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Abstrac

 Railway-road crossings over rail tracks are intersections of two separate transportation systems 
that, from a safety standpoint, represent a high-risk point for all traffic participants. In the absence of 
adequate levels of protection at railway-road crossings, the danger significantly increases, as evidenced 
by the number of traffic accidents occurring at these locations. The subject of research in this paper 
is the impact of the human factor on safety at railway-road crossings in the Western Region, which 
encompasses the areas of Karlovac County, Lika-Senj County, Primorje-Gorski Kotar County, and 
Istria County. The aim of this study is to determine the safety conditions at railway-road crossings in 
the Western Region and compare them with the rest of the Republic of Croatia. Subsequently, the goal 
is to ascertain the extent of the human factor’s influence on their occurrence. The working hypothesis 
states that accidents resulting in fatalities occur at railway-road crossings with low railway and road 
traffic on county, local, and unclassified roads in or near settlements because drivers fail to comply 
with regulations. To support the hypothesis, the study utilized scientific methods such as analysis and 
synthesis, descriptive method, induction and deduction method, and comparative method. The research 
results are based on secondary sources of data for the period from 2014 to 2023.
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1. Introduction

Railway-road crossings (RRCs) can be seen as points of intersection between two 
types of traffic at the same level. These locations essentially pose a very serious safety 
issue for both railway and, particularly, road traffic. They are critical points, or locations 
where there is a high risk of serious accidents occurring. These locations are particularly 
deadly for road traffic users, where road traffic participants are often involved, with 
frequently fatal consequences. Additionally, in the case of railway traffic participants, 
damages to railway vehicles, traffic disruptions, and mainly material damages typically 
occur. Safety represents a contemporary phenomenon in transportation. Due to the 
significant human factor involvement, safety in transportation cannot be absolute, 
especially in the intersection of two types of traffic such as railway and road traffic. In 
the literature [26] dealing with the issue of extraordinary events, the human factor’s 
contribution to accidents and incidents is consistently estimated at a high percentage, 
ranging from 80% to 99%. For example, up to 95% of the causality of road accidents 
is attributed to human error, while at railway-road crossings, accidents and serious 
incidents are attributed to the human factor at over 95% up to 99% [12]. Railway traffic 
safety can be defined as the highest possible probability that the entire transportation 
system or a specific subsystem will function safely, under predetermined operating 
conditions. If, for any reason, there is a threat to the proper operation of railway traffic, 
the installed devices must be designed, programmed, and executed to unconditionally, 
reliably, and automatically switch to a higher level of safety, even at the cost of a 
complete traffic shutdown. The aim is for the railway’s impact on the environment to 
be as minimal as possible. The most challenging task facing railway transportation 
regarding safety is undoubtedly to prevent conflict situations, both within the railway 
traffic itself and towards other modes of transportation with which the railway shares 
the same environment.

Concerning the safety of railway transport special attention should be consider 
on the impact of extreme weather conditions on ocerhead-line infrastrucutre in the 
process of planning and design of railroad corridors, as shown by the authors [27-29, 
37]. Special attention, in addition to infrastructure, should also be paid to railroad safety 
related to the quality of traction of train wheels on the tracks [16, 33].

The interaction of pantographs and overhead routes, i.e., aerodynamics and active 
control of pantograph are new issues of contemporary research trends in rail transport 
[5]. Additionally, research addresses and analyze system maintenance, life cycle costs, 
and reliability [1, 8, 19, 36].

The western part of Croatia, i.e., the Western Region in railway terms, represents 
the railways passing through the geographic area from Zvečaj station in Karlovac 
County, and from Lovinac station in Lika-Senj County, all the way to Rijeka in 
Primorje-Gorski Kotar County and Pula in Istria County. Due to the large number of 
inhabitants passing through and living in the Western Region, and on the other hand, 
the high number of extraordinary events occurring at railway level crossings (ŽCPs), 
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this paper will attempt to analyze the state of security at railway level crossings in the 
Western Region, as well as the impact of human factors on road and railway traffic 
safety, i.e., to determine the responsibility of level crossing users for the occurrence 
of extraordinary events at them. 

