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Abstract: The aim of this article is to find a rational solution for increasing the safety of level crossings
in the Czech Republic on the basis of a set of representative level crossings. The Czech Republic
was deliberately chosen because of its geographical location, the number of level crossings on the
network, and because, according to statistics from the Rail Safety Inspection Office, the country
ranks as one of the highest for the number of accidents at level crossings. The rational solution
being sought is one that achieves a balance between legislative, technical, and awareness-raising
measures. In the practical part, great emphasis is placed on the assessment of the current state of
Czech legislation. The identified discrepancies are resolved by adjusting calculations for overview
distances and proposing changes to incorrect provisions. The main contribution of this paper is
the comprehensive overview that it provides of level crossings and their safety. This overview
includes a description of the current state of affairs, i.e., the number of level crossings, their location,
classification, construction and type of equipment used, as well as an analysis of accidents and their
frequency. The latter is in relation to the proposed construction and technical solution and subsequent
assessment of the rationalisation possibilities and investments required to reconstruct or remove
existing level crossings, thereby affecting the accident rate.

Keywords: railway crossing; accident rate; legislation; overview distances; level crossing safety
equipment; warning signs; increase safety

1. Introduction

The Czech Republic covers an area of 78,863 km2 and has 9408 km of railway lines, which places
it among those European countries with the highest density of railway networks. The road network,
which stretches 1,300,000 km, is similarly dense. When taking these two factors into consideration,
it can logically be concluded that both networks combined to create a large number of level crossings.
In total, there are 7870 of them (data provided by the Railway Administration of the Czech Republic in
2019—hereinafter referred to as SŽDC), which is equivalent to 0.8 level crossings for every 1 km of
track. The safety, technical and transport solutions for this large number of level crossings form the
main focus of this work. Within this context, it is clear that every level crossing poses the risk of a road
user colliding with a railway vehicle. Unfortunately, accidents like these are not unusual and have
been occurring since the dawn of rail transport. In response, railway operators have continuously tried
to develop better and more sophisticated safety measures to prevent such accidents. These measures
include simple warning signs (e.g., “Attention train”), mechanical barriers and state-of-the-art collision
avoidance devices that utilise laser track detectors.
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However, the fact remains that despite the railway operators’ best efforts, statistics show that the
number of fatal accidents at railway crossings is only declining at a very slow pace. This is despite
all sides acknowledging that the security devices used in the Czech Republic are among the most
technologically advanced and of a very high level. All level crossings must comply with ordinances
and standards, and all road users must comply with binding rules. The combination of these two
factors should virtually eliminate the risks of a collision with a train.

Within this context, however, human error must also be taken into account. This covers a plethora
of factors including lack of attention, overlooking safety warning signs and devices, as well as technical
and natural influences, such as insufficient overview and poor visibility. This is evidenced by the fact
that the majority of accidents occur at level crossings without barriers, which are equipped only with
warning crosses or light signalling devices. Between 2015 and 2018, the Railway Safety Inspection
Office recorded a total of 54 collisions at level crossings in the South Bohemia Region. Of these,
34 resulted in serious injury to those involved, and 13 in the loss of human life [1].

The aim of this article is to focus on the inconsistencies in Czech legislation and, in many
respects, the benevolent approach to this. This approach enables different interpretations of individual
provisions, even more so because of the inconsistency of existing standards and their nonbinding
nature, which in turn is a reflection of the outdated wording of the regulations. This problem is further
enhanced by the fact that other than the owner, no other authority is financially responsible for the
maintenance of level crossings. As a result, rail management authorities, in their efforts to increase safety
through the removal or closure of the most problematic and underused level crossings, often encounter
resistance from the local municipal authorities, the majority of whom argue for the creation of a barrier.
Unfortunately, this detracts from decreasing the number of level crossings, which would release more
money for the upgrade and maintenance of the riskiest and busiest traffic intersections.

2. Literature Review

The basis for this article is an analysis of legal standards and regulations in the Czech Republic,
namely the Act on Roads [2], the Act on Technical Requirements [3] and the Act on Road Traffic [4].
Similarly, standards and regulations on the design of crossroads [5], traffic management [6] and,
particularly, on the technical standards for level crossing control and safety equipment (hereinafter
referred to as CSE) [7] have also been taken into consideration. An important aspect within the
design of the case study is the road and motorway design standards [8], in synergy with the road
traffic regulations [9,10]. All these laws, decrees and standards were analysed for the purposes of
this research.

