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AN APPROACH TO THE SAFETY PROBLEM 
OF RAILWAY-ROAD CROSSINGS 

IN THE TRANSPORT SYSTEM 

ABSTRACT 

The paper presents an approach to the problem of rail
way-road level crossings. The goal is to improve safety in the 
transport system network, which includes a considerable num
ber of »inadequately protected« crossings. The single crossing, 
in its abstract sense, is considered to be a system consisting of 
four subsystems: the external world, the crossing in its strict 
sense of the word, the railway and the road. The system analysis 
of the problem is based on an exhaustive set of bibliography, 
listed at the end of the paper. This analysis leads to many find
ings and those exerting the greatest impact are selected as the 
basis for the synthesis. The synthesis proposes a triangle of vari
ables: time period, critical points on the railway network and 
the value of the risk indicator. This simple model may include 
also other variables by converting relevant values. The main re
sult is the risk indicator over the network It can be used for var
ious scenarios, thus enabling their mutual comparison as well 
as application in investment studies. 

KEYWORDS 

safety, transport system, railway-road crossings, system analy
sis, risk 

1. INTRODUCTION 

The paper deals with a problem of railway-road 
level crossing, which represents a problematic obsta
cle in safe and smooth traffic operation, both for the 
road and railway systems [18], [19], [20], [29], [30], 
[33], [36]. The proportion of accidents at railway-road 
level crossings is not very high for the society, but 
these accidents are very dangerous. The risk of fatal 
outcome in an accident at a level crossing is twenty to 
forty times greater than in an average road accident 
[22], [23]. Intensive users (mostly car drivers) are 
highly exposed to the risk, and the population living in 
the vicinity of level crossings is the most endangered 
one. Special cases are multi-fatality accidents [4] and 
especially accidents involving school buses. In the case 
of a school bus accident, the emotional component of-
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ten triggers public campaign requiring higher safety 
level, which often results in institutional improve
ments. 

The paper is based on a variety of bibliography 
sources; a full set of 119 items can be found in [36]. 
Due to the limited space in this paper, the references 
given relate only to the most interesting reading. How
ever, this selection does not deny the importance of 
the rest of the works listed. 

From the railway point of view, these accidents 
represent the greatest part of fatalities on railways in 
general. The two different standpoints (the road and 
the railway one) can be explained by an adequate ap
proach. Having this in mind, the system analysis is pro
posed starting from the abstraction of the rail
way-road interaction system, divided into four subsys
tems [15] at the lower system level: the road, the rail
way, the external world and the railway-road level 
crossing in the strict sense of the word. 

The objective of the study is to find the basic rela
tions relevant for planning and decision-making with 
regard to the improvement of safety items at rail
way-road level crossings within a transport system as a 
whole. Therefore, a very wide and complex analysis is 
necessary [16]. The goal is to find an abstract model, 
putting together the essential relations. The model de
veloped can be as detailed as necessary; it can be ad
justed in accordance with available resources, but 
even in a simpler form, it can reflect the development 
trends and requirements in a balanced society. 

2. THE SYSTEM APPROACH 

Level crossings of roads and railway lines are fre
quently called railway level crossings or just road 
crossings (from the railway point of view). The syst,em 
of such crossing is described by the following main 
components: 

- relations to the external world, 
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- relations to road traffic in connection with an actual 
crossing, 

- relations to railway traffic in connection with an ac
tual crossing, 

- micro-space around the crossing in the strict sense 
of the word, influenced by various spatial functional 
segments, devices, procedures and system relation
ships characterising the behaviour of participants 
and devices. 

External Road traffic Railway 
world traffic 

~ / 
Crossing in the 
strict sense of 

the word 

Road-Railway Level Crossing system 

Figure 1 - The four subsystems 

The system analysis should include the safety of 
road and railway operation and reliability of signal
ling-safety equipment also from the viewpoint of the 
new intelligent system solutions. 

The external world has a decisive role in the pre
sented abstraction of the system. The society would 
support effective spending of money with the purpose 
of minimising risks in all its activities, but the infra
structure owner prefers to minimise the risk in its own 
infrastructure. The two divergent goals should be ad
justed. 

The road car driver is part of the road subsystem. 
At the same time, he is the weakest item within all the 
subsystems. His behaviour strongly influences the mi
cro design of the crossing. The railway subsystem has 
its train whose mass, speed, and other parameters re
quire an absolute priority in the crossing. 

