[PALCAK, KUDELA, Volume 5, Issue 1: December, 2019]

ISSN: 1339-9470

ScienFIST..$

INTERNATIONAL JOURNAL OF INFORMATION TECHNOLOGIES, ENGINEERING
AND MANAGEMENT SCIENCE

Security of railway crossings in the Slovak Republic and its impact on traffic accidents

_ Michal Pal¢ak, Pavol Kudela
University of Zilina, University Science Park, Slovak Republic
michal.palcak@uvp.uniza.sk, pavol.kudela@uvp.uniza.sk

Abstract

This article focuses on the analysis of securing railway crossings in the Slovak Republic and its impact on the
prevention and extent of the consequences of road accidents in road and rail vehicle clashes. The first part examines
the correlation between economic and transport relations and statistical data on the development of traffic indicators
in the EU. Furthermore, traffic accidents and the provision of railway crossings in the Slovak Republic are analyzed
from a technical and legislative point of view. In the last part, the model example is used to calculate the impact of
changing the interlocking safety equipment at the intersection of road and rail communications to traffic accidents in

terms of socio-economic benefits.
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Introduction

Economics and transport are closely linked and
mutually determining sets of processes. Affordable,
secure and capacity-adequate infrastructure creates the
conditions for efficient investment allocation,
economic growth and stimulates mobility and the
emergence of induced traffic. At the same time,
transport is an inherent part of production, distribution
and transport processes in both freight and passenger
transport.

Conversely, a well-established and sustainable
transport system is a precondition for a booming
economy. The global expansion of world markets and
the effort to optimize the costs of moving people and
goods bring legitimate requirements for the qualitative
and quantitative characteristics of the transport
system.

Transport is experiencing a growing trend in
post-crisis years in the EU as a result of re-economic
growth, rising living standards for citizens and good
economic condition. These factors make it
increasingly commonplace within the common market
for the transport system by the population and
commerce to ensure mobility in the required range and
quality.

Statistics from Eurostat show that from 2010 to
2016 there was an increase of 1,57 %l!! in the level of
automotive traffic (number of passenger cars per 1 000
inhabitants) within the FEuropean Union. This
phenomenon indicates the increasing intensity of
vehicles on the roads and the increased volume of
transport performance in road transport. The range of
train kilometers in rail transport has increased by
almost 26,5 %! over this period.

As the volume of traffic performance in both
passenger and freight transport is increasing, there is a
need for all relevant stakeholders (builders and

infrastructure managers, transport vehicle
manufacturers, transport operators, training and
education organizations, safety and licensing

organizations, authorities, legislators) to address the
issue of smooth, safe and environmentally friendly
transport.

An important issue in addition to solving the
problems associated with a modern, high-capacity
infrastructure providing sufficient conditions to meet
the needs of population and goods mobility and
sufficient room for efficient transport system setup is
a security issue.

From this point of view, all modes of transport
represent separate closed systems which, while taking
into account limited conditions, are not subject to the
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operational and safety settings of other transport
systems. However, in the case of modes of transport
operating on roads, there may be a level or interchange
that shows the potential for collision, namely:

e The level crossing of road and rail
communication,

e The fly-over crossing of water and rail or road
communication.

The fly-over crossing of water and rail or road
communication can be collision dependent on the
technical solution of the intersection. In this case, the
technical solution and the local conditions are
decisive. Usually, the crossing is solved with a
sufficient margin for the movement of the vehicles to
avoid collision situations.

The fly-over crossing of road and rail traffic is
collision-free unless an incident occurs on any of the
communications (traffic accident, cargo release,
leakage, etc.), mostly in the case of high-altitude roads
such as road overpass or railway bridges over the road.

The highest probability of a traffic accident is at
the point of level crossing of road and rail
communication. To prevent the occurrence of these
adverse events, the level crossings are provided with
high-level interlocking devices. The method of
securing a rail crossing depends on local traffic, urban,
and other specific conditions at the intersection point.
The area of road safety in connection with the
provision of railway crossings is addressed not only by
transport infrastructure managers and design,
production and deployment companies but also by
police forces, state institutions, and transport
authorities.