In some publications [11,12], the intrusion of vehicles onto a level crossing is approached on the
basis of detection and monitoring, whereas in others [13], it is approached in terms of warnings given
by means of ultrasound and wireless communication, in particular where it concerns level crossings in
rural areas, which is the case within our model examples. In Saunders et al. [14], the active elements
in road and level crossings are analysed. Within this context, it is important to evaluate the braking
distance, as discussed in [15]. In Widyastuti et al. [16], the authors look at a case study model of
level crossings in Blitar. The capacity of the railway infrastructure is also important, as discussed
in [17]. Capacity problems are mainly addressed by Gašparík [18] and Abramović [19,20], who point
to new approaches for identifying this important aspect of rail transport. In Addabbo et al. [21],
the safety of level crossings is studied in terms of targeted measurements and the analysis of the results.
The detection and tracking of unauthorised intrusions are dealt with in [22]. Different situations at
level crossings are analysed in [23]. An important element of this study is progressive and innovative
level crossing technologies, as discussed in [24–26].

Simulating the impact of selected national values on the braking curves of vehicles equipped with
ETCS is an integral part of, and one of the most important elements of, hazardous accidents at level
crossings [27]. The use of aerodynamic brakes on high-speed trains is analysed in [28], which is closely
related to train braking modes [29]. The calculation for braking distance is analysed and described
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in [30]. The deceleration rate for the calculation of safe braking distance [31] and the adhesion aspects
involved in the calculation of safe braking distance [32] are preconditions for safety in emergency
situations at level crossings.

Another basis for the analysis conducted in this article is the behaviour of truck drivers [33] and
the methodology for researching the perceptions of drivers at level crossings [34]. A secondary problem
is the design of an ecological interface for the reworking of level crossings [35]. In Read et al. [36],
the authors addressed the issue of the warnings drivers are given when approaching passive level
crossings and those they are given by alarm systems when approaching automatic level crossings [37].
In Zaman et al. [38], a case study for modelling railway accidents using maps is documented. All these
sources were explored as a prerequisite for finding synergies with which to resolve the problems
surrounding level crossings.

In Stopka et al. (2015) [39], the authors addressed the quality of public passenger transport services
on the basis of the frequency and number of connections in public transport and the resulting higher
accident rate at both the regional and European levels. This study was followed up by another [40] that
sought to evaluate integrated public passenger transport on the basis of a case study and, secondarily,
in terms of the safety of integrated transport systems as a whole. Skrúcany et al. (2019) [41] assessed
the impact of the implementation of electric mobility in European countries, whereby the premise
for the reduction of the sector´s share in the production of greenhouse gases is the electrification of
regional and secondary lines. Electrification has a significant impact on the number of accidents at
level crossings, especially when vehicle height is exceeded, which is a particular problem during
seasonal work in agricultural fields when the frequency of agricultural vehicles crossing level-crossings
increases. These vehicles often collide with the overhead lines. It is also necessary to point out that
collisions at level crossings that end in tragic consequences may also be the result of breaches of traffic
safety and a lack of experience and practice among fresh drivers. These issues are looked at in depth
by Akaateba et al. (2015) [42] and Salmon et al. (2013) [43]. In both, the authors demonstrated, on the
basis of case studies, the psychological factors that influence professional drivers and recent graduates
of a driving school course.

3. Analysis of Current Methods for the Construction of Level Crossings

A crucial contributory factor to the safety of level crossings is the means by which it is secured,
the choice being determined by geographical location, which affects overview, and local conditions such
as traffic intensity. The implication of this is that it is not necessary to install costly CSE in places where
the intensity of traffic is minimal, or, to the contrary, to construct unsecured level crossings in high-risk
places. However, at important junctions, there may be a mismatch between the norm and the regulations.

• Traffic intensity—Traffic intensity is an appropriate guide for determining the significance and
choice of safety measures. The Czech technical standard 73 6380 (hereinafter referred to as
ČSN 73 6380 standard [44]) states the formula for the transport moment calculation. The formula
is based on the measurement of the number of vehicles that pass on a road per hour within ten
hours. This number of vehicles is then multiplied by the average daily intensity of train services in
both directions. The figure for the average intensity of train services is used because, in addition
to the train services that run according to the timetabled schedule, rail traffic may also be affected
by irregularities such as movements between operating control points. In the case of the complete
upgrade of a level crossing, the ČSN 73 6380 [44] standard takes into consideration a traffic flow
intensity some fifty times higher for the calculation. For the assessment of existing safety measures,
the values of level intensities and capacities, dependent on the required level of traffic quality,
are used.

