemed possible to develop a common infrastructure 
for all three systems, it would have required changes to the gauge-adjustable wheel sets 
and existing changeover facilities.

Currently, there is a fourth technical system for changing gauge – the BRAVA sys-
tem produced by CAF. This system is used in Spain for gauge changeover operations 
involving locomotives and passenger vehicles.

Considering the increased traffic levels that were anticipated at the time, a trend 
borne out by the latest UIC statistics, an exchange of information was organized by 
UIC. It was concluded that the development of freight and passenger traffic between 
rail systems with different track gauges should be improved to offer attractive services 
under economically sound conditions.

5.2.3. Objectives, subsequent applications, and assessment of benefits

The requirements to be met by gauge changeover systems are to be defined from a tech-
nical, operational, geographical, geometrical, legal (approval of the whole Eurasian land 
bridge), and economic point of view. The aim is to define requirements to be met by 
gauge changeover systems. It will also seek to identify the interested operators, manu-
facturers, users, and potential applications in relation to different traffic types (passen-
ger, freight, and combined transport).

The expected output from this exploration is a definition of the workload and costs 
associated with the main study, and of the economic benefits to be obtained. A busi-
ness case is to be developed for the project on automatic gauge changeover systems 
to attract the interest of operators, manufacturers, users, and to demonstrate potential 
applications for different traffic types (passenger, freight, and containerized transport).

Information on traffic volumes for each type of traffic will serve as the basis for this busi-
ness case. A clear indication of the necessary timeframe and budget should also be given.

For passenger traffic, investment in running gear with gauge-adjustable technology 
by the major European railways is not anticipated over the medium term. Only Spain 
and Portugal will need gauge-adjustable wheel sets in the coming years (at least 25 
years) because it is anticipated that both gauges will continue to be used in revenue 
service over the long term for both passenger and freight traffic.
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For the south-eastern part of Europe, the completion of the standard gauge missing 
link between Portbou and Barcelona as well as the north-south link through the Baltic 
States (completion of the standard gauge project Rail Baltic from Warsaw to Tallinn) 
will make the need for gauge-adjustable wheel sets redundant in a few years’ time. It is 
therefore necessary to investigate the areas which are best suited to the implementation 
of automatic gauge change systems.

Railway technical interoperability in Eurasian countries is essential in order to en-
sure the safety of and rapid response to threats for rolling stock. It shall comprise the 
devices with characteristics necessary for the operation of track-side train detection 
systems. This requires further research on issues such as these:

1.	 Compatibility functional and technical specifications of the track-side train de-
tection systems

2.	 Communication with track-side signaling equipment (interlocking, signal.
3.	 Locating a specific train in a Eurobalise or other co-ordination system
4.	 Translating the information from track-side signaling equipment into a standard 

format for the control-command on-board devices
5.	 Formulated requirements for standard format the control-command on-board 

devices
6.	 Electromagnetic compatibility between rolling stock and control-command 

track-side train detection systems
7.	 Research and database generation for specifications rolling stock

5.3. Reliability of wheel-rail impact measurement results by 
trackside control equipment

5.3.1. Background

Conditions of wheelsets of running train are recorded by trackside automated control 
equipment (TACE), which measures parameters of wheel-rail impact and signals possi-
ble damages of wheels. Vertical forces result from wheel-rail interaction and determine 
all dynamic loads transferred to elements of both structures. Calculation of strength 
and lifetime of train running gear and roadbed of rail tracks should be based on values 
of these interaction forces. Railway companies using TACE face significant problems of 
low reliability of TACE-measured impact force values and low repeatability of TACE 
readings. These problems occurs because wheel-rail interaction is a completely stochas-
tic phenomenon. Current level of technology does not allow developing reliable systems 
for measuring of these vertical forces during operation, and it is necessary to control 
the indirect indicators defining studied interaction of wheels. One of these indicators 
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is irregularity of wheel running surface whose magnitude is regulated and measured in 
train inspection stations. Authors have evaluated derived criterion – the dynamic factor 
Kd, used for estimation of repeatability (reliability) of TACE readings at LG.

With the growth of rail freight and rail load, wheel-rail wear has increased. Running 
stability of rail vehicle and intensity of chassis wear are determined by the wheel-rail 
interaction. (Žygienė 2015). Wheel-rail dynamic interaction creates excess impact forces 
that can occur due to damages of wheel or rail, as well due to rail joints, irregularities, 
and switches. Parameters of wheel-rail interaction determine not only running smooth-
ness and noise level, but also rail safety, in particular, the possibility of rail vehicle de-
railment. Any rail traffic interference or train delays due to car technical conditions 
(wheel defects) brings enormous losses to railway companies. Force of wheel impact is 
influenced by many factors: train speed, design of vehicle suspension (Myamlin et al. 
2015), geometric parameters and stiffness of wheel running profile, wheel damage and 
rail irregularity, track stiffness, rail head profile and its wear, relative creepage forces 
caused by yawing or twisting of rail vehicle carriage, car axle load redistribution in track 
curves or due to transverse wind blowing, climatic conditions, etc. Wiley and Elsaleiby 
(2011) have identified the following factors that influence reliability of measurements 
by TACE: number of passages through TACE points, number of passages of loaded cars 
through TACE points or percentage ratio, speed of vehicle less than 80 km/h, additional 
passages through TACE points, carriage twisting or yawing, and replacement of wheelset.

The most frequent wheel damage that causes high rail impact forces is flat spots 
or wheel flats on running surface. It is known that the magnitude of rail impact force 
of damaged wheels is mostly influenced by vehicle speed, i.e., angular speed of the 
running wheel. When TACE measures impact force which exceeds critical values, the 
train is stopped at the nearest station and wheels of suspected wheelset are inspected 
to determine the true value of damage. Only then the decision of possibly continuing 
operation of the car is taken. Magnitude of wheel flat spots are strictly regulated, as 
such wheels can cause serious damage to rails and to the wheelset itself, as well as cause 
vehicle suspension permissible amplitudes and accelerations to exceed limits (Myamlin 
et al. 2015), high noise to be generated, and traffic safety to be compromised. Railway 
companies are interested in having reliable and simple methods to determine magni-
tude of wheel flat spots based on wheel impact force measured with TACE. It should be 
noted that at the beginning, railway automated measurement and monitoring systems 
started out as additional layers in the safety network, but later, they started being used 
to analyse wheel wear to better schedule repairs (Tuzik 2014). Track geometry data 
can be used to analyse rail wear and predict renewal cycles as well as simulate wheel 
performance. Analysis of wheel impact load detector (WILD) system application in 
India (Agrawal et al. 2010) showed that the system sometimes detects defects that are 
difficult to notice visually, and at the same time, the system sometimes does not detect 
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obvious wheel defects. Determination of wheel defect root causes is important to avoid 
wheel redundant withdrawals in the future and to keep maintenance costs under control 
(Weed and Lonsdale 2004).

For the LG, the effect of TACE systems is achieved by reducing the costs of mainte-
nance and repairs of infrastructure. To construct assessment criteria, the methodology 
to evaluate the economic losses from the operation of cars with defective wheels in the 
main railway destinations should be created. It should be noted that the introduction 
of such criteria will be most effective in the case of development of the database on car 
control results in systems for detection of irregularities on the wheelset running surfaces.

A uniform criteria for evaluation of data of system, ATLAS-LG, does not exist 
in Europe. Depending on local conditions, each country adds safety factors to this 
criterion. Comparison of the criteria used in the EU countries (Poland and Sweden), 
Russia, and India is shown in Table 22. Criteria are more stringent for Y-25 bogies of 
rigid structure and rolled wheels with S-shaped disk used in Europe. At the same time, 
on the roads of the EU, generally more stringent standards are observed for track and 
vehicle maintenance for which appropriate repair capacities are available.

Standards recommended for LG were determined based on the traffic safety of 
rolling stock and infrastructure as well as on the existing regulatory framework for 
assessment of track and vehicle technical condition and repair facilities.

Determination of dynamic processes of wheel-rail interaction is important to ensure 
effective use of railways. It should be noted that wheel-rail contact area of the same 
vehicle varies continuously due to various causes. For these reasons, efforts to create 
universal mathematical model that accurately describes any vehicle wheel-rail interac-
tion in various conditions have been unsuccessful. Thus, railway companies widely use 
TACE systems such as ATLAS, WILD, WIM-WIM, AGUILA, etc. to monitor technical 
condition of vehicles during operation.

Table 22. Valid values ​​of criteria that limit forces measured by TACE systems (similar to 
ATLAS-LG) for detection of defective wheels in Eurasian railways

Country and 
additional 

information
Running 

speed, km/h

Criterion of maximum 
force, kN

Criterion of maximum 
force for the speed  

80 km/h, kN

To repair To uncoupling To repair To uncoupling

India 55-65 200 350 260 410

Russia N/A 370 450 370 450

Poland (ATLAS) N/A 300 350 300 350

Sweden 
(ATLAS) N/A 320 (loc)

190 (car)
425 (loc)
320 (car) 190 320
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In 2014–15, field tests were carried out on Lithuanian railway lines for the rail 
vehicles with wheel damages (flats) and repeatability of TACE readings (impact force 
values), and the new TACE performance evaluation criteria proposed by the authors 
were analysed.

5.3.2. Scientific problem of wheel-rail interaction estimation

ATLAS-LG is a new generation diagnostic system that uses the “force” method to detect 
defects on vehicle wheel running surface. The idea of ​​the force method is to move from 
indirect (geometrical) parameters of revealed irregularities to the identification of the 
really dangerous irregularities in terms of force interaction.

Obviously, in actual operation, limitation of wheel and rail defects based on type, 
shape, and size of irregularities is not a sufficiently reliable diagnostic method for the 
following reasons:

The actual shape of irregularities is different from the defined ideal shapes (flat sur-
face or sine wave). Therefore, the presence of irregularities detected using the template 
often do not cause force values defined in the model. Some types of irregularities (e.g., 
non-uniform running) are difficult to detect in operation, but these irregularities may 
cause significant forces.

To solve these problems, the force method was created. Such a system would detect 
defects on wheels based on extreme values ​​of forces, which present the real danger to 
the strength of the chassis and track. Diagnostics criteria (i.e., allowed values ​​of forces) 
can be developed on the basis of the criteria obtained from the force testing facilities. 
These forces may affect the structural strength depending on the specific operating 
conditions (train speed, the type and degree of car loading, stiffness of rail base at the 
point of installation of TACE, etc.)

The process of the origination of vertical forces when a defective wheel passes over a 
rail is a stochastic process, so a single pass of a wheel with irregularity over the stretch 
of the measuring system does not guarantee the detection of such a defect.

Thus, the application of ATLAS does not exclude the need to control the geometrical 
irregularities on wheels. This is due to the fact that some combinations of irregulari-
ties, in particular, thin bandages and voids, significantly reduce the strength of wheels, 
especially in winter conditions. In addition, other irregularities followed by thermal 
processes (flats) can lead to changes in the structure of the wheel metal, and thereby 
weakening the wheel, which eventually results in the rejection of the wheel.

ATLAS has demonstrated a high detection reliability of dangerous wheel defects 
based on the criteria of track impact forces. It allows the identification of the vehicle 
that requires replacement of defective wheelsets and limits impermissible external 
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influences on the rail tracks of Lithuanian Railways. This reduces the number of fail-
ures of rails, wheels, and other track and vehicle elements that cause derailment and 
accidents.

To develop the criteria for evaluating the performance of ATLAS, mathematical 
simulation of defective wheel-rail interaction was performed. Irregularities on the wheel 
running surface may be divided into two types based on the nature of their impact to 
a rail:

1.	 Irregularities causing impact force with contact loss: Flats, weld-on deposits and 
voids. Irregularity is determined by the depth of flats and weld-on deposits, and 
by the length of voids. Such irregularities are referred to as flats.

2.	 Isolated irregularities causing increased wheel-rail impact without contact loss 
(irregular rolling): Irregularity is determined by the amplitude and length. Such 
irregularities are referred to as irregular rolling.

Research on wheel-rail contact vertical interaction when it acquires the character of 
impact requires special approaches because of the high-frequency character of the stud-
ied processes due to the response generated from the damage of the running surface. 
Accordingly, the duration of the maximum force impact (depending on the running 
speed) is of the order of a millisecond or less.

5.4. Hot axle-box/hot wheel detection systems

Although railways rank worldwide among the safest means of transport, every year 
there are some serious accidents. Some of these accidents, especially in the area of 
freight traffic, are attributable to defective wheel bearings and brakes. If such defects 
develop unrecognized, they lead to the overheating of the defective bearing or of the 
brake, and to a breakage of the axle or of the steel tyre. A derailment of the affected 
wagon is the consequence. In order to identify such damage at an early stage, tem-
perature measuring points (known as hot axle-box/hot wheel detection units, HABD/
HWD) at appropriate distances along the track are mounted on the track. These sys-
tems measure without contact the temperatures of the axle bearing boxes, wheels, 
and brake discs passing over them. They are used on conventional lines as well as on 
high-speed lines. In this way, derailments due to overheated wheels and bearings can 
be prevented and trouble-free rail operations can be achieved (Eisenbrand 2011). The 
HABD systems types and dislocation in Europe Railways is presented in Figure 10.

After assessment of the construction, reliability, and longevity of cartridge bearings, 
bearings of that type have been mounted on freight wagons. After starting the operation 
of bearings with cartridge-type axle-boxes, the heat exchange processes of which differ 
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from the heat exchange processes of standard axle-boxes, it has become necessary to 
remodify a hot axle-box detection algorithm of the hot rolling stock devices (HABD) 
so as to identify the type of the axle-boxes mounted on the rolling stock. This prob-
lem is very urgent for the operation of freight rolling stock, where a full conversion 
to cartridge-type axle-boxes may take time, during which axle-boxes of two types will 
have to be operated simultaneously.

Temperature of the axle-journal of the rolling stock axle wheel when running in a 
permanent regime depends on the type of bearings and their dimensions, antifrictional 
and hydrodynamic properties of the lubricants, gaps between the bearing rollers and 
rings, static and dynamic loads of the bearing, train movement speed, duration of the 
movement without stops, and ambient temperature.

Figure 10. Hot axle-box detection systems in Europe Railways (Eisenbrand 2011)

System HOA50
Manufacturer
Ansaldo

System TK 99
Manufacturer
ÖBB

System FUES
Manufacturer
Progress Rail

System PHOENIX
Manufacturer
SST

System HOA400
Manufacturer
VAE
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5.5. Features and tendencies of rail vehicle axle-box heating

Background

Breakdown of rolling stock axle-boxes if not detected in time may cause an accident. At 
present, many advanced technologies, equipment, and devices which recognize faulty 
axle-boxes when the train is in motion have been implemented. However, the timely 
identification of the breakdown of rolling stock axle-boxes is still an acute problem, the 
initial stage of damage emergence being especially problematic. Presently, in mostly 
Eurasian railways, rolling stock axle-box breakdown is determined according to the 
higher than permissible temperature of the axle-box body. Statistical data of danger-
ously heated axle-boxes, determined train delay durations, the number of delayed trains 
by danger level, and dependence of damage on the season are provided. After systema-
tization of data on axle-box damage and heating temperatures of broken axle-boxes, 
heating tendencies of axle-boxes of freight wagons are described.

Temperature of rolling stock axle-box bodies is one of the most important param-
eters of diagnostics, upon exceeding thereof it is stated that the axle-box is in technical 
disorder (Hoeprich 1996). The normal operation of the axle-box is characterized by 
heat exchange balance between axle-box elements, wheelset and ambient air tempera-
ture, i.e., when the released amount of heat equals the amount of heat dissipated to 
the environment by the axle-box and wheelset. Axle-journal temperature when the 
train is running at an uninterrupted regime depends on the type and dimensions of 
bearings, antifrictional and hydrodynamic properties of the lubricant, spaces between 
the bearing rollers and rings, static and dynamical loads of the bearing, train running 
speed, duration of travel without stops, and ambient air temperature, and the road 
curves (Миронов 2008). Friction of axle-box node parts results in the heating of their 
surfaces. Upon reaching the limit values, this heating may cause the structural changes 
in the upper surfaces of the bearing parts, due to which the rollers may become clogged. 
Axle-journal fracture may occur after 25 minutes (or if the train is moving, on the 
average, at 60 km/h after 25 km) from the moment when the inner ring of the bearing 
spins on the axle-journal (Миронов 2009; Миронов et al. 2008; Павлюков et al. 
2008). Therefore, it is especially important to locate the HABD at proper distances. The 
distance between two HABDs should not exceed 35 km (Довбня et al. 2009). With the 
inner bearing ring spinning on the axle-journal (one of the most dangerous axle-box 
breakdowns), the temperature increase variation reaches from 8 °C /min to 38 °C /min. 
Therefore, after 25 minutes (or if the train is moving, on the average, at 60 km/h after 
25 km) the temperature of the axle-journal of the wheelset at the place of ring spinning 
may reach from 266 °C to 800 °C . Wang et al. (1993) provide an analysis of the causes 
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of axle-journal fractures of two freight wagons, whereby it was established that the 
temperature of the axle-journal at the moment of fracture was from 900 °C  to1000 °C.

Modern HABD should ensure that axle-boxes of all impermissibly hot rolling stocks 
should be diagnosed. HABD danger levels are identified (Danger 1 and Danger 2), 
and the axle-journal heat flow temperature may be 00 °C, 120 °C, or 140 °C. If HABD 
is regulated when axle-journal temperature is 100 °C, less is a possibility that HABD 
will not fix the impermissibly hot axle-box, whereas the number of halted trains will 
increase and, on the contrary, after identifying HABD danger levels according to the 
axle-journal temperature of 140 °C, the number of halted trains will reduce consider-
ably, and the probability of not fixing an inadmissibly heated axle-box will increase.

Axle-box breakdowns may be subdivided into four main groups: poor lubrication, 
fatigue, improper qualitative mounting, and contamination (with metal admixtures, 
water). Bearing damage occurs due to improper lubrication, excessive load, excessive 
rotation speed, inadequate mechanical properties, insufficient operating clearance, ra-
dial stress caused by external heat sources, obstructed run due to the breaking of the 
cage, and initial damage of the bearing (Gerdun et al. 2007). The damage of the box-
axle bearing mechanisms can be classified into two types: brinelling and spalling (Choe 
et al. 2008). Brinelling consists of one or more indentations distributed over the entire 
raceway circumference that is subjected to static overloading (Howard 1994). Each in-
dentation acts as a small fatigue site, producing sharp impacts with the passage of the 
rolling element, eventually leading to the development of spalling at the indentation 
sites as the bearing continues to operate. Under normal loading conditions, the bear-
ing will form minute cracks due to material fatigue after a certain duration of usage. 
With an increase in size during cyclic loading, the cracks progress to the surface and 
are manifested as spalling in the contact areas (Holm-Hansen and Gao 2000). Axle-
box bearing defects are summarized as a wear, spun cone, corrosion, flaking, spalling, 
brinelling, peeling, smearing, and chipping (Harward 1994; Barden … 2008; NNT 
Bearing … 2008, The Timken Company … 2008).

In general, bearing defects are associated with the speed of the train, wheel impact, 
and poor lubricant handling (Gerdun et al. 2007; Stubbe 2008). Wheel impact can result 
in a loose fitting bearing inner raceway. Consequently, this causes wear on the inner 
raceway circumference and can lead to a spun cone. In addition, wear on the race/
roller cage and solid surface can also be caused by poor lubricant handling, excessive 
lubrication, or lack of lubrication. It is imperative that the lubricant is clean, as it helps 
in prolonging the life of the bearing. A lubricant is contaminated with water may lead 
to a water-etched surface. Furthermore, as water is added to the bearing, rust can form 
inside the bearing roller or raceway. Subsequently, the wear will be magnified due to 
the fatigue on the contact surface between the roller and raceway, till the roller finally 
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breaks. Typically, fatigue in the car body shell results from changes in the internal and 
external differential pressure on an airtight structural vehicle as trains pass each other 
in tunnels (Yagi et al. 2007).

Statistical data on the distribution of axle-box breakdowns, heating temperatures, 
and characteristic of these breakdowns is lacking. This research work focuses on iden-
tifying the correctness (validity) of the HABD fixed readings of hot axle-boxes, deter-
mining most frequent breakdowns of axle-boxes and their distribution, and describing 
axle-box heating tendencies.

5.5.1. Examination of axle-box heating and results

Modern methods for the calculation of rolling bearings broadly use these two: static 
bearing load, performed according to the residual contact stresses, and longevity ac-
cording to crumbling due to metal fatigue. Other methods used have not been elabo-
rated as they use numerous random factors that are difficult to calculate.

Breakdown of rolling stock axle-boxes may be identified in two ways: by the in-
creased temperature of the axle-box body and by noise vibrations generated by the 
broken bearing. At the present time, the simplest and most reliable method for iden-
tification of rolling stock axle-box breakdowns is the measurement of the increased 
axle-box body temperature; it is thus used throughout the world.

Temperature change in rolling stock axle-boxes of a moving train was investigated 
by the temperature readings at the HABD.

HABD are mounted on the two side rails, as shown in Figure 11, to detect the heat 
emitted by a vibrating bearing if the inner raceway is loosely fitted or defective.

Automatic rolling stock control posts (HABD) are mainly designed to fix inadmis-
sibly heated axle-boxes of rolling stocks, clogged axle-wheels, and wheel rolling surface 
defects. Axle-box heat measuring devices are installed in a special hollow sleeper and 
on the stopped wheels of the rail sole fastening chamber. This system aims to measure 

Bearing

Wheels

Axle

Rail

“Hot Box”
Detector

Crosstie

Figure 11. Principle scheme of hot box detection equipment
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absolute temperatures separately on both sides of the axle-wheel of the axle-box and 
axle-journal zones (left and right, according to the train running direction).

HABDs are used to calculate the following parameters according to the measured 
values:

1)	Absolute and ambient temperature differences of axle-boxes and axle-journals 
(differential)

2)	Absolute temperature difference of the left and right sides of axle-boxes and 
axle-journals, located on one axle wheel

Heating of axle-boxes is measured vertically from the bottom, and temperature of 
the rims of axle wheels is measured at an angle with respect of the rails. Axle-box heat-
ing systems are based on measuring infrared radiation from the surfaces under control 
with the axle wheel moving through the measurement zones.

Change in temperatures of wagon axle-boxes of a moving train were analysed for the 
entire train route. Trains were stopped at a way-station because of traffic danger. The 
analysis provides two categories: first-level dangers (due to the impermissibly heated 
axle-box, technical workers must perform a review of the relevant axle-box in more 
detail and determine the reason of heating, but the train may travel to the nearest sta-
tion), and second-level dangers (due to the impermissibly heated axle-box, the train is 
stopped at once at a way-station and technical workers are called).