The crossing in the strict sense of the word involves 
a number of problems concerning the risk and ade
quate safety protection (design [17]). The behaviour 
of the car driver belongs to the road subsystem, while 
the signalling-safety equipment is related both to the 
railway and to the road subsystems. Similar questions 
are raised with the expected implementation of intelli
gent systems. All the mentioned items represent only 
several relations, which must be examined within each 
subsystem and integrated in the interaction with other 
parts. 

The efficiency of such system abstraction lies in its 
analytical and integrative power. It allows an analysis 
within each subsystem, and at the same time, the es-
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sential relations can be elaborated on the level of the 
whole system. 

3. CONCEPT OF THE RISK INDICATOR 

The proposed indicator of risk quantifies an unde
sired uncertainty. It is expressed as a function of oc
currence probability for a definite event, and of sever
ity of consequences. There are more definitions in var
ious fields: finance, economy, statistics, decision the
ory, and insurance [1], [2], [3], [34]. An example of 
such a definition is: "risk is a convolution of exposure, 
hazard, and magnitude of losses". 

For an individual, the ideal level of safety could be 
a situation without any risk of personal accident, in
jury, and material damage. Unfortunately, in reality, 
there is no "ideal" safety at all, because the danger is 
present everywhere and it cannot be avoided. There
fore, a "real" safety is a concept- indicating a situa
tion in usual life at the socially accepted level of risk. 
[1] 

In transportation, risk is observed in interaction 
with parts of the transport system. In general, injuries, 
deaths, losses in assets, systems, and functions are pos
sible [39]. There are various aspects depending on 
transport modes, activities, and the observed statisti
cal classes. E.g.,. each individual may have his own ac
ceptable level of risk, which differs from those of the 
others. Something similar can be implemented with 
each professional group (car drivers, train crew, en
gine drivers, passengers, etc.). 

In Fig. 2 the concept of risk is detailed. In the case 
of railway-road crossing the calculation is performed 
as follows. The road traffic flow over the crossing is ex
posed to hazard (collision with the train). Due to the 
situation (train traffic, crossing safety class, micro con
ditions, road user's characteristics etc.) an expected 
rate of accidents can be found. Further, possible dam
age can be calculated in accordance with the statistical 
data and evaluated as a loss. 

This is a concept where for each crossingx a value 
rx(fx>h»i»jxJ can be found. The value of i stands for the 

EXPOSURE 

RISK 
INDICATOR 

PERSONS 
ASSETS 

SYSTEMS 
FUNCTIONS 

Figure 2: A block diagram of the risk indicator 
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number of observed units, j for the user's repetition 
frequency, f for the coefficient of expected accident 
per exposure rate, and h for the evaluated losses. In
stead of i andj a representative exposed flow may be 
used. If the crossings are observed in safety classes z 
the relevant rz(f,h) may be used for each safety class. 

4. THE FINDINGS 

All findings resulting from the system analysis are 
categorised according to their importance. First, a set 
of the most important findings is defined, and then the 
second step is to define also the sets of findings of mi
nor and low importance. The criteria for the "impor
tance" are: 
- the findings have an important socio-economic, 

safety, or financial role and appear at least once in 
the system analysis tree-structure; 

- the findings have a less important role but often ap
pear in the system analysis tree-structure; 

- the findings have a structural or integration role im
portant for the model. 
A summary of the most important findings can be 

given as follows: 

4.1. External world 

- the area close to the railway-road level crossing with 
the most exposed population may have a decisive 
impact on the way the problem is solved [12], [17], 
[23]; 

- the socially accepted level of individual safety in 
transport must be balanced to other fields of human 
activities [1], [23]; 

- the level railway-road crossings present an econo
mic impedance to the increased road traffic flows; 

- the multi-fatality disasters trigger changes in the 
safety institutions [4], [27]; 

- the state level of yearly financing improvement for 
railway-road crossings is often proportional to the 
fatality rate; 

- due to the lack of ideas, the international profes
sional audience needs common efforts or a research 
network [7], [16]; 

- the society must take care of stimulating safer trans
port modes (which means stopping the shift from 
railway to the less safe road transport mode [1 ]). 