• Length and width—Level crossing length is measured along the road axis. For level crossings
without barriers, it is the distance of the intersections of this axis with the boundaries of the
danger zone. For crossings with barriers, it is the distance of the intersections of this axis with
the barrier bars. The crossing width is measured along the track axis and is equal to the distance
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of the intersections of this axis with the boundary of the free width of the road to the crossing.
The width of the adjacent road should be at least 30 m from the edge of the rail track on either side.
The minimum crossing width must be 5 m, with exception to pedestrian- and cyclist-only crossings.

• Free height and free space—The free height measured between the crossing road and the overhead
lines is given as the free height reduced by the set safe distance from the overhead line divided
by traction. The passage space along the entire length and across the entire width of the level
crossing must comply with the provisions set out in ČSN 73 6102. The free space is then defined
along the whole length and free width and height.

• Spatial layout and connection to the road—According to the standards, a minimum distance
of 10 m must be observed between the border of the junction and the danger zone of the level
crossing. In the case of newly constructed level crossings, this is 30 m. Not only does the distance
to the nearest intersection play a major role in the resulting safety of the level crossing, but the
angle of the intersection as well. For new level crossings, the required crossing angle is at least 75◦.
For existing crossings, it is recommended that this value be achieved during the design and
implementation of the earliest upgrade. The level crossing must not ascend, arch or be in a
transitional location. The longitudinal inclination of the track to the adjacent road must not
exceed 3%. The lateral slope is then given by the course of the track´s vertical alignment.

• Construction–technical implementation of level crossings—Level crossings must, on the basis
of their technical design, marking, overview and implemented security measures, ensure the
safety of all road users, including persons with reduced mobility and orientation. The construction
of roads at level crossings on national and/or regional lines must be demountable. The level
crossing structure must be equipped with a protective wedge on both sides, the superstructure
and the trackbed must be drained, and the shape of the rail used must be the same as in the
adjacent section. The construction solution and/or modifications must correspond to the road
traffic flows and loads, whilst ensuring the safety of the rail transport operation.

3.1. Risk Analysis at Level Crossings Using the Ishikawa Method

The cause-and-effect diagram is sometimes also called the Ishikawa diagram or even the
herringbone diagram (see Figure 1). Its purpose is to determine the most likely cause of the problem
we are trying to solve. This quality tool is usually used within a team, where all possible, and even
unlikely, causes of the problem we are trying to solve are generated through brainstorming.
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After applying the methodology, the conclusion was drawn that in addition to the contribution
that human factors make to the number of accidents at level crossings, the lack of coordination of
regulations and technical standards also has a great influence. These regulations and standards will be
subject to the optimisation of the calculation methods used in the construction of level crossings.

3.2. Overview of Slowest and Longest Road Vehicles

The most important factor for ensuring safety at level crossings is a standardised overview.
The situation at level crossings equipped with a safety device is much easier than at level crossings
with only a warning cross. Firstly, when calculating the distance required to stop a vehicle before
a crossing, the determined speed takes into consideration the CSE used. The overview distance Dz

should be 40 m for a maximum authorised speed of 50 km/h, and 20 m for an authorised speed of
30 km/h. For functional category C roads, these distances are reduced by an additional 5 m (see Figure 2
and Table 1).
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Figure 2. Overview distance required to stop before a level crossing with control and safety
equipment (CSE). Source: [44].

Table 1. Overview distance Lr.

Value km/h 10 20 30 40 50 60

Recommended for roads and local roads [m] 16 32 48 64 81 97
Shortest for main roads and local roads (categories A, B) [m] 12 24 36 48 60 72

Shortest for minor roads and lanes (category C and subcategory D1) [m] 11 21 32 42 53 63

Source: [44].

For level crossings with only a warning cross, the situation is much more complicated. There are
several variables that can influence each other. These include both the aforementioned overview
distance Dz for safe stopping and the unobstructed overview of the track (front of the railway vehicle)
from a height of 1 m above the road, both in the field of vision of the road vehicle driver Lr and that of
the slowest road vehicle Lp.