The results of trains halted during 2011–2013 are presented in Figure 12.
Figure 12 shows that the number of trains halted in April–July 2011 was significantly 

higher than in 2012–2013. After analysis, it was established that the number of trains 
that halted in 2011 was higher due to sunlight on the scanning device.

Figure 12. Dynamics of HABD halted LG trains with impermissibly  
hot rolling stock axle-boxes
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In 2011, 248 trains were halted accord-
ing to HABD; in 2012, 209 trains, and in 
2013, 259 trains. The number of trains 
halted in 2012 was highter by almost 
60% as compared to 2011, and in Janu-
ary 2013, by 76%. This phenomenon may 
be explained by the fact that the railways 
started operating wagons with cartridge 
type bearings. The heat exhange processes 
of the said bearings differs from those of 

axle-boxes, where standard bearings are mounted. Seeking to avoid the ungrounded halt-
ing of the trains, HABD increased the threshold danger temperature by 5 °C.

An investigation determined that HABD had fixed the increased axle-box body 
temperature for 123 freight trains of LG, but after a loco driver adopted a decision to 
drive at speed not higher than 50 km/h (set speed 90 km/h), the axle-box body tem-
perature decreased to the permissible limit. In the other HABD, the increased heating 
was not fixed. The total idle time of LG trains due to impermissibly heated axle-boxes 
fixed by HABD is given in Figure 13. Each train halting case and idle time duration 
were established from train handling schedules.

Figure 13 shows that the average idle time per train in 2011 was 40 min, in 2012, 
45 min, and in 2013, 57 min. In 2013, the average train idle time increased by 50% due 
to the halted trains where cartridge bearings were mounted.

The number of HABD halted trains by danger is presented in Figure 14.
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Figure 13. Dynamics of the average 
idle time of LG trains halted by  

HABD in 2011–2013

Figure 14. Dynamics of LG trains halted in 2013 by danger levels
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Figure 14 shows that the number of HABD halted trains by danger levels has almost 
the same tendency (except January). On an average, per month, first-level heating dan-
ger is fixed in the rolling stocks of 13 trains, and second-level heating danger in wagons 
of 3 trains. The least heating of axle-boxes was in August–October.

After conducting the investigation in LG, it was established that in 2011–2013, due 
to HABD readings, 97 freight wagons were decoupled when axle-boxes got heated 
impermissibly. To identify the exact reason of axle-box heating, 97 axle-boxes were 
dismantled. The fixed breakdown data is given in Figure 15.

Figure 15 shows that most often axle-box heating (38%) occurred due to contamina-
tion of lubricant with water, cuts and burrs in the labyrinth part of the axle-box, and 
metal chips in the labyrinth part.

The following data were processed in determining temperatures according to HABD 
readings:

1)	train passage date and time (evaluated year and day time);
2)	name of the way-station where the train underwent control (distance from one 

HABD to another HABD);
3)	train movement direction;
4)	train number and serial number during the day of the specific HABD post;
5)	the highest level of heating danger of axle-boxes;
6)	ambient air temperature (during the train movement through the HABD post);
7)	tain acceleration;
8)	train weight;
9)	absolute axle-box body and axle-journal temperature;

10)	difference of axle-box body and axle-journal temperature (not evaluating the 
ambient temperature);

11)	temperature differences of the left and right sides of the axle wheel of axle-boxes 
and axle-journals.

Figure 15. Distribution of axle-box breakdowns of LG freight wagons
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In accordance with the distribution of breakdowns and according to temperatures 
fixed by HABD, the temperature distribution of the axle-box body and axle-box ele-
ments is provided in Table 23.

It can be seen from Table 23 that heat exchange process of the normally operating 
axle-box is such that released temperature distributes evenly in an axle-box body and 
axle-journal. Two breakdowns of the axle-box (metal chips in the labyrinth part and 
scratches in a herringbone pattern formed at the bearing roller ends and in the inner 
part of the external ring edge) have a typical temperature increase in the area of the 
axle-journal. The highest heating temperature of the axle-box is monitored when there 
are metal chips in the labyrinth part, and the highest axle-box body temperature when 
there is a crack on the inner ring of the front bearing.

It would be possible to identify at the HABD not only the faulty axle-box, but also 
the type of the specific breakdown of the axle-box after conducting more comprehensive 
investigations of temperature distribution in the elements of the faulty axle-boxes and 
researching typical temperature increase with speeds for specific breakdowns.

5.5.2. Conclusions

1.	 Cartridge bearing heat exchange process is totally different from the heat exchange 
process of cylindrical bearing; therefore, it is necessary to install axle-box type rec-
ognition subsystem in HABD.

2.	 2. With a train running at a speed lower than 50 km/h, the body temperature of 
impermissibly hot axle-box body decreases to permissible limits, and further heat 
exchange process is adequate to the heat exchange process of the axle-box that is in 
technically good order.

3.	 According to HABD readings, the idle time duration of halted trains of Lithuanian 
Railways has been increasing tendentiously; therefore, it is expedient to take measures 
for more precise HABD readings.

4.	 According to HABD readings, the number of halted trains of Lithuanian Railways 
by danger level is steady, on an average, per month: in the rolling-stocks of 13 trains, 
the heating danger of Level 1 is fixed, and in the wagons of 3 trains, the danger of 
Level 2, on an average.

5.	 Axle-box breakdowns of two types (metal chips in the labyrinth part and at the 
bearing roller ends and scratches in a herringbone pattern in the inner part of the 
outer ring edge) have the specific increased axle journal temperature.

6.	 During investigations, the authors revealed how the temperature of faulty axle-boxes 
is distributed in the axis and in the axle-box (Table 23).

7.	 The low number of axle-box heating at Lithuanian Railways was fixed in August–
October.
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8.	 It is foreseen to proceed with research and data systematization, giving an evaluation 
of variable train movement modes (train speed change, short stops, acceleration, 
etc.) and their impact on heat exchange of axle-boxes; to examine in more detail the 
regularities of temperature alteration of faulty axle-boxes.

5.6. Rolling stock active safety and passive safety

5.6.1. Overall description

The aim of implementation of rail vehicle active and passive systems is to consider-
ably reduce the number of rail incidents/accidents despite increases in traffic volume. 
Using systematic statistical treatment of railway accidents and risk assessment includ-
ing correlations of secondary collision events and corresponding levels of injury in the 
different body segments should help to attain the common safety targets (CST) in Euro-
Asian countries.

5.6.2. Rail vehicle active safety

Rail vehicle active safety is increasingly being used to describe systems that use an un-
derstanding of the state of the vehicle to both avoid and minimise the effects of a crash. 
These include train braking systems, vehicle traction control systems, and various elec-
tronic control systems that interpret signals from various sensors to help the driver con-
trol the rail traction vehicle and the train. In railway engineering, active safety systems 
are systems activated in response to a safety problem or abnormal event. Active safety 
systems may be activated by a human operator (driver), automatically by a computer 
driven system, or even mechanically.

5.6.3. Locomotive signaling

Locomotive signaling is an entire system of signaling devices along tracks and in loco-
motives. As the train approaches the track signals, the indications of these signals are 
automatically reproduced on a light signal located in the engineer’s cab of the locomo-
tive. A locomotive signaling system as an active safety system helps to avoid traffic ac-
cidents, to improve railway traffic safety, and to increase the traffic-carrying capacity of 
railway lines.

Locomotive signaling systems are either point control systems or continuous control 
systems. For point control systems, the communication between the transmitting de-
vices along the track and the receiving devices in the locomotive exists only at certain 
route points. Such systems are utilized predominantly for train traffic control in sections 
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that have no automatic block systems. In continuous locomotive signaling systems, 
the communication between track devices and locomotive devices is maintained eve-
rywhere along the route. In such systems, the transmitting track devices encode the 
signal indications of the track light signals. These indications are transmitted through 
the rail circuit to the locomotive as coded electric signals. Signals are decoded by the 
locomotive decoder and are converted to a display on the cab light signal correspond-
ing to the track signal being approached by the train.

The main railway lines of the Baltic states, Belarus, Ukraine, Russia, etc. widely 
use the continuous locomotive signaling system combined with an automatic train 
stop system (“Autostop”) and speed control system. The Autostop system automatically 
connects an electro-pneumatic valve and stops the train in the event that an engineer 
fails to react to the cab signal and does not push the alert lever within five to seven 
seconds after an interdicting signal is received. In the speed control system the driver 
must reduce train speed down to the speed corresponding to an indication shown on 
the cab light signal upon approaching an obstacle. If the driver fails to act in accord-
ance with the stated program, the train is stopped automatically.

Future locomotive signaling systems now being developed include automatic train 
speed control systems combining a multi-aspect, continuous signaling system with 
automatic speed regulation, and a coordinate system of interval control, utilizing in-
ductive, loop-shaped communication channels laid along tracks.

5.7. Investigation of wheelset slip and slide control problems of 
locomotives with AC traction motors

5.7.1. Negative slip and slide process of traction rail vehicle

When carrying heavy rolling stocks, especially when starting to move a still train or 
moving over steep and long slopes, locomotives face the problem of ensuring stable 
traction mode, that is, the phenomenon of locomotive wheelsets slip and slide. In case 
of driving wheel slip and slide, there is a sudden drop of locomotive traction force as 
well as train speed. The train may have to be stopped while going uphill, thus disturbing 
(or even interrupting) line track traffic.

To control and adjust slip and slide in new generation locomotives with AC traction 
motor drive wheelsets, it is necessary to apply different principles of electrical machine 
(traction motors) operation parameter tracking, measurement, and adjustment. The 
train driver does not need to interrupt traction mode control of the locomotive with 
slip and slide control system of AC traction motors, and thus, there are no conditions 
for the formation of the dangerous longitudinal tensile and compression forces in the 
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rolling stock. This minimizes the probability of serious failure of rail vehicle. Having 
assessed different rail adhesion ratios and AC electrical machine operation peculiarities, 
new, dynamic slip and slide process control methods for DC/AC and AC/AC current 
system locomotives have been proposed. The influence of the mechanical characteristics 
of AC traction motors to the wheel slip process is described, and structural control 
schemes of the dynamic slip process are provided. The slip process formation and 
control conditions for wheel pairs are provided in mathematical and graphical forms. 
Automatic control parameters of dynamic slip and slide process for AC/AC current 
locomotives is provided.

The main income of railway companies comes mostly from freight transportation. 
Thus it is very important to ensure continuous and stable freight train traffic by trans-
porting the biggest possible cargo amounts. For example, the most intensive freight 
flows of LG as well as the heaviest freight rolling stocks cross Lithuanian railways, from 
Belarus to the harbours of the Baltic sea, i.e., Klaipeda and Kaliningrad. The phenom-
ena of stable driving uphill were described by Bureika (2008) and Liudvinavičius and 
Lingaitis (2010).

However, if sand is put under the sliding wheels, the adhesion of drive wheels with 
the rails increases several times and, moreover, there is a rapid increase of traction force. 
This force has a negative effect on rolling stocks as a huge amounts of shock force is 
transferred to the whole rolling stock length through automatic coupling points. This 
shock force affects rolling stock structures (frames, bodies, suspensions, carriages, etc.) 
and can harm cargo as well as their packaging. These problems were analyzed by Bąk 
et al. (2001) and Jastremskas et al. (2010).

There have been theoretical assumptions of locomotive wheelset slip and slide causes 
when carrying out research. Authors discuss theoretical and practical aspects of the 
formation of wheelset rolling surface conicity, rail tilt angle and wheel pair position 
on the track, redistribution of locomotive drive wheelset axis force to rail in traction 
mode in slip conditions. Peculiarities of optimum usage of adhesion weights and axis 
force change in traction mode are analysed. The influence of locomotive adhesion ratio 
change to traction characteristic and traction force change are described. Various loco-
motive construction schemes with AC traction motor drive are examined. Mechanical 
characteristics of AC traction motors are provided.

New generation diesel locomotives, for example, Siemens ER20CF, use AC motors 
for traction. They are significantly more reliable and simple when compared to the 
DC motors used earlier for drives. The three-phase asynchronous traction motor is 
the motor used most frequently for modern locomotive drives because of its excellent 
reliability, its simple, and thus, low-cost construction, and its low maintenance costs. 
The three-phase asynchronous traction motor is also known as squirrel-cage rotor. On 
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the other hand, AC motor rotation speed adjustment differs from DC motor rotation 
speed adjustment. Thus, aiming to control and adjust slip and slide processes of drive 
wheelsets, it is necessary to apply different principles of electrical machine operation 
parameter tracking, measurement, and adjustment. These issues are analyzed by Lin-
gaitis and Liudvinavičius (2006). In the following, the authors describe the causes of 
locomotive drive wheel slide and provide measures for the correction and control of 
slip and slide processes of locomotive wheelsets with AC traction motors.

5.7.2. Theoretical presumptions for locomotive slip formation and  
wheelset slide

Locomotive wheelset slippage is evident when the locomotive traction force exceeds 
adhesion force. The main law of locomotive traction is the following:

	 Ftr≤Ψadh⋅Padh;	 (4)

where: Ψadh is locomotive wheelsets’ adhesion to rail coefficient, Padh is the locomotive 
adhesion weight, N.

In order to maintain stable traction mode (i.e., to avoid wheel slip), it is necessary to 
maintain the inequality condition above. The change of locomotives wheelsets adhesion 
coefficient value in different seasons is provided in Figure 16.

The estimation of adhesion coefficient of a newly made locomotive is carried out by 
means of practical tests in different seasons and at different times of the day. In order 
to obtain objective results, several hundred practical tests are carried out. Figure 16 
shows that adhesion coefficient values are highly dissipated as for an equal train mass, 
there are many factors that influence, including rain, snow, rail contamination with oil 
products, etc. (Vaičiūnas and Lingaitis 2010).

Figure 16. Locomotive adhesion coefficient dissipation dependence on  
locomotive speed in different seasons
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Traction characteristics of diesel-electric powered locomotive are provided in Figure 17.
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Figure 17. Diesel-electric powered locomotive characteristics in traction mode:
(1) traction characteristics of one locomotive Fk = f(v); (2) traction characteristics 

of two locomotives; (3) traction characteristics of three locomotives; (4) locomotive 
power at wheel rim, Pk = f(v); and (5) Diesel engine power characteristics ND = f(v)

The diesel-electric powered locomotive adhesion coefficient value in the season 
change time (dissipated, e.g., 0.33 to 0.2) is as shown in Figure 17. However, when 
operating the said diesel locomotives in season change time, the rolling stock mass is 
not adjusted due to the changes of adhesion conditions. Caused by the decrease of the 
adhesion coefficient, the traction power becomes insufficient for towing of this rolling 
stock. In such a case, sand is sprinkled intensively to increase the adhesion coefficient. 
However, locomotive starting traction time is increased due to intensive slipping, thus 
causing accelerated wheelset and rail wear.

5.7.3. Slipping process of locomotive drive wheelsets: Peculiarities of 
locomotive traction and train movement resistance force operation

The wheel-to-rail force redistribution scheme (in traction mode) of locomotive drive 
wheelset axle is provided in Figure 18. The scheme illustrates the “rising” moments 
Mo that emerge in traction mode that decrease the wheelset force to the rail of the first 
wheelset by one value ∆P  (rise up) and increase the axle load to the rail of the second 
wheelset ∆P  (press down). Such torques are formed due to the traction force Ftr of lo-
comotive drive wheelsets that acts as a wheelset tangent and the moment of train resist-
ance force Wj that acts at the height of the automatic coupling point h.

Locomotive traction force at wheel rim and the locomotive movement resistance 
force at the automatic coupling point h form the force pair for the “rise” torque M0 that 
decreases the load of locomotive front wheelset and increases the final wheelset to rail 
force. Thus, the least loaded wheelset is the first to lose the necessary adhesion with the 
rails. The most frequent slip occurs at the first wheelset. Locomotive traction force is 
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also influenced by wheelset traction force unevenness. If less loaded wheelset produces 
bigger traction force, it starts slipping earlier (when the traction force it produces is 
smaller), and this decreases the total locomotive traction force.

5.7.4. Peculiarities of engine operation and location  
of wheelset to rail static force

Traction engine operation and the influence of its location to static wheel-to-rail force 
are especially significant when the suspension of traction motor is axial-supporting. 
Active forces and torques of the said situation are provided in Figure 19. Traction motor 
achieves torque Mp that rotates the wheelset. Traction motor shaft is connected to the 
wheelset via a reducer. If the traction motor is located at the wheelset as shown in Figure 
19 and the locomotive moves in the defined direction, force P3 is directed upward.

Mp

Mc

P3P3

L L

P3

P3 P3P3

c cd d

a) b)

Figure 19. Different schemes of electric traction motor dislocation influence on the 
wheel–force-to rail: P3, electric traction motor force to rail; Mp, motor torque applied 

to the motor shaft; Mc, resistance torque applied to traction motor shaft.

A
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Figure 18. Wheel to rail force redistribution scheme (in traction mode) of locomotive 
drive wheelset axle: F1 

adh and F2
 adh, drive wheel traction forces; Po, wheel-to-rail 

force; WJ, resistance force at automatic coupling point; h, height from the railhead to 
automatic coupling point.
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Moreover, motor stator is influenced by torque Ms = Mv that is applied to the motor 
supports by the force P3, calculated as follows:

	

=3 ;MP
L 	

(5)

Thus by locating the traction motor behind a wheelset and with a supporting-frame 
suspension of the traction motor, the wheel-to-rail force is decreased by the value ∆ iP .

When the locomotive changes its movement direction, the wheel-to-rail force in-
creases by the same value.

5.7.5. Peculiarities of locomotive axle force change in traction mode

The bogie-to-rail force redistribution scheme (in traction mode) of the six-axle loco-
motive is provided in Figure 20. Frames of bogies are affected by drive wheelset trac-
tion forces Fa1,..., Fa6 and the automatic coupling point of rolling stock is affected by 
movement resistance forces Wj that are equal, = ⋅j ašW n F . Due to the operation height 
difference of the traction force FT generated by locomotive drive wheelsets and train 
movement resistance force Wj that acts at coupling point, there is torque MT:

	 ( )= ⋅ ⋅ − ;T a rM n F h r 	 (6)

where: n is the wheelset number, Fa is the traction force of one drive wheelset in N; h 
is the coupling point height (distance from railhead to the coupling point longitudinal 
axis) in m; rr is the wheelset rolling radius in m.

Fa1, Fa2, Fa3, Fa4, Fa5, Fa6 are the traction forces of drive wheelsets; Wj is the move-
ment resistance forces that act on the rolling stock; qa is the static wheel-to-rail force 
of a wheelset; h is the height from the railhead to automatic coupling point;B is the 
distance between bogie centers (basis); and A is the locomotive’s movement direction

Catenary

A

MT

Fa1 Fa2 Fa3 Fa4 Fa5 Fa6
B

rr

h

qa qa qaT T

Wj

Figure 20. Redistribution scheme of locomotive bogie to rail force:
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Torque MT tilts the locomotive body along the axis Y that crosses the locomotive 
weight center C and changes the value of vertical force T acting on bogies. It is calcu-
lated as follows:

	
= ;TM

T
b 	

(7)

where: b is the distance between bogies (basis) in m.
Wheel set force change ∆Pi is calculated as follows:

	
∆ = = =

⋅
;T

i T
MTP R

m m b 	
(8)

where: m is the bogie wheelset number.
At torque MT, the first bogie is less loaded and the second one is more loaded.

5.7.6. Peculiarities of locomotive adhesion coefficient changes

Locomotive traction force is influenced by inequalities of traction forces of every wheel-
set that are formed due to the uneven distribution of the locomotive weight between 
wheelsets. If less loaded locomotive wheelset produces too high traction force com-
pared to the adhesion conditions, slipping starts at a lower traction force, thus lower-
ing the total locomotive traction force. Adhesion coefficient is also influenced by rim 
erosion, rail wear, and differences in wheel diameters of wheelsets. At road curves of 
small radius, wheelset adhesion to rail is worse due to wheelset slide caused by un-
even distance that is travelled by a wheel of the wheelset. Adhesion coefficient depends 
on the locomotive electric drive type (AC/DC or AC/AC), traction motor connection 
type, and traction motor’s mechanical characteristics. The locomotive traction force 
may decrease by the force due to wheelset force to rail redistribution and is calculated 
as follows: ∆ = ∆ + ∆1 2P P P . Force of the least loaded wheelset is calculated as follows:

	
( )⋅= ⋅ − − ∆min2 1 0.03aP q P ;	 (9)

where: 0.03 is the tolerance of the static force to rail of wheelset according to technical 
locomotive characteristics with load qa less than 225 kN.

Ratio of the least loaded wheelset and calculable force is called locomotive adhesion 
use coefficient βk  and is expressed as follows:

	

( )− − ∆ ∆β = = = −min 0,03
0,97 .a ra

K
a a a

q r Pq P
q q q  	

(10)

Locomotive adhesion use coefficient shows the part of the traction force that is actu-
ally achieved by the locomotive. Having analyzed the said theoretical presumptions, it 
can be said that locomotive adhesion use coefficient depends on wheelset and traction 
motor location, suspension type, traction motor’s mechanical characteristics.
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5.7.7. Locomotive DC and AC traction motor speed-torque characteristics

Locomotive traction motor mechanical characteristics are in Figure 21. Speed-torque 
characteristics of the DC and AC traction motor are described by Fuest and Döring 
(2007). The speed-torque natural characteristics are different (Strekopytov et al. 2003).

A B 1

3

2

4

Mst0 Mst1 Mst2 M, N·m

n, rpm

 

n0

∆n3

∆n1 ∆n2

Figure 21. Speed-torque characteristics of the DC and AC traction motor:  
1 is synchronous traction motor, 2 is asynchronous traction motor speed-torque 

characteristics, 3 is individually excited shunt-wound DC traction motor, 4 is series 
wound DC traction, speed-torque characteristics; ∆n1 is asynchronous traction motor 

speed variation; ∆n2  is separately excited shunt - wound DC traction motor speed 
variation; ∆n3  is series wound DC traction speed variation.

Variation in load moment causes variations in speed. For locomotive traction force 
and wheelsets slip requirements in starting mode the best is synchronous traction motor 
speed-torque characteristic. Figure 21 shows the speed-torque characteristic (1) curve of 
a synchronous traction motor. In the speed-torque characteristic, the torque is usually 
shown dependent on the speed. Asynchronous traction motor and separately excited 
shunt-wound DC traction motor speed-torque characteristics, a variation in load mo-
ment is similar-sized tolerance (Figure 21, 1st and 3rd curves). Locomotives with these 
traction motor speed-torque characteristics rarely comprise wheelset slip conditions. 
The 4th curve in Figure 21 shows that for locomotives with DC series-wound traction 
motors anti-slip systems must be used, because when it is operated without load, torque 
speed increases very quickly.