Then, the working hypothesis “Fatal accidents occur at level crossings with low 
railway and road traffic on county, local, and unclassified roads in settlements or near 
settlements because drivers do not comply with regulations” will be attempted to be 
supported.

2. Theoretical framework and research problem

In the following text, methods of securing level crossings (ŽCPs), legal framework, 
and definitions of terms categorizing extraordinary events will be described, along with 
the actual state of level crossing security in the Western Region.

Level crossings (ŽCPs) can be secured in two ways: passively and actively. The 
passive method involves securing ŽCPs with a traffic sign (St. Andrew’s cross and 
STOP sign along with the prescribed visibility triangle). The active method of securing 
is executed by physically preventing road vehicles from crossing the railway track 
using barriers/gates and light-sound signaling, barriers/gates alone, or only light-sound 
signaling, accompanied by appropriate road traffic signs. (cf. Scheme 1.)

Scheme 1. Types of level crossing (ŽCP) security 
Source: Authors

The installation of half-barriers/full barriers, i.e., their operation and control, can 
be achieved through mechanical, electromechanical, or electronic devices. In addition 
to mechanical protection, flashing lights and audible signals are commonly used as 
supplements.
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Activation and deactivation occur automatically upon the train’s approach to certain 
contacts, activation by workers from the official site electronically or mechanically, or 
through an on-site level crossing attendant manually operating the barrier.

Technical supervision of level crossings secured by a signaling and safety device 
(SS-device) can be achieved in two ways, found in most countries. One method involves 
integrating level crossings with the train’s travel path. These are typically located 
within the station area or near the station and are dependent on main signals, ensuring 
that a train cannot enter, exit, or pass through the crossing without it being secured or 
protected beforehand. 

The other method involves autonomous level crossings that are monitored 
independently of the train’s travel path. These are commonly found on open tracks 
and are activated automatically by the train’s approach to specific contacts on the 
track. (cf. Scheme 2.)

Scheme 2. Classification of active level crossings based on supervision type 
Source: Authors

Regarding level crossings where the method of security is a crossing attendant 
(BR+ČV) who operates the barrier manually, lifting and lowering it on-site, the situation 
is somewhat different as the entire safety level relies on the individual. Consequently, 
there is a greater possibility of error.

In the following text, legal frameworks and definitions related to extraordinary 
events are described. Extraordinary events in railway traffic are defined by the Law on 
Safety and Interoperability of the Railway System and the Regulation on Procedures 
in Case of Extraordinary Events. The classification of extraordinary events depends 
on their consequences. Therefore, extraordinary events considered as serious accidents 
are those that result in the death of at least one person, serious injuries to five or more 
people, or material damage in the monetary equivalent of two (2) million euros or more. 
Accidents are classified as extraordinary events if they result in serious injuries to one 
to four people or material damage up to two (2) million euros. A safety recommendation 
from the Agency for Investigation of Air, Maritime, and Railway Accidents has been 
accepted, stating that every collision between a train and a road vehicle at a level 
crossing is considered an accident, regardless of whether there was minimal material 
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damage, which was previously classified as an incident. An incident is any event, except 
for an accident or serious accident, related to railway traffic that affects its safety. An 
incident at a level crossing is considered if there has been a barrier/gate breakage, 
untimely securing of the level crossing, or passage of a train over the level crossing 
where traffic is secured by SS-devices if the traffic is not secured by those devices [21].

After a brief overview of level crossing security methods, legal frameworks, and 
definitions of terms categorizing extraordinary events, the following text will analyze 
the actual situation at level crossings in the EU, Croatia, and the Western Region.

In the European Union, there are a total of 108,196 level crossings at grade. On 
average, there are slightly under 5 level crossings with active protection measures for 
every 10 kilometers of railway, representing a percentage of 53% of actively secured 
crossings compared to all crossings in the EU [26-27].  Therefore, the situation 
regarding the number of level crossings per kilometer of railway is slightly lower in the 
EU than in Croatia, albeit with a higher prevalence of actively secured level crossings 
in the EU, contributing to greater safety in both road and rail traffic.