The slowest road vehicle is the vehicle moving at 5 km/h. This speed is based on the historical
value of the speed with which animals can be driven across a level crossing. Many safety experts have
called for an increase or an adjustment of this value to take into account different local conditions.
In the still valid CSD regulation [45], longitudinal vehicles are taken into account when calculating
overview distances, whereby a length of 22 m is taken into consideration.(see Figure 3 and Table 2).
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Table 2. The shortest distance Lp on category C and subcategory D1 roads.

Level Crossing Angle α [◦]
Line Speed [km/h]

10 20 30 40 50 60

90 30 60 90 119 149 179
80 30 60 90 120 150 180
70 31 62 92 123 153 184
60 32 64 96 127 159 191
50 34 68 101 135 169 202
45 36 71 106 141 176 211

Source: [44].

Currently, the greatest inconsistency between the ČSN 73 6380 [44] and SŽDC (ČSD) S 4/3 standards
is the parameters regarding overview. The Czechoslovak Railways (ČSD) regulation [45] classifies
overview according to observance as either very good, good, unfavourable, bad or insufficient.
This closely corresponds to the choices made concerning the selected safety measures and the
adjustments made for local conditions. For the purposes of the regulation, the same variables with
a different designation are used. The braking distance B is considered to be the standard overview
distance Dz, whereby the value of the undisturbed overview Lr is measured in the regulation as
1.2 m above the road surface and marked as Lm. The field of vision of the driver of the slowest
vehicle is the same in both. However, what is different and essential is the possibility of halving the
overview distances Lm and Lp in the case of an unfavourable overview. In the case of poor visibility,
the regulation goes even further and cuts the braking distance B in half, including the above, and in
contrast to the ČSN 73 6380 [44] standard, does not take into consideration the use of the P6 warning
sign “Stop, give way!”.

4. Proposed Methodology for Calculation of Overview for the Slowest Vehicle

In light of the statistics from the Rail Safety Inspection Office on the number of accidents at level
crossings, including their consequences in terms of fatalities, injuries and property damage, it is essential
to devise effective procedures to mitigate the risks of such accidents occurring. Professional articles and
studies published abroad serve as a valuable source of information on this. Given the direct connection
with the situation in the Czech Republic, these provide guidance for a possible alternative approach.
Similarly, a comparative analysis of these guidelines that deal with a similar topic and the conclusions
drawn is equally interesting. Combined, these guidelines provide an unbiased point of view that can
be used to verify the correctness of any judgment concerning the proposed methodology. Assessing the
feasibility of the application of the proposed measures in practice is an important part of this proposal.
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In terms of rationalisation, the data on rail network density and the number of level crossings
reveal a difficult situation with regard to finding a uniform technical solution. However, for the
selected sample of level crossings, it was possible to propose some partial, economically acceptable
measures to improve safety measures that can feasibly be implemented on a general scale. This was the
top priority. Future areas of interest and possible applications of current state-of-the-art technologies,
including detection systems, ETCS technologies and new active safety features implemented directly
in vehicles are also highlighted.

The analysis and design are focused on the region of South Bohemia, which is a suitable candidate
because of the high density of level crossings and their geographical locations, thereby providing
relevant results that may be extrapolated to generate national statistics. Outputs from the level crossing
passport serve as a source of basic registration data.

4.1. Problematic Overview

The dual assessment of the overview is the first important area to consider. A good overview
of the track is a key factor for ensuring safe operation. It is often the case that the assessed overview
is only seasonal. Some crops planted in fields near a level crossing can grow to heights of over two
metres, thereby (completely) blocking the overview of the track. In reality, there is little that can be
done about this other than buying the land. It is important to note that it is impossible for the state to
invest resources for this purpose. This also applies to possible interventions concerning crops or the
cutting of trees.

If administrators want to properly secure and operate level crossings in order for the level crossings
to be subject to similar circumstances, then according to the applicable standard, there is no other
option than to install the P6 warning sign “Stop, give way!”. This ensures that the standardised values
Lr and Lp focus only on the slowest vehicle and that the value for the field of vision of the driver of the
road vehicle is no longer taken into consideration.