Figure 21 shows the speed-torque characteristic 2nd curve of a three-phase asyn-
chronous traction motor. In the speed-torque characteristic, the torque is usually shown 
dependent on the speed. There M = 0 when the motor is idling. If a load is applied to 
the motor, the speed drops and the torque increases. The maximum torque which a 
motor can produce is known as the pull-out torque.
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5.7.8. Parallel operation and control peculiarities of AC traction motors

The principal scheme of AC/AC electrical system locomotive electrical drive when 
three asynchronous traction motors of one bogie are powered from the common fre-
quency converter FC is shown in Figure 22. The peculiarities of parallel operation of 
traction motors are analyzed at the same static resistance moment Mst. Due to the in-
evitable geometrical deviations of parts (wheelset, rail), differences of electrical and 
magnetic properties of materials, the characteristics of the same type traction motors 
are different. In the nominal load mode, the traction motor rotor speeds may differ by 
±3%. When asynchronous traction motors are powered from one source, the currents 
among parallel traction motors are redistributed due to the natural mechanical charac-
teristics of the same type asynchronous traction motors. Traction motors achieve differ-
ent respective torques M1, M2, M3, rotor rotation speeds n1, n2, n3 and develop different 
traction forces of individual motors.

Figure 22. Circuit diagram of diesel-electric powered locomotive (AC/AC current 
system) drive, when one frequency converter is used to power three AC traction 

motors: DM is diesel engine; G is synchronous traction generator;  
FC1 is frequency converter; M1, M2, M3 are asynchronous traction motors;  

WS1, WS2, WS3 are wheelsets; Mst is static resistance torque;  
U1, f1 are asynchronous traction motor drive parameters.

Natural mechanical characteristics of the same type ATM at the same static resist-
ance torque Mst at the wheelset force point A are shown in Figure 23.

Natural mechanical characteristics of the same type ATMs may be formed at the 
point where synchronous speed is no. When analysing natural mechanical characteris-
tics of the same type asynchronous torque motors with the same static resistance torque 
Mst at the wheelset force point A, it can be seen that the rotation speed of the first ATM 
rotor n1, rotation speed of the second ATM rotor n2, and rotation speed of the third 
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ATM rotor n3
 do not synchronize. When the wheelset diameter is equal and the speed 

of traction motor rotor is different, the distance travelled by wheelsets is different. This 
phenomenon causes wheelset slip conditions and redistribution of traction forces.

5.7.9. Control systems of asynchronous motors with  
individual frequency converters

Control systems of locomotive traction asynchronous motors with individual frequen-
cy converters are shown in Figure 24.

Mst

M

1 62.....5

n
Mst

M
n

DM

WS1 WS6

M1
3~

M6
3~

U1=var
f1=var

Ui=var
fi=var

Ui=var
fi=var

FC1 FC6

Figure 24. Control system of asynchronous engines with  
individual frequency converters: FC1, …, FC6 are frequency converters;  

WS1, …, WS6 are wheelsets of locomotive.

When using ATM control via individual frequency converters, the slipping and 
sliding process is easier to control as the speed of every traction motor can be adjusted 
separately. However, this control system is often more complex and less reliable.

Figure 23. The same type natural mechanical characteristics of asynchronous traction 
motors at the same static resistance torque
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5.7.10. Frequency control peculiarities of locomotives with  
asynchronous traction motors

For locomotives with frequency converter mode of ATM that satisfies traction theory 
requirements, there is a need to change the nature of natural mechanical characteristics 
artificially by developing a part of hyperbolic function. Thus ATM areas of the natural 
characteristics are shown as A1, A2, A3 (Figure 25). The nature of ATM artificial mechani-
cal characteristics corresponds to DC series excitation DC traction motor mechanical 
characteristics. Therefore, locomotives with ATMs should have installed control systems 
to control wheelset slipping process. During locomotive wheelset slipping, they tempo-
rarily change the nature of the ATM artificial mechanical properties and recover the con-
ditions of wheelset adhesion with rails. Computer-aided control systems for locomotive 
wheelset slipping and sliding process control that is proposed by the authors will change 
the nature of ATM artificial mechanical properties, and it will automatically recover good 
conditions of wheelset adhesion to rails. Adjusted ATM dynamic mechanical properties 
with applied frequency speed control method are provided in Figure 25 (in green).

Figure 25. Artificial asynchronous mechanical characteristics of asynchronous motor 
when ATM frequency rotation speed control method is applied

5.7.11. Automatic control of slipping process of locomotives with  
AC traction motors
Figure 26 shows AC/AC system that is proposed by the authors for computer-aided con-
trol of AC/AC system of locomotive wheelset slipping and sliding process that is com-
prised of wheelset speed sensors BR1- BR6 that are mounted in traction motors, A and 
B bogie wheelset speed tolerance signal comparison blocks SCBI, SCBII (Liudvinavičius 
and Lingaitis 2010). When the tolerance of one of the individual wheelsets of bogies (A or 
B) is exceeded, there are generated control signals A and B that adjust signals sent by com-
puter-aided control system (in Figure 26 marked respectively as XA and XB) to inverter 
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elements IGBT transistors that have changing on and off cycles (Strekopytov et al. 2003).
The automatic control system of slipping process that is proposed by the authors 

will decrease the value of supply power and its frequency of one bogie from the three 
asynchronous engines for a short time. Thus the rotation speed of one bogie of trac-
tion motor-wheelset shall be equalized and wheel-to-rail adhesion shall be restored. 
Such dynamic characteristics are shown in Figure 25 in green as E1-Y1 with supply 
power frequency f1(1). E2-Y2 at supply power frequency f1(2), E3-Y3 with supply power 
frequency f1(3). When adhesion conditions are restored, there is automatic restoration 
of ATM supply power and its frequency value, i.e. it returns to any point of the previ-
ous operating characteristic (Figure 25, in red). Traction forces are not disrupted in 
locomotive control process as slipping process is controlled automatically.

5.7.12. Algorithm for slipping process parameter adjustment and control

The authors provide computer-aided control system of locomotive wheelset slipping 
and sliding process control presented in Figure 26. Variants of the control algorithm: 
a) wheelset speed tolerance signals are compared with the tolerance signals in blocks 
SCBI, SCBII and they are adjusted by changing parameters of that inverter to control 
signals Y1 and Y3 (thereof the respective three asynchronous traction engines (indi-
vidual controlled) are powered); b) in case with controlled parameters of inverters I and 
II the process of bogie wheelset slippage is continued and bogie wheelset speeds are not 
equalized, the generator voltage of synchronous traction motor is limited by decreasing 
excitation current with signal Y2 (general parameter control).

Figure 26. Circuit diagram of diesel-electric powered locomotive (AC/AC electric 
system) automatic wheelsets anti-slip and slide control system process parameters 

computer drive
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Computer-aided control system of AC/AC current system diesel locomotive wheelset 
slipping-sliding process consists of (Figure 26): DM is diesel engine; G is synchronous 
traction generator; I, II are frequency converters; UCR-uncontrolled rectifier; M1, …, 
M6 are asynchronous traction motors; speed sensors of BR traction motors; LD is 
locomotive driver; SCBI is bogie A wheelset speed tolerance signal comparison unit; 
SCBII-B is bogie wheelset speed tolerance signal comparison unit; Y1 is control signal 
that adjusts inverter I electrical parameters; Y2 is synchronous traction motor signal that 
adjusts generator excitation current; Y3 is control signal that adjusts inverter II electrical 
parameters; R is excitation current regulator of synchronous traction generator; GE is 
excitation winding of synchronous traction generator; 1n∆ ,..., 6n∆  are speed tolerance 
signals of traction motor; XA is total compared bogie A wheelset speed tolerance signal; 
XB is total compared bogie B wheelset speed tolerance signal.

The authors propose to install an encoder in ATM rotation speed and location coor-
dinate measurement sensors BR that are installed in the traction motor (see Figure 27). 
The encoder is an analogous or digital converter with analogous signal at the output or 
a certain number of pulses that is proportional to rotation speed or turn angle (Preci-
sion inductosyn … 1996).

To use an encoder in the ATM vector control system is suggested by Lingaitis and 
Liudvinavičius (2006). The encoder consists of a light source, mask, code disk, and sen-
sors. The code disc contains artificial spaces that make light permeable and impermeable 
segments. Light sensitive sensors are mounted behind the code disc. The scheme of the 
optical encoder is provided in Figure 28 (Fuest and Döring 2007, Encoder catalogue 
2003).

Figure 27. Asynchronous traction motor with internal optical encoder: 1 is encoder;  
2 is stator; 3 is terminal box; 4 is stator windings; 5 is ferromagnetic core;  

6 is clamps; 7 is cooling channel; 8 is shaft.
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Figure 28. Optical encoder scheme

When the encoder is installed in the ATM control system that is proposed by 
the authors, there can be received analogous or digital information, thus developing 
analogous-digital (hybrid) locomotive electrical drive control system (Antoniak 1990; 
Stolting 2002).

Pursuant to the purpose, the encoder may contain various codes: binary code, Gray 
code, Gray-express code (Braess 2000). All of them are suitable for computer system 
of AC/AC current system diesel locomotive wheelset slipping-sliding process control 
that is proposed by the authors.

5.7.13. Tests of locomotive wheelset slipping and  
sliding process computer-aided control and management system

Locomotive drive tests description
The software performs the several tasks. It ensures highly efficient wheel-to-rail force 
transmission by means of continuous wheel force at its rim, slip control, limitation of 
wheel acceleration, reliable determination of the reference speed, which should repre-
sent the true train speed.

The software protects the mechanical components against excess stress and reduces 
wear on the rails and wheelset by avoiding wheel blocking (flat spots on the running 
surface), synchronous drifting of the wheel speeds (worn rail heads), and inherently 
stable rotational vibrations in the drive train.

The software continuously monitors the movement of the vehicle and the running 
wheels. If the movement variables deviate from the tolerance values, the tractive effort 
demanded by the overall control level is automatically reduced to a level which can be 
physically transmitted from the wheel to the rail.

Due to continuous monitoring of the movement variables relating to the vehicle 
and the wheels, it is ensured that traction is kept under control under different track 
conditions.



1735. TECHNICAL ASPECTS OF RAILWAY SAFETY AND INTEROPERABILITY...

Power mode: The test train is accelerated from standstill to maximum speed. All 
wheel speeds are monitored via the data logger to confirm the proper functionality.

Dynamic brake only: The test train is decelerated from maximum speed to standstill 
with the dynamic brake.

Dynamic and pneumatic brake: The test train is decelerated from maximum speed 
to standstill with the dynamic and the independent brake.

This is not a normal service operation. It shows that the wheel slide is corrected via 
signals transmitted from the pneumatic wheel slide system to the Locomotive Computer 
Unit for the limitation of electric brake in case of active pneumatic brake.

5.7.14. Conclusions:

1.	 The non-traditional computer-aided slipping and sliding control system of lo-
comotive AC traction motors that is proposed by the authors allows automatic 
continuous control of electrical parameters of the inverter and traction generator 
in traction mode (dynamic mode) with the simultaneous slipping process control.

2.	 When the provided slip and slide control system of locomotives with AC trac-
tion motors is used:
1)	the train driver does not need to interrupt traction mode control and this 

way there are no conditions for the formation of the rolling stock longitudinal 
tensile and compression forces;

2)	there is optimal locomotive traction force control;
3)	there are less energy transformation losses in locomotive powertrain;
4)	the wheel/ rail adhesion coefficient is little dependent on the season; and
5)	the wheel/ rail adhesion coefficient is recovered automatically and there is no 

need to spread the sand under the wheels to increase the adhesion.

5.8. Research on diesel locomotives with DC traction motors 
wheelsets’ slipping and sliding control

The causes of slipping and sliding of the locomotive’s driving wheelsets are analyzed 
from theoretical and practical perspectives. The main factors influencing wheelsets’ 
slipping are described, and their correlation is determined. The specific methods of 
stopping the slipping of the diesel locomotives having a conventional electric drive sys-
tem are described in Polach (2005), Zhang et  al. (2002), Ohyama et  al. (1989), and 
Ohyama (1982). The control of the dynamic locomotive wheelsets’ slipping and sliding, 
based on the evaluation of the influence of the speed-torque characteristics of DC trac-
tion motors on these processes, are presented in the structural diagrams below. Major 
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parameters of the DC/DC and AC/DC systems used in the automatic control of the dy-
namic slipping and sliding of the locomotive’s wheelsets are defined and new methods 
of controlling the dynamic slipping and sliding are suggested by the authors.

The efficiency of transportation by railways largely depends on railway track capacity. 
A railway operator has to ensure steady and safe traffic, as well as the effective use of 
the locomotive power. The problems associated with the comfort of passenger trains 
were investigated by Inarida et al. (2001), while the parameters of electrodynamics 
braking and power systems of the trains were considered by Liudvinavičius et al. (2007) 
and (2009). To ensure a steady traffic flow of trains (particularly, heavy freight trains), 
the tractive force of the locomotive should be effectively controlled. It is important to 
control the locomotive so that its tractive force is uniform and its development is not 
interrupted because of the driving wheelsets’ sliding. The conditions for the wheelsets to 
slide are usually created when a heavy train starts moving or is moving uphill (Bureika 
2008). In this case, the locomotive is moving so that the driving wheels’ spin speed 
sharply increases, while the tractive force of the locomotive decreases fast, causing a 
sharp slowdown of the straight-line motion of the train, which may even stop between 
the stations.

When the adhesion coefficient is decreased considerably, the locomotive’s tractive 
force is not sufficient to pull the train. In this case, sand is spread on the rails to increase 
the adhesion coefficient. However, the starting time of a locomotive increases due to 
intense slipping of the wheelsets, which causes more intense wearing out of both of the 
wheelsets and rails. A number of researchers study the problem of the effective control 
of the locomotive’s tractive force, for example, Dailydka et al. (2008) and Djukič et al. 
(2010).

Slipping of the locomotive’s wheelsets depends on the angle of taper of the wheels’ 
rolling surface as well as the slope of the track and the wheelset position with respect 
to the longitudinal axis of the rails. When a locomotive is moving in the traction mode, 
the axle load of the locomotive’s powered wheelsets acting on the rails is redistributed, 
and this is one of the main causes of slipping and sliding of the wheels.

The effect of the variation of the coefficient of adhesion between the wheels and the 
rails on the tractive effort characteristic, as well as the operation of electric traction 
motors and the effect of their arrangement in the carriage on the static wheel-to-rail 
force, are also very important. Another relevant problem is the adjustment and control 
of the parameters of the wheelsets’ slipping and sliding in the case of various types of 
the locomotive drives, such as DC/DC, AC/DC and the latest type of AC/AC drives. 
The operation of these drives is described in the works of Lingaitis et al. (2006), Stre-
kopytov et al. (2003), Sen (1996), Liudvinavičius et al. (2009) and Nayal et al. (2006). 
In order to effectively control slipping and sliding of the DC motor-driven wheelsets, 
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the mechanical characteristics of motors and the effectiveness of the methods of speed 
regulation of the rotors of these motors should be determined. The algorithms for 
automating the control of the electric motors were considered by Yamaguchi (2006).

Assuming that the mechanical characteristics of the DC traction generators may 
have a certain influence on slipping, the structural control diagrams of the processes of 
slipping and sliding of the wheels were developed in the course of investigation. Based 
on the analysis of the main factors contributing to slipping, and, given the parameters of 
this process, the modeling of wheelsets’ slipping and its control methods was performed.

When the driving wheelset starts sliding, it makes more revolutions and, theoreti-
cally, due to the specific mechanical characteristics of the DC traction generator, the 
rotor (and the wheelset) may ‘race’. In practice, the process lasts until the mechanical 
failure of the electrical motor’s armature takes place. The more revolutions the wheel 
makes, the higher is the slipping, while the tractive force of a locomotive drops to zero. 
The authors investigated the mechanical characteristics of the DC traction in order to 
find the ways of avoiding the unwanted drop of the tractive force.

5.8.1. Theoretical assumptions of the locomotive wheelsets’ slipping and the 
consequences of the wheelsets sliding on the track

High adhesion utilization and sophisticated dynamics design of modern locomotives 
and traction rolling stocks demand complex simulations which at the same time take 
into consideration the mechanical, electro-technical, and traction control system field. 
When the locomotive’s tractive force exceeds the adhesion of the wheels to the rails, 
slipping of the locomotive’s wheelsets may start. In vehicle dynamics, small slip values 
(microslip) are of main importance. The correct description of the resulting traction 
coefficient between wheel and rail is important for investigations related to wear, rolling 
contact fatigue, traction control, or running stability analyses. Furthermore, informa-
tion about local mechanical and thermal load distributions within the contact zone is 
desirable. A profound description of the state of the art of dynamical contact problems 
with friction can be found in Sextro (2007). Longitudinal and lateral slip as well as spin 
slip should be taken in account (Polach 2005).

The adhesion coefficient is a variable and it strongly affects traction. The variation of 
the wheel-to-rail adhesion coefficient Y of the locomotive is given for various seasons 
in Figure 16.

To determine the adhesion coefficient of a new locomotive, field tests are carried out 
in various seasons and ar various times of the day. Several hundred tests should be per-
formed to obtain accurate results. In Figure 16, it is shown that the adhesion coefficient 
varies considerably, even if the mass of the locomotives is actually the same. It depends 
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on many factors, including rain, snow, the contamination of the rails by the oil products, 
wearing of the rolling surface of the wheel and the rails, the track profile, etc.

“Conventional” contact models like CONTACT (Kalker 1967), deduced simplifica-
tions such as FASTSIM (Kalker 1982), or analytical derivatives of the model (Polach 
2005) are able to describe the principal mechanisms linked to the stick and slip zones 
within the contact rail/wheel, and are therefore capable of describing the characteristic 
correlation between locomotive traction coefficient and slippage. The friction coefficient 
between wheel and rail has to be provided by the user. This coefficient is highly depend-
ent on parameters such as wheel rolling velocity, normal axle load, microscopic surface 
roughness of wheel and rail, etc. Moreover, these parameter influences are strongly 
dependent on the lubrication state of the contact, whether the contact is humid, i.e. 
boundary lubricated, dry or in mixed lubrication state, where enough fluid is present 
between wheel and rail to build up a positive fluid pressure regime.

With emphasis on the lubrication only, sophisticated models for elastic-hydrody-
namic lubrication (EHL) have been developed and extended to the application to rough 
surfaces (Patir and Cheng 1978). These researchers introduced flow factors to averaged 
Reynolds equations for an application to rough surfaces. This method is applicable to the 
full and mixed lubrication regime, where the fluid fully occupies the area between the 
two contacting bodies, causing hydrodynamic lift. The method was applied to isother-
mal rolling contact and the adhesion coefficient was approximated (Chen et al. 2005). 
A tangential contact model was not employed. A method to use this model even under 
boundary lubrication conditions is proposed in Hu and Zhu (2000).

The interfacial fluid model presented by Tomberger et al. (2011) can be used in 
combined mixed and boundary lubricated contacts. A new approach is the considera-
tion of the metallic volume occupation by the surface roughness peaks, called asperities. 
This interfacial fluid model is based on the continuity equation, a pressure-mass flow 
relation and an abstraction of the surface geometry.

A possible explanation of the decreasing of slip force-slip function for large lon-
gitudinal slip is the decrease of friction coefficient with increasing slip speed due the 
increasing temperature in the rail-wheel contact area (Hou et al. 2000; Ertz and Bucher 
2002; Ertz and Knothe 2002). With increasing slip, the temperature in the rail-wheel 
contact area increases and the coefficient of adhesion decreases.

	A nother explanation is different friction coefficients in the area of adhesion 
and area of slip (static kinematic friction coefficient) does not seem to sufficiently influ-
ence the shape of the slip force curve (Ohyama et al. 1989; Nielsen and Berthier 1996)

The method described by Polach (2005) allows simulating slip force according to 
measurement for various conditions-dry, wet, contaminated, etc. It is based on the fast 
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method for calculation of wheel-rail forces developed by Polach and largely tested and 
used in various three dimensional multi-body simulation tools.

This method developed by Polach for calculation of slip forces in multi-body simula-
tions (Polach 1999, Kalker 1982) is based on a theoretical model for longitudinal and 
lateral slip, assuming a coefficient characterizing the rail-wheel contact shear stiffness.

The rail-wheel contact area is assumed elliptical with half-axes a, b and normal 
stresses s distribution according to Hertz. The distribution of tangential stress t is shown 
in Figure 29.

The maximum value of tangential stress at any random point is:
	 τmax=µ⋅s;	 (11)
where: µ is the coefficient of wheel/rail friction.

The forces Fx, Fy in longitudinal and lateral directions are:
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and the adhesion coefficient:
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where: F is the total contact force, kN; s is the total slip; and Q is the wheel load, kN.
A slip force law with a marked adhesion optimum can be modeled using the fric-

tion coefficient decreasing with increasing slip (creep) speed between rail and wheel 
(Zhang et al. 2002).
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Figure 29. Distribution of normal and tangential stresses in the rail-wheel contact area 
in Polach (2005) method
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In additional, the reduction of the initial gradient of slip force curve explained by 
Bucher et al. (2002) through the influence of the surface roughness, and by Harrison 
et al. (2000) on the effect of surface’s contamination can be used.

A large longitudinal slip between wheel and rail occurs for the adhesion limit, in 
particular for the maximum transmissible tractive forces. Using the theory of friction 
coefficient decreasing with increasing slip by the influence of temperature for the case 
of wet or polluted contact conditions, the only way to achieve the adhesion optimum 
at large slip values is a significant reduction of the coefficient of Kalker’s linear theory 
(Polach 2005). With increasing slippage, the temperature in the contact area increases 
and the coefficient of friction decreases.

Typical values of the reduction factor for real rail/wheel contact conditions as evalu-
ated from measurements are 0.2–0.5 for wet rails and 0.6–0.85 for dry rails. It should 
be noted, the only use of decreasing adhesion coefficient does not allow simulating the 
slip forces between wheel and rail in complex dynamics simulations, is when transmit-
ting the limiting tractive force under unfavorable adhesion conditions. The proposed 
model by Polach (2005) of real slip forces for wet, polluted, or dry rail is based on a 
combination of dry and wet friction.

Large slip occurs mainly on the longitudinal direction because of traction or brak-
ing; the maximum lateral slip cannot reach the level of maximum longitudinal slip due 
to traction or braking.

The definition of the tangential failure stress τm is, however, difficult. In addition to 
the mechanism of adhesion, plastic asperity deformation, ploughing and other dissipa-
tive mechanisms, boundary lubrication and influences of solid interfacial layers have an 
effect on the tangential failure stress of a contact. Furthermore, so-called third bodies, 
forming a solid interface between the contacting bodies, can alter the friction process 
(Berthier et al. 2004; Niccolini and Berthier 2005).

A run on the unstable (decreasing) section of slip force curve was simulated by 
Polach (2000). With increasing tractive effort, the wheelset steering ability decreases. 
Simultaneously, the first wheelset of the bogie moves to the inner rail.