Despite the apparent increase in the number of
cars and transport performance, the number of people
killed on rail crossings in the EU is decreasing (see
Table 1). The values listed in the table include fatal
accidents when a train collides with road vehicle,
pedestrian or cyclist.

Table 1. Number of deaths in rail transport in the EU

Rail 2010 2017 Difference
transport  [persons| [persons] [%]
Total 1270 977 -23,10
Out of: at
railway 371 298 -19,70
crossing

Source: [3]

Evidence that transport safety is one of the
priority topics of great concern within the EU is not
only the decreasing amounts of fatal accident statistics
but also the fact that safety is given due consideration
in all relevant EU strategy papers part of the theme of
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transport. One example is the White Paper - A
Roadmap to a Single European Transport Areal, one
of the indicators being stated as: 'By 2050, reducing
the number of fatal accidents to almost 0, by 2020 by
half'. To meet the set measurable indicators, individual
member states should take effective measures, the
effectiveness and positive impact of which is
subsequently assessed.

The accident rate in the Slovak Republic

Competencies and responsibilities for securing
railway crossings belong to the administrators of rail
and road infrastructure of intersected roads.

In the Slovak Republic, the railway
infrastructure is managed by Slovak Railways
(Zeleznice Slovenskej republiky, further as ZSR); in
road transport, depending on the category of road, the
Slovak Road Administration (Slovenska sprava ciest),
the Regional Road Administration, or towns and
municipalities.

Railway crossings fall under the management of
7SR, which operates 3,626 km of tracks and 2,102
railway crossings™ (as of 2017), i.e., approximately 1
crossing to 1.7 km of the railway line.

The method and the type of security device used
at the intersection of road and rail depend on:

the type of railway line,
the type of road,

vision conditions and
local conditions.

Requirements for minimum level crossing safety
are stipulated in the ZSR regulation: “ZSR Z 12
Crossings and Crossovers“®®!. Based on the number of
crossed rails, the road communication group and the
line speed, there exists the recommended safeguarding
of existing or reconstructed crossings.

Basic categorization of railway crossing
facilities in the Slovak Republic divided into active,
i.e., equipped with a crossover device, and passively,
i.e. marked with traffic signs only, is shown in Table
2.

Table 2. Number and type of interlocking security plants
in the SR

year 2017

Total 2102
Passive crossing (not secured) 1032
Active crossing (secured) 1070
Out of:

Mechanical ramps 50
Permanently locked rail crossings 43
Mechanical crossing device 8
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Light crossing interlocking plants 969 PZS 7 13
Source: [5] PZS -Z 4 0
Numbers of individual types of interlocking PZM . 0 . 0
security plants are determined by historical, legislative S_OW ce:[7]; Legend: PSZ — Z - crossing with tr {lJﬁC
and technical factors specific to the Slovak Republic. llghts and ramps, PZS — crossing W_lth traffic {zghts
According to the type of traffic accident on the wzthqut ramps, PZM - mechamca.lly equipped
railway crossing (from the view of road traffic), it is crossing, K — passive (unsecured) crossing
possible to define 10 categories, namely: It is clear from the presented data that there was

only a small year-on-year change in the total number

e  collision with a running non-train vehicle, g - ) A
o collision with a parked/stopped vehicle, of accidents on rgllway crossings, the mgst 51gn1ﬁcgnt
. . number of accidents occurring on light crossing
e collision with a fixed obstacle, s . . .
.. . . facilities without ramps, but this phenomenon is also
e collision with a pedestrian, . . . .
.. . o . influenced by the total number of light signaling
e  collision with wildlife animal, . 5 . .

Lisi th . ] devices on ZSR lines, of which these are absolute
¢ colision W%t a d0m§st1c anima, majority (see Table 2). An important factor is also the
* collision with the train, intensity of road transport on the intersected roads and
° COH.ISIOH with a tram, the extent of transport performance in rail transport on
e accident, individual lines equipped with this kind of road safety
e another type of accident. equipment.