4.2. Proposal to Adjust the Speed of the Slowest Vehicle

In 2012, an update of ČSN 73 6380 (marked as Z2) was issued, which came into effect in 2013.
It was an attempt to unify the wording of the standard according to related laws and decrees. It sought
to repeal the ČSD S 4/3 regulation and uniformly subordinate the construction and technical execution
of all regulations to the current standard. The fundamental problem with this lies in the assessment
of the behaviour of the slowest vehicle on a level crossing and the algorithm for calculating this.
According to Z2, if the driver passes the danger zone on the remote side, it is assumed they will
start to accelerate uniformly. This substantially changes the situation and fully reflects the current
assessment of the overview at level crossings according to the ČSN 73 6102 (2017) standard. However,
when the proposal was put forward to increase the speed of the slowest vehicle up to 10–15 km/h,
as is the case in neighbouring states, it was met with immediate resistance. According to the current
conclusions, the increase could be in the range of 5–10 km/h, taking into account the current local
conditions. The overview distance Lp is therefore unnecessarily demanding when consideration is
given to the “historical” speed of 5 km/h and the support given to resisting the repeal of the ČSD S 4/3
regulation. (see Table 3).

Table 3. Vehicle group and overview determination.

Group Vehicle Vehicle Length [m] Uniform Acceleration [m/s2]

1 Car and van 6 2.2
2 Garbage truck, truck, bus 10 1.7
3 Articulated bus, tractor and trailer or semitrailer 18 1.3
4 Longest vehicle according to Act No. 361/2000 Coll. 22 1.2

Source: [39].
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In light of the current technical parameters of vehicles and the state of the infrastructure, it is
necessary to increase the speed to the maximum possible, thereby taking into account the local and
technical conditions. It is this change in the ČSN 73 6380 Z2 standard that provides the solution
to the disputed situation with regard to the placement of the P6 warning sign “Stop, give way!”.
The calculation for the speed of the slowest vehicle and its uniform acceleration from the 4 m border
from the axis of the track edge until it leaves the danger zone is taken into consideration. Thus,
vsn = 0 km/h is considered the initial speed, and the time tp = 0 s. The current method is correct
because the traffic restrictions used are, in many cases, inevitable and even required by the police of
the Czech Republic. The current wording of the standard or regulation does not address this, and the
calculated values are therefore based on a constant vehicle speed while passing through the danger
zone, without stopping before the level crossing. The provisions of amendment Z1 are therefore
currently in force, with Z2 revoked and replaced by amendment Z3 at the request of the Railway Safety
Inspection Office, with work on a proposed amendment Z4 underway (see Table 4).

Table 4. Driver’s observation and reaction time.

Road Category

t1 [s]

Overview Conditions

Recommended
Value

Smallest
Value

Recommended
Value

Smallest
Value

Main roads and local roads
(categories A, B) 2.0 1.5 3.5 2.0

Minor roads and lanes
(category C, subcategory D1) 1.5 1.0 3.5 1.0

Purpose-built roads
(field and forest roads) 1.5 1.0 3.5 1.0

Source: [44].

The unsolved and dangerous situation arising from the use of the P6 warning sign “Stop, give way!”
is also highlighted by Kubo [45], who analysed critical points in the region of South Bohemia. In particular,
he put the spotlight on one level crossing from 1950, which only features warning crosses and the P6
warning sign, with a line speed of 100 km/h, which is permissible under Decree 177/1995 Coll. on the
basis of § 88. [46].

The calculation proves that when applying the formula for the slowest vehicle with a length of
22 m, travelling at a constant speed of 5 km/h before and beyond the danger zone without stopping,
the overview distance complies with the ČSN 73 6380 Z1 standard. If the driver respects the markings
and brings the vehicle to a complete standstill, and then subsequently starts moving forward again,
the required overview distance increases by 18 m, which is unsatisfactory. Nobody responsible
(except the authors of the standard) is likely to address this. Placing the “Stop, give way!” sign,
therefore, eliminates the need to maintain the Lr decision field. In this case, however, the Lp,
according to the ČSN 73 6380 Z1 standard, which is based on the formula and table values related
to the vehicle moving at a constant speed of 5 km/h for the whole time, is subsequently incorrectly
evaluated. For the sake of clarity, it is, therefore, necessary to calculate the minimum value of Lp for
the selected crossing pattern according to the valid standard, whilst maintaining a constant speed.
This value is then compared with the calculation for the vehicle that comes to a stop at the markings
and then accelerates back up to the intended speed of 5 km/h. When drawing up the formula for a
uniformly accelerating vehicle, it is necessary to consider the acceleration of the guide, depending on
the respective group of vehicle, as indicated in the ČSN 73 6102 standard, the observation and reaction
time of the driver according to the category of road, and the way in which the level crossing is secured
in terms of the ČSN 73 7380 (2004) standard. [47].
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The calculations in this article deal with actual values, which are taken into account by the
ČSN 73 6380 standard, as is the assessment of their correctness. According to the tables specified
in the ČSN 73 6380 standard, the passport kept by the administrator evaluates overview distances
regardless of traffic restrictions. The calculations of the overview distance for the slowest road vehicle
are currently flat-rate and based on the following formula (1):