Railway traffic management in Croatia is organized so that HŽ Infrastructure Ltd. 
is the manager of the railway infrastructure, and the area is divided into five regional 
working units, or regions: North (Koprivnica), Central (Zagreb), East (Vinkovci), West 
(Rijeka), and South (Split).

HŽ Infrastructure Ltd. manages a total of 2,617 kilometers of railway, of which 
37% are electrified and 10% are double-track. They oversee 558 official sites, 549 
bridges, 109 tunnels, and handle 20.4 million train kilometers. With over 5000 
employees, they manage 1402 level crossings. Among these, 812 are secured only 
by traffic signs (passive protection), while 586 are secured by SS-devices (active 
protection). This means that 42% of level crossings are actively secured compared to 
58% passively secured. On average, there are 1.86 level crossings per kilometer of 
railway [10].

The Western Region, in railway terms, comprises the railway lines passing 
through the geographical areas of Karlovac County, Lika-Senj County, Primorje-Gorski 
Kotar County, and Istria County. In this area, the railway network is significant for 
international, regional, and local traffic. The railway lines significant for international 
traffic include the main corridor lines M202 Zagreb Main Station-Rijeka from Zvečaj 
station to Rijeka station, the M203 line from Rijeka to Šapjane-DG, and the corridor 
lines M602 Škrljevo-Bakar, M603 Sušak Pećine-Rijeka Brajdica, and M604 Oštarije-
Knin-Split from Oštarije station to Lovinac station. Additionally, the regional line 
R101 from DG-Buzet-Pula and the local line L212 from Rijeka Brajdica to Rijeka are 
also significant for international traffic. The Western Region encompasses a total of 90 
official sites (52 stations, 1 junction, 1 dispatching point, and 36 stops), 450 kilometers 
of railway lines, and 176 level crossings (excluding pedestrian crossings) with various 
security measures in place. (cf. Figure 1.)
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Figure 1. Map of the railway network in Croatia 
Source: [11]

Regarding the level crossing (ŽCP) security methods in the Western Region 
compared to the rest of Croatia, the fact that the density of level crossings is such that 
there is one level crossing for every 2.56 kilometers of railway favors the region. This 
density is slightly lower than the average for Croatia. The security method is such that 
passive protection is more prevalent, accounting for approximately 53% (93) compared 
to active protection at 47% (83), which is a similar case to the rest of Croatia. This 
predominantly passive approach contributes to decreased traffic safety because there 
are still many level crossings per kilometer of railway, and passive protection methods 
are still prevalent. (cf. Table 1.)

Table 1. Comparison of Types of Level Crossing Security in EU, Croatia, and Western 
Region

Level Crossing Security Type Active (%) Passive (%)

European Union 53 47

Republic of Croatia 42 58

Western Region 47 53
Source: [7 i 26]

In most cases, the highest proportion of passive level crossing security is found on 
lower-ranked railway lines, such as those in Istria County. Therefore, on main corridor 
lines, active level crossing security measures are more prevalent.
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Analyses indicate that extraordinary events with the most severe consequences 
(fatalities, serious injuries, and significant material damage) occur at level crossings 
secured by passive methods, as well as at crossings with lower levels of active 
protection, such as those equipped only with light and sound signaling.

Therefore, if we consider the area of the Western Region, it is a specific and 
challenging area to analyze due to its affiliation with multiple counties. It is not 
geographically or territorially bounded by railway lines but rather traversed by several 
railway lines of different ranks and various methods of traffic regulation for trains. The 
area of the Western Region is highly demanding due to its density of roads, totaling 
approximately 5000 kilometers in length, of various ranks that intersect railway lines at 
the same level. This results in a large number of level crossings with different security 
methods.

The number of accidents largely depends on the number of users of level crossings, 
so potential users of level crossings must also be mentioned. According to the results 
of the 2021 Census, the area is home to approximately 500,000 inhabitants, accounting 
for 12% of the population in Croatia (4,284,889).