Measurements under water lubricated conditions report a distinct decrease of the 
maximum traction coefficient with increasing rolling velocities (Zhan et al. 2002; Ohy-
ama and Maruyama 1982; Chen et al. 2008). No velocity dependence is reported in the 
paper by Ohyama et al. (1989) for a boundary-lubricated contact, using paraffinic-oil.

Researchers Mei, Yu and Wilson (2009) propose a radically new approach for the 
detection of wheel slip/slide and re-adhesion control of AC traction motors in railway 
applications, which provides an important alternative and advantageous technique in 
traction/braking control systems to maximize the use of adhesion in poor rail-wheel 
contact conditions. The proposed concept explores the variations in the locomotive 
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wheelset dynamic properties caused by the condition changes at the wheel–rail con-
tact, and detects and controls the slip conditions from the dynamic behaviour of a 
wheelset, indirectly. The influence of contact conditions on the relevant modes is 
assessed, which is essential in the development of a mechatronic solution based on 
dynamic interactions.

At the current stage of development, the above described models (also meth-
ods presented in books by Andersson (2007), Iwnicki (2006), and Wickens (2003) 
can be widely used for investigations related to the development of locomotives 
traction (slip and slide) control strategies and rail/wheel wear or rolling contact 
materials fatigue.

5.8.2. The effect of the speed-torque characteristics of the DC traction 
motor of a locomotive on slipping and sliding of the wheels

Speed-torque characteristics of the locomotive’s DC traction motor
In Sen (1996), the main principles of electric motor operation and control are described. 
Circuit diagrams (Series-wound DC traction motor circuit diagram and separately ex-
cited shunt-wound DC traction motor circuit diagram) as well as their speed-torque 
characteristics are presented in Figure 30 and Figure 31.
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Figure 30. A circuit diagram of a  
series-wound DC traction motor: 

Iin is armature current; Ein is armature 
voltage; M is the electromagnetic 

moment in the traction mode; n is DC 
motor’s rotor speed; LE is an exciting 
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Figure 31. A circuit diagram of a 
separately excited shunt-wound DC 

traction motor: Iin is armature current; 
Ein is armature voltage; M is the 

electromagnetic moment in the traction 
mode; n is the traction motor’s rotor 
speed; LE is an exciting winding; WS 
denotes wheelsets; RP is the resistor.
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The variation of the rotor speed of the series-wound and shunt-wound DC traction 
motors, depending on the axle load, is shown by the curves depicted in Figure 32.
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Figure 32. Speed-torque characteristics of the separately excited shunt-wound (1)  
and series-wound (2) DC traction motors: Mst0, Mst1, Mst2 denote static load torque of 

a DC traction motor; no is no-load armature speed of a separately excited shunt-wound 
DC traction motor

Series-wound DC machines are used as motors and generators. Series-wound trac-
tion motors have a very high starting torque. The speed of the DC series-wound motor 
is strongly dependent on the load. A variation in load causes a variation in current. If 
the load is increased, the current increases and the speed is reduced. During the start-
up and on high load, the series-wound traction motor consumes a high current, which 
produces a powerful torque.

They may never be operated without the load torque because they may ‘race’ on 
no-load. A series-wound traction motor cannot be operated on no-load under any 
circumstances because it increases its speed to such a degree that the armature is de-
stroyed, i.e., it ‘races’ on no-load (see Figure 32).

In a DC series-wound traction motor operating without the load torque, the rotor 
speed increases very quickly and the wheelsets start slipping. The analysis of the speed-
torque characteristics of the DC series-wound and separately excited shunt-wound trac-
tion motors at the points A and B allows us to state that the rotor speed of a separately 
excited shunt-wound traction motor is hardly dependent on the load (speed variation 
∆n1), while speed variation ∆n2 of a series-wound DC traction motor is much higher. In 
addition, as shown in the curve 2 in Fig 30, a series-wound DC traction motor cannot 
operate on no-load. Traction motors of the latter type are commonly used in locomo-
tives. When the wheel-to-rail forces are redistributed for the reasons discussed above, 
the speed of the less heavily loaded wheel increases fast, causing the development of 
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slipping and sliding of the wheelsets. The locomotives with the DC series-wound trac-
tion motors must use anti-slip systems.

5.8.3. Wheel-to-rail adhesion of the locomotives with separately excited 
shunt-wound and series-wound DC traction motors

The authors analyse wheel-to-rail adhesion for the locomotives using separately excited 
shunt-wound (characteristic 3) and series-wound (characteristic 2) DC traction motors 
(see Figure 33). The curve Fks corresponds to the boundary tractive force characteris-
tic depending on adhesion. At the point A, the boundary tractive force depending on 
adhesion is found, while the locomotive speed is v. If the adhesion is weaker, e.g. on 
the contaminated track section, the tractive force depending on adhesion is decreased 
by the magnitude ∆Fks. Therefore, in this case, the tractive force will be higher than the 
adhesion force, and the wheelsets will start slipping and sliding on the track.

When the angle speed of a wheelset of the locomotive with a separately excited 
shunt-wound DC traction motor increases, the tractive force of the locomotive sharply 
decreases, getting equal to the tractive force depending on adhesion at the point B. 
In this case, the wheelset’s slipping rate ∆ν1 is low. However, the value of the friction 
coefficient remains high and, therefore, the wheelsets, after passing over the reduced 
adhesion area, will regain the proper adhesion.

In a similar case with a series-wound DC traction motor, its tractive force and trac-
tive force depending on adhesion are equal at the point C, where the slipping rate of 
the wheelset ∆ν2 is high, while the friction coefficient is low.
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Figure 33. The effect of speed-torque characteristics on the tractive force of a 
locomotive, depending on adhesion
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In this case, the conditions for regaining the proper adhesion without any external 
help are much worse. Therefore, the spreading of sand in the reduced adhesion area 
is required for the wheelsets to regain good adhesion to the rails. The latter is faster 
regained by the locomotives with separately excited shunt-wound DC tractive motors. 
Therefore, their average tractive force, depending on adhesion, is higher than that of 
the series-wound DC traction motors. The locomotives with separately excited shunt-
wound DC traction motors have a higher wheel-to-rail adhesion coefficient compared 
to those having series-wound DC traction motors, whose low adhesion coefficient is 
compensated for by the use of slipping and skidding protection systems.

5.8.4. Protecting the driving wheelsets of a locomotive from skidding

A scheme of the mechanical compensating system of wheel-to-rail force redistribution
In Figure 34, a scheme of the mechanical compensating system of wheel-to-rail force 
redistribution for a locomotive operating in the traction mode is given. A system con-
sists of the pneumatic cylinders located perpendicular to the outward wheelsets of the 
first and the second bogie. When the locomotive starts moving, the compressed air is 
supplied to the front cylinders (with respect to the direction of movement), denoted by 
1 (Figure 34), and their shafts squeeze the frames of the bogies. In order to balance the 
moment MT, occurring when the locomotive is moving along the curved track, the first 
wheelsets of the respective bogies are pressed. The system is automated, which implies 
that a special regulator changes the pressure in the system, depending on the tractive 
force. A pressure regulator is controlled by the pressure relays connected to the net-
work of the traction motors. The higher the current in the network of traction motors 
and pressure relays, the higher the tractive force of a locomotive and, therefore, more 

Figure 34. A scheme of a compensating system of the wheel-to-rail forces’ 
redistribution in a locomotive operating in the traction mode: F1 

adh and F2
 adh 

are powered wheel tractive efforts; Wj denotes the resistance tractive effort at the 
locomotive’s automatic coupling; h is the distance (height) from the rail head to the 

automatic coupling; l denotes the hydraulic cylinders; K1, K2 are the valves; A denotes 
the direction of the locomotive motion
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highly compressed air is supplied to the pneumatic system. Depending on the direction 
of the locomotive’s motion, the valve K1 or K2 is opened. By controlling the position 
of the valves K1 and K2 and pressure in the cylinders, the forces compensating for the 
decrease of the axle loads of the bogies are generated. These forces ‘press’ the bogies to 
the rails, thereby increasing the adhesion coefficient of the locomotive.

The mechanical system of the wheelset load compensation is rather complicated. 
The variation of the axle loads should be controlled by the sensors, while the pressure 
in particular cylinders should be regulated by the valves. The electric system of protect-
ing from slipping and sliding suggested by the authors may supplement the mechanical 
system of the wheelset load compensation.

5.8.5. A conventional slip and slide protection system for diesel-electric 
(DC/DC) locomotives

During the slipping and sliding of the powered wheelsets the adhesion coefficient of the 
wheelsets to rails decreases, thereby decreasing the locomotive tractive force. Therefore, 
the locomotive wheelsets’ adhesion to the rails should be closely watched and adequate-
ly controlled to protect them from slipping (Braess and Seiffert 2000).

Usually, the parameters of the locomotive slipping are continually measured and 
adjusted by specially installed automatic control systems of the electric drives. The main 
causes of slipping and sliding of the wheelsets of the locomotives with the DC traction 
motors connected in series are as follows: redistribution of loads (armature current) 
due to mismatch of the characteristics of traction motors of the same type and different 
wheel-to-rail forces in the same locomotive, as well as due to various types of the me-
chanical characteristic of a traction motor. The mechanical speed-torque characteristic 

Figure 35. A circuit diagram of the relay wheelsets’ slip and slide protection system in 
a conventional diesel-electric locomotive (of DC/DC type): G is a separately excited 

shunt-wound DC traction generator; G1 is the exciter; LG is the exciting winding of a 
DC traction generator; LG1 is the exciting winding of the generator’s exciter; RB1, RB2, 
RB3 are the relays for controlling the process of the locomotive slipping; 1,..., 6 are the 

exciting windings of the DC traction motors; M1...M6 are the DC traction motors; and 
K is the contactor.



184

of series-wound DC traction motors used in the DC/DC and AC/DC electric drives is 
given as the 2nd curve in Figure 33.

Series-wound DC traction motors described above are widely used in trolley-buses, 
trams, metro trains, electric trains, and locomotives. In practice, the systems of meas-
uring the parameters of wheel slipping or automatic slip and slide protection systems 
(ACS) are used in the electric drives of the operating traction locomotives.

A conventional circuit diagram of the slip and slide protection system of DC/DC 
diesel-electric powered locomotive wheelsets is shown in Figure 35.

5.8.6. The algorithm of controlling the locomotive’s  
wheelset slipping and sliding

The slipping parameters of each wheelset may be measured and adjusted by two relays, 
fixing the slipping process, which are connected between the two armature windings 
of the traction motor of a bogie. For example, when the slipping of the first bogie’s 
wheelsets proceeds, the difference in the potentials at the points of the winding of the 
relay RB1 can be observed, and the relay works. In this case, the electric circuit is made 
by the relay’s contacts in the lamp indicating slipping or in the bell. A driver is informed 
about the proceeding slipping by a light or sound signal. Other relay’s contacts open the 
feeding circuit of the contactor K, thereby interrupting the excitation of the DC trac-
tion generator as well as the feeding of the DC traction motors. When the feeding of all 
traction motors of the operating locomotive is interrupted for a short time, slipping is 
stopped. The locomotive moving by inertia passes over the section of the greased rails, 
where the adhesion of the wheelsets to the rails is particularly weak. If slipping contin-
ues, the sand is spread in front of the powered wheelset wheels to increase the friction. 
The main disadvantage of the system is that slipping usually does not stop and the 
driver has to interrupt the traction mode. This causes the development of the horizontal 
dynamic forces in the train. These dynamic forces may squeeze out some wagons of the 
train and cause an accident. The authors suggest to use an automatic drive system of 
slip and slide protection of the wheelsets in diesel-electric locomotives (of the DC/DC 
type). The system’s circuit diagram is presented in Figure 36.

To control automatically the locomotive’s slipping, the load characteristic of the 
traction generator in the dynamic process should be changed. When any of the loco-
motive wheelsets starts slipping, the armature current of the traction motors connected 
in parallel is redistributed, while the voltage at the generator’s terminals remains the 
same (see Figure 35).
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Therefore, the slipping of any wheelset may be determined by measuring the traction 
motor’s armature current by a current sensor (High Precision Drives 2001). A signal for 
automatic slipping control will be the variation of the traction motor’s armature cur-
rent. The units MCBI and MCBII measure the armature current of all traction motors 
by the sensors B1–B6 and determine the maximal current. These signals are compared 
in the pulse gating unit with the signal obtained by the generator’s voltage sensor. The 
load characteristic of the traction generator changed by the maximal current signal is 
shown with its dynamic component being formed by a green-colored curve (Figure 37).
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Figure 36. A circuit diagram of automatic control of wheelsets’ slip and slide parameters 
in diesel-electric powered locomotive (of DC/DC type): G is a separately excited shunt-

wound DC traction generator; G1 is the exciter; MA is a magnetic amplifier; B1,…, 
B6 are armature current sensors of DC traction motors; M1,.., M6 are series wound 
DC traction motors; PS is a diesel power sensor; SS is a diesel speed sensor; MCBI is 

the maximal current sensor block of traction motors of bogie I; MCBII is the maximal 
current sensor block of traction motors of bogie II; SB is a selective block; B is traction 

generator’s voltage sensor; Ne is a signal of diesel motor’s power; NG is a signal of traction 
generator’s power; nD are revolutions (speed) of the diesel engine

Figure 37. The curves demonstrating the ‘spread’ in DC traction motors’ armature 
current in the diesel-electric locomotive 2M62M: 1–6 are traction motors’ 

armature currents, measured by a PC in testing trains of various masses
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5.8.7. Created algorithm for automatic control of  
wheelsets’ slipping and sliding

Based on the analysis of the anti-slip systems commonly used in DC/DC locomotives, 
the authors suggested a new automatic slipping protection system. This system ensures 
slip and slide monitoring and adjusting of the ABCD characteristic of the traction gen-
erator, when a signal about traction motor’s armature current variation is obtained. 
It also creates a dynamic component of the dynamic characteristic, which is denoted by 
symbols E1Y1 in the first curve of the characteristic and by symbols E2Y2 in the second 
curve of the characteristic (see Fig 36, in green).

The above formation of artificial characteristics of the locomotive, moving at some 
particular speed in the traction mode, allows us to maintain fixed voltage at the traction 
generator terminals for a very ‘short’ time (stabilizing it during the dynamic process), 
when the wheelsets start slipping. In this case, it is possible to obtain the same speed 
of rotation of all traction motors’ wheelsets and, thereby, to regain proper adhesion 
of the wheels to the rails. When this is achieved, the previous value of the generator’s 
voltage is automatically regained, i.e., it returns from the line YE to any CB portion of 
the artificial characteristic of the DC generator (Figure 38, in red).
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Figure 38. Load characteristics of a diesel-electric powered locomotive’s (of DC/
DC type) traction generator Ug = f(Ig): red colour denotes conventional 

characteristics; green shows complementary dynamic characteristics;  
1 and 2 show locomotive different drive modes.

The straight-line locomotive’s speed does not change during slipping and sliding 
because the suggested process of the dynamic control of the electric parameters is the 
fastest control method, since a transient process takes only a few milliseconds. The 
development of the tractive force of the locomotive is not interrupted because wheelset 
slipping control is fully automated.
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5.8.7. Conclusions

1.	 Taking into account the specific nature of the conventional characteristic of series 
excitation DC traction motors, slip and slide protection systems should be used 
to ensure uniform traction of locomotives.

2.	 Locomotive slip and slide protection systems, commonly used in the locomo-
tives with series excitation DC motors are not effective because wheelset slipping 
is controlled by the inertial relay systems. In this case, the development of the 
tractive force is interrupted during the process, which causes the development 
of the dynamic longitudinal tensile-compression forces in the train.

3.	 A locomotive’s complementary slip and slide protection system suggested by the 
authors for the locomotives with series excitation DC traction motors, allows for 
automatic control of the traction generator’s load characteristic, as well as the 
process of wheelset slipping and sliding without interrupting the development 
of the tractive force of the locomotive, operating in the traction mode.

4.	 A locomotive’s complementary wheelsets’ control system for the DC/DC locomo-
tive allows us to change the nature (type) of traction generators’ characteristics 
for the locomotives operating in the traction mode.

5.	 Using the locomotive slip and slide protection system created by the authors 
for the DC/DC locomotive wheelsets, the driver does not have to interrupt the 
control of the traction mode; therefore, the development of longitudinal forces 
in the train is avoided.

6.	 The use of the locomotive slip and slide protection system created by the authors 
ensures optimal and steady tractive force control.

7.	 The created locomotive slip and slide protection system ensures the increasing of 
railway traffic safety and decreasing the of wear/fatigue of the rails and wheelsets 
as well as the maintenance and repair costs.

5.9. Rail vehicle passive safety

5.9.1. Background

For defining a framework for the development of the rail vehicle interior passive safety, 
it is necessary take into account the advances provided by the recent projects (EUCAM, 
TRACECA, SAFEINTERIORS, etc.) and good practices in the railway industry.

The goal is to considerably reduce injuries and fatalities on railway transport–both 
passenger and goods (cargo). It is still very significant to identify, formulate, and im-
plement proper means for safety issues in guided railway transport systems. The focus 
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in developing of vehicle passive safety means should be devoted to vehicle interior 
solutions that contribute to the reduction of the severity in terms of occupant injuries.

Train crash events can be basically divided into two phases:
1.	 The primary collision, where the initial kinetic energy is progressively dissipated 

by means of plastic structural deformation. In this phase, occupant compartment 
integrity and acceptable vehicle acceleration levels (crash pulses) are the most 
important design requirements to be considered.

2.	 The secondary collision, where the occupant will be subject to a great variety of 
potentially harmful passenger-interior or passenger-passenger contacts.

5.9.2. Relevance to the EU-Asia connection

It is necessary to appraise the requirements and validation procedures and propose 
references for future standards, recommendations, and regulations to prove the pos-
sibilities of survival in the event of catastrophic events in Europe-Asia Railways. At the 
same time, it is necessary to explore the suitability of the proposed rail vehicle interior 
passive safety methodologies as applied in the retrofitting of existing rail vehicles, thus 
contributing to accelerating the improved passive safety levels implementation in the 
Eurasian railway corridors.

The user-friendliness of the compartment interior is a major design issue and its 
treatment will complete the framework of railway passive safety. The proposed frame-
work will address design requirements and assess new interior solutions following ad-
vanced state-of-art interior designs, representative layouts, a range of suitable crash 
pulses, and new test and validation procedures suitable for the rail industry. The use 
of new materials will be fully exploited to improve the occupant-furniture contact 
characteristics and contribute towards lowering overall vehicle mass levels.

5.9.3. Related questions needing in-depth research and goals to be achieved

1.	 It is necessary to describe the causes of locomotive drive wheel slide and provide 
measures for the correction and control of slip and slide processes of locomotive 
wheelsets with AC traction motors.

2.	 The non-traditional computer-aided slipping and sliding control system of loco-
motive AC traction motors should be proposed to allow automatic continuous 
control of electrical parameters of the inverter and traction generator in traction 
mode (dynamic mode) with the simultaneous slipping process control.

3.	 It is significant to establish an associated platform for assessing interoperability 
of all used and future interior rail vehicle layouts, exploited by different railway 
undertakings in the Euro-Asian land bridge.



1895. TECHNICAL ASPECTS OF RAILWAY SAFETY AND INTEROPERABILITY...

4.	 It is necessary to identify the passenger key positions in coaches. From such 
positions, the interior layout of rail vehicle and key types of injury of the rail 
vehicle passengers seen in the accident data determine trends of passenger (hu-
man) kinematics, restraining objects and likely injuries that may be avoided by 
upgraded passive safety design.

5.	 It is necessary to identify the most relevant train interior layouts and components 
with respect to potential hazards, including their design, testing, and concept 
validation, taking into account the injury assessment of accidents and any po-
tential for improvements with respect to train passengers’ inside safety.

6.	 Guidelines must be established for best practices in Eurasian railways’s interior 
layouts, discussing in depth trade-offs between safety requirements, ergonomics, 
and non-safety related functionalities. A systematic approach to Professional Risk 
Manager (PRM) issues will be obtained.

7.	 There must be new design specifications for interior equipment, furniture and 
layouts, including requirements for PRM with the aim of achieving cost-efficient, 
rail vehicle friendly interiors.

5.10. Railway technical and operational safety

5.10.1. Overall description of the problematic

Compared with all the traffic operating modes in transportation system, railway has 
the advantage of high efficiency and environmental friendliness, in accordance with the 
requirements of sustainable development. Also, the railway system plays the role of the 
main artery in the national economies of countries all over the world. Thus, as a basic 
requirement for the railway transport, safety is crucial.

The safety of the system is related to two main parts  – the equipment, and the 
operation and organization. The operational part refers to the aspects of technical and 
operational safety. The technical safety is mainly about the technologies, such as com-
munication technology, computer technology, signal technology, etc. The operational 
safety is mainly about the coordination of the operation schemes among different sec-
tions on the railway corridor, etc.

An intelligence analysis and control system of traffic safety should be created. This 
system will enable the prevention of railway transport accidents based on the complex 
analysis of the statistics of transport events. This will eventually increase the level of 
railway traffic safety.



190

5.10.2. Relevance with the EU-Asia connection

Safety in the aspects of technology and operation is very important for the rail transport 
along the EU-Asia connection. It will directly impact the competitiveness of the rail 
transport and the confidence of the market and governments.

5.10.3. Related questions needing in-depth research are:

1)	the compatibility of national railway systems relating to EU-Asia connection;
2)	operational schemes of EU-Asia connection;
3)	technical schemes of railway transportation for EU-Asia connection;
4)	evaluation indexes for operational safety of railway transport for EU-Asia con-

nection;
5)	evaluation indexes for technical safety of railway transport for EU-Asia con-

nection; and
6)	creation of the intelligence analysis and control system of traffic safety.

5.11. Rolling stock maintenance quality influence on  
railway safety

5.11.1. Overall description

Railways are made up of complex mechanical and electrical systems and there are hun-
dreds of thousands of moving parts. If a railway service is to be reliable, the equipment 
must be kept in good working order and regular maintenance is the essential ingredi-
ent to achieve this. Rolling stock is the most maintenance-intensive part of the railway 
system and is the most vulnerable, if maintenance is neglected. A stalled train will block 
a railway line immediately and will reduce the timetable on an intensively-used system 
to an unmanageable shamble for the remainder of the day. Reliability is the key to suc-
cessful railway operation and maintenance should be the number one priority to ensure 
that reliability is ongoing.

Rolling stock maintenance can be programmed in one of three ways: by mileage, 
by time, or by condition monitoring. Of these three methods, condition monitoring 
is the most recent. Traditionally, maintenance was carried out on a time basis, usually 
related to safety items like braking and wheel conditions. Many railway undertaking 
administrations later adopted a mileage-based maintenance system, although this is 
more difficult to operate as one has to keep records of all rail vehicle mileages and this 
is time-consuming unless they have a modern train control and data gathering system.
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Nowadays, the issue of RAMS (Reliability, Availability, Maintenance, Safety) and 
issues of safety assessment are used in European countries. Application of certified me-
thodical procedure and methods for application of requirements according to EN 50126, 
EN 50128, EN 50129 in the railway system seems to be the right way to achieve this.