Lp =
Vz

Vsn
×

(
Dp + Ds

)
(1)

where
Vz line speed on the adjacent section and through the level crossing [km/h]
Dp level crossing length measured along the road axis [m]
Ds length of the longest road vehicle (maximum permissible length of a truck is 22 m) [m]
Vsn speed of the slowest road vehicle [km/h]

Lp =
30
5
× (7.8 + 12) = 118.8 m.

The overview conditions are satisfactory because the minimum standard required Lp of 118.8 m is
less than the actual measured value of 128 m. (see Figure 4 and Table 5).
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Table 5. Measured input data Lp for level crossing P6133.

Length of the level crossing 7.8 m
Length of the longest vehicle 12.0 m
Line speed through the level crossing 30 km/h
Speed of the slowest vehicle 5 km/h
Overview distance for the slowest Lp vehicle 128 m
Uniform acceleration extrapolated for Ds 12 m 1.5 m/s2

Observation and response time according to Article 7.4, Category III road, minimal 2 s

Source: authors.

In addition to a warning cross, the level crossing is also fitted with the P6 warning sign
“Stop, give way!”. If the driver stops their vehicle based on this command, the calculation parameters
will also change. Two more variables are added to the formula to reflect this. The basic formula is
based on the cancelled amendment to the ČSN 73 6380 Z2 standard but does not take into consideration
the vehicle accelerating uniformly at the maximum speed limit through the level crossing. Instead,
it assumes that the vehicle accelerates from 0 to 5 km/h and continues at this constant speed while
passing through the danger zone. The proposed formula (2) is, therefore, as follows:

Lp =
Vz

3.6
× (t1 + ta + tk) (2)
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ta =
Vp/3.6

Vz
=

5/3.6
1.5

= 0.93 s

D0 =
Vz × t2

a
2

=
1.5× 0.932

2
= 0.65 m

Dx =
(
Dp + Ds

)
−D0 = (7.8 + 12) − 0.65 = 19.15 m

tk =
Dx

Vp/3.6
=

19.15
5/3.6

= 13.79 s

where
Vy line speed on the adjacent section and through the level crossing [km/h]
Dp level crossing length measured along the road axis [m]
Ds length of the longest road vehicle (maximum permissible length of a truck is 22 m) [m]
Vp speed of the slowest road vehicle (5 km/h is considered) [km/h]
Vz uniform acceleration according to group [m/s2]
D0 distance travelled from 0 to the speed of the slowest vehicle [m]
Dx distance travelled at a constant speed of the slowest vehicle [m]
ta time taken to accelerate from 0 to the slowest vehicle speed [s]
tk time required to drive distance Dx [s]
t1 driver observation and response time [s]

Lp =
Vz

3.6
× (t1 + ta + tk) =

30
3.6
× (1 + 0.93 + 13.79) = 131 m

When using the P6 warning sign “Stop, give way!”, the overview distances for the selected level
crossing P6133 are unsatisfactory. This is because the minimum calculated length Lp of 131 m (for a
vehicle starting after stopping) is greater than the actual measured length of 128 m. If all variables
are taken into consideration, in the case of acceleration from 0 km/h, the moment the front of the
approaching railway vehicle is observed, the driver of the slowest vehicle, with a distance of 12 m to
cover, would not manage to cross the level crossing in time, and, therefore, a collision would occur.

For comparative purposes, calculations were also made for another level crossing,
specifically P6139, located near the village of Újezdec. It is the most common type of single track level
crossing with a minimum length of 6.5 m, almost ideal angle of 105◦, lying on a category B road with a
P6 warning sign “Stop, give way!” on both sides. (see Figure 5 and Table 6).
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Table 6. Measured input data Lp for level crossing P6139.