Modernization of a crossing interlocking system
can have a positive impact on the occurrence of traffic
accidents related to a train (tram) collision with a road
vehicle, pedestrian or cyclist; other categories of
traffic accidents are not affected by the replacement of
the interlocking equipment - a higher level of crossing
safety does not create a presumption of a lower
incidence of traffic accidents in these categories.

In this context, it is not possible to generalize the
number of accidents on active and passive crossings,
as based on the normative and real operating ratios that
make a significant difference in the extent of traffic
performed on highway intersections with higher

Table 3. Number of accidents and deaths on railway category railways (with higher line speed and more
crossings in Slovakia tracks).

The following table compares the number of
crossings accidents by category of the level of rail
crossing security category, resulting in fatal and severe
accidents in 2017 and 2018 (train collision accidents
with road vehicle, pedestrian or cyclist). It is clear
from the Slovak Police Force's statistics on accidents
at rail crossings that in 2017, the proportion of
accidents (in categories: train collision with a road
vehicle, train collision with a pedestrian or train
collision with a cyclist) was approximately 12% at the
active and 49% at the passive interlocked crossings
from all registered accidents.

Statistical data show that there was a significant
48 increase in fatal injuries in 2018, especially on

Number of accidents at crossings 50 . . . . .
g crossings with traffic lights with no ramps, which,

Out of: according to legislation, should be applied at road
PZS -7 > > crossing points or lower-class railway lines, where
PZS 28 29 there is no assumption of a large volume of realized
PZM 0 transport performance. The influencing factor may be
K 17 14 the absence of barriers, the failure to observe the
Accidents resulting in injuries warning signal but also the psychological factor of
Death injuries 6 15 drivers who know the extent of rail transport and
Out of: therefore do not pay increased attention when crossing
K 1 4 the railway tracks.

PZS B 10 Figure 1 shows the number of accidents on
PZS _7 3 1 secured and unsecured rail crossings in 2017 and 2018.
PZM 0 0

Severe injuries 13 14

Out of:

K 2 1
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Accidents at railway crossings in

SR
33 34 M Active
40
sec.dev.
14
20 17
Pasive
0 sec.dev.
2017 2018

Figure 1 Number of accidents on secured and unsecured
crossings in Slovakia

Source:[7]

The year-on-year comparison of accident rate
data from the database of Police Force of the Slovak
Republic shows rearrangements within individual
categories of traffic accidents, but the long-term trend
of accidents on crossings and its severe consequences
in Slovakia is decreasing. This phenomenon is caused
by the society-wide emphasis on increasing road
traffic safety, modernization of railway crossings
interlocking equipment or off-road solutions at
modernized and exposed infrastructure sites. It is also
vital to educate on security and to raise drivers'
awareness of the principles of the safe crossing of
railway tracks.

Solution for interlocking security plants of
railway crossings in the Slovak Republic

From a safety point of view, it is necessary to pay
increased attention to the intersection of road and rail
communications and to apply adequate measures to
prevent accidents at these locations and to minimize
their impacts, depending on local specificities.

Tools for increasing safety at rail crossings can
be either direct, with effect at the point where they are
applied, or indirect, having legal, educational but also
a technical or operational character with local or areal
coverage.

e Direct tools: building and upgrading railway
crossings using a higher level of security,
extending / upgrading road signs, road surface
improvement in front of and behind rail
crossings, etc.

e Indirect tools: legislation on the construction and
modernization of railways (rail crossings), rules
on road marking, sanctions for non-respect of
signaling and traffic signs, training of road users,
compulsory training of professional drivers and
train drivers, setting of maximum speed when the
train passes the crossing, modernizing railway
vehicles, etc.
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As an EU Member State, the Slovak Republic
has declared its participation in the construction
(upgrading) of the significant communications
magistrates defined in the Transeuropean Network -
Transport (TEN - T), which outlines the main transport
network within the common internal market through 9
corridors across Europe. TEN - T is divided into a
Comprehensive Network and a Core Network, which
is a subset of the comprehensive network and is made
up of the most important transport routes. EU
members are obliged to modernize their core network
by 2030 and a comprehensive network by 2050. 3
TEN-T corridors are passing through the SR, namely:
Baltic - Adriatic, Orient / East - Med, and Rhine —
Danube.*!