Rolling stock performance in respect of failures can be measured by MTBF (Mean 
Time Between Failures) or MDBF (Mean Distance Between Failures). It is sometimes 
measured by numbers of failures per year, month or week, but this may not represent an 
accurate rate consistent with mileage. On the other hand, rolling stock does deteriorate 
rapidly in storage and this, in itself, produces failures, although these may not be the 
same failures seen under normal service conditions.

Research efforts in the Rolling Stock Equipment and Components Program area 
of the US Department of Transportation focus on the development and improvement 
of equipment defect detection and control. Both wayside and on-board detection and 
control systems offer diverse platforms for such research and demonstration. Early 
defect detection greatly reduces the likelihood of equipment failure and helps prevent 
derailments. This program area is strongly oriented toward a proactive approach to 
preventing derailments, equipment failure, and undesired emergency brake applica-
tions. Risk assessment and mitigation, along with support for safety assurance are also 
integral elements (Safety Assurance Guidance RSSB … 2013). The Rolling Stock and 
Components program seeks to fulfil the demands of faster, heavier, and longer trains 
by extending equipment and material life through early defect detection and advanced 
material development.

5.11.2. Relevance with EU-Asia connection–Wagon Maintenance in 
European Rail Network

The International Union of Private Wagons (UIP) encompasses 16 European associa-
tions from 16 European Countries. The associations and the UIP represent owners, 
loaders, users, and other parties interested in about 180,000 private rail freight wagons 
running in Europe. The UIP’s main objective is to guarantee a future for the private 
wagon within a liberalized rail freight sector. Within the framework of its European 
activities, UIP actively supports all corresponding European liberalization policy en-
deavors, together with its partner organizations.

According to UIP’s session on “Safety at the level of vehicles” at the Safety Con-
ference in Brussels in 2009, four systems influence the safety of a freight wagon and 
each system consists of various building blocks (see Figure 39), one of them being the 
maintenance system.
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Figure 39. Maintenance Influence on the safety of freight wagon [scheme] 
(http://ec.europa.eu/transport/modes/rail/events/doc/ppt_presentations/uip_eu_

sicherheitskonferenz.pdf)

One of the main drivers of safety in the life cycle of a wagon is the maintenance 
system which can be based on maintenance regulations of UIC railways, and improved 
on the basis of failures detected in daily business; attempts should be made to get more 
standardization in order to prevent mistakes in workshops.

http://ec.europa.eu/transport/modes/rail/events/doc/ppt_presentations/uip_eu_sicherheitskonferenz.pdf
http://ec.europa.eu/transport/modes/rail/events/doc/ppt_presentations/uip_eu_sicherheitskonferenz.pdf
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5.12. Investigation on improving diesel-electric locomotives’ 
maintenance system

Background
An analysis of failures of the diesel-electric locomotive’s units and parts is presented. 
The reliability indicators of these parts were determined according to the locomotive 
run. Numerical and distribution functions describing mileage (run) of the locomo-
tives between overhauls were also defined. The dependence of the flow of failures on 
mileage distribution between overhauls was determined and the optimal mileage was 
calculated. Methods of determining mileage based on parametric and non-parametric 
reliability are presented. These methods help to reduce maintenance and repair costs as 
well as the idle time of locomotives. They also help to increase reliability. The suggest-
ed methods were used in calculating optimal mileage (run) for the locomotives of the 
company LG. The efficient use of traction rolling stock helps to increase the efficiency 
of transportation and save time, materials, financial resources, etc. Therefore, new ways 
and methods of increasing the efficiency of rolling stock maintenance and operation 
should be sought. It is well known that reliability is the main factor determining effec-
tive rolling stock operation. We know by experience that the effective use of locomo-
tives is based on the system of scheduled repairs and preventive maintenance, because 
timely repairs and maintenance can ensure reliable rolling stock operation.

Now, the efficiency of rolling stock operation is usually assessed by average (mean) 
values. This method is well-suited to our case because operating conditions of loco-
motives are similar all over the country. The main problem is to determine properly 
the distance run between overhauls which would help decrease the volume as well 
as labor input (man / hours) and costs of repairs. This is particularly important for a 
joint-stock company like LG, because so far factory repairs of locomotives have been 
done abroad and their costs, but not quality, have been constantly growing (Cantos 
et al. 2000; Локомотивы … 1997).

A feasibility study was carried out, that was aimed at providing sound grounds 
to repairs currently performed in the depot according to the specified distance run 
between overhauls.

5.12.1. Locomotive deterioration analysis

The control parameter of a deteriorating part is a continuous random variable. The law 
of its distribution can be described in terms of distribution density of the parameter. 
The distribution law is chosen taking into account the analysis of physical processes 
taking place when parts and units are aging or deteriorating. The serviceability of the 
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parts is determined based on the control parameter chosen. The types of distribution 
commonly used to sufficiently accurately describe random variables and serviceability 
of technical devices include normal, exponential, logarithmic, and Weibull distribution.

Theoretical and practical analysis (Галкин et al. 1981) shows that random variables 
of the control parameters for the fixed run can be adequately described by normal 
distribution law.

If a random variable is affected by a large number of equally important random fac-
tors, then, the distribution of such variables complies with the normal distribution law.

The deterioration of the locomotive parts depends on many random factors, such 
as the material of which the part is made and its chemical composition; the physi-
cal properties and quality of the manufactured part; strength characteristics, climatic 
conditions of the locomotive operation (e.g. temperature, atmospheric pressure, air 
humidity, and dust content; loading modes and their rate, number of starting and 
braking operations); the time of maximum loading; contamination of rubbing surfaces 
with abrasive materials (e.g. sand sprinkled between the drive wheels and the rails); 
the condition of the railroad on which the loading on the locomotive and its intensity 
depend , and many other factors. It is hardly possible to determine which of the above 
factors is most important for the process of deterioration of the parts. Under particular 
conditions, these factors can have actually the same influence on the deterioration of 
the parts; therefore, the values of the control parameters follow the normal distribution 
law for the case of fixed mileage. The distribution density will be described as follows:
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where: mx is mathematical expectation of the control parameter; σx is mean square de-
viation of the control parameter; and x is the control parameter variable.

The total number of control parameters obtained for the parts with a short operating 
period after repair can be adequately described by a part of the normal distribution law.

5.12.2. Calculation of the numerical characteristics and distribution 
functions of mileage between repairs

For predicting the service life or deterioration rate of the considered parts and units, 
the analytical relationship between the numerical characteristics mx and σx and mileage 
should be established. In general, this relationship may be considered as a non-linear 
function y = (a1, a2, ..., as, li) of one li argument including S parameters a1, a2, ..., as. This 
function can be approximated by the empirical regression presented in the form of the 
points (li, yi) i = 1, 2, 3, ..., n. Here, y is assumed to be a parameter of the considered 
distribution law.
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The analysis of the major distribution laws shows that the characteristics of normal, 
exponential and gamma distribution can be expressed by mathematical expectation 
of a random value and variance, which, in turn, are the parameters of the normal 
distribution law.

The parameters of the function y are calculated by the least square method, the 
conditions of which are expressed as:
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The minimum value of the function can be determined by the method of gradients. 
The calculation is made by generating a recurrent sequence of values a1k, a2k, ..., ask.. 
This method allows the empirical data to be approximated by any type of relationship. 
The most suitable relationship criterion is the minimum of residual variance:
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Suppose, that when approximating the empirical relationship f1(l) with S1 param-
eters, the residual variance is equal to D01. To check up the decrease of variance, while 
approximating empirical data of another relationship f2(l) expressed by S2 parameters, 
the hypothesis H0:D01=D02 is made. Testing of this hypothesis makes sense if D01>D02, 
and it is performed based on Fisher’s criterion (Галкин et al. 1981):
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The relationships describing the deteriorating parts mx(l) and σx(l) are adequately 
approximated by linear functions. As shown by theoretical and practical studies (Галкин 
et al. 1981), the relationships describing the wearing of the parts usually follow the 
linearity law. Therefore, the values of the numerical characteristics mx(l) and σx(l) are 
adequately approximated by linear functions:
	 y = ax + b.	 (18)

In this case, the conditions of least square difference will be as follows:
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Linear function coefficient a, based on least square difference, will be expressed in 
the following way:

	

σ
=

σ
y

yl
l

a r ;	 (20)

where: ryl is correlation coefficient relating to random values y and l; σy, σl is mean 
square deviation of y and l, respectively
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where: = ∑
1

1 N

l im l
N

 is average mileage; 	 = ∑
1

1 N

y im y
N

 is mean value of y.

Regression equation coefficient b is as follows:

	 = −y lb m am .	 (22)

The correlation coefficient σyl characterizes density of linear relationship between 
the random values y and l:

	

( ) −
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yl
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K a y l m m
,	 (23)

where: ( ) = ∑1
1

1 N

u i ia y l l b
N

 is the moment of the second product of the random values 
y and l.

5.12.3. Calculation of confidence values

To predict deterioration, the relationships m(l) and s(l) are extrapolated to the area of 
great mileage (run), under the condition that the deterioration of the parts is within the 
limits of normal operation. This can be achieved by properly choosing the allowable 
deterioration degree of the part analyzed.

Then, by substituting the mileage value l into the expressions (Formulae 21 and 
23), we can calculate the numerical values of m(l) and s(l) and plot distribution density 
curves. When the mileage (run) l increases, the probability that the control parameter 
value will exceed the specified limit also increases. This will be considered as the failure 
of the part due to deterioration.

Thus, when the mileage l increases, the probability of the part failure Q also increases, 
while probability of break-free operation of the part P decreases correspondingly.
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The mileage (run), at which the probability of break-free operation of the part is 
equal to the fixed value g = (1–Q)⋅100%, is referred to as gamma-percentage mileage 
(run) between repairs.

The value of the distribution function, when the mileage function value l is fixed, 
will be obtained in the following way:

	

= ∫( ) ( ) ,
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nom

x

x

F l f x dx

	

(24)

where: xnom is the nominal value of the control parameter.
When the control parameter (e.g. wheelset deterioration) value is constantly increas-

ing under the normal distribution law, breakage probability for a particular mileage l 
can be calculated in the following way:
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If the control parameter value decreases when l is increased (e.g. wheelset thickness), 
the probability of failure is determined as follows:
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The integral of the Formulae (25) and (26) cannot be expressed by elementary func-
tions; therefore, it is determined by numerical methods. Given the function of mileage 
distribution of a deteriorating part, distribution density is found as the first derivative 
of the function:
	 ( ) '( )f z F l .	 (27)

Statistical density distribution is described by the relationship:
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The main parameters of the repaired unit (part) reliability are interrelated by the 
integral equation as follows:

	
= + τ − τ τ∫( ) ( ) ( ) ( )

l

o

w l f l w f l d .	 (29)



198

Under the law of random value normal distribution, the analytical solution of the 
above integral equation is possible:
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where: m and s are mathematical expectation and mean square deviation (mileage be-
fore failure) of the random value, respectively; l is mileage; i is the number of failures 
(from the beginning of observation).

5.12.4. Determining reliability indicators (criteria) based on  
the distance run between failures

The control parameters’ values of the locomotive units and parts allowing us to deter-
mine and predict their performance cannot be measured. However, the interval be-
tween scheduled repairs should be determined for these units. This interval should be 
such that, if exceeded, the intensity of failures will considerably increase.

The solution to these problems based on the failure flow variation would allow us 
to predict the increase of failure rate with the growth of the locomotive mileage and to 
make a decision about the need for a scheduled repair.

Applying the system of scheduled preventive maintenance and repairs actually means 
longevity (durability) test of the parts and units (N, M and L) of a locomotive, when 
the parts of a particular type N are observed (tested) for a particular period (mileage) 
L. The obtained mileage in the period between overhauls Li is a random value because 
it can deviate from the specified value by ±10%. When the mileage increases, the loco-
motive (or its unit) sent for a scheduled repair will not be observed in operation from 
the beginning of observation. Thus, the number of the locomotives N(t) selected for 
testing (observation) is the mileage function, while their testing plan will be as follows:

	   1 2 3, , , , , ..., , ...,i NN M L L L L L .	
Assume that the i-th item of the part Mi will fail in the observation period Li,, when 

the mileage is l1i, l2i,...,lmi respectively.
Given the information about the failures during the operation, an empirical function 

can be generated in the absence of data on the applicable law of failure distribution and 
its numerical characteristics.

The distribution is calculated by using a reconditioning function:
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where: ni,l(Li) is the number of the i-th item reconditioning (repairs) of the observed 
part at the mileage L; i = 1, 2, 3,...,N(l); mi, Li denote the total reconditioning (repairs) 
number of the i-th item in the period Li.
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Parts and units can work without failure over the whole observation period. In this 
case, ni,l(Li)/Mi, Li = 0. By differentiating the empirical distribution function, distribu-
tion density functions in the period between failures are calculated:
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∧

∧ ∧
 
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  

( ) ( ) /f l F l l F l l .	 (32)

The parameter of the flow of failures w(l) is related to the mileage (run) density dis-
tribution between failures f(l) by the integral equation (16). The analysis of this process 
shows that the information about the mileage of the unit operation between failures is 
discontinued on the left side and broken several times on the right side. On the left-
hand side, it can be accounted for by the lack of information about the unit failure in 
the time from the beginning of its consideration to the beginning of its observation. 
On the right-hand side, the reason is a scheduled repair of the locomotive or writing it 
off (then, the observation is discontinued). Therefore, reconditioning of each item over 
a short observation period will not be expressed completely, but rather its particular 
part will be shown because, at the beginning of the considered period, units (parts) 
will have different service life (run). By superimposing their reconditioning processes 
one over another, we will get a generalized reconditioning process characterizing the 
whole observation period between scheduled repairs.

If the park of locomotives in operation is rather large (>100 items.), a representative 
sample for determining their reliability and, consequently, reliable indicator of their 
failure-free operation can be obtained over short observation periods. This may be 
achieved based on the parameter of the failure flow, calculated by grouping the data 
on mileage between failures:
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where: ∆m is the number of mechanism failures in the interval ∆l; N(l) is the number of 
the observed aggregates in the interval ∆l; ∆li is the i-th aggregate mileage in the interval 
∆l (∆li≤∆l).

To determine the number of unit failures in the total mileage grouping intervals, the 
data on reconditioning of the same type of units (parts) should be provided in terms 
of run in the considered period between overhauls.

For this purpose, the previous repair moments, which are the starting points of 
counting the mileage of a particular unit, are conjugated. When the information is 
provided in this form and the time between overhauls is divided into the intervals, the 
total mileage of a unit and its failures in every interval are determined. This, in turn, 
allows us to calculate and draw the failure flow parameter diagram. At the same time, 
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grouping of data may considerably decrease the reliability of the obtained indicators 
compared to those obtained for directly calculated distribution functions of the mile-
age before failure. The shift of the values of the failure-free operation indicators will be 
much greater, when the amount of statistical data is small, and this is typical of highly 
reliable units.

The empirical failure function can be calculated based on the data collected over 
short periods of observing the operation of the unit, when the labor input (mileage) 
at a particular moment of time is different for different units (locomotives) from the 
beginning of the period analyzed:
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where: Li is the period of collecting the information about the mileage until the i-th unit 
failure.
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where: lpri is labor input (mileage) at the beginning of observation; lpi is labor input 
(mileage) at the end of observation.

By classifying the data in this way, the information about unit reliability is most ef-
fectively used for calculating the distribution function because the data are not grouped. 
The data on failures obtained in long-term observation may be used for analyzing reli-
ability indicators over long operation periods.

By solving the integral equation, the dependence on the parameter of flow of fail-
ures may be calculated based on empirical distribution functions. The parameter of 
flow of failures can also be calculated by grouping the failures in the mileage intervals, 
e.g. ∆l = 50,000 km. The parameters of flow of failures calculated in two ways show 
satisfactory agreement.

5.12.5. Calculating the optimal mileage between locomotive repairs

To avoid locomotive failures due to deterioration of its parts, a system of scheduled-
preventive repairs is used. According to it, parts and units should be either recondi-
tioned or replaced if operational parameters approach the admissible limiting values. A 
scheduled repair should be performed when the mileage L is such that the number of 
failures expressed by the increase of the failure flow parameter m1 will be larger than the 
number of failures m2 in running over the same period.
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To optimize the mileage between repairs as an efficiency function, the parameter of 
flow of failures as a function of failure-free operation indicator can be used:

	

 
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Optimal mileage between repairs largely depends on the relationship between the 
costs of scheduled (Cp) and unscheduled (Cn) repairs. The costs of scheduled repairs 
(Cp) consist of the costs of materials or spare parts (C1) as well as the costs of labor 
(C2) and losses due to the locomotive idle time (C3):

	
= + +1 2 3pC C C C .	 (37)

The costs of unscheduled repairs, beside the above costs (C1, C2, C3), also include 
losses C4, caused by the locomotive failure on the route, i.e.,

	 = + + +1 2 3 4nC C C C C .	 (38)

Then, Cn ³ Cp, Moreover, Cn = Cp only for the elements which, when broken, do not 
cause the delay of the locomotive on the route.

As far as we know, there are no accurate methods of calculating losses brought about 
by stopping the train now if the locomotive failed between stations. If such methods 
could be found, they would not properly assess the losses caused by failure C4.

However, by using the relative values of Cn and Cp, we can determine the mileage 
between the scheduled repairs L, to which minimum total costs g(Lo), i.e. optimal mile-
age between repairs correspond.

Let us note that:
K = Cn/Cp 
Since Cn ³ Cp, then K≥1
By expressing Cn as K and Cp and substituting (22), we will get:
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According to physical meaning, the numerator of the fraction (26) represents the 
total costs of scheduled and unscheduled repairs. Therefore, the expression in brackets 
is the total number of the repairs compared, i.e., the value of sets of the total number 

of unscheduled repairs ∫ ( )
L

o
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The relationship
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S L K w l dl l L .	 (40)

is the total relative number of repairs calculated for the unit mileage.

5.12.6. Determining the mileage based on parametric and  
non-parametric reliability

The repair of some units and parts of locomotives should be performed because the 
limiting value of the control parameter is reached in the aging element or for other 
reasons unconnected with the process of deterioration. For example, wheelset tires can 
be changed because of deterioration, or if the fit of wheelset tire has is not as tight or 
firm as it should be.

It is evident that while determining the intervals between repairs for the parts which 
may have failures of m types, requiring the same operations for their reconditioning or 
repair, all the failures should be taken into consideration. The probability of failure-free 
operation of the unit (part) in this case is determined as the probability of a complicated 
event, implying that none of m type failures will take place in the considered period 
of the run:

	
∑ =

= Π
1

( ) ( )
m

ii
P l P l ;	 (41)

where: Pi(l)is the probability that i-th type failure will not take place during the run l 
(probability of i-th type failure-free operation); m is the number of failures, requiring 
the same repair or reconditioning operations.

The analysis of the data on the locomotive wheelset tire mileage before failure shows 
that, when the mileage increases after ER-3 (KR), the value of failure flow parameter 
also increases because of the wheelset tire loosening. It means that with the deteriora-
tion of the wheelset tire the number of non-parametric failures also increases. In the 
case of wheelset tires, it can be explained by a decrease in their thickness and mass due 
to deterioration, leading to heating up of wheelset tires in braking, which facilitates 
slippage and, therefore, increases the rate of non-parametric failures.

Thus, locomotives can experience two types of failures in operation:
1)	parametric failures, caused by deterioration of the locomotive parts, when the 

control parameters exceed the specified limits;
2)	non-parametric failures, including loosening of the fix, breaking, etc; these fail-

ures cannot be avoided in operating conditions, but their rate depends on the 
deterioration level of a part or unit.
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The above failures have some common features as follows: each part (or unit) has a 
control parameter which is randomly changing in operating conditions and is a func-
tion of labor input (mileage). When the parameter varies within the specified limits, 
no parametric failure occurs. However, the increase (or decrease) of the parameter 
increases the probability of non-parametric failure occurrence. Failure is character-
ized by a sudden change in the condition of a part or unit. In this case, probability of 
failure-free operation may be expressed in the following way:

	 ∑ = ⋅( ) ( ) ( )p nP l P l F l ,	 (42)

where: = −( ) 1 ( )p pP l F l is probability to avoid gradual failure of the part during the run 
(labor input);

Fp(l) is distribution function of mileage (run);
= −( ) 1 ( )n nP l F l  is probability to avoid non-parametric failure during the run (labor 

input); and
Fn(l) is distribution function of labor input (run) until failure occurs.
Based on the total probability of failure-free operation, distribution function På (l) 

of mileage between failures is determined, taking into account parametric and non-
parametric reliability of a unit (part). Then, in the course of numerical differentiation 
(28) with respect to Få (l), the respective density function få (l) is calculated. By solving 
the integral equation (29) from få (l), the dependence of flow of failures on labor input 
(run) wå (l), which enters the efficiency function (39), is determined.

The admissible deterioration level of a part depends on the quality of repair and 
operating conditions. For example, the admissible deterioration level of wheelset tires 
should be such that they could be replaced when the mileage (run) allows for slightly 
higher probability of parametric rather than non-parametric failures, or the probability 
of both is the same.

These methods were used for developing a rational mileage structure for Lithuanian 
Railways locomotives’ operation between overhauls, taking into account their opera-
tional conditions. Based on the current flows of failures and run between overhauls, 
optimal maintenance and repair volume at minimal cost was determined.

5.12.7. Discussion

Deterioration rate of locomotives largely depends on operating conditions in Eurasian 
railway corridor location. The appropriate classification and processing of the data ob-
tained in the period of diesel locomotive operation allows us to get reliable criteria of 
failure-free operation, to assess the effectiveness of measures aimed at achieving higher 
reliability, and to determine optimal time of scheduled-preventive repairs and locomo-
tives mileage. Solving the problem of optimizing mileage between overhauls, the repair 
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costs of parts and units of diesel locomotives should be determined. To obtain more 
precise and reliable results, further research should be made according to a complex 
program, providing for investigation of intensity of diesel-electric locomotive deterio-
ration as well as geometric railway bed parameters.