Length of the level crossing 6.5 m
Length of the longest vehicle 22.0 m
Line speed through the level crossing 65 km/h
Speed of the slowest vehicle 5 km/h
Overview distance for the slowest Lp vehicle 374 m
Uniform acceleration extrapolated for Ds 22 m 1.2 m/s2

Observation and response time according to Article 7.4, local road, minimal 1 s

Source: authors.

The calculation according to the current version of the ČSN 73 6380 standard is as follows:

Lp =
Vz

Vsn
×

(
Dp + Ds

)
=

65
5
× (6.5 + 22) = 370.5 m

The overview distances are considered satisfactory because the standard minimum overview
distance required of 370.5 m is less than the actual distance measured of 374 m.

The calculation in the case of the stopping and starting of the slowest road vehicle, according to
our proposed new calculation methodology, is as follows:

Lp =
Vz

3.6
× (t1 + ta + tk)

ta =
Vp/3.6

Vz
=

5/3.6
1.2

= 1.16 s

D0 =
Vz × t2

a
2

=
1.2× 1.162

2
= 0.81 m

Dx =
(
Dp + Ds

)
−D0 = (6.5 + 22) − 0.81 = 27.69 m

tk =
Dx

Vp/3.6
=

27.69
5/3.6

= 19.34 s

Lp =
Vz

3.6
× (t1 + ta + tk) =

65
3.6
× (2 + 0.81 + 19.34) = 406.25 m

Even in this case, the overview distances are unsatisfactory because the minimum calculated
length Lp of 406.25 m (for a vehicle starting after stopping) is greater than the actual distance measured
of 374 m.

5. Results and Discussion

The first point of discussion is the willingness, or lack thereof, of the European Commission
and the government to resolve the issues concerning the maintenance of level crossings. At present,
in most cases, the only owner and manager is the state or the railway management authority. Everyone is
aware of the disproportionately high number of level crossings, but no one wants to hear the
administrator’s call for the need to reduce these numbers. That said, reliable accident statistics and
experience from abroad support such efforts. Within this context, it is clear that the safest level crossing
is one that does not exist. The solution is a radical approach in the form of share-based financing of the
maintenance of level crossings by the users from the regions and municipalities they are located in,
or more appropriate and effective legal regulations. The European technical standards may specify the
conditions for maintenance or removal of actual bypass routes with a maximum length.

According to the current inconsistent wording of national technical standards and the European
standards and regulations, it can be stated that the existing standards and regulations are the source
of the problem due to their possible misinterpretation. Therefore, it would be reasonable to discuss
amendments to the European technical standards dealing with this subject. After updating the proposed
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calculation methodology, it would be possible to increase safety not only in the Czech Republic but
also in EU countries.

Even though the SŽDC S 4/3 regulation is to be repealed, the current state of affairs, by virtue of
all the related provisions, will continue to apply. The only solution is, therefore, to finalise the change
within the ČSN 73 6380 standard. The revised Z2 amendment fully reflects the requirements of the
current state of transport infrastructure and the technical characteristics of vehicles.

Overview distances are now satisfactory in many places. The result would be to limit cases by the
application of measures leading to misinterpretations of the current wording of this document, especially
the widely used combination of warming crosses and the mark No. P6 “Stop, give way” (see Table 7).
The calculation above demonstrates that the standard does not consider this situation, and therefore,
the calculation methodology is not applicable to this variant. On this basis, it can be concluded that it is
necessary to apply a new calculation methodology, for example, the proposed methodology, to national
standards and, in turn, to the technical specifications for the safe interoperability of level crossings.

Table 7. Comparison of standard values Lp and calculated values if P6 warning sign “Stop, give way!”
is installed.

Length of the Crossing 6.5 m
Line Speed Vz [km/h]

10 20 30 40 50 60

ČSN 73 6380 Z1 57 114 171 228 285 342
Recalculated for P6 60 119 179 239 299 358

Source: authors.

For illustrative purposes, it is necessary to highlight the difference between the values given by the
standard and the calculation with regard to the adjustment of the local road and line speeds. The differences
do not seem so great, but it is important to realise that these are minimum values (see Figure 6).
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Figure 6. Comparison of standard values Lp and calculated values if P6 warning sign “Stop, give way!”
is installed.