4.2. Railways 

- the train mass, speed, and braking parameters are 
decisive in the safety design of a railway-road cross
ing; 

- the train path has to be privileged in safety improve
ment on railway-road crossing; in connection with 
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traffic control, better warning of detected danger is 
possible; 

- the reasons for the increase of road flows do not 
come from the railway [32] and consequently the 
railway share on railway-road level crossing with re
gard to the costs for solving the problem should be 
negligible - various sources estimate this from 0 to 
5% of the costs [23]; 

- it would be even less fair if the railway were bur
dened by the increase in the costs, which would 
eventually affect the rail fares, thus repelling pas
sengers from the safer railway transfer making them 
to shift to the more risky road transport [1 ]; 

- the reliability of signalling and safety equipment is 
high and the related problems are small compared 
with other problems (e.g. unreliability of car driv
ers); 

- the balises are considered to be the basic detector of 
the train locations; 

- the so-called "hidden error's heritage and long his
tory" within the safety and signalling equipment, 
seem to be a potential for disasters [5]. 

4.3. Road 

- road vehicle drivers and pedestrians (road users) 
have the main responsibility- therefore all kinds of 
influence are suitable: education, warning, and law 
enforcement [22], [23], [39]; 

- essential behavioural decisions depend on risk ac
ceptance of the road motorists; 

- traffic rule violation is the prevailing reason for 
drivers' involvement in accidents; [6], [23]; 

- the increase of road traffic flows means greater ex
posure on railway-road crossings, therefore the 
road economy has to finance the solving of related 
risks [14], [23], [25]; 

- road traffic control is responsible for proper guiding 
of road vehicles; 

- after multi-fatality disasters, and especially if school 
buses are involved, the public realises how big the 
risk is and often triggers a campaign for improve
ments [4]; 

- the evaluated damage and indirect cost of injuries 
and fatalities are very high; from year to year the so
ciety is becoming more and more aware of these 
costs [8], [15], [36]; 

- it is useless to plan safety improvement on rail
way-road crossings by means of the law and without 
determining the funding at the same time. A juridi
cal obligation for any road or railway entity means 
nothing, if there is no investment money ensured by 
the same law. 
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4.4. Railway-road crossing in a narrow sense 

- video surveillance and enforcement drastically re
duce the number of accidents in tests; 

- elimination of crossings (to convince the oppo
nents, obtain permissions, and close the crossing) is 
a hard job, often a "discouraging" one. For a long 
term the closure can be efficient in 25% cases [28], 
[11]; 

- low-cost train detection may reduce the cost of ac
tive warning protection; 

- intelligent solutions have to be incorporated in the 
railway information system as well as in the road 
and vehicle systems; [13], [26], [33]; 

- the Slovenian Railways estimate that the cost of one 
average level-separated crossing construction is 
1,600,000 SIT at the 1999 price level [21]; 

- the equipment redundancy can be used to cover the 
less reliable human actions [20]; 

- the average number of crashes into the level cross
ing gates in Slovenia is 205 per year [11]; these may 
be considered as potential near-miss accidents with 
higher losses. 

5. SOME GENERAL OBSERVATIONS 

The railway-road level crossing problem has been 
studied thoroughly for a long time and no strikingly 
new findings can be reported at present. Mter the ad
vent of intelligent transport systems, the "steady" 
problem of level crossings became "dynamic" again. 
Many questions, unpredictable progress, and research 
opportunities have been arising in the field of future 
technical development and use of ITS in connection 
with level crossings. The ITS makes the situation com
plex, raising some more questions about the level 
crossing automatic safety equipment [7], [13], [26], 
[33]. It is proposed that the ITS options can be ob
served as an upgrade of active protection. 

The institutional safety management shows a new 
trend by putting safety closer to the integral quality 
management. Especially, it is expected that concept of 
safety and railway operation must be integrated. 

The costs of level separation of railway-road cross
ings has to be covered by the road, if requested as re
sult of the increase in road traffic flow. The level sepa
ration has to be economically justified. The level sepa
ration is not the question of safety. The juridical as
pect is very clear: any type of sign makes the crossing 
protected [24]. The hazard occurs, in a great majority 
of accidents, as a result of some kind of traffic rule vio
lation by the road user. The costs oflevel separation of 
railway-road crossing constructed for high-speed train 
operation has to be covered through the economy of 
better services [35]. 
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In the cases of constructing level-separated cross
ings (e.g. in urban areas) special gates with flexible 
steel chains may be used. They are able to absorb a 
crash of 2000 kg mass at 70 km/h, swinging four me
ters. 