5.13. Modelling of constant inter-failures of renewed  
passenger multi-units fleet

5.13.1. Background

While railway companies operate rolling stock, a substantial part of its expenses goes to 
maintenance and repair. However, the amount of repair works is directly proportional 
to the average age of a rolling stock fleet or its reliability. When renewal of an exist-
ing fleet of a few dozen rolling stocks, the installation of the new vehicles reduces the 
overall failure amount of the fleet proportionally to the number of acquired vehicles. 
The authors provide a concept for creating the model of a passenger rolling stock’s fail-
ure intensity according to the mileage. According to this model, a vehicle fleet renewal 
algorithm can be created and used in order to limit the fluctuation of the fleet’s aver-
age failure intensity as much as possible and to achieve the most accurate correlation 
between the number of failures and the fleet’s average mileage. Thus a railway company 
has an opportunity to avoid unplanned expenses for repairing the vehicles during the 
unforeseen failure peaks. The SPLINE method is proposed in order to indicate the ve-
hicle failure flow’s dependency on the vehicle mileage. After using this method to indi-
cate the variation of the fleet’s constant inter-failure according to the mileage, the fleet’s 
failure intensity can be modeled according to the algorithm of installing the acquired 
vehicles for operation.

5.13.2. Relevance

Railways are made up of a huge complex of mechanical and electrical systems, which 
consist of thousands moving parts. If a railway service is to be reliable, the equipment 
must be kept in good working order and regular maintenance (repair) is the essential in-
gredient to achieve this. Rolling stocks are the most intensively exploited segment of the 
railway system and they are the most vulnerable if maintenance is neglected. A stalled 
train will block a railway line immediately and will reduce a timetable on an intensively-
used system to an uncontrollable shamble for the remainder of the day. Reliability is the 
key to successful railway operation and maintenance should be the number one priority 
to ensure that reliability is ongoing. Lithuanian and many scientists worldwide carry out 
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comprehensive research works to ensure both the technically and economical effective 
maintenance system of rolling stock in railway companies (Bureika 2011; Cheng et al. 
2010; Gelumbickas and Vaičiūnas 2011; Vaičiūnas and Lingaitis 2008, Kabo and Ekber 
2005, Karlaftis and Sinha 1997). On the other hand, Swedish scientists assessed the 
most popular maintenance approaches, i. e., strategies, policies, or philosophies, using a 
fuzzy multiple criteria decision making (MCDM) evaluation methodology (Al-Najjara 
et al. 2003). The fuzzy AHP method proposed is a simple and effective tool for tackling 
the uncertainty and imprecision associated with MCDM problems, which might prove 
beneficial for plant maintenance managers to define the optimum maintenance strategy 
for each piece of equipment (Sivilevičius et al. 2010; Wang et al. 2007).

Rolling stock maintenance can be programmed in one of three ways: by mileage, by 
time, and by condition monitoring (Cherry 2005; Kazopoulo et al. 2007). Of these three 
methods, condition monitoring is the most recent (Falco et al. 2013). Many railway 
undertaking administrations adopted a mileage based maintenance system, although 
this is more difficult to operate as one has to keep records of all rail vehicle mileages 
and this is time-consuming unless they have a modern train control and data gathering 
system (Wang et al. 2007). The maintenance of rail vehicle can be characterized into 
two types: corrective maintenance and preventive maintenance. The time intervals at 
which preventive maintenance is scheduled are dependent on both the life distribution 
of the components and the total cost involved in the maintenance activity, but corrective 
maintenance cannot be avoided when component failure component occurs. The total 
cost of rolling stock maintenance depends on the percentages in performing preven-
tive maintenance and corrective maintenance. In general, more frequent preventative 
maintenance drives up the total maintenance costs for rolling stock. On the other hand, 
proper preventative maintenance can potentially reduce the risks associated with roll-
ing stock mechanical failure. Thus, railway operators are constantly left weighing the 
safety risks against the maintenance costs. Railway safety is defined as the most crucial 
factor for the selection of a rolling stock maintenance strategy (Cheng and Tsao 2010).

Researchers Wang and Chen evaluated four maintenance strategies (such as correc-
tive maintenance, time-based preventive maintenance, condition-based maintenance, 
and predictive maintenance) for different equipment (Wang et al. 2007). In order to 
avoid the fuzzy priority calculation and fuzzy ranking procedures in the traditional 
fuzzy AHP methods, a new fuzzy prioritization method was proposed. This fuzzy pri-
oritization method can derive crisp priorities from a consistent or inconsistent fuzzy 
judgment matrix by solving an optimization problem with non-linear constraints. Ira-
nian scientists examined a new approach for selecting optimum maintenance strategy 
using qualitative and quantitative data through interaction with the maintenance ex-
perts (Bashiri et al.2011). This approach has been based on linear assignment method 
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(LAM) with some modifications to develop interactive fuzzy linear assignment method 
(IFLAM). The proposed approach is an interactive method which uses qualitative and 
quantitative data to rank the maintenance strategies.

In contrast to maintenance strategy selection in the manufacturing industry, the 
maintenance of rolling stock impacts also both traffic safety and passenger comfort 
(Sun and Li 2010). Because preventative maintenance and corrective maintenance affect 
these three factors (safety, comfort, and cost), railway system operators must establish 
a maintenance strategy that strives for an optimum balance. Given this, a method that 
defines a proper rolling stock maintenance strategy is invaluable to system operators 
(railway companies), system safety supervisors (governments), and system customers 
(passengers). Iranian researchers proposed to apply the fuzzy Delphi method in Sim-
ple Additive Weighting (SAW) for solving the maintenance strategy selection problem 
(Jafari et al. 2008).

Rolling stock performance in respect of failures can be measured by MTBF (Mean 
Time Between Failures) or MDBF (Mean Distance Between Failures). It is sometimes 
measured by numbers of failures per year, month, or week, but this may not represent an 
accurate rate consistent with mileage (Sawicki and Zak 2009). On the other hand, rolling 
stock does deteriorate rapidly in storage and this, in itself, produces failures, although 
these may not be the same failures seen under normal service conditions. Scientists 
Falco et al. (2013) described three case studies for existing rolling stock, mid-life over-
haul, and new build rolling stock.

Chinese researchers proposed to permit an approach for selecting a maintenance 
strategy for rolling stock and obtaining possible spare parts’ quantities and replacement 
intervals for the components of rolling stock. The methodology adopts an analytic 
network process (ANP) technique for the strategy evaluation, because ANP considers 
the important interactions among evaluation factors. Two Greek researchers intro-
duced a reliability modeling and analysis framework based upon the distinct class of 
non-stationary Functional Series (FS) models (Stavropoulos and Fassois 2000). The 
FS framework was applied for the modeling and analysis of two rail vehicle reliability 
series named as Times Between Failures (TBFs). Two models, one based on fuzzy logic 
(FL) and the other on artificial neural networks (ANN), were developed by Wang to 
predict the vehicle breakdown duration (Wang et al. 2005).

In order to improve the rolling stock’s maintenance system, it is favorable when 
the number of failures is proportional to the vehicle mileage or moto-hours. Then the 
number of failures can be predicted according to the mileage prognosis. The future 
needs of works and spare parts can be foreseen according to the prognosis for the 
number of failures. As seen from experience, the number of rolling stock’s failures is 
not always proportional to the mileage. Due to the rolling stock’s maintenance, the 
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number of its failures pulsates. Since each rail vehicle is a unique product, the repair 
of each vehicle is somewhat distinctive, and it is impossible to foresee every potential 
work or complication. Therefore, after the repair, the amount of failures increases for 
some time. This is the main reason for the pulsation of the number of failures. Each 
newly-installed vehicle has its own influence on the overall pulsation of the number 
(as well as the intensity) of the fleet’s failures. This means that the pulsation of the 
overall number and intensity of the rolling stock’s failures depends on the fleet renewal 
algorithm. If renewing an existing fleet with a few dozen vehicles, the acquisition of 
the new vehicles reduces the overall failure amount of the fleet proportionally to the 
number of acquired vehicles. However, for a newly formed fleet, a different consist-
ent pattern applies which is necessary to be studied. When researching the consistent 
pattern of a renewal vehicle fleet, a model concept for the change of passenger rolling 
stock’s inter-failure according to the mileage has been formed. In accordance with this 
model, a fleet renewal algorithm is planned to be created in the future in order to limit 
the fluctuation of the fleet’s average failure intensity as much as possible (by limiting the 
sinusoid amplitudes) and to achieve the most accurate correlation between the failure 
intensity and the fleet’s average mileage. In order to reach this goal, the Lithuanian rail 
vehicle reliability researches were performed according to the vehicle types: electric 
multi-unit reliability research, and diesel multi-unit reliability research. According to 
the results of these researches, a mathematical model of the renewal rolling stock fleet’s 
failures was created. One of the peculiarities of this methodology is that the failure 
flow’s dependency on the vehicle mileage is proposed to be indicated using the SPLINE 
method (Lyche and Morken 2008).

5.13.3. Technical context and methodology

Indicators of the rolling stock interfailure and reliability
Usually the research focuses on the number of failures per multi-unit or per wagon 
during a year. If multi-units are operated and recorded without re-forming them, then 
it is advisable to study the number of failures per multi-unit a year. If the composition 
of the multi-units constantly changes and the rolling stock’s mileage is recorded for 
the wagons, then the number of failures per wagon a year is studied. One of the main 
indicators of the reliability theory is the failure intensity (in the reliability theory it is 
called an intensity density of a random event). This indicator is characterized by the 
number of failures (of a multi-unit or wagon) per mileage unit. The period between the 
repairs of some vehicles is characterized by kilometers (or thousands of kilometers), 
and sometimes by moto-hours (thousands of moto-hours). This depends on the recom-
mendations from the rolling stock’s manufacturer: the manufacturer provides the rec-
ommended type of a maintenance system. The railway companies usually comply with 
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the repair system type recommended by the manufacturer, in order to avoid troubles 
during the technical operation of a rolling stock.

The following rolling stock operational parameters were used when modeling the 
failure intensity of a passenger rolling stock fleet: the number of failures per wagon (or 
per multi-unit) a year and the failure intensity, the number of failures per mileage unit 
(per 1000 km) of a wagon (or multi-unit) or the duration of a rolling stock’s operation 
(per 1000 moto-hours).

5.13.4. Estimation of the electric multi-unit reliability

In 2011–2012 the authors conducted a passenger multi-unit fleet’s reliability research 
at LG. The fleet consisted of four RA-2 series diesel multi-units and 14 electric multi-
units. During the research it was assumed that the reliability of the vehicles continu-
ously declines at an established intensity as they age. When the fleet is supplemented 
with new rolling stock, the overall failure amount of the fleet declines proportionally to 
the number of the new rail vehicles. Consequently, the dependence of the number of 
failures per wagon on the average age of the electric multi-units was measured first. This 
dependence of the number of failures is shown in Figure 40.

During the five years of the study (2006–2010) the electric multi-unit fleet of en-
terprise LG had been renewed, so the average age of of fleet in every calendar year 
varied discreetly. The number of wagon failures per year fluctuated chaotically. These 
values – the average age of rolling stock fleet and the flow of failures – mathematically 
correlated with each other.
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The research results showed that, if the vehicles’ age increases by one year, the 
number of their failures increases by 0.5–0.7 per electric multi-unit’s wagon a year. 
During the research it was assumed that, after installing new rolling stock to the elec-
tric multi-unit fleet, the average age of the fleet will decrease proportionally to the 
number of the installed multi-units’ wagons. When the rolling stock fleet’s average age 
decreases, the failure intensity decreases proportionally. The decrease of the electric 
multi-units’ average age when their fleet is being renewed (by installing new rolling 
stocks) is shown in Figure 41.

The calculation results, presented in diagram form in Figure 41, showed that, if the 
electric multi-unit fleet was renewed each year by adding three wagons (this constitutes 
one electric multi-unit), after five years the average age of the fleet would decrease by 10 
years. The electric multi-unit’s failure amount is expected to decrease proportionally to 
the reduction of the fleet’s average age. The dependence of the failure amount’s decrease 
on the number of newly-acquired electric multi-unit wagons is shown in Figure 42.
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The calculation results (the diagram in Figure 42) show that, if six wagons were 
acquired, the fleet’s failure amount would decrease by 0.109 failures per wagon a year, 
and if three wagons were acquired, by 0.044 failures per wagon a year. This means that, 
on average, each newly-acquired electric multi-unit’s wagon reduces the overall electric 
multi-unit failure amount by 0.015–0.018 failures per wagon a year.

To sum up the results, the following preliminary conclusions of the electric multi-
unit reliability research are made. According to the results of the vehicle failure intensity 
research, a mathematical model was made that indicates a consistent pattern between 
regular renewal of the passenger vehicle fleet and the vehicle failure intensity. The math-
ematical model was implemented using the LG electric multi-unit fleet as an example. It 
was learned that, if the existent electric multi-unit fleet of 108 wagons was supplemented 
by one multi-unit (three wagons), the fleet’s average failure amount (0.6 failures a year) 
per wagon would decrease by 0.044 failures a year; in other words, if 3% of the vehicle 
fleet was renewed, its failure amount would decrease by 7.3%. This model can be used 
for predicting the change of failure amount when planning to acquire a small number 
of passenger vehicles (1–2 diesel or electric multi-units consisting of three wagons) for 
a period of several years (up to five year). In other words, the model is to be used for 
predicting the changes of electric multi-unit fleet’s failure amount in the beginning of 
the fleet renewal (in the first decade of the new wagon mileage), when renewing the 
fleet by 10–20%. This mathematical model should not be relied on when predicting the 
vehicle fleet’s failure intensity for longer periods or bigger number of acquired vehicles. 
The model could be improved by evaluating more factors and their consistent patterns 
of influencing the vehicle failure amount. The essential weakness of this model is that it 
does not consider the aging process of the newly-acquired wagons and its influence on 
the whole fleet’s failure amount. Further LG passenger vehicle researches showed that 
the vehicles with an internal combustion engine, i. e., diesel multi-units, have the most 
complex aging process (Gelumbickas and Vaičiūnas 2011; Vaičiūnas and Lingaitis 2008).

5.13.5. Analysis of diesel multi-unit failure amount

When studying the failure intensity of the vehicles with internal combustion engines, it 
can be seen that the intensity is closely related to the vehicle maintenance system type. 
In the beginning of operation, the failure intensity increases due to the peculiarities of 
installing the vehicles for operation. The rolling stock manufacturer is not always able 
to anticipate the real (factual) conditions of the produced vehicles’ operation (e.g., load, 
usage intensity, climate conditions, maintenance work culture, etc.). Consequently, 
in the beginning of the vehicle operation the failure intensity increases for some time 
(such failures are sometimes called “childhood diseases”). During the unscheduled 
maintenance, these failures are removed, the most appropriate operational materials 
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are selected (depending on the load, climate), as well as more experience on how to 
properly operate such vehicles is gained. The failure intensity decreases (stabilizes) for 
the time being. However, after a while, a permanent repair needs to be done. The vehicle 
constructions and materials used for manufacturing are constantly improving; there-
fore, each permanent repair of a vehicle is partly unique. After the repair, unforeseen 
consequences appear. Manufacturers’ repair recommendations are not always explicit 
and specific. Various components and parts of a rolling stock are often produced by dif-
ferent manufacturers who provide completely different recommendations for operating 
and repairing the vehicles. For instance, the recommended period for changing engine 
oil is provided by both a diesel engine manufacturer and an engine oil manufacturer. 
The recommended period sometimes differs by two or even three times. When plan-
ning the works of vehicle’s permanent repair, the decision makers of railway companies 
are not always certain which recommendations to follow. In such cases, the decision 
makers improvise. Such decisions not always are the best, resulting in the increase in 
rolling stock’s failure amount when starting its operation after an ordinary permanent 
repair. When operating the rolling stock, the mistakes and defects made during the 
repairs are removed, therefore the resulting vehicle failure intensity decreases (is “con-
tained”) for the time being. But due to an elementary deterioration of rolling stock’s 
parts, the failure intensity starts increasing again until the next permanent repair. Thus 
forms a periodic failure intensity’s dependence on rolling stock’s operation as the first 
permanent repairs are performed on a regular basis. The periodic failure intensity de-
pendence of the LG diesel multi-units RA-2 on the diesel multi-unit mileage is pre-
sented in Figure 43. The failure intensity values provided in the Figure 43 diagram are 
calculated as a ratio of the failure amount to multi-unit mileage.
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The periodic failure intensity dependence on the diesel multi-unit mileage is char-
acterized by the fact that, when the mileage is around 50,000 km, the failure intensity 
peaks to more than 0.1 failures per 1000 km mileage. When the mileage reaches 100,000 
km, the failure intensity falls to 0.01 failures per 1000 km mileage, i. e. by ten times. 
Later, when the mileage is 150 000 km, the failure intensity rises again to 0.04–0.05 
failures per 1000 km mileage. Such a variation is determined by the scheduled diesel 
multi-unit repair warning system used by LG. Until the first permanent repair, the 
failure intensity stays at around 0.5 failures per 1000 km mileage; after the repair it 
increases more than twofold, later decreases by around 10 times due to the unsched-
uled repairs. After this cycle has passed, at 100–125 thousands km mileage the second 
cycle starts. Due to the repair peculiarities, the failure intensity this time increases not 
twofold, as in the first cycle, but only by a quarter (from 0.04 to 0.05 failures per 1000 
km mileage). After 150,000 km mileage, the failure intensity decreases once more. 
When the mileage reaches around 200,000 km, the failure intensity steadies around 0.04 
failures per 1000 km mileage. The variation consists of 25%; this is trivial compared 
to the variation during the first 100,000 km mileage. The amplitudes of this variation 
are likely to be reduced by improving the rolling stock repair technologies. It should 
be noted that the failure intensity itself is regular and its periodicity of a sinusoid form 
cannot be removed. Acquiring diesel multi-units on a regular basis, it would very unac-
ceptable, if the failure intensity maximums of several multi-units coincided or “added 
up” (e.g., when the mileage of one multi-unit was 50,000 km, the mileage of another 
multi-unit would be 150,000 km). Such a coincidence would substantially destabilize 
the fleet’s overall failure intensity, i.e., greatly reduce the technical readiness level of a 
fleet. When modeling the failure intensity, it was learned that the changes occur quite 
consistently, if diesel multi-units are acquired after every 50,000 km mileage under the 
formula “2+2+1.” Such a change of the diesel multi-unit fleet failure intensity is shown 
in Figure 44.

When the diesel multi-unit fleet is formed under the formula “2+2+1” (after every 
50,000 km mileage), two diesel multi-units are installed at first. In Figure 44, this mo-
ment matches the 0 on the X axis. When the mileage of the first two multi-units reaches 
50,000 km (reaches the maximum failure intensity), two more new diesel multi-units are 
installed. When the mileage of the first two multi-units reaches 100,000 km (the mile-
age of the other two multi-units then reaches 50,000 km), one more diesel multi-unit 
is installed. The result of following such a method for rolling stock renewal (acquisi-
tion) can be seen in Figure 44. When the mileage of the first two multi-units is 50,000 
km, the curve in Figure 44 shows the maximum failure intensity. When the mileage 
of these multi-units is 100,000 km, the curve in Figure 44 shows the maximum failure 
intensity of the other multi-units. When the mileage of the first multi-units is 150,000 
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km, the curve shows the maximum failure intensity of the last multi-unit. The average 
failure intensity of a fleet is calculated as a weighted average, taking into account the 
number of diesel multi-units:

	
λ ⋅

λ = ∑
∑

i i

i

n
n

; 	 (43)

where: λi is the failure intensity of a multi-unit group (instalment) No. i, (1000 km)-1; 
in is the number of multi-units of a multi-unit group (instalment) No. i.

After implementing the formula (1) on the 2+2+1 basis, it would look like this:

	
λ ⋅ + λ ⋅ + λ ⋅

λ = 1 2 32 2 1
.

5
 	 (44)

It should be noted that, in the denominator of Formula (44), “5” appears only 
if all five multi-units are installed, i.e., if all three summands are in the numerator. 
The multipliers “2,” “2,” and “1” in the numerator are weighted coefficients that take 
into account the number of multi-units. The diagram of Figure 44 shows the failure 
intensity after the weighted coefficients are taken into account. That is why the maxi-
mum at 150,000 km mileage is two times lower than the two first maximums. The line 
curving around 0.04 failures per 1000 km mileage is the average failure intensity. The 
more appropriate modeling approach is when the continuous functions are used. The 

Figure 44. Failure intensity of diesel multi-unit fleet when the fleet is renewed 
according to the formula “2+2+1”
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examples of modeling that have been presented above in text so far are the cases of 
discrete modeling. The failure intensity’s (or another parameter’s) values are discretely 
attributed to the mileage intervals based on which the required actions with the sets 
are performed. For visualization, the diagram points that represent parameters are con-
nected, thus making the imitation of a continuous function. Such a modeling approach 
is simple, visual and is well-suited for modeling non-complex processes (when one or 
several extremes are present). However, if there are more extremes or the dependence 
function is more complex, then it is better to analyse the dependence by using the 
continuous function. Figure 45 shows an example of diesel multi-unit failure intensity’s 
approximation by the continuous function.

In Figure 45, the discrete approximation of points function is made on the basis of 
the exponentially diverging sine function:

	 λ = ⋅ ⋅ ⋅ − +sin ( ) ;nA e C x B D 	 (45)
where: A is the amplitude coefficient; B is the phase coefficient; en is the decrease 
pattern; C is the wavelength ratio; D is the average divergence. The measuring units 
of A and D coefficients matches the measuring unit values marked according to the 
Y axis.

The units of coefficients B and C are radians per 1000 km or per 1000 moto-
hours. The dispersion of the diesel multi-unit failure intensity equals 0.00095. Ac-
cording to these values, a conclusion can be made that the approximation is fairly 
appropriate.

Figure 45. Approximation of diesel multi-unit failure intensity by 
continuous function
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5.13.6. Applying of SPLINE method for multi-unit  
inter-failure modelling

In mathematical science, the SPLINE approximation is a known method of compro-
mise (Lyche and Morken 2008). Its basic principle is to divide the dependence function 
domain into segments where data is approximated by functions in such a way that they 
would form one consistent pattern. The points at which the diagram goes from one seg-
ment to the other are called spline knots. The most simple is the approximation by the 
splines of the second degree. Coefficients of quadratic equations are calculated from the 
condition that the derivatives of both functions at the spline knot must be equal. Thus, 
at that point the tangent of both function graphs is the same straight line. If the splines 
are made from the curves of the third degree (the function coefficients of the third de-
gree are calculated), an additional condition appears, and stating that at the knots the 
second derivatives of the functions must also be accordingly equal. This method was 
also applied when researching the LG diesel multi-unit failure amount. At first, the ap-
proximation by the linear splines was used, later, the one by the second degree splines. 
A conclusion was made that the lowest spline degree, when the approximation is getting 
adequate to the physical phenomena, is the third one. As a basis for creating the third 
degree splines, the following equation is used:

	 ( ) ( ) ( )= + ⋅ − + ⋅ − + ⋅ −2 3f ( ) ;i i i iy a x x b x x c x xx 	 (46)

where: x and y are point coordinates; a, b and c are coefficients of the third degree equa-
tion. These last-mentioned coefficients are calculated according to the following formulas:
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The following are the results of the solution found using the MAPLE software 
package. Practically speaking, this method has one limitation. The diesel multi-unit 
mileage is indicated in kilometers: 50,000 km, 100,000 km etc. The SPLINE diagram 
does not accept such indication method as it needs a reference system on the basis 
of 1, 2, 3, 4, etc. Mark “2” of the SPLINE diagram matches the 50,000 km mileage, 
mark “4” 100,000 km, etc. Therefore, when reading the formulas and diagrams, the 
rolling stock mileage has to be calculated separately. Firstly, the splines are indicated 
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by the formulas (third degree functions with corresponding coefficients, within the 
range of the “x” mileage):
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Figure 46. Approximation of diesel multi-unit failure data by splines of the third degree

0.14

0.12

0.10

0.08

0.06

0.04

0.02

0
2 3 4 5 6 7 8 9 10

x

D
ie

se
l m

ul
ti-

un
it 

fa
ilu

re
 

in
te

ns
ity

, (
10

00
 k

m
)–1



2175. TECHNICAL ASPECTS OF RAILWAY SAFETY AND INTEROPERABILITY...

The domain is divided into 11 segments (subdomains) each of which has one con-
sistent pattern (see Formula 50). This mathematical expression is shown in diagram 
form in Figure 46.

