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FOREWORD
After ten years, we can say that this gathering has become traditional, it has become a
part of the map of the most important regional gatherings in the field of traffic safety.
It is one of the rare ones that is constantly getting more and more new members, new
projects, new ideas and who`s influence in Serbia and in the region is increasing. It all
started as one simple seminar and a collection of projects. We grew to a scientific
conference that publishes two books of proceedings per year in Serbian, and recently
we also started publishing one in English as well. In our region, there is a small number
of professionals in the field of traffic safety, that didn`t attend one of our conferences.
A great majority of them brought new knowledge to us that we can also use in praxis,
and that used these ideas in their home cities or regions as well.
At our conferences we promote the most important international documents and
initiatives in traffic safety, UN resolutions and the Global Plan for the Decade of Action
for Road Safety, we always present new state analysis and tendencies, in local
communities we established a regular mapping of new risks and we showed research
results about risks in traffic, and opinions of other people. We are one of the first ones
that recognized the importance of indicators in traffic safety in Serbia and in the region.
Finally, this year we will establish a regular mapping of the most important indicators
in traffic safety, and all in the purpose to motivate and direct professionals to work on
the improvement of traffic safety and to reduce the number of road fatalities and
injuries. This way we get more influence on experts, politicians and the wider public.
We help them and motivate to get the importance of it, and to dedicate themselves in
solving problems in traffic safety.
We have managed all of this thanks to a great number of dedicated enthusiasts that were
willing to work hard and learn, and to share all their knowledge and experiences with
others. We are immensely grateful on that.
It is important to say that this gathering has always been a place to hang out and to meet
all kinds of experts and professionals in different fields, social positions, different views
on life etc. Traffic police, minister and local community representatives, including
many people from industry and non-government sector, are our regular guests as well.
Our gatherings made us understand each other much better, work better and to
harmonize our activities. At the end, good results were visible. It reflected in a reduced
number of deaths in traffic, and it brought first signs of positive trends in traffic safety.
In the hope that we will find more time for these and similar gatherings, and that we
will find better ways to improve traffic safety and reduce the number of deaths, we wish
this conference a successful work.
ORGANIZING COMMITTEE
Chairman
Miladin Nešić, PhD, T.E.

PROGRAM COMMITTEE
Chairman
Prof. Krsto Lipovac, PhD, T.E.
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VALUES OF ROAD SAFETY INDICATORS IN SERBIA IN 2014
Dalibor Pešić 1, Boris Antić 2, Emir Smailović 3
Abstract: After the monitoring of road safety indicators was successfully introduced in Serbia, in
2013, two studies of road safety indicators were conducted in 2014. During the first survey in 2014,
which was carried out in springtime, 36.715 drivers of passenger cars and light commercial vehicles
of up to 3.5 t were included in the survey. The second survey included 37.128 drivers of passenger
cars and light commercial vehicles of up to 3.5 t, and was conducted in the autumn. The results of
both studies have shown that the seat belt use by drivers of passenger cars and light commercial
vehicles of up to 3.5 t, varies by a class, according to the road type. The following percentage of
passenger car drivers used their seat belts in 2014: 66,2% in urban areas, 73,4% in rural areas and
83,6% on highways. This paper contains the values of road safety indicators according to the
aggregated results of both studies. The values of indicators have been shown for the type of road,
indicating at the same time the factors that led to differences among road types. Road maps with
road safety indicators for 2014 make the integral part of the paper.
Keywords: road safety indicators, maps with road safety indicators, reporting, seat belts, safety
helmets

1.