The numerical values taken for various safety 
classes are as follows: the obligatory STOP sign halves 
the risk, video surveillance and prosecution lower the 
risk 4.4 times, signalling lights 3.5 times, and gates 8.5 
to 10.5 times compared to the risk at the level cross
ings equipped only with Andrew's Cross. The best re
sults are obtained with the double half-gate, the four 
quadrant technique and video surveillance. Such sys
tem lowers the risk 50 times (tests have shown a reduc
tion of number of accidents by 98% ). 

All risks concerning road drivers are high com
pared to the risk of technical equipment failure. 
Therefore, the driver problems mask the equipment 
problems. 

The systematic analysis results in details regarding 
the level separation, which are not so much known in 
the professional literature. (E.g.: the level separation 
cannot be characterised as 100 % safe; such absolute 
safety simply does not exist). Extensive spending in 
level separation, if the budget is limited, can leave 
many risky crossings neglected. Moreover, the high 
construction costs may increase the fare and have a re
verse impact; the passengers tend to shift from a safer 
mode back to the more risky road). 

In literature, some very interesting concepts can be 
found, which are not directly implemented here. Sev
eral can be mentioned, like threshold [25], [23], safety 
efficiency [25], risk homeostasis, near-miss accidents, 
corridor study [24], low-cost [9], etc. The "threshold" 
concept tries to determine when to start the level sepa
ration, "safety efficiency" suggests a measure of in
vestment projects in safety improvement, a "risk ho
meostasis" theory gives an assumption that the driver 
behaves more risky if he feels safer, a 10 to 100 
"near-missed" events suggest that a serious accident 
will happen, the "corridor" approach says that a study 
on a single crossing cannot be as correct as the whole 
"corridor study", the "low-cost" improvements are ap
plicable for crossings with very low traffic flow, etc. 

6. SYNTHESIS 

The most important findings form the basis for the 
model design. Taking into account the aim of the re
search and the relatively complex problem structure, 
the synthesis task is to search for a simple model capa
ble of incorporating as many essential relations as rea
sonable. 

The individual fatality risk per year is taken as the 
most suitable variable. It helps to avoid problems if 
motorization, fuel consumption, or travel time and 
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distance indicators are used. Compared to fatality, 
other indicators may significantly differ from source 
to source, for they are not so precisely defined as the 
fatality. Beside transport, the fatality is often used in 
other fields, such as health, safety at work, urbanism 
etc, thus enabling comparison in the safety level taken 
from different sources. 

The next important dimension is time - usually 
given in years. Big economies often observe e.g. 30-50 
year period. Annual values are suitable, because many 
statistics, plans, and investments are well defined on a 
yearly basis, as well as data on fatalities and damages. 

The third dimension is the number of critical 
points. All critical points on a railway network com
pose a set. This set can be easily enumerated, much 
easier on the railway than on the road network, which 
is often more complex. We are talking about "points" 
because the crossings are traditionally observed as the 
points of a network, in contrast to the sections (road 
and railway). An advantage of such data presentation 
is the method of compressed data recording, while the 
other advantage is its flexibility: with the same input 
set the crossings can be modelled as redesigned, 
closed, with changed safety class, level separated, re
defined for pedestrians only, etc. If necessary, thus we 
may include the points of interaction with the neigh-

bouring road and rail sections, forbidden but tres
passed crossings, etc. 

Each critical point defined by the input set of ob
served critical points on the railway network has all the 
attributes necessary for calculations. The safety 
classes can be defined according to a study structure. 
Each point can belong to only one class at a time. If 
there is a change, e.g. after an investment in safety im
provement, the point can be moved from one safety 
class to another- simply moved from one subset to an
other. Among input data per each crossing, the im
provement is defined by expected investment cost, co
efficients of expected lower fatality and risk, etc. 

Many other items can be added and inserted into 
the model by using proper conversion of values. (E.g.: 
the calculation of losses, the evaluated damage on as
sets, functions, and systems or estimated socio-eco
nomic cost of injuries and fatalities). If there are no 
specific reasons, we assume linear relations for the 
whole model. 