3. Analysis and Research Results

In order to analyze the impact of the human factor on safety at level crossings 
(ŽCPs) in the Western Region, a summary of the number of extraordinary events at 
level crossings on the railway network of Croatia is provided (cf. Table 2.) and on the 
railway network managed by the Western Region for the period from 2014 to 2023 (cf. 
Table 3.). Furthermore, extraordinary events at level crossings are graphically depicted 
based on their security method and responsibility for the occurrences in the total amount 
from 2014 to 2023 (cf. Graph 1.). Additionally, graphical and tabular representations are 
provided for the consequences of extraordinary events, including fatalities and serious 
injuries, based on the level crossing security method. Furthermore, responsibility for 
fatalities and serious injuries at level crossings in the Western Region is shown (cf. 
Graph 2. and Table 4.). So, a graphical representation of the trend in barrier breakages 
over the years for the observed period in the Western Region is provided (cf. Graph 3.).

During the analyzed period of 10 years (2014-2023), a total of 8987 extraordinary 
events occurred on railway lines in Croatia, out of which 54.6% (4909) occurred at 
level crossings (ŽCPs), resulting in 60 fatalities and 58 serious injuries. Out of the 4909 
extraordinary events that occurred at level crossings in Croatia, 94.8% (4654) of them 
were caused by level crossing users, i.e., drivers of road vehicles. This is slightly less 
prominent in the Western Region (cf. Table 2 and 3).
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Table 2. Extraordinary Events at Level Crossings by Categories in Croatia from 2014 
to 2023.

Source: HŽ Infrastructure Ltd., internal reports

A slightly lower trend in extraordinary events at level crossings is noticeable on 
the railway network of the Western Region compared to the total number, where a total 
of 1580 extraordinary events occurred, mostly incidents, totaling 1456, along with 108 
accidents and 16 serious accidents. Out of the total number of extraordinary events 
(1580), 36% (576) occurred at level crossings, including 551 incidents, primarily barrier 
breakages (539), 22 accidents, and 3 serious accidents (cf. Table 3.).

Table 3. Extraordinary Events at Level Crossings by Categories in the Western Region 
from 2014 to 2023.

Source: HŽ Infrastructure Ltd., internal reports
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So, during the observed period, out of the total number of all extraordinary 
events that occurred at level crossings in the Western Region (576), human factor 
responsibility is over 90% (519). The responsibility of level crossing users accounts 
for 88% (507), while the responsibility of executive workers of HŽ Infrastructure Ltd. 
is approximately 2% (12).

Regarding serious accidents in the Western Region during the observed period, 
there were 2 serious accidents at level crossings with active protection and 1 serious 
accident at a level crossing with passive protection, with 100% responsibility 
attributed to drivers of road vehicles. Also, during the observed period, a total of 22 
accidents occurred, with 13 accidents at level crossings secured by active protection 
and 9 accidents at level crossings secured by passive protection. Out of the total 
of 22 accidents, drivers of road vehicles were responsible for 21 accidents, while 
responsibility for 1 accident lies with an executive worker of HŽ Infrastructure Ltd. 
Analyzing the causes of extraordinary events at level crossings in the Western Region, 
it is evident that the majority of extraordinary events occurred due to the negligence 
of level crossing users or disregard for traffic signals, i.e., due to the influence of the 
human factor (cf. Graph 1.).

Graph 1. Extraordinary Events at Level Crossings by their Security Method and 
Responsibility for the Western Region from 2014 to 2023. 

Source: HŽ Infrastructure Ltd., internal reports

In the observed period from 2014 to 2023, four (4) people were fatally injured at 
level crossings, and three (3) people sustained serious injuries. Two fatalities occurred 
at the intersection of railway lines with unclassified roads with active protection 
(lights and sound signals). One (1) fatality occurred at the intersection of railway 
lines with unclassified roads with passive protection (passive barriers). Additionally, 
two (2) individuals sustained serious injuries at the intersection of railway lines with 
unclassified roads with active protection, while one (1) person sustained serious injuries 
at the intersection of railway lines and unclassified roads at a level crossing secured by 
passive protection (cf. Table 3.).
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Table 4. Fatalities and severely injured persons at level crossings in the West Region 
from 2014 to 2023.

Source: HŽ Infrastructure Ltd., internal reports

Regarding responsibility, all fatalities were level crossing users with 100% 
responsibility attributed to the level crossing users, i.e., the human factor (cf. Graph 
2.). It’s evident that the influence of the human factor is the primary, almost sole cause 
of extraordinary events at level crossings, especially when accidents and serious 
accidents occur. Therefore, serious accidents happen at both active and passive level 
crossings where railway lines intersect unclassified roads, which is a similar case in 
Croatia as well.