INTRODUCTION

Development of road safety indicators provided new opportunities for monitoring the
road safety situation. Key road safety indicators and measurement methodology were
defined in Serbia, in 2013, and were followed by the process of monitoring and assessing
the road safety situation. The way of reporting the values of road safety indicators was
defined in compliance with the methodology which is in use in the EU member states.
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The importance of road safety indicators in Serbia lies in the recognition of key areas
of work, which are based on existing values of indicators and outputs from the road safety
system. The research by Hermans et al. (2009) contains the combination of different
benchmarking methods using the supporting method for decision making which is based
on DEA (Data envelopment analysis), for 21 EU member states. (Hermans et al.,2009)
used the values of six main groups of road safety indicators as input data of the decision
making system: alcohol and drugs, speed, protective systems, vehicle fleet, infrastructure
and health care, while output variables included the number of road accidents and the
number of casualties. Using the DEA system to support decision making, the authors came
to the conclusion that, for example, the largest potential for improvement of road safety in
Austria is in the increased use of protective systems. Hermans et al. (2009) state in their
research that the number of road accidents and casualties will be reduced by 20% if the
rate of use of protective systems is increased from the current 77% to 92,4%. The authors
found out for each surveyed country which area of work has the greatest potential for road
safety improvement.
It can be concluded from the research by Hermans et al. (2009) that, using appropriate
analyses, it will be possible to make quantitative projections of indicator values and
identify key areas of action. Lipovac (2008) stated that relationships between the existing
and desired values of indicators determine what should be foreseen in road safety
programs and which measures should be undertaken (Lipovac, 2008). Similar conclusions
on the impact of certain elements on the road safety system have been drawn by Pesic
(2012).
After collecting positive experiences of monitoring road safety situation in 2013, based
on indicators, the process of monitoring and assessing the road safety situation continued
at the Faculty of Transport and Traffic Engineering, in 2014, using road safety indicators.
This paper will show road safety indicators in Serbia in 2014, on the basis of two research
studies that were conducted in the spring and autumn of 2014.
2.

MATERIALS AND METHODS

In 2014, two field research studies were conducted in Serbia, which served for
collecting data on road safety indicators. The first survey (the so called spring survey) was
carried out in April and May, and the second survey (the so called autumn survey) was
conducted in September and October. Data from both surveys were consolidated and
analyses were made for each measured indicator. The following indicators were measured
in the 2014 surveys:
• % of use of daytime running lights by drivers of passengers cars and light
commercial vehicles (up to 3,5 t),
• % of mobile phones use by drivers of passenger cars and light commercial
vehicles (up to 3,5 t),
• % of seat belt use by drivers in passenger cars and light commercial vehicles
(up to 3,5 t),
• % of seat belt use by front seat passengers in passenger cars and commercial
vehicles (up to 3,5 t),
• % of seat belt use by rear seat passengers in passenger cars and commercial
vehicles (up to 3,5 t),
2
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

% of use of daytime running lights by drivers of heavy goods vehicles (over
3,5 t),
% of mobile phones use by drivers of heavy goods vehicles (over 3,5 t),
% of seat belt use by drivers in heavy goods vehicles (over 3,5 t),
% of seat belt use by front seat passengers in heavy goods vehicles (over 3,5t),
% of daytime running lights by bus drivers,
% of mobile phones use by bus drivers,
% of seat belt use by bus drivers,
% of seat belt use by front seat passengers in buses,
% of use of child seats by children aged up to 3 years,
% of use of child restraints and child seats by children aged from 4 to 12
years,
% of use of daytime running lights by moped riders,
% of use of safety helmets by moped riders,
% of use of safety helmets by moped passengers,
% of use of daytime running lights by motorcyclists,
% of use of safety helmets by motorcyclists,
% of use of safety helmets by motorcycle passengers.

Field research of road safety indicators in 2014 was carried out on highways, in urban
and rural areas, in the jurisdiction of nine police administration units (PA Subotica, PA
Novi Sad, PA Sremska Mitrovica, PA Belgrade, PA Smederevo, PA Kragujevac, PA
Jagodina, PA Nis, PA Leskovac). In 18 remaining police administration units, the survey
was carried out in urban and rural areas. Road safety indicators were measured on a total
number of 63 locations. Measurement on these locations included road safety indicators
related to protective systems, use of daytime running lights and mobile phone use while
driving. Out of this number, nine locations were on highways, while there were 27
locations each in urban and rural areas.
As for the indicators related to protective systems, use of daytime running lights and
mobile phone use, the following total measurements have been made: 73,843 drivers of
passenger cars and light commercial vehicles of up to 3,5 t; 40,437 front seat passengers
in passenger cars and light commercial vehicles of up to 3,5 t; 18,346 rear seat passengers
in passenger cars and light commercial vehicles of up to 3,5 t; 7,680 drivers of heavy
goods vehicles over 3,5 t; 2,056 front seat passengers in heavy goods vehicles over 3,5 t;
2,968 bus drivers; 482 front seat passengers in buses; 3,400 children of up to 3 years of
age; 6,514 children aged 4 to 12 years; 2,060 moped riders; 275 moped passengers; 1,600
motorcyclists and 399 passengers on motorcycles.
In order to obtain road safety assessment and make comparisons among police
administration units, it is necessary to define the classes of indicators, taking into
consideration previous experiences of monitoring road safety situation and values of
indicators in EU member states. The following classes have been defined for road safety
indicators relating to protective systems:
• Very high value of a road safety indicator (95%≤RSI)
• High value of a road safety indicator (90%≤RSI<95%)
• Medium value of a road safety indicator (80%≤RSI<90%)
• Low value of a road safety indicator (70%≤RSI<80%)
3
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• Very low value of a road safety indicator (RSI<70%)
The process of monitoring road safety indicators relating to the use of daytime running
lights and mobile phones while driving started for the first time in Serbia, in 2014. Classes
of road safety indicators which relate to the use of daytime running lights have been
defined in the following way:
• Very high value of a road safety indicator (100%≤RSI<99%)
• High value of a road safety indicator (99%≤RSI<98%)
• Medium value of a road safety indicator (98%≤RSI<97%)
• Low value of a road safety indicator (97%≤RSI<96%)
• Very low value of a road safety indicator (96%≤RSI).
As for the mobile phone use while driving, the following classes of road safety
indicators have been defined:
• Very high value of a road safety indicator (0%≤RSI<1%)
• High value of a road safety indicator (1%≤RSI<2%)
• Medium value of a road safety indicator (2%≤RSI<3%)
• Low value of a road safety indicator (3%≤RSI<4%)
• Very low value of a road safety indicator (4%≤RSI).
3.