To  modernize and  construct  road
communications, the EU has identified funding in the
Structural Funds and other instruments (e.g., CEF -
Connecting Europe Facility), which can be used by
individual states through operational programs and
transport  infrastructure modernization projects
included therein.

The aim of the TEN - T network is not only to
define the most critical communications across the EU
but also to ensure the interoperability of individual
transport systems (especially in rail transport), which
are different for individual nations because of different
historical background.

For this reason, the European Railway Agency
has developed so-called Technical specifications for
interoperability (TSIs) issued by the European
Commission and published in the Official Journal of
the European Union. The individual TSIs apply to
specific subsystems or sub-subsystems with the
primary objective of meeting the essential
requirements and technical parameters for transport
infrastructure and thus ensuring the coherence and
interoperability of the internal transport network. The
TSIs also specify the technical parameters and
minimum safety requirements that the upgraded
infrastructure must meet.

In the Slovak Republic, in the area of
modernization of railway infrastructure, legislation at
the national level is stricter than the TSIs and is
defined by Act no. 513/2009 Coll. on Railroads, that:
"The crossing of new main railway lines with roads is
being established as a fly-over one. When upgrading
or significantly restoring existing main railway lines
or intersecting roadways, the builder will rebuild the
existing level crossing or cancel it. "

All modernized main lines are, therefore, by
national legislation, equipped with an fly-over
crossings of road and rail infrastructure, which results
in the complete elimination of traffic accidents that
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could arise in connection with the crossing of roads.
The safety-related problem at rail crossings is thus
automatically eliminated for a set of upgraded TEN-T
lines. Through the construction of fly-over separated
crossroads, socio-economic benefits are also
generated in the form of prevention of traffic accidents
and environmental disasters, loss of life and damage to
property. Time-saving for passengers and road users is
also a quantifiable benefit (an accident would result in
a lockout on rail and road for reasons of elimination of
road accident).

As national and European funds are limited, their
allocation must be subject to some priority. This
means in practice that the infrastructure modernization
plan and its actual implementation take place in
specific logical steps, taking into account the
significant defined modernization projects and the
building of integrated sections, where the synergic
effects of modernization occur, possibly on the most
exposed parts of the transport infrastructure.

The process of modernization of railway lines
(rail crossings) therefore takes into account the volume
of available funds, the importance of railway lines and
intersected roads, EU requirements for interoperability
and building of TEN-T network, strategic documents
in the development of the transport system of the SR
and also the technical readiness of individual projects.

For some lines (regional, with minor traffic
importance, outside the TEN-T network), the
conversion of intersections to fly-over ones is
questionable. Besides, the allocation of funds for the
modernization of railway lines of minor or local
importance is about the state budget and EU funds
problematic. Exploiting significant funds required by
interlocking security plants is in some cases not even
aligned with the value-for-money principle. If
upgrading to such lines occurs, there is a high
probability that the crossing will either be canceled or
left as one at a level crossing. Thus, the security-
related problem will continue. One of the ways how to
solve the situation is to equip the level crossing with a
higher level of interlocking equipment, but such
activity may not bring the expected results when
comparing the investment costs and socio-economic
benefits. As shown in Figure 1, the number of road
accidents on active crossings is higher than on passive
crossings, with a relatively equal number of secured
and unsecured rail crossings in SR (see Table 2).
However, in this context, it is also necessary to take
into account the extent of rail and road traffic passing
through the collision points, their localization and
local circumstances, as well as the psychological
factor of warning traffic light device, respectively
traffic signs.
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For the reasons mentioned above, it is necessary
to consider the assessment of the need for and the
expediency of the solution of the railway crossing
equipment individually. Traffic performance has a
generally increasing trend, and the question of safety
at rail and road intersections will become more timely
as time goes by.

The solution for implementing a strategic
approach to infrastructure upgrading could be to
develop a document at the national level that would
define the need for modernization and propose its
technical parameters (including level/interchange
crossing). The list of projects created should take into
account the priorities of the state transport policy, the
infrastructure manager, the carriers, the available
funds from the state budget and the EU, the
development of transport and demography and the
economic situation in the regions.