Graph 2. Consequences of Extraordinary Events at Level Crossings by their Security 
Method and Responsibility for the Western Region from 2014 to 2023. 

Source: HŽ Infrastructure Ltd., internal reports
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It’s concerning that there’s a very high trend of vehicles colliding with lowered 
half-barriers/full barriers, with a total of 539 breakages during the observed period, 
and 90% of the responsibility lies with the level crossing users, while the remaining 
incidents are attributed to adverse weather conditions (cf. Graph 3.).

Graph 3. Breakage of Half-Barriers/Full Barriers at Level Crossings  
in the Western Region from 2014 to 2023. 

Source: HŽ Infrastructure Ltd., internal reports

Based on the data from Graph 3, the trend line shows a consistent decline from 
2015 to 2023, which is a positive indicator. Therefore, each breakage of a half-barrier/
full barrier by level crossing users contributes to the increase in traffic accidents, and 
thus, each breakage of a half-barrier/full barrier can be viewed as a potential accident.

4. Measures to Increase Safety at Level Crossings

By analyzing the extraordinary events, it has been determined that level crossings 
have a significant impact on the safety of both railway and road traffic, especially those 
crossings secured by passive means, where drivers of road vehicles and their passengers 
are most often fatally injured. From this perspective, efforts are being made to abolish 
level crossings entirely in the future. From a financial perspective, abolishing level 
crossings entirely is currently difficult to achieve. Instead, efforts are being made to find 
cheaper technical and organizational solutions to reduce the number of level crossings. 
The first step in eliminating a level crossing is to find an alternative solution, such as 
constructing connecting roads, underpasses, and similar structures to separate road 
traffic from railway traffic. However, for railways with speeds exceeding 160 km/h, 
road and railway crossings must be constructed at two different levels [32].

Reducing the number of level crossings can be achieved through various methods, 
some of which include [32]:
a.	 consolidating two or more level crossings into one (closure with consolidation),
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b.	 closing a level crossing (closure without consolidation),
c.	 replacing a level crossing with overpasses or underpasses.

Furthermore, addressing the safety issues of level crossings was identified in the 
Transport Development Strategy of the Republic of Croatia 2017-2030 as one of the 
measures to increase the safety of railway and road traffic.

Therefore, some of the mentioned options for reducing the number of level 
crossings are costly. However, one of the most expensive options is the construction 
of underpasses or overpasses. Nevertheless, a more cost-effective solution would be 
efficient, such as upgrading existing level crossings with modernized equipment. This 
could involve replacing current passive level crossing protection with active devices 
that automatically activate and deactivate upon the approach of a train. This would help 
avoid human errors, specifically mistakes made by operators managing level crossing 
protection devices. On the other hand, physically, it would greatly influence level 
crossing users through barriers, as well as visual and auditory signals. Additionally, 
there are various traffic calming solutions, such as preventing bypassing of barriers 
by installing fences between lanes, constructing islands, and installing speed bumps. 
There are also additional, much cheaper solutions, such as additional warning signs 
on the road surface or double lines between lanes, etc. Additionally, there are modern 
technical solutions used only in the Republic of Austria within the EU. It’s a modern 
system that represents an innovative way of alerting drivers of road vehicles when a 
train approaches. The operation of the mentioned system is based on the installation of 
LED markers, luminous signals embedded in the road surface, which illuminate when 
a train is approaching within a radius of 800 meters from the railway-road crossing.