RESEARCH RESULTS

The values of road safety indicators in Serbia, in 2014, according to the indicator and
road type where the measurement was made, are shown in Table 1.
The rate of daytime running lights use by drivers of passenger cars is the highest on
the highway, then in rural areas, while it is the lowest in urban areas. Likewise, the worst
values of indicators relating to the mobile phone use while driving a passenger car are in
urban areas, then in rural areas, while drivers of passenger cars in Serbia use their mobile
phone the least on highways. Seat belt use by drivers of passenger cars differs by a class
size depending on the road type, i.e. the lowest value is in urban areas, and the highest on
highways. Seat belt use by front seat passengers in passenger cars follows the trend of the
seat belt use by drivers. Its value is the lowest in urban areas, and the highest on highways
(Table 1). About 3% of rear seat passengers in passenger cars, in urban and rural areas
used their seat belts, while seat belt wearing rate on highways is 8,5%.
As far as drivers of heavy goods vehicles are concerned, the trend of using daytime
running lights according to road types follows the trend of drivers of passenger cars, but
the values are lower for each road type observed. Drivers of heavy goods vehicles of over
3,5 t most often use their mobile phones while driving on the roads in rural areas, then on
highways, while they use them least in urban areas. Nearly every third driver of a heavy
goods vehicle over 3,5 t wears a seat belt in urban and rural areas, while the seat belt
wearing rate by such drivers on highways is 43,2%. Seat belt use by front seat passengers
in heavy goods vehicles over 3,5 t is nearly two times less than that of drivers, but the
distribution per road type is similar to the seat belt wearing rate of drivers.
Bus drivers in Serbia most often use daytime running lights and mobile phones in rural
areas, a little bit less on highways, and the least use is recorded in urban areas. Seat belt
use in buses in Serbia is extremely low. The highest seat belt wearing rate by drivers is on
highways - 12,1%, and by front seat passengers – only 5,5%, in rural areas.
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Table 1. Values of road safety indicators in Serbia, in 2014
Location