Looking for the socio-economic optimum, com
bined measures can be examined within definite bud
get limits, with various technical solutions, as well as 
the expected socio-economic costs of accidents. By 
considering the requests and applying the input data, 
this approach enables to find- what is the best imple-

INDIVIDUAL NUMBER OF PERSONS 
NUMBER IN A GROUP, ALSO CONVERTED UNITS CONSEQUENCES (DEATHS) 
STATISTICAL CLASSES, ALSO CONVERTED 
WHOLE POPULATION NUMBER OF VEHICLES 

FUEL CONSUMPTION LIGHT INJURIES 
TRAVEL TIME HEAVY INJURIES 

MODELLING OF TRAVEL DISTANCES ASSETS DAMAGE 
TRANSPORT SYSTEM, LOSS OF FUNCTIONS 
FLOWS, 

\ 
SYSTEM LOSSES 

DISTRIBUTION, 

~ MODAL-SPLIT, 

~ ASSIGNMENT 

I EXPOSURE I I FATALITY I 
~ 

INDIVIDUAL I 
FATALITY RISK 

CRITICAL POINTS 
ON THE RAILWAY 

I YEARS I NETWORK 

I / ~ 
YEARLY BUDGETS, LEVEL CROSSINGS, WAYS OF SOLVING, 
IMPLEMENTATION DYNAMICS, LEVEL SEPARATED CROSSINGS, INVESTMENTS, 
PERIODS, TRACKS CLOSE TO THE ROAD, MAINTENANCE, 
PROJECT STRUCTURES, OTHER HAZARDOUS POINTS IMPROVEMENT COEFFICIENTS 
FINANCING STRUCTURES, 

Figure 3- A graphical presentation of the synthesis step 
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mentation dynamics of level separation versus auto
matic safety equipment, looking for the minimum ex
pected fatalities or the maximum socio-economic ben
efits. 

The available data from statistically significant 
sources may help to explain indirect costs of injuries, 
assets damage, etc, and link them to the fatality rate
as the most precisely given data. In contrast, the per
sonal injury data are not suitable, they may be classi
fied by various rules, which can be changed during the 
evaluation time period. When converting the values 
concerned, we have to accept local or typical data, 
linking the input data with the fatality rate. 

The following notation is used in calculation for
mula of the risk indicator value R: The time period 
(years) l=l, ... ,L, safety class typez=J, ... ,Z, risk indi
cator per unit for each crossing rx(f,h,i,j), with occur
rence frequency f , estimated losses h, exposure i 
(number of repeated uses by each unit j), number of 
observed unitsj, number ofpointsx(z,l) in each safety 
class z per year l. Input data and necessary conversion 
factors are mostly taken from the literature concern
ing large networks. 

Due to the lack of particular data for each crossing, 
only safety classes are used in the example below. For 
each safety class a representative rz(f,h) is used (if 
given i and j are fixed for each safety class). 

Z L 
R= L LX(z,l)*rz(f,h,i,j) 

z.=ll=l 

The concept of risk indicator can be used more 
widely. As in the example given below it can be used 
either as a weight value or as an exact value calculated 
for expected losses. Its usability can be extended in fu
ture optimisations; for example to find the minimum 
losses for the given investment money, over the given 
set of critical points, in a definite period of time. 

7. EXAMPLE 

The following numeric example is given to show 
the applicability of the model. The following five sce
narios are examined: 
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A- a level separation strategy is applied. The 
level crossings with passive warning are to be 
replaced with the new level-separated ones. 
The proposal is five constructions (each 1 mil
lion EUR) per year, totalling EUR 100 mil
lion in 20 years. The majority of remaining 
passive warning crossings contributes a lot to 
the higher risk indicator value. 

B- a situation of the budget limit at EUR 52 mil
lion allows the closed own of five crossings, the 
construction of 1 level-separated crossing, 
and 10 new gates per year. 

C - a mixed scenario includes the closedown of 
five crossings, the construction of two level
-separated ones, and 20 new gates a year 
which is estimated to cost EUR 101 million. 

D - a scenario composed of the close-down offive 
crossings, the construction of two level sepa
rated ones, and 20 new gates a year; this seems 
to be the most probable scenario. It is im
proved by the ITS additions from six year on
wards, by using better coefficients and conse
quently resulting in the lower risk value. 