In addition to the above, it is necessary to educate users of railway-road crossings 
to better acquaint them with the dangers at those locations. According to a conducted 
survey [6] among drivers of motor vehicles regarding their knowledge of road traffic 
signs at railway-road crossings, 46% of respondents did not know the name of the 
road traffic sign “Andrijin križ” (Andrej’s cross), and 57% of respondents did not 
know its meaning. Similarly, for road traffic signs “Crossing of the road over the 
railway without barriers or half-barriers” and “Crossing of the road over the railway 
with barriers or half-barriers,” 72% of drivers did not know the names of these road 
traffic signs, while 82% of drivers were not familiar with what these signs meant. HŽ 
Infrastructure, in collaboration with the Faculty of Transport and Traffic Sciences, 
implements various awareness-raising campaigns for users of railway-road crossings. 
Some of the measures on which the Faculty of Transport and Traffic Sciences and 
HŽ Infrastructure jointly participate include “Safety Starts with You,” “Your Opinion 
Matters,” “Book Month,” “Traveling Exhibition,” “Conscientious Driver,” “Social 
Media,” and “Media.” Furthermore, future drivers should be better educated about 
railway-road crossings during their training in driving schools, as few drivers are 
familiar with the meaning of road signs at such crossings. Mere knowledge of signs and 
regulations alone is not sufficient for safety if awareness of the dangers at railway-road 
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intersections is not raised. Additionally, traffic safety education should be introduced as 
a subject in lower grades of elementary school to teach children about traffic hazards 
and how to behave in traffic.

5. Conclusion 

By analyzing the causes of extraordinary events at level crossings (ŽCP) in the 
West Region, it is evident that the majority of these events occur due to negligence and 
disregard of traffic signals by level crossing users. Human factors play a significant 
role in these incidents, making them the primary reasons across the entire territory of 
Croatia as well.

When it comes to the method of securing level crossings (ŽCP) in the West Region 
compared to the rest of Croatia, the fact that there is one level crossing approximately 
every 2.56 kilometers of railway favors the argument. This density is slightly lower 
compared to the rest of Croatia, where there is one crossing every 1.86 kilometers 
of railway. Additionally, the method of securing these crossings leans more towards 
passive measures at 53%, as opposed to active security at 47%. Mentioned factors 
contribute to decreased traffic safety because there are still a significant number of 
level crossings per kilometer of railway, and passive security measures are prevalent. 
Analyses indicate that significant incidents also occur at level crossings secured by 
active measures, which is the case in the Western Region. This is logical considering 
that level crossings are actively secured on higher-ranked railways and roads due to 
the higher frequency of railway and road traffic, increasing the likelihood of incidents 
resulting from user error due to their abundance.

Serious accidents and incidents resulting in fatalities and severe injuries primarily 
occur at level crossings with active protection, specifically those with only light and 
sound signals, due to minimal railway and road traffic on county, local, and unclassified 
roads in or near settlements. This is often a result of drivers not adhering to traffic 
regulations. Based on the above, the working hypothesis that accidents resulting in 
fatalities occur at level crossings with low railway and road traffic on county, local, 
and unclassified roads in or near settlements due to drivers not adhering to traffic 
regulations has been proven.

The authors recognize the significance of this study in highlighting that level 
crossing incidents constitute more than 52% of all railway incidents in Croatia, and their 
occurrence is not decreasing. Moreover, the high impact of human factors, accounting 
for approximately 90% of these incidents, is similar in both the overall analysis and 
in the West Region.

Furthermore, it is noted that a significant number of level crossing users are not 
sufficiently familiar with road traffic signs at railway crossings and are unaware of the 
dangers of crossing railway and road traffic at the same level.

Given the aforementioned factors, it is supported by the fact that all new railways 
being designed and constructed do not allow for the crossing of two types of traffic at 
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the same level. Additionally, on existing railways, the number of level crossings is being 
reduced, some are being eliminated, and there is a growing effort to actively secure 
priority level crossings in the future in order to meet EU standards, where approximately 
53% of level crossings are actively secured.

Therefore, some of the recommendations that would be effective and have 
shown results in increasing safety at level crossings, and are easily achievable and 
not expensive, include additional warnings through road signs on the roadway about 
crossing railway tracks. Additionally, there is a need to improve awareness among 
level crossing users through marketing activities and promotions. Furthermore, it 
is proposed to better educate future drivers in driving schools about traffic behavior 
at level crossings. Similarly, in lower grades of elementary school, it is proposed to 
introduce a subject called Traffic Education, through which children would acquire 
knowledge about the dangers in traffic, as mere knowledge of signs and regulations is 
not the key to safety unless awareness of the dangers of land transport is raised.
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