Indicators

Passenger cars
and light
commercial
vehicles of up to
3,5 t

Heavy goods
vehicles over 3,5
t

Buses

Protective
systems for
children

Moped riders

Motorcyclists

Urban

Rural

High
way

Total

% of use of daytime running lights

95,8

95,4

97,1

92,2

% of mobile phone use

4,0

3,7

3,1

3,6

% of seat belt use by drivers

66,2

73,4

83,6

68,1

% of seat belt use by front seat passengers

60,8

70,8

79,3

64,5

% of seat belt use at front seats

64,4

72,5

82,0

69,8

% of seat belt use of rear seat passengers

3,0

3,2

8,5

3,7

% of use of daytime running lights

93,8

96,3

96,7

92,6

% of mobile phone use

3,3

4,9

4,4

4,2

% of seat belt use by drivers

31,2

33,7

43,2

34,0

% of seat belt use by front seat passengers

14,4

19,4

24,3

18,1

% of seat belt use at front seats

27,4

30,8

40,0

30,7

% of use of daytime running lights

96,5

97,4

96,1

93,4

% of mobile phone use

2,8

3,2

3,1

3,0

% of seat belt use by drivers

4,6

8,1

12,1

6,8

% of seat belt use by front seat passengers

4,8

5,5

2,8

5,4

% of seat belt use at front seats

3,8

7,7

9,5

6,6

% of properly transported children of up to 3 years

32,8

34,9

48,6

33,9

% of properly transported children from 4 to 12 years

8,2

7,6

16,3

8,8

% of properly transported children of up to 12 years

16,7

16,1

27,5

17,7

% of use of daytime running lights

90,6

87,6

-

86,7

% of use of safety helmets by riders

68,0

74,2

-

67,6

% of use of safety helmets by passengers

68,1

69,4

-

68,2

% of use of daytime running lights

95,7

98,2

97,0

93,2

% of use of safety helmets by riders

84,3

93,1

97,8

85,6

% of use of safety helmets by passengers

79,1

80,9

97,8

78,8

The use of protective systems for children of up to 3 years of age in Serbia is
significantly higher when compared to the children aged 4 to 12 years. Child seats are used
while driving by nearly every second child aged up to 3 years and each third child of up
to 3 years of age, in urban and rural areas. The rate of use of protective systems with
children aged 4 to 12 years is the highest on highways - 16,1%, while 8% of children over
4 years of age are properly transported in urban and rural areas.
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Moped riders have the least daytime running light indicator. 90,6% of moped riders
use their daytime running lights in urban areas, while 87,6% of them use these lights in
rural areas. The use of safety helmets by moped riders and passengers does not differ
significantly, and is nearly identical on both road types, amounting to about 68%.
Motorcyclists in Serbia most often use their daytime running lights in rural areas, then
on highways, while they use them least in urban areas. The rate of safety helmets use by
motorcycle riders and passengers is the highest on highways (97,8%), then in rural areas
(93,1% and 80,9% respectively), while it is the lowest in urban areas (84,3% and 79,1%
respectively).
3.1.

Maps with road safety indicators

Based on the results of surveys carried out in all police administrations in Serbia and
on defined classes of indicators, the paper presents the most important maps with road
safety indicators for Serbia in 2014, per police administrations. Due to limitations, the
maps with all the indicators mentioned in the previous chapter could not have been shown
in the paper. The use of protective systems for children in urban areas is less than 70% for
all police administrations, as well as for children aged 4 to 12 years, in rural areas, which
is the reason why the mentioned maps have not been displayed separately. For similar
reasons, maps concerning safety helmet use by motorcycle passengers have not been
shown either. Seat belt use in passenger cars, on all roads, belongs to the class of very low
values of indicators.
3.1.1.

6
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3.1.2.

Maps with road safety indicators in rural areas
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4.

DISCUSSION OF RESULTS AND CONCLUDING REMARKS

The analysis of seat belt wearing rate indicator in 2014 shows that there are significant
differences in seat belt use in passenger cars and light commercial vehicles, as far as the
road type is concerned. Namely, the use of seat belts in urban and rural areas and on
highways differ by one indicator class. The values of road safety indicators in 2014 show
that about 20% of drivers in Serbia use their seat belts, depending on road type. The
percentage of 20% of drivers in urban areas who do not wear their seat belts, while they
use them in rural areas and on highways, may mean that these are drivers who think that
the seat belt is not required at low speeds and within short distances. Research studies
worldwide have revealed just the opposite, i.e. that most road accidents happen at low
speeds, and that the effect of seat belt is the highest in these road accidents.
A higher seat belt wearing rate on highways and on roads in rural areas can be possibly
explained by the structure of drivers involved in traffic. In fact, increased participation of
drivers with foreign number plates, travelling through our country, is expected on
highways. On the basis of conducted surveys, it can be possibly concluded that there is a
8

10th Jubilee International Conference
„Road Safety in Local Community“, Serbia, Kragujevac, 22–25 April, 2015