E - scenario concerning only new gates. 38 gates a 
year may replace all risky Andrew's crossings 
in 20 years and will require EUR 101 million. 

It is important to note that the scenarios are in
tended to show the wide applicability of the model. A 
future investment feasibility study can compare op
tions with characteristics suitable in particular situa
tion. The input data are used for the Slovenian Rail
ways network and combined with values for the miss
ing data taken from references. The comparison is 
therefore valid only for the given scenarios and cannot 
be generalised. 

A 

~ B 
·~ 
c c 
Q) 
() 

(/) D 

E 

0% 50% 

Relative risks 

165% 
I 

127% 

111% 

103% 

100% 

100% 150% 200% 

Figure 4 -The graphical presentation of risk indicator 
values for various scenarios 

The example calculations show the model applica
bility by the comparison of several scenarios. For each 
scenario, a value can be considered as a weight. This 
weight denotes the risk indicator value, which incor
porates losses, therefore, the lower the value, the 
better the scenario. 

8. EVALUATION 

The approach is the basis for a simple or a more 
detailed elaboration of the problem of railway-road 
level crossings, helpful in planning a corridor or a na
tional transport system, design, and directions for in
novative solutions. Due to the uncertainty resulting 
from the lack of data and predictions, many additional 
fields of research are open in connection to the further 
model development. 
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A well-grounded basis is presented for the most ef
fective spending of a limited budget for the infrastruc
ture owner. For the given money per year during a de
fined period, it can be found what number of crossings 
have to be consolidated, how many level crossings 
have to be equipped and to what extent the level sepa
ration can be performed. 

Wide applicability of the proposed approach can 
be shown by a set of scenarios. In the above example, 
some frequently posed questions are worked out. The 
usual dilemma when to separate the level crossings on 
a network can be presented by two extreme scenarios: 
to invest all the available money to build a separation 
or to implement automatic gates. A variety of »mixed« 
scenarios can be defined. For a definite network (in
put data) with a large number of Andrew's crosses and 
a limited budget, an intensive spending in level separa
tion may lead to higher risk over the whole transport 
system - because a significant number of risky level 
crossing will remain. Surely, for a single separated 
crossing the risk indicator value is negligibly low, but 
the real danger for the whole network comes from the 
»inadequately protected« crossings contributing a lot 
to the overall risk. 

8. CONCLUSION 

The presented system approach to the problem of 
railway-road level crossings in a transport system is 
able to achieve the pre-requested results. The intro
duced risk indicator can be used in decision-making by 
scenario-weighted comparison as well as in real prob
lem evaluation. The analysis-synthesis gives the essen
tial relations useful for the model design. The basic re
lations among the risk indicator, time and critical 
points on the railway network offer a simple and trans
parent tool, but a tool still flexible enough to incorpo
rate many other items. 

ANDREJ GODEC, M.Sc. 
Univerza v Mariboru, Fakulteta za gradbenistvo 
Smetanova 17, 2000 Maribor, Republika Slovenija 

POVZETEK 

PROBLEMATIKA VARNOSTI CESTNO- ZELEZNIS
KEGA KRIZANJA V TRANSPORTNEM SISTEMU 

Clanek obravnava problem nivojskih kriianj ieleznice in 
ceste. Cilj je izboljsati vamost transportnega sistema, ki vklju
cuje precejsnje stevilo nezadovoljivo zavarovanih kriianj. Ni
vojsko kriianje sestavljajo stirje manjsi deli: okoije, samo kri
ianje, ieleznica in cesta. Analiza problema je osnovana na 
izcrpni bibliografiji, ki je navedena na koncu clanka. Ugo
tovitve analize, ki imajo najveeji vpliv, so bile os nova za koncne 
sklepe. Gre za preplet treh dejavnikov: casa, kriticnih tack na 
ieiezniski mreii in tveganja. V ta modellahko vkljucimo tudi 
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ostale dejavnike. Zakljucek analize podaja dejavnike najvee
jega tveganja na ieleznici, ki se lahko uporabijo za razlicne 
scenarije, omogocajo njihovo medsebojno primerjavo in se 
upostevajo pri investicijskih studijah. 

KIJUCNE BESEDE 

vamost, transportni sistemi, cestno-ieleznisko kriianje, sistem
ske analize, tveganje 
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