A practical example of the potential impact of a
change in rail crossing security

To illustrate the impact of increasing the level of
rail crossing security, the following model example of
changing the interlocking security plants of level
crossing for road and rail communications is
presented.

On the unsecured railway crossing (equipped
only with traffic signs) near the village of Polomka in
the Slovak Republic, a passenger train and a bus
collided in 2009. This tragic accident was an impulse
for the Ministry of Transport, Post and
Telecommunications of the Slovak Republic
(currently the Ministry of Transport and Construction
of the Slovak Republic) and the railway infrastructure
manager of ZSR to increase safety in this section of
the line and led to the modernization (rebuilding) of
passive railway crossing to active - equipped with light
signaling.

According to the Slovak Police Force's Traffic
Accident Statistics, 12 people were killed in this rail
crossing for the years 2006-2009 (up to the time of
modernization of the interlocking safety equipment)
due to road and rail collision, 6 people were seriously
injured and 19 easily injured. After the application of
the warning traffic light device, the number of injuries
for the period 2009 - 2017 was 0 (see Table 4).
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Table 4. Traffic accident statistics on the selected level
crossing

Injuries 2006-2009 2010-2017

Fatal 12 0

Serious 6 0

Light 19 0
Source: [9]

Of course, it is not possible to state only by
comparing traffic accident statistics on a particular rail
crossing at selected time series, that changing a
security device in the past would prevent any traffic
accident from occurring on that crossing or eliminate
its occurrence in the future.

Transport is to some extent a stochastic
phenomenon, and whether a road accident occurs and
the extent of its consequences (damage to property,
light, severe or fatal injuries) cannot be predicted only
by changing the level of road safety. However, it is
clear from the data presented that since the 2009 event
there have been no road accidents involving loss of life
or injury to accident participants.

Other factors can also influence the emergence,
course, and extent of the consequences of road
accidents on rail crossings, such as road quality and
road condition, weather (air temperature, road
temperature), visibility, vision conditions, and other
site-specific conditions of the rail crossing.

7SR, in cooperation with the Ministry of
Transport, Post and Telecommunications of the
Slovak Republic, during the modernization of the
railway crossing (in 2009), spent EUR 265,550 [1%
according to the medialized information on the use of
light signaling equipment at the place of the traffic
accident.

From investment in transport infrastructure, the
socio-economic benefits of applying such a measure
would be reduced social costs of accidents, time
savings for passengers and road users in the case of no
traffic accident and costs of property damage and
environmental damage to be put back to the current
state.

A detailed economic analysis of the model case
in Polomka would require the availability of an
extensive database and detailed non-available accident
information so that only cost comparisons and social
cost savings from accidents are taken into account in
the calculation.

The source for a unit cost of savings for fatal,
severe and light injuries is the Methodological Guide
to Cost-Benefit Analysis Creation, presented in Table
5.
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Table 5.Unit social costs related to accidents

Injuries Unit value [€]

Fatal 1593 000
Serious 219 700
Light 15700

Source: [11]

The values given in Table 5 are related to the
2010 price level, i.e., approximately the time when a
roadside interlocking device was deployed at the site
of the traffic accident, so the data are comparable
without the need for further correction.

The calculation of the societal benefits of the
measure is shown in Table 6.

Table 6.Economic analysis of model example

amount Unit value Total
[€] [€]

Fatal 12 1593 000 19 116 000
Serious 6 219 700 1318200
Light 19 15 700 298 300
Cost saving [€] 20 732 500
Investment costs 265 550
[€]
Social benefits [€] 20 466 950

In the case that a traffic light interlocking device
would be applied at the beginning of the reporting
period in 2006, and provided that an increased level of
intersection security would prevent traffic accidents at
that location, such a measure would generate a
comparison of investment costs and economic benefits
in the form of cost savings on accidental injuries from
society-wide benefits of € 20,466,950.

In this context, it is also necessary to consider
increased operating costs for the maintenance of
railway infrastructure, which were created by the
deployment of the lighting signaling equipment for
7SR and are not taken into account in the calculation.