correlation between the seat belt use by drivers and front seat passengers in passenger cars,
in urban and rural areas, where the seat belt wearing rate is higher by about 20% at front
seats of passenger cars.
The research results presented in this paper may be used by traffic police units for
planning effective preventive and repressive measures, with the aim of improving road
safety in local communities.
The analysis of results of the seat belt use by rear seat passengers shows that, despite
the initiation of appropriate campaigns the aim of which is to increase seat belt use at rear
seats, the seat belt wearing rate is extremely low and is about 3% in urban and rural areas.
The results obtained can possibly be interpreted by the fact that the awareness of rear seat
passengers in Serbia, on necessity of wearing seat belts, does not exist. Such data can
possibly indicate the need for additional use of enforcement targeted at rear seat
passengers.
Based on the analysis of research results of seat belt use in passenger cars, it can be
concluded that the measures and actions to increase the use of seat belts have to be targeted
at about 30% of drivers or front seat passengers in passenger cars and practically at all rear
seat passengers in passenger cars. It is important to point out that the successful increase
in seat belt use in passenger cars can be achieved using long-term, systematic measures
intended for the specific target group. The experiences of developed countries show that
political incentives, implementation of media campaigns and enforcement, as the last
resort, present the key to success in the process of increasing the seat belt use. A significant
increase in a seat belt wearing rate in urban areas can be possibly achieved by
implementing appropriate campaigns whose aim will be to highlight the need of using seat
belts at low speeds and within short distances, which were already subject to appropriate
research studies worldwide.
Based on the experience of conducted surveys of road safety indicator measurements,
a higher value of indicators was observed in the use of protective equipment in the police
administration of Novi Sad. This can be possibly explained by the implementation of
appropriate activities and campaigns on the local level. There is a trend of slight increase
in the use of protective equipment for children, in all police administrations, which must
be supported by appropriate measures, such as increased availability of child seats, etc.
In order to further develop road safety assessment using road safety indicators, it will
be necessary to make an analysis of the impact of a specific indicator on the road safety
situation in Serbia. It will be also necessary to define the potential for road safety
improvement depending on indicators, by applying techniques which will support the
decision making process. Also, it will be necessary to define for each police administration
the potential for road safety improvement, depending on indicators. Based on results
obtained, it will be necessary to draw up an action plan to pursue the improvement of the
road safety situation, by acting on indicators which have the greatest potential for road
safety improvement.
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Abstract: Risk mapping is one of the most effective tools for determining the actual state of road
safety of a particular area. The results obtained using risk mapping are very suitable for a mutual
comparison of the level of road safety (risks), per local communities, police stations in charge of
road safety and Public Security Centers in the Republic of Srpska. However, in order to make it
more realistic, risk mapping will need to be more developed and adapted to the specific features of
the observed area (i.e. work should be done on finding an optimum way to calculate traffic risks).
This paper contains data on road accidents and their detrimental consequences, reduced to the same
unit (road accidents with material damage and slight injuries), respectively, using specific weights.
Traffic risks were calculated in relation to the number of registered motor vehicles and the average
annual daily traffic (on regional, main roads, road reserved for traffic of motor vehicles, and
highways). Results of this study will provide an insight into the state of road safety per jurisdictions
of police stations responsible for road safety in the Republic of Srpska .
Keywords: risk mapping, weights, traffic risk, police stations responsible for road safety.

1.

INTRODUCTION

The main precondition for road safety management (hereinafter referred to as: RS) is
a professional and qualitative determination of the actual road safety situation on all levels
(national, regional, local). There are diverse road safety parameters today which in a
certain way give a more or less reliable assessment of the road safety situation of an
observed area.
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Traditional RS monitoring (using direct-absolute and relative indicators) related
exclusively to the national level (Eksler, 2010), over the past years. However, in order to
improve the level of RS on the national level, it is of great importance to monitor the key
parameters on the local level, too. The question is which direct key indicators give their
maximum contribution to the assessment of the RS situation of an area?
Therefore, there is an inclination to establishing the overall road safety “index” (Аl
Haji et al, 2007), with the participation of indirect indicators (RS indicators) and direct RS
indicators, where each of the selected parameters would, in the best possible manner,
participate in the forming of the final assessment of the RS situation.
Unlike the countries that have been managing road safety for a long time (Sweden,
Great Britain, the Netherlands), including also Serbia from among the countries in the
neighborhood (in the last ten years), where risk mapping has been adopted as a standard
and a very effective tool for monitoring RS situation, the application of this tool in the
Republic of Srpska (BIH) is still being developed and about to be established (Lipovac et
al, 2013; Maric et al, 2014). In fact, each local community is specific per se and for that
reason, the selection of key traffic risk mapping indicators should be given appropriate
attention (Kukic et al, 2012; Pesic and Antic, 2012; Eksler, 2008). Therefore, taking the
traffic risk into account, certain local communities may be the least unsafe (in relation to
the number of registered motor vehicles), but, on the other side, they can be safe if the
traffic risk in relation to the average annual daily traffic (hereinafter referred to as AADT)
is concerned.
Regarding the abovementioned, this paper shows the results of the traffic risk mapping
(weighted number of road accidents, weighted number of consequences of road accidents,
the total number of road accidents with fatalities and the total number of road accidents
with the injured, in relation to the indicators (number of registered motor vehicles,
AADT).
The Ministry of Interior of the Republic of Srpska contributed to a great extent in this
matter by their regular monitoring and informing the public on direct and indirect RS
indicators. Working together with the Faculty of Transport and Traffic Engineering in
Doboj, the Ministry of Interior of the Republic of Srpska and the Road Safety Agency of
the Republic of Srpska, they made maps with traffic risks in the Republic of Srpska. These
maps give an insight into the road safety situation per police stations’ jurisdictions. The
results will encourage those responsible for the current state of road safety (republic bodies
and local governments) into improving their work and undertaking all necessary measures
needed for upgrading the level of road safety.
1.1.