From the diagram in Figure 46, it is obvious that, using the spline method, a fairly 
complex pattern can be indicated by non-complex mathematical functions. This is very 
convenient for indicating the failure intensity of a rolling stock, in this instance, diesel 
multi-units. The main advantage of this method is that the spline limits (as well as the 
domain section limits) can be chosen according to the physical phenomena of a process. 
In the rolling stock operation this can be the maintenance regularity, or in certain cases, 
the moments of crashes or failures. After indicating the rolling stock failure patterns 
by one of the above-mentioned methods (discrete, continuous function, or spline), the 
failure patterns of the whole fleet of a railway company can be modelled in the longer 
term, taking into account the fleet formation (renewal) algorithm. After making such 
rolling stock renewing schedule, a railway operator can avoid the unwanted failure in-
tensity peaks, as well as the unexpected costs of manpower and financial expenditures 
for repairing the rolling stock.

5.13.7. Discussion

During this study of the new rail vehicles acquisition influence on the fleet’s overall 
failure amount, it was noticed that this influence depends on whether the fleet of RU is 
renewed or newly formed. If renewing a large existing fleet with a few dozen or hundred 
vehicles, then it can be assumed that the acquisition of the new vehicles reduces the 
overall failure amount of the fleet proportionally to the number of acquired vehicles. 
This assumption should not be applied when the fleet is newly formed. When forming a 
new fleet, the rolling stock is to be acquired in certain cycles. If the rolling stock failure 
intensity fluctuates, especially if the fluctuations are regular, the peaks of the newly-
acquired vehicle failure intensity can coincide with the peaks of the earlier-acquired 
vehicle failure intensity. The research showed that, if the failure intensity fluctuation 
extremes coincide, the unexpectedly large peaks of the fleet failure intensity, as well as 
the vehicle repair costs, are possible. Therefore, when forming a new rolling stock fleet, 
it is necessary to, as gradually as possible, disperse in time the total failure intensity 
extremes.

In order to avoid the possible and unexpectedly large peaks of the whole rolling 
stock fleet failure intensity, it is necessary to mathematically model the patterns of their 
failure intensity dependence on operation, and to use these models for choosing the 
appropriate moment to install a new vehicle. For modeling the vehicle failure intensity 
dependence on operation, the discrete method, polynomial approximation, and sine 
pattern approximation are proposed. The more radical proposal of the authors is to 
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approximate this pattern using splines. The latter method is convenient, as the spline 
limits can be chosen according to the physical phenomena of a process, thus evaluating 
the moments of maintenance.

After indicating the rolling stock failure patterns by one of the above-mentioned 
methods, the failure patterns of the whole vehicle fleet can be further modelled, taking 
into account the RU fleet formation (renewing) algorithm. After making such rolling 
stock fleet renewing schedule, in the future a RU can avoid the unexpected failure inten-
sity peaks, as well as the unforeseen costs for unscheduled repairs of the rolling stock.
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EDUCATION AND TRAINING 
ISSUES FOR EURASIAN LAND 
BRIDGE SUPPORT AND 
DEVELOPMENT

6.1. Introduction

The development of the Trans-Eurasian land bridge depends on specialists and experts 
who can support and provide the appropriate progress and sustainability of this high-
speed connection between Europe and Asia. Nowadays there is no joint Trans-Eurasian 
education system which could provide the Trans-Eurasian railways with specialists for 
support, maintenance, and development of this bridge. Differences in methods, prin-
ciples, and standards of education have posed a challenge to Eurasian integration and 
the modernization of rail education. The integration of the railway systems of Europe 
and Asia, railway reforms in Europe, and the development and implementation of high 
technologies in this industry have radically changed the labor conditions of railway 
engineers and other specialists. This has led to an urgent necessity to improve the train-
ing systems, upgrade qualifications, and develop and harmonize training standards for 
railway experts in Europe and Asia by using the opportunities of the Eurasian transport 
corridor (Tsykhmistro et al. 2014).

Within the context of the NEAR2 project, an international group of experts re-
searched and identified on the one hand problems, needs, gaps, and barriers in training, 
education, and staff development, and on the other hand the current situation, needs, 
and priorities in this area. The result of this research is the concept document that aims 
at identifying and presenting a framework of actions that will support the creation of 
a competitive Eurasian railway connection. The CD focuses on the following actions:

1)	Comparison of rail education systems in countries along the Trans-European 
land bridge (Tsykhmistro and Cheptsov 2014);

6
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2)	Identification of gaps in and barriers to the sustainable development of rail edu-
cation (competences gap, gender gap, needs related to the harmonization of the 
rail educational standards in Europe and Asia, etc.);

3)	Identification of market needs (labor market needs and needs in new educational 
methods, technologies, and principles);

4)	Analysis of leading centers of rail education along the Trans-European land bridge;
5)	Comparison of rail educational programmes in some European and Asian countries;
6)	Development of the list of courses to be included in a potential masters-level 

course in railway engineering (an international MSc programme);
7)	Identification and presentation of the interfaces with other CDs which were 

developed within the framework of NEAR2;
8)	Identification of future research needs and priorities that will support the for-

mulation of a research agenda for the Eurasian land bridge;
9)	Identification of common future research projects related to the topics of interest 

of working groups, etc.
Railways of the Eurasian transport corridor eager to comply with transport 

service market requirements compete with motor, river, and air transport. So there 
is need for engineers and managers in the railway industry who can supervise the 
industry as a whole and understand its place in the single market system. Hence, 
there is an urgent need for training centers to prepare the experts that satisfy in-
ternational standards.

This chapter is devoted to issues pertaining to education and future research in the 
field of specialist training and staff development to support the development of the 
Trans-Eurasian land bridge. The main objective of the research is to prove the neces-
sity for the creation of a harmonized rail education and training system based on the 
international experiences, the rail educational standards, knowledge management tools 
and principles, and e-learning practices. Such a system would create the intellectual 
and professional basis for successful international competitiveness in the field of rail 
education. Existing rail education systems in countries along the Trans-Eurasian land 
bridge have been compared by the authors, and their advantages and disadvantages, 
along with existing gaps, future research needs, and priorities as a result of expert re-
search and analysis are described.
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6.2. Comparison of rail education systems in countries  
along the Trans-European land bridge

The European and the Asian models of rail education are quite different in their nature 
(Figures 47 and 48).

Employment in a 
railway company

Getting education 
organized and �nanced 

by the company

Obtaining the necessary 
competencies

Figure 47. A rail education model in Europe (in general)

Getting education at 
university 

(training center)

Employment in a 
railway company

Obtaining the necessary 
competencies

Figure 48. A rail education model in Asia (in general)

The European model of rail education supposes that firstly the railway company 
selects the staff and then trains them in compliance with its demands and technologies. 
Such an approach has essential advantages because it allows preparing the experts for 
a short time period to take on certain tasks of the company, and not expect them to 
retrain it from their university graduation days. But the flipside is that such experts 
lack some basic general knowledge and skills (interdisciplinary education) which finally 
impacts their competence level.

In Asia, the railway companies usually prefer to employ qualified experts who have 
been educated at railway institutes. Despite this, due to the large gap between the uni-
versity education and the railway industry, the railway companies have to retrain the 
qualified experts because their competence levels are based on theoretical knowledge 
and they severely lack practical skills.

Thus one could say that neither European nor Asian systems of rail education suit 
modern requirements (standards) and that both of them need to be reformed.

The peculiarities of the rail education systems in several countries located along the 
Trans-Asian transport corridor are stated in Table 24.
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Table 24. The peculiarities of rail education systems in several countries located along the 
Trans-Asian transport corridor

Country Features of the rail educational system

Europe

The European railway industry is educating its personnel mainly in-house. 
Naturally, this has a direct influence on reducing the demand for rail training 
services. Although operational training is done in-house, some trainings, for 
example, those related to safety issues, might be outsourced. Generally, the market 
is considered to have a surplus of engine drivers, mainly because increased salaries 
and improved working conditions have attracted new people to the industry.
In Europe, the way to educate railway personnel is rather simple and systematic. 
Railway undertakings educate the engine drivers themselves. Although various 
external companies are offering courses, these are mainly extra courses and 
training, which are given only after the basics are known. The competence of 
employees is really important, and special attention is paid to how the work-related 
tasks are done. For example, in the maintenance sector, all employees need to go 
through an extensive number of courses. When starting in a maintenance company, 
the employee needs to have initial training and induction for safety which lasts two 
years. Thereafter there are annual re-assessments. This is in order to check that the 
person maintains his competency and skill levels.

CIS countries

The rail education system in CIS countries is clearly divided into higher and 
secondary technical education.
For employment in the structural subdivision of national railway companies 
(Russian Railways, Ukrzaliznytsya, Byelorussian Railway, etc.) at the engineering 
and management positions there needs to be special professional education (at a 
technical school and/or university).
Training of the experts in railway transport is held in profile high education 
institutions at all three qualification levels: bachelor’s, master’s/specialist, PhD 
(Ivanova and Shterengarts 2015).
At technical schools the specialists get a narrow-profile profession (electrical supply, 
rolling stock maintenance, bookkeeping, etc.).
In technical schools the preparation and upgrading of the personnel is conducted, 
namely personnel such as engine drivers, conductors, cashiers, station monitors, etc.
In order to be employed at the State Enterprise Ukrzaliznytsia and its subdivisions, 
the profile rail education is necessary.

India

Training the railway engineers is performed in six profile institutes of the Ministry 
of Communication of India (narrow-profiled education) and the National Academy 
of the Ministry of Communication of India. This training is imparted as medium-
term courses (from one to 10 weeks) aimed at various staff categories, from trainees 
to the highest management. It is not typical for the Indian rail education system 
to introduce a research component in the process of training. The main aim is the 
preparation of narrow-profiled experts within a short time.

Korea

The Korean rail education system is similar to the European one because the 
railway companies organize education for their employees by themselves. Higher 
education is aimed at preparation of the general technical profile (engineering, 
transportation, etc.). Training of the railway experts is provided by the national 
railway company KORAIL in its training centers. KORAIL employees can easily 
access a wide range of study programmes. The Korean rail education system is 
similar to the European one because the railway companies organize education 
for their employees by themselves. Higher education is aimed at preparation of the 
general technical profile (engineering, transportation, etc.). Training of the railway 
experts is provided by the national railway company KORAIL in its training centers. 
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Country Features of the rail educational system

Korea

KORAIL employees can easily access a wide range of study programmes. The 
f lagship centers include a Customer Service Academy to ensure passenger 
satisfaction, an International Railway Research Center to provide leading global 
railway education, a Leadership Academy to cultivate leaders in each business 
field, Specialist Training to cultivate the best specialists in marketing, rolling 
stock, electrics, communications, and facilities, and an ISO-certified Train 
Driving License Center to train and license drivers for each type of train. Since 
train operations can only be safe when all business aspects and systems are fully 
integrated and are in harmony, absolute priority is given to teaching employees to 
understand the training and work of other divisions. The contents and processes of 
some typical training programmes at each division are outlined here.
New employees start a three-phase training program involving an introductory 
training, on-the-job training (OJT) in their assigned departments, and work-field 
training. Introductory training takes the first two weeks after joining the company 
and involves getting to know the overall working of the system, suggesting creative 
ideas while visiting key worksites, and acquiring basic business knowledge to ensure 
that as new employees, they are useful and productive as soon as they are posted 
to their new assignment. After completing the introductory training, work begins 
at the worksite for some period, followed by basic training in the applicable work 
fields. The training goal for new employees is to reach work potential within six 
months of joining KORAIL (Figure 49).
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Figure 49. New employee training system

The KORAIL six-phase study model is used to give employees practical training 
over three months. Moreover, worker coaching is implemented, which gives a sense 
of unity among the workforce, to build a leading team capable of delivering the 
best results (Figure 50).
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Figure 50. KORAIL six-phase study model
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Country Features of the rail educational system

China

In China railway training is provided in the railway colleges and universities 
of communication. The education system consists of three levels (bachelor’s, 
masters’, and PhD) which corresponds to the European standards. The education 
lasts for four to five years.
To cope with the peak activity in railway construction in China and the 
reformation of the railway operation system, the railway colleges in the past 
years, have expanded their specialized courses and at the same time, have 
established new specialized courses in modern railway construction technology 
and new railway management systems. As a result, the total number of 
specialized courses at railway colleges exceeds 80. With the new courses in 
commerce and economics, law, insurance, tourism, etc., the railway colleges are 
emerging as full-fledged universities. The colleges, that have widened their doors 
to meet the ever growing demand for railway personnel, strive to develop the 
potential of their students and develop the personnel needed for building a new 
society and for the development of the local railways.
In China, the railways and railway colleges have a very close relationship with 
each other. The Ministry of Railways paved the way for the establishment of 
colleges and actually founded railway colleges, and has since continued to help 
them develop. On their part, the railway colleges have educated hundreds of 
thousands of superior personnel over the last 100 years or more, and continue to 
support railway operations by supplying personnel required for efficient railway 
operations.
In addition, the individual railway colleges are involved in many diverse 
scientific research projects sponsored by the central, provincial, and municipal 
governments, and by the Ministry of Railways.

Modern railway experts, besides being trained in specialized disciplines, should be 
aware of the railway transportation market, to know the modern conditions of railway 
transport and its problems (Ivanova and Korobulina 2010). One important aspect of 
preparing specialists with international qualifications is the language skill. For example, 
many universities in Germany teach some of their subjects in English.

Railway enterprises make contact with the universities via the departments respon-
sible for teaching the disciplines related to rolling stock or railway construction and 
operation. It is not the best option: the student does not study the problem of inter-
relation between the rolling stock and railway infrastructure, and organization of train 
traffic management. In this case, the university should develop the training program 
beyond the scope of the specialization. Such an approach is already being realized in 
the technical universities of Dresden and Berlin in the scope of the specializations of 
“Engineer of Communication” and in the “Course of Communication”.

The main difficulties that the students of transport institutions face are, first of all, 
the need to obtain knowledge of general engineering disciplines, and then of specific 
transport-based ones. This is taken into account in the university programs of Dresden 
and Berlin, but there is still a problem. The up-to-date program of a general engineering 
program should ideally offer a choice of further pursuing a railway specialization (for 
example, related to rolling stock, transport economy, infrastructure, carriage planning).
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Classical education which includes studying the operation, planning, and projecting, 
forms the basis for the potential railway engineers, which will serve them in deeper 
studying of specialized disciplines. For example, such courses as Local Passenger Trans-
portations, Cargo Transportations, and Far Passenger Communication include tech-
nique, economy, and marketing.

Due to the need to get a wide-profiled education, it is recommended that train-
ing programs include such disciplines as marketing, integrated transport planning, 
transport communication, computer studies, and land use. The students should also 
get acquainted with the modern working hardware, software, railway line projecting 
devices, etc.

6.3. Harmonization of the rail educational standards in Europe

A variety of education and training programmes with a focus on transportation, and 
rail transport in particular, exist within European and Asian institutions. These pro-
grammes vary in their scope and orientation, coverage, emphasis on different rail trans-
port related topics, and target audience.

Due to the changing transport and economic environment, the educational needs of 
the next generation of rail transportation experts are also changing; they are becoming 
more interdisciplinary, technology oriented and multi-faceted. Collaboration among 
institutions for the purpose of reviewing, updating, and modernizing their educational 
programmes, and harmonizing them to the degree that is desirable and fits their scope, 
while keeping the specificities and focus areas of individual programmes, may assist 
in the direction of keeping up with current practices and following industrial develop-
ments.

The goal is to develop a synergistic approach to study issues relevant to the rail-
road industry both from an international and a regional perspective, using an inter-
national interdisciplinary approach to the problems. Based on this approach, the aim 
is to develop education and training programmes, which will capture the specifics and 
dynamics of the rail industry, addressing related issues, and closely studying the major 
trading regions of the world. The programmes will build an understanding of how the 
dynamics between trading regions and among the players in this industry affect the 
international trade and productivity of the rail transportation system.

A modern educational program should exploit the complementary strengths of col-
laborating institutions and experts to establish unique international interdisciplinary 
educational components, and build coordinated, integrated research capacities in the 
multidisciplinary and complex scientific fields of railroad productivity, engineering, 
management, policy, planning, and operations efficiency. A framework for integrating 
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research and education and for promoting collaborative efforts across institutions span-
ning the two continents may be developed. Such collaboration will bring together an 
extraordinarily diverse intellectual community in the field of rail transport. A key issue 
is to have enough commonality in research and education to promote real collaboration 
among partner institutions, while keeping open multiple and diverse opportunities at a 
variety of international sites to promote participation by graduate students with diverse 
interests and goals (Danish Technological Institute … 2007).

Participants in such collaborative educational initiatives will share:
I.	 an explicit focus on unravelling the details of interaction among the education and 

research themes, and on understanding how those interactions vary at different sites, 
based on history, economy, geography and culture; and

II.	a focus on the pragmatics of multi-national research and education collaborations; 
participants will share their experience on how to overcome challenges to multi-
disciplinary, multinational collaboration in rail education.
The proposed educational components should combine the strengths of participat-

ing institutions with leading programs in rail transportation studies, to develop unique, 
truly international graduate programs. These programs may be modeled closely on 
existing international degree programs and will aim to provide participants with rig-
orous education that will challenge their intellect, expose them to excellent academic 
resources in rail transportation, and earn them a degree (a bachelor’s or M.Sc. degree) 
or a certificate from leading institutions. The educational programs may be modular, 
each module (with thematic clusters) offered at a different university.

6.4. Competences in rail education1

Cooperation between universities and the rail industry may assist in maximizing the 
performance of the industry as a whole, with benefits accruing to all stakeholders of the 
industry, research, and academia. Academic and research institutions should capital-
ize upon existing collaborations and build new ones with the rail industry to establish 
dynamic partnerships at a regional and international level.

The existing nucleus of the railroad experts in collaborating institutions such as 
those participating in the EURNEX49 and NEAR2 networks should be leveraged, to 
match all members’ resources and abilities to address strategic, tactical and operational 
aspects of the regional and international rail industry in an integrated way. By forging 
strong partnerships among key stakeholders, the potential for success of the education, 
training, and research initiatives will be maximized, bridging theory and practice. The 

49	 European Rail Research Network of Excellence
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existence of such strong industry-oriented initiatives assists in the direction of advanc-
ing a major sector of the global, regional, and national economy, and broadening the 
knowledge bases pertaining to rail transportation research and education.

Cooperation between universities and the rail industry, drawing on the broad range 
of existing academic and research strengths and capabilities, and matching them with 
the needs of the industry, have the potential to enhance our ability to bring critical 
insights to issues related to the rail industry.

Public sector agencies and private sector firms are experiencing several critical prob-
lems related to planning, managing, and operating the rail transport system. There is 
a need for experts who understand the global nature of the industry, the needs and 
issues of key industry players, the objectives and interactions among stakeholders, the 
statutory, regulatory, and institutional barriers, as well as issues related to operations, 
safety and security, and productivity-enhancing technology applications. University-
industry collaborations are required to produce the proper programs to educate the 
next generation of railway experts and properly train the existing workforce that will 
be capable of addressing these issues.

One of the objectives of NEAR2 project Working Group 10 was to evaluate how 
well today’s education meets the industry demands and needs. The analysis stated that 
neither European nor Asian rail education prepares the railway experts in compliance 
with the industry requirements of such experts. The main reason is the lack of university 
educational programs (rail education) harmonized with the current industry demands. 
The competence level of the graduates in universities usually does not correspond to the 
industry requirements for certain specializations, because in the process of university 
education the student’s competence is formed based of excessive theoretical knowledge 
and lack of practical knowledge. The universities base their educational programs on 
what they can teach the student, not what they should teach them (Figure 51).

Universities have found it challenging to align their curricula with railway indus-
try’s needs and produce students with the relevant competences, skills, and knowledge. 
Several reasons can be identified that contribute to the this:

1.	 University-industry interaction is not included in the university’s promotion 
and rewarding schemes.

2.	 Heavy teaching loads do not leave time for engagement in university-industry 
interactions.

3.	 University career development does not require interaction with industry, and 
many faculty members have never held a position outside of the university en-
vironment.

4.	 University research is valued in terms of publication records and not based on 
their practical nature for industry application.
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5.	 University research timing is not suitable for the industry’s rhythm. The univer-
sity develops research on long-term cycles and expectations, whereas the indus-
try’s goals are short-term oriented.

6.	 Economies are highly volatile and dynamic, and industries are always exploring 
and introducing new services and products. This economic paradigm constantly 
requires new knowledge, skills and competences, and both new and experienced 
employees are expected to keep up with such evolutions and requirements.

As a consequence of these problems, a competence gap between what is demanded 
by the industry and what universities can offer is visible, which is challenging at several 
levels. Firstly, the inadequacy of the students’ skills and competences requires employers 
to invest in in-house training or search for professionals elsewhere. The need for train-
ing delays the time of the students’ entry into the field and increases the costs for the 
employers. Secondly, the universities don’t meet their main objective of educating and 
preparing students for the job market. Thirdly, the students are the main victims of the 
gap, starting from a disadvantaged competitive position vis-à-vis other workers and may 
have to endure further, and in many cases, self-funded education. Finally, if government 
funding channelled to universities does not generate the expected benefits, industries 
may lose their competitive edge and jeopardize the future development of the country.