However, such a hypothesis is considerably
simplified and based on assumptions that are difficult
to prove in the stochastic conditions of transport
processes. On the one hand, statistical data show that,
with a comparable number of passive and active
interlocking equipment, the number of accidents is
higher on rail crossings equipped with active
equipment. Moreover, the occurrence of one major
road accident with fatal consequences can distort
traffic accident statistics, so it is irrelevant in the
context of the railway crossing to provide such a
simplified comparison of raw data. An important
factor is also the accidental occurrence of traffic
accidents and the extent of their consequences and the
psychological factors of signaling and traffic signs and
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local conditions (visibility, vision conditions) on the
behavior of road users.

The price for reconstruction (modernization) of
the railway crossing can be different due to local
conditions, technical specifics and scope of the
project. The following examples of public
procurement for the modernization of railway
crossings in the Slovak Republic are presented to get
an idea of what costs such activity can be realized.

Construction of interlocking crossing plant
(PZZ) on the track section Kral'ovany - Parnica in the
range: low voltage connection for PZZ, road
reconstructions, traffic signs and technological
security of the crossing. The total value of the
procurement was EUR 268 641,29 excluding VAT!2,

Construction of an interlocking crossing plant
(PZZ) on the Sahy - Cata line section in the range: low
voltage connection, traffic signs, PZZ technological
adjustment and PZZ itself. The total value of the
procurement was EUR 396 060 excluding VATI!3],

Reconstruction of the crossing on the Komarno -
Dunajska Streda railway section in the range: low
voltage connection, modification of the railway
substructure, superstructure, traffic signs, interlocking
security plant equipment. The total value of the
procurement was EUR 514 824.52 excluding VAT U4,

In general, however, if the average cost of raising
the level of the signaling equipment is in the amount
of hundreds of thousands of euros (building only the
interlocking safety plant equipment), such a measure
is profitable in the case of the modernization of the
railway crossing prevention of a traffic accident
resulting in 1-2 serious injuries or approximately 15
minor injuries. Fatal injuries would be cost wise
several times higher than investment costs in terms of
the unit social cost of accidents.

Conclusion

Currently, there is an increase in traffic
performance and passenger and goods mobility
globally throughout the EU. The Community supports
the development and modernization of transport
infrastructure to build a quality and sufficient capacity
network through various financial instruments. With
increased mobility, there is also a security issue that is
adequately addressed by the authorities and
institutions involved, as evidenced by the practical
application of various road safety tools, as well as by
accident statistics, which stagnate or even slowly
decrease when road intensities increase.

A model example based on information and
circumstances about a real traffic accident and
statistics on accidents confirms that the application of
suitable interlocking equipment on rail crossings can
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prevent traffic accidents or to positively influence the
health and property impacts of passengers and road
and rail users in the future. However, this statement is
not generally applicable to any rail crossing, due to the
impact of the stochastic phenomenon in transport and
the specificities that localization and local
communications crossings come with.

Therefore, all aspects of the application of such
measures need to be considered comprehensively
when deciding on the appropriateness of a change in
the level crossing security. The main factor is the
limited amount of funds available for the
modernization of transport infrastructure, which in
turn has to assess the allocation for individual projects
in the context of the societal value and costs incurred.

The basis of the state's investment activity in the
field of transport policy should be the plan for the
construction and modernization of transport
infrastructure and the resulting prioritization of
individual projects. An important determinant is also
the specific conditions in the critical site, which is the
subject of research and prospective status in terms of
the extent of road and rail transport, the economic
development of the region and the expected
demography in the particular location.

Acknowledgements

"This publication was realized with support of
Operational Program Research and Innovation in
frame of the project: ICTproducts for intelligent
systems ~ communication, code  ITMS2014+
313011T413, co-financed by the European Regional
Development Fund".