With regards to the signalling device, the disproportionate prolongation of the pre-ringing times
is associated with a poor assessment of the speed of the slowest vehicle. Here, however, the described
change in the calculation would partially help. It is definitely necessary to support efforts to gradually
deploy modern LED signal lighting and to modernise existing equipment because the visibility of
current signal lighting at intersections is really poor. This situation is largely related to obsolete
technology, but also to the cost of replacement, which is relatively high due to the complexity of
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and necessity for supervisory adjustments. Support for LED deployment is not even on the side of
the standard.

6. Conclusions

The aim of this article is to draw attention to fundamental shortcomings in the area of level
crossing safety. This issue is well-known among the general public. Despite the accident rate
remaining stubbornly high, investment in this area is lacking. Unfortunately, few people realise that
the responsibility for this situation not only lies with irresponsible road users but also with the current
state of legislation and the unusually high number of level crossings. The consequence of the latter is
that it has resulted in the unilateral financing of maintenance, which, in turn, has generated a reluctance
to remove or reconstruct dangerous and unnecessary level crossings.

As was to be expected, tilting barriers proved to be the safest option. The recommendation should,
therefore, be clear with regards to this. Unfortunately, there are many locations where they should be
installed, but where it is often technically not possible to do so. The large percentage of accidents at level
crossings with interlocking safety devices requires further assessment of the basic safety parameters in
the calculation of visibility conditions. Due to the cancelled change to the ČSN 73 6380 Z2 standard,
the correctness of the calculation was verified in its current form. This turned out to be wrong because it
did not allow for the slowest vehicle to stop completely. This finding significantly changes the situation
and creates a potential danger at all level crossings without barriers and with only the P6 warning sign
“Stop, give way!”. This is not helped by the lack of compliance with regulations, laws and standards,
which leads to misinterpretations and the adaptation of provisions to current needs, which is not
acceptable. Given the seriousness of the errors found, it is necessary to repeal the disputed regulations
and to promptly update and amend the applicable standards, decrees and laws.

Urgent efforts are required to solve these elementary problems. It is paramount to start by
significantly reducing the number of level crossings. This can only be achieved through close
cooperation between the state, regions and municipalities. Of equal importance is the support of the
general public. All proposals will only be effective if they strictly adhere to the rules, regulations and
laws. This can be greatly helped through innovative education programmes aimed at increasing the
understanding of the basic functions of CSE.

It is also necessary to evaluate the possible extension of the methodology, which will form the
basis for future research, and which should be based on the new methodology presented. The case
study has also raised further questions that need to be considered. One of the most important issues
is the unification of individual national standards into one supranational standard that could be
implemented by the European Union by decree.

Another solution is the adoption of technical standards that would prohibit the construction of
level crossings in places where the safety and smoothness of road traffic flows are not maintained.
Within this context, the adopted technical measures should include the simplification and clarity of the
traffic situation near dangerous level crossings. Last but not least, when constructing new railway
lines and upgrading existing lines, it is important to build level crossings which completely eliminate
collisions between trains and road vehicles. All these issues will be the subject of further research.

Author Contributions: V.L’. and M.S. conceived and designed the manuscript; they elaborated its methodology,
processed the literature review, verified the results and performed the experiments; J.M. performed individual
calculations, realized the final manuscript corrections and supervised the formal revision of the manuscript.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2020, 12, 5684 14 of 16

References
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Prague, Czech, 2010.
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Český normalizační Institut: Prague, Czechia, 2004.

http://dx.doi.org/10.1016/j.proeng.2016.08.623
http://dx.doi.org/10.1016/j.proeng.2017.06.171
http://dx.doi.org/10.1007/s12206-018-1122-8
http://dx.doi.org/10.1016/j.trgeo.2019.100258
http://dx.doi.org/10.1177/0361198119828679
http://dx.doi.org/10.17818/NM/2015/SI7
http://dx.doi.org/10.2478/logi-2020-0002
http://dx.doi.org/10.3390/su11184948
http://dx.doi.org/10.1016/j.ssci.2015.02.010
http://dx.doi.org/10.1016/j.aap.2012.09.029


Sustainability 2020, 12, 5684 16 of 16

44. ČSD S 4/3, 1985. Regulation for the Management and Maintenance of Level Crossings. [Předpis pro Správu a
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