As a result, there is a situation in the market where the industry demands and expec-
tations of the graduates’ competence level do not match. Because of this, the industry 

Figure 51. The occurrence of competence gaps
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either needs to improve the graduates’ competence by retraining them, or choose other 
personnel (for example, invite foreign experts). The competences gap was studied in 
detail within the SkillRail project (Figure 52).
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Figure 52. Graduates’ competence gaps

A potential gap exists between each of the pairs, as follows:
I.	 First gap (competence gap): The gap between the competencies that the employees 

need and the actual competencies of the students
II.	S econd gap: The gap between the knowledge that the companies need and actually 

have
III.	 Third gap: The gap between the knowledge that the universities generate and the 

actual competencies of the students
IV.	 Fourth gap: The gap between the knowledge the companies need and the knowl-

edge the universities have
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6.5. Gender issues

The rail industry has historically been male-dominated. However, times are changing, 
and women are making enormous contributions to all areas of railways, with more and 
more women taking on roles across the industry from train drivers, to engineers, to 
those in management positions.

The representation of women in the transport sector is rather low compared with 
the labor market as a whole. In 2005, only 20.5% of the EU27 transport workforce was 
women, compared with 43.5% of the total employment. The representation of women 
in the railway sector is less than 18%. Also the division of labor is clearly gendered. 
Men are seen to work in technical and operational functions, whereas women work 
in service areas.

In non-EU countries, the gender gap is less than in Europe. For example, the percent-
age of women personnel in the Donetsk Railway, of the State Enterprise Ukrzaliznytsya, 
is as much as 44%, as of the year 2013 (Figure 53).

The amount of women employed in the railway industry in other enterprises of the 
State Enterprise Ukrzaliznytsya is about 35–43%, similarly to the Donetsk Railway. The 
situation is similar in all the CIS countries. For example, in Russia, the percentage of 
women employed at the OJSC Russian Railways is 30.4% (Figure 54).
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The reasons behind barriers for women in the transport sector can be include the 
following:
A.	 the reluctance of employers to hire women;
B.	 poorer working conditions, in terms of wages, access to training, family-unfriendly 

working hours, male-centered working conditions, and the risk of violence and har-
assment;

C.	 cultural stereotypes that associate women and men with specific roles and tasks in 
the transport sector;
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D.	 a male-dominated sector that implies poor awareness of women’s issues and rights, 
for instance, maternity leave, hours of work, part time jobs, shift patterns etc.; and

E.	 poor conditions for health and safety, such as insufficient radio contact or lightning, 
lacking sanitary rooms for women, etc.
The European rail sector is affected by globalization and demographic changes, 

which means that the composition of the work force is changing. To enjoy long-term 
success, the railway sector must make use of the potential of both men and women.

There are a number of arguments for why we need to achieve gender equality in 
the rail industry.

The resource argument: Women might have different experiences from men and can 
add new perspectives and themes to the agenda. Accordingly, the sector should use all 
available competences and resources as well as possible. It means that it is necessary to 
design a railway sector which offers improved access to women to prevent important 
competences and resources from being wasted.

The interests’ argument: Women’s interests should be represented in the railway sec-
tor. This will benefit both customer- and workforce-interests. It is worth noting that 
women’s interests may vary due to ethnicity, class, nationality, or age, and that male 
dominance in the workforce might suppress women’s interests.

The justice argument: Women have a right to participate on an equal footing with 
men, both individually and as a group. This is a fundamental democratic principle. An 
equal, balanced railway sector is therefore important simply to secure justice between 
women and men at an individual level, just as it will help ensure equal rights at a so-
cietal level.

Gender bias in the rail sector starts in the educational system. Basic courses and spe-
cializations often have a significant gender bias, which obviously makes gender-balanced 
recruitment policies more difficult. In this respect, the development of gender-balanced 
orientation practices for students is crucial.

Training programmes can be a means to qualify women for positions where they 
are currently missing, for example, jobs in the financial and operational part of the 
industry. However, the often higher responsibility of family affairs or part-time work 
that women have may pose a problem for long training programmes. Moreover, train-
ing is usually not often offered to part-time workers.

Women make up a small percentage in the transport industry, and that is why 
programmes tailored specially for them are rare. This is unfortunate, since different ap-
proaches to learning, different needs, or the discomfort of standing out can discourage 
women from enrolling for such programs.

In practice, there are almost no methods in place to motivate women to get a profile 
education and further employment in the railway industry.
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6.6. Rail e-learning

Harmonization of the rail education standards is possible by providing opportunities 
for remote education. Given that the railway communication along the Eurasian trans-
port corridor extends for 11,000 km, mass education of specialists with international 
levels of competence can be organized only by means of remote training.

Despite the active development of remote education today, rail education is still out-
of-date with the modern trends. In 2008, there a joint European project was launched 
called TEMPUS RELNET IB-JEP-27114-2006: Expansion of Cooperation of the Uni-
versities of Russia on the Basis of Implementing the Remote Education (E-Learning) 
for Requalification and Upgrading Qualification for the Transport Employees.

Virtual education provides enforcement of the individual’s control over studying the 
requalification program for each student, and facilitates the preparation for testing. The 
main advantage of such a form of education is the absence of the need to disrupt the 
working process of employees studying either compulsory or voluntary programs for 
requalification and upgrading qualifications.

At the present moment, some Russian universities (Saint Petersburg State University 
of Communication and Far East State University of Communication) offer the follow-
ing courses remotely: Safety Provision at the Railway transport for Non-Common Use, 
Management and Marketing at Transport Logistics Systems, Ecological Management 
and Eco-auditing Practice. These courses may be used by the experts in the transport 
industry for upgrading their qualifications. Besides these, there are also such virtual 
courses such as Marketing Fundamentals, Marketing Research, Special Roads of Indus-
try Enterprises, which may be used for upgrading qualifications of experts, as well as 
for teaching and testing the students of full-time and part-time rail education.

A unified model for developing remote courses aimed at the railway industry (Kim 
2009) was proposed by another European project “SkillRail” (see Figure 55).

Nowadays many railway universities use remote education systems in the training 
process (based usually on Moodle software). However, remote education programs 
are only considered auxiliary tools to the main education process, and are not treated 
as independent courses. The reason for this is the absence of a single methodology to 
organize remote rail education both at the national and international level.

We should also pay attention to the fact that rail education has a business-related 
nature, which requires learners to obtain practical skills and knowledge. At the pre-
sent moment, remote rail education consists only of the theoretical studying, but this 
problem may be tackled by means of using different simulation and training systems 
in the form of web-applications.
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Figure 55. Model of development rail e-learning courses  
(Source: “SKILLRAIL Project”)
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Using web technologies in the personnel qualification system for the railway industry 
is necessary for the stable development of the whole system. Nowadays certain large 
universities and research centers use web technologies for developing rail education and 
science only partially. Given the internationalization of education, it is very important 
factor to provide students and scientists with access to the results of scientific research. 
The following educational and scientific web resources have become very popular in 
the last few years (Figure 56).

Fig. 56 shows that the up-to-date technical facilities provide large opportunities for 
organizing the education process with using web-technologies. Unfortunately, nowadays 
neither European nor Asian universities use such opportunities to their fullest extent; 
they are being applied by universities only partially. This is due to the absence of the 
knowhow about the methods, principles, and concepts of these technologies and how 
to use them in training the railway transport experts.

One of the ways to use web technologies here is the creation of profile video portals 
(YouTube channels) with video lecture-based courses offered by experts in the railway 
transport industry (see Fugure 57).
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Figure 56. Web-technologies which may be used in the personnel qualification system 
for the railway industry
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Figure 57. Video channel of the Moscow State University
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Another way to use web technologies in education is by the organization of webinars 
(Figure 58).

Figure 58. Webinar interface in education

Webinars are useful educational tools as they can reach a very large, widespread 
audience, given the minimal financial costs involved. The use of presentation materials 
and the chance to directly interact with the speaker makes the experience similar to 
how it would be with a real or live audience.

6.7. Identified disadvantages, gaps, and barriers

On the basis of the ideas discussed above, it is possible to identify and determinate 
the main drawbacks of currently existing Eurasian educational and training systems 
(Lautala et al. 2011):

1.	 The railway industry rarely takes part in the educational aspect of development 
at the profile railway universities. As a result, there are competence gaps. Railway 
companies prefer to prepare the experts in the training centers of their enterprises 
without active involvement in the educational programs in universities, while also 
being eager to employ university graduates with bachelor’s and master’s degrees.

2.	 There are differences in national standards of rail education along the Trans-
Asian land bridge.

3.	 In the rail education systems of the countries located along the Trans-Asian 
transport corridor, there is a competence gap between the university education 
and industry demands. This is because the national education standards either 
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do not correspond with or are not upgraded to meet the market demands.
4.	 Most of the training programmes are developed to train men, and focus on 

physical exercises.
5.	 In the railway technology industry, there is no single methodology and approach 

to developing educational portals. On the Internet there are almost no web re-
sources devoted to rail education and railway science.

6.	 The trend of creating and filling the electronic repositories (open access systems) 
is poorly developed in the railway universities and research centers of Eastern 
Europe and Asia.

7.	 There is no single methodology to organize remote rail education.
8.	 There is no contact with the industry in the existing form of remote rail educa-

tion.
9.	 There is no coordination between universities in different countries regarding 

remote education.
10.	 There is no single Eurasian platform for remote rail education, which complicates 

the development of rail education in general.

6.8. Future research needs and priorities

The European and Asian railways are facing fundamental legal, technological, demo-
graphic, and market changes that the railway sector needs to deal with in the coming 
years. Future research priorities in relation to human resources in Eurasian railways are 
presented in Table 25.

Table 25. Future research needs and priorities in relation to human resources

Policy activities Organization activities Research activities Gender activities

Initiate research to 
investigate opportuni-
ties for harmonization 
of rail education and 
training standards 
along the Trans-Euro-
pean land bridge

Support academic mo-
bility of students and 
researchers between the 
universities along the 
Trans-Asian land bridge

Develop strategies (or 
roadmaps) for indus-
try on how to develop 
university-industry 
collaboration

Development of 
motivation pro-
grams with an aim 
to increase the 
number of women 
in the sector of rail 
education and re-
search

To define a common 
EU qualification 
standard for rail staff 
and for trainers

Support of initiatives 
for the development of 
cooperation between 
universities and railway 
companies along the 
Trans-Asian land bridge

Continue rail system 
comparisons between 
Europe and Asia with 
emphasis on develop-
ing a set of metrics 
along Eurasian land 
bridge

Development of the 
concept of elimi-
nation of gender 
inequality in the 
system of rail edu-
cation and training.
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Policy activities Organization activities Research activities Gender activities

Support initiatives 
to develop Dual pro-
grammes and Double 
degree programmes

Development of joint MS 
or PhD programmes that 
include mandatory vis-
its by candidates to the 
other side of Trans-Asian 
land bridge.

Creation of educa-
tional web resources 
in the field of railway 
transport

Support initiatives to 
create educational web 
resources in the field 
of railway transport

Establish rail higher 
education data reposi-
tory to store and dissem-
inate data on available 
educational offerings in 
Europe and Asia and to 
support easier identifica-
tion of synergies between 
universities

Development of new 
rail educational tech-
nologies

Establish an internet-
based knowledge da-
tabase and related web 
portal to collect rail-
related knowledge from 
university teachers from 
different parts of the 
world

Adaptation of rail 
education to the chal-
lenges of transition 
period in rail sector

Creating a single virtual 
rail university to imple-
ment the tasks of dis-
tance training along the 
Trans-Asian land bridge; 
involvement of railway 
companies and universi-
ties along Trans-Asian 
land bridge to provide 
education on a single 
e-learning platform

Development of a single 
database of publications 
in the field of railway 
technology (e-library) 
along the Trans-Asian 
land bridge

Liberalization, internationalization, and changes in the demographic composition 
of the workforce create changes in the skills needed within the European and Asian 
railways, for them to stay in business (Danish Technological Institute … 2007).
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6.9. Future aims and trends

Further scientific and research projects related to the railway connection of Europe and 
Asia regarding rail education should be aimed at achieving the following:

1.	 Searching for mechanisms to develop cooperation between the universities, re-
search centres, and railway companies

2.	 Determining the reasons for gender gap and developing recommendations on 
how to motivate women to get education and do research in railway technologies

3.	 Making a comparative analysis of the higher rail education systems in Europe 
and Asia for the purpose of further development of standards for creating and 
teaching the training courses, and for unifying the approaches to teaching spe-
cialists in the railway industry

4.	 Conducting a research of European and Asian railway companies aimed at:
a)	determining the demand for graduates with certain railway specializations;
b)	determining the demand for innovative specializations;
c)	determining the requirements of the knowledge/skill level and general com-

petence of the graduates of railway institutes;
d)	analysing the current level of the rail education in Europe and Asia;
e)	developing recommendations on improving the efficiency of cooperation be-

tween universities and railway companies;
f)	detecting priorities in preparing railway experts for the purpose of optimizing 

the rail education system;
g)	analysing the opportunities and development of the concept of the Eurasian 

Virtual Railway University;
h)	analysing the national peculiarities of creating professional competences 

among the students of railway universities in Europe and Asia;
i)	 developing the concept and methodology of using web technologies in the 

process of rail education (development of educational web portals for rail 
education);

j)	 analysing the existing practice of holding laboratory and practical studies at 
the railway universities of Europe and Asia as well as developing a unified ap-
proach and methodology for creating laboratory and practical studies related 
to rail education; and

k)	creating scientific and educational clusters of railway technologies for the pur-
pose of developing international scientific cooperation, transferring knowl-
edge and technologies, and building cooperation with the industry.
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DISCUSSION AND OVERALL 
CONCLUDING REMARKS

7.1. Considering the rail traffic safety and interoperability

As this analysis has depicted, the operation of railways poses significant challenges 
within the wide-ranging geographical/ climatic zones and different national cultures 
covered by the Eurasian landbridge. For this reason, it is of great importance to contin-
ue with the formulation and implementation of common policies regarding rail safety 
and security. It is thus highly desirable that all countries involved their obligation to 
implement the rail safety regulations, to take the necessary actions with regard to all 
other competent state administrators, and to ensure the ratification/ validation and/or 
implementation of conventions, agreements, or resolutions that facilitate railway safety 
and security.

Further research, development, design, testing, and assessment procedures of rail-
way traffic risk control or monitoring methods should be performed. European and 
Asian countries should ensure the harmonization of their national transport regulation 
rules, especially through the facilitation of safety and security regulations, and this way 
guarantee rail traffic safety and passenger/freight security. Barriers for interoperability 
can be diminished once international arrangements such as “Convention concerning 
International Carriage by Rail (COTIF)” are applied by many countries. However, the 
gauge difference between Eastern Europe, Central, and Western Europe will remain 
a bottleneck for the growth of the rail market share. The construction of a 1,520 mm 
gauge connection in Central Europe could be helpful for specific links and for specific 
market segments such as container transport.

The following issues have been identified as the major priorities related to railway 
traffic safety in Eurasian corridors:

1)	investigation of interoperability and safety progress issues in EU countries, 
Ukrainian, Belarusian, Russian, and Asian countries;

2)	actualization of certification procedures of railway equipment for the securing 
of free access for infrastructure of 1520 mm gauge space;

7
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3)	introduction of Common Safety Methods (CMS) and Common Safety Criteria 
(CSC) for assessment of railway safety on the Eurasian land bridge;

4)	creation of a database for railway safety monitoring in the Eurasian railway cor-
ridors.

7.1.1. Ensuring interoperability and safety along the possible railway 
connections

Removing of remaining administrative and technical barriers is essential, in particular 
through the establishment of a common approach to interoperability and safety rules, 
to decrease administrative costs, to accelerate procedures, to increase economies of 
scale for RUs, and to avoid disguised discrimination.

7.1.2. Implementation of a common rail safety and security policy

CSMs harmonize the modification process and guarantee that the existing safety levels 
are properly monitored and maintained. The overall objective of these safety measures 
related to risk assessment is to facilitate access to the railway transport service market 
and allow cross-acceptance of the results. The future success of the Eurasian railway 
land bridge strongly depends on the use of feedback of experiences, the ability to moni-
tor and measure the progress of interoperability, and the ability to identify the reasons 
for the lack of progress.

7.1.3. Exploration of rail infrastructure and rolling stock maintenance 
quality monitoring

This is needed to specify how to manage the life cycle of all interlocking systems and 
equipment that will be used for the EU-Asia connection (design, requirements specifi-
cation, development, production, operation, and disposal). Rolling stock maintenance 
and repair/ technical inspection intervals, the training and qualifications of the mainte-
nance and control centre staff, and the quality assurance system set up by the operators 
concerned in the control and maintenance centres must be such as to ensure a high level 
of safety.

7.1.4. Railway operation and traffic management

Essential capacities to reach relevant efficiency of railway traffic:
1)	alignment of the network operating rules and the qualifications of drivers and 

on-board staff, and those of the staff in the control centres must be such as to 
ensure railway safety operations, bearing in mind the different requirements of 
cross-border and domestic services;
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2)	revising of compatibility of TSI CCS, ETCS, ERTMS and EIRENE systems with 
non-EU countries and Asian corresponding Train Communication Network and 
Control System;

3)	explore the means of TSI CCS, ETCS, ERTMS, and EIRENE systems harmoni-
zation with non-EU countries and Asian corresponding Train Communication 
Network and Control System.

7.1.5. Telematics applications for freight and passengers:

1)	the interfaces between these two service systems and users must comply with 
the minimum rules of ergonomics and health protection;

2)	suitable levels of integrity and dependability must be provided for the storage or 
transmission of safety-related information.

7.1.6. Investigation of railway accidents:

1)	the purpose of investigations should be to make safety recommendations for 
railway operators of Europe-Asia corridors based on the findings of the inves-
tigations, in order to prevent accidents and incidents in the future and improve 
railway safety and security in the whole trans-continental land bridge/ corridor;

2)	at the preliminary stage, one can use more modest and common mathemati-
cal methods for identifying of rail traffic risk level, such as Analytic Hierarchy 
Process, proposed by the authors;

3)	assessment of the existing degree of interoperability, as well as the safety levels 
in the trans-Eurasian railway corridors;

4)	investigation and implementation of CSMs for traffic safety risk control along 
the whole Eurasian railway connection;

5)	harmonization or adjustment of standards/ specifications/ rules for rail safety and 
security, and traffic risk assessment, and track installation design, dimensioning, 
and construction;

6)	creation of CSMs for traffic safety risk control along the whole Eurasian railway 
connection;

7)	assurance of a common railway safety and security policy in Eurasian countries;
8)	definition of certifications to access the railway infrastructure of different countries;
9)	feasibility studies on the various acceptable solutions for rail certification procedure;

10)	description of the harmonization/ validation of rail vehicle authorization;
11)	identification of the main elements of the various railway safety policies in Eu-

ropean and Asian countries and a comparison between them in order to analyse 
the compatibility and harmonization.
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7.2. Considering the technical aspects and  
rolling stock maintenance

Relevant research areas and the challenges of ensuring steady freight train traffic 
through the sustainable infrastructure are related to these identified gaps in and barri-
ers to the Eurasian-wide harmonization:

1)	unification/ harmonization of standards and specifications for tracks, civil engi-
neering structures, and track installation design, dimensioning, and construction;

2)	definition of specifications for the adoption of a permanent right-of-way (track 
superstructure and substructure) that will allow, for any case of exploitation 
(mixed train operation – with presence of conventional or high speed passengers’ 
trains – or merely freight corridor), the movement of the freight trains based on 
the operational and design characteristics;

3)	ensuring of a common track maintenance policy along entire Eurasian railways 
corridors;

4)	Track-side automated control equipment (TACE) – the integral systems of Hot-
Axle Box Detection (HABD), Hot Wheels detection (HWD), and Wheel Impact 
Load Detector (WILD) – in the entire Europe-Asia railway corridors should be 
revised to ensure railway safety and security;

5)	implementation of rolling stock maintenance quality monitoring in entire cor-
ridors taking into account railway traffic safety indexes;

6)	formulation of a maintenance plan in order to equate the maximum permitted 
speed to the design speed; formulation of a plan for the upgrade of the existing 
infrastructure in order to meet that goal;

7)	establishment of a common way to estimate/measure the quantitative impact of 
the axle load increase to the design, constructional, and operational elements 
of a railway infrastructure;

8)	implementation of a high-standard railway connection/network between Europe 
and Asia that will provide a high level of service for freight railway transports, 
more competitive than the other modes of transport;.

9)	little information about the maintenance and critical limits for various parts of 
a wagon are available in EN standards and accepted across Eurasian countries, 
which could be an obstacle to ensuring the safety impact of rolling stock main-
tenance;

10)	a minor share of freight locomotive fleet in Eurasian corridors are equipped 
with wheel slip and slide control systems, especially in Russian Railways. The 
authors did some research on how to implement or upgrade these systems. 
The implementation of these systems in locomotives should ensure stable and 
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uninterrupted cargo flow down the Eurasian railway corridors, and a perceptible 
decrease in energy consumption as well;

11)	the developed experience (the determination/ correction of rail vehicle repair 
frequency, the strategy of rolling stock renew, etc.) in the maintenance systems 
for rolling stock should be reflected in the rail vehicle operation.

7.3. Considering staff training and education

Further scientific and research needs related to the railway connection of Europe and 
Asia regarding rail education can be expressed as three tasks:

1)	developing standards for creating and teaching the training courses and for uni-
fying the approaches to teaching specialists in the Eurasian railway industry;

2)	determining the reasons (obstacles) for a gender gap and developing recom-
mendations regarding increasing the interest (motivation) of women in getting 
educated and doing scientific research in the area of railway technologies;

3)	Making a comparative analysis of the higher rail education systems in Europe 
and Asia for the purpose of doing research in European and Asian railway com-
panies aimed at:
a)	determining the demand in graduates;
b)	determining the requirements in the knowledge/skill level and general com-

petence of the graduates of railway high schools;
c)	developing recommendations to improve the efficiency of cooperation be-

tween universities and railway companies/ undertakings;
d)	detecting priorities in preparing railway experts for the purpose of optimizing 

the rail education system;
e)	analysing the opportunities and the development of the concept of the Eura-

sian Virtual Railway University;
f)	 analysing the national peculiarities of creating professional competences 

among the students of railway universities in Europe and Asia;
g)	developing the concept and methodology of using web-technologies in the 

process of rail education (development of the educational web portals for rail 
education);

h)	analysing the existing practice of holding laboratory and practical studies at 
the railway universities in Europe and Asia as well as development of the uni-
fied approach and methodology for creating laboratory and practical studies 
related to rail education;

i)	 creating scientific and educational clusters of railway technologies.
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To guarantee the sustainable development of rail freight transport as the safest and 
most environmentally-friendly mode of land transport, the following must be taken 
into account both in European and Eurasian railway corridors:

1)	additional non-coordinated inspections on a national basis should be eliminated;
2)	immediate inspection of all axles is not feasible due to lack of workshops and 

technical equipment capacities, and lack of qualified staff;
3)	general reduction of axle load until further inspection would result in a notice-

able increase of transport costs.
The aforementioned recommendations would be a modest way to consolidate the 

safety and interoperability level of the European-Asian rail corridors.
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