L oy it
OPERACNY PROGRAM
1 VYSKUM A INOVACIE

* *
* 5 x

EUROPSKA UNIA

Eurépsky fond regionalneho rozvoja

ScienFIST.org © International Journal of Information Technologies, Engineering and Management Science
http://www.scienfist.org/

(16]



[PALCAK, KUDELA, Volume 5, Issue 1: December, 2019]

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

Passenger cars per 1 000 inhabitants.
[online]. Source:
shttp://appsso.eurostat.ec.europa.eu/nui/sho
w.do?dataset=road eqs carhab&lang=en
Train movements [online].
Source:http://appsso.eurostat.ec.curopa.eu/n
ui/show.do?dataset=rail tf trainmvé&lang=e
n

Rail accidents victims by type of accident
(ERA  data). [online]. Source:
http://appsso.eurostat.ec.europa.eu/nui/show
.do?dataset=tran_sf railvi&lang=en.
WHITE PAPER Roadmap to a Single

European Transport Area — Towards a
competitive and resource efficient transport
system. [online]. Source: https://eur-

lex.europa.eu/legal-content/EN/ALL/?
uri=CELEX:52011DC0144

Zakladné tdaje o infrastruktire ZSR.
[online]. Source:http://drahy.nsat.sk/wp-
content/uploads/sites/3/2014/07/2018 zakla
dne informacie o infrastrukture.pdf
Vyroéna sprava ZSR 2017. [online].
Source:https://www.zsr.sk/files/o-
nas/vyrocne-spravy/vyrocnasprava2017.pdf
7SR, Spriva o stave bezpe&nosti
zelezni¢nejdopravy, bezpecnosti a ochrany
zdravia pri praci, ochrany pred poziarmi a
ochrany Zivotného prostredia na sieti ZSR za
rok 2018, Bratislava 06.02.2019.
ZELEZNICNE PRIECESTIA A
PRIECHODY. [online]. Source:
https://fpedas.uniza.sk/~gasparik/Z%2012.p
df

NEHODA NA ZELEZNICNOM
PRIECESTI V POLOMKE. [online].
Source:https://www.vlaky.net/zeleznice/spra
vy/002985-ZSR-ukoncili-vysetrovanie-
nehody-na-zeleznicnom-priecesti-v-
Polomke//?majdi=342342

ISSN: 1339-9470

[10] Instalacia priecestné zabezpecCovacie
zariadenie v Polomke. [online].
Source:https://www.zeleznicne.info/view.ph
p?cisloclanku=2009110009

[11]Prirucka CBA. [online].
Source:https://www.opii.gov.sk/metodicke-
dokumenty/prirucka-cba,

[12] Oznamenie 12002 — IPP. [online]. Source:
https://www.uvo.gov.sk/vestnik/oznamenie/
detail/365515?page=1&limit=20&sort=datu
mZverejnenia&sort-
dir=DESC&ext=0&cisloOznamenia=&text=
&year=0&dzOd=&dzDo=&cvestnik=&dozn
amenia=-1&dzakazky=-1&dpostupu=-
1&mdodania=&kcpv=&opb=&szfeu=&flim
it=-1&nobstaravatel=&nzakazky,

[13]Oznamenie 12005 — IPP. [online].
Source:https://www.uvo.gov.sk/vestnik/ozna
menie/detail/365517?page=1&limit=20&sor
t=datumZverejnenia&sort-
dir=DESC&ext=0&cisloOznamenia=&text=
&year=0&dzOd=&dzDo=&cvestnik=&dozn
amenia=-1&dzakazky=-1&dpostupu=-
1&mdodania=&kcpv=&opb=&szfeu=&flim
it=-1&nobstaravatel=&nzakazky,

[14]Oznamenie 12004 — IPP. [online]. Source:
https://www.uvo.gov.sk/vestnik/oznamenie/
detail/365516?page=1&limit=20&sort=datu
mZverejnenia&sort-
dir=DESC&ext=0&cisloOznamenia=&text=
&year=0&dzOd=&dzDo=&cvestnik=&dozn
amenia=-1&dzakazky=-1&dpostupu=-
1&mdodania=&kcpv=&opb=&szfeu=&flim
it=-1&nobstaravatel=&nzakazky

[15] TENtec Interactive map viewer. [online].
Source:
http://ec.europa.eu/transport/infrastructure/te
ntec/tentec-portal/map/maps.html?
corridor=1&layer=8,9

ScienFIST.org © International Journal of Information Technologies, Engineering and Management Science

http://www.scienfist.org/

(17]