Research subject and objective

The subject of the paper is a spatial distribution of road accidents and their detrimental
consequences (fatalities, seriously injured, slightly injured and material damage), per
police stations in charge of road safety (PS in charge of RS) and four police stations in
charge of general matters. The observed period spans from January to December 2014.
Data have been obtained by the Ministry of Interior of the Republic of Srpska, i.e. from
the electronic database of the Ministry of Interior of the Republic of Srpska, which
contains data on road accidents on the roads in the Republic of Srpska.
The main objective of this paper is to describe the current state of RS per police stations
in charge of road safety, including four police stations in charge of general matters, whose
12
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areas account for a larger number of road accidents with the most serious consequences
that happened and were recorded earlier. Other objectives also include making a mutual
comparison of the mentioned stakeholders in order to improve their work and encourage
them into competing among themselves, but also to contribute to determining the optimum
criterion which will be used for making the most realistic picture of the actual state of road
safety on the roads in local communities.
2.

MATERIALS AND METHODS

2.1.

Research method

Research results are obtained using the analysis of the number of road accidents and
their detrimental consequences, in the period January-December 2014. The paper contains
a thorough analysis of road crashes (with fatalities, injured and material damage) and
consequences of these crashes (fatalities, seriously injured and slightly injured). In
addition, all road accidents have been reduced to accidents with material damage, using
the weights (1, 20 and 150), while all detrimental consequences have been reduced to
slightly injured, using the weights (1, 5 and 50), (Lipovac et al, 2013). Taking into account
these weights, the weighted number of road accidents (WNRA) and the weighted number
of consequences (WNC) have been thus calculated:
WNRA = 1*RA with mat.damage + 20*RA with injured + 150*RA with fatalities
WNF = 1*SliI + 5*SerI + 50*Fat
Values of WNRA and WNF obtained in this manner have been used for the calculation
of traffic risk in relation to the number of weighted number of road accidents (TWNRA)
and the traffic risk in relation to detrimental consequences of road accidents (TWNF):

WNRA
*1000
Number of registered motor vehicles
WNF
*1000
TWNF =
Number of registered motor vehicles

TWNRA =

In order to make a more realistic assessment of the road safety situation per observed
police stations, the analysis included the traffic risk (TRra with fatalities), where the total
number of RA with fatalities in relation to the average annual daily traffic (AADT) has
been taken into account, as well as the traffic risk (TRra with casualties), with the total
number of RA with casualties (without RA with material damage) in relation to the AADT.
The average value of AADT has been calculated in both cases for several sections of
state roads (highways, roads reserved for traffic of motor vehicles, main and regional
roads) which fall under the jurisdiction of particular police stations. These two additional
risks have been calculated using the following formulas:

TRra with fat. =

RA with fat.
*10000
AADT
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TRra with casualties =

RA with casualties
*1000
AADT

Calculated results have served for the classification of risks which was used later on to
make risk maps per police stations in the Republic of Srpska. A total number o 16 police
stations in charge of road safety (PS/RS) and 4 police stations in charge of general police
matters (PS Srbac, PS Teslic, PS Laktasi and PS Novi Grad) have been observed for the
purpose of this study.
Table 1. Classes of risk

TWNRA

TWNF

Up to 100

Very low

Up to 15

Very low

From 100 to 150

Low

From 15 to 30

Low

From 150 to 200

Medium

From 30 to 45

Medium

From 200 to 250

High

From 45 to 60

High

Over 250

Very high

Over 60

Very high

Table 2. Classes of risk

TRra with fat.
Up to 2
Very low
From 2 to 6
Low
From 6 to 10
Medium
From 10 to 14
High
Over 14
Very high

TRra with injured
Up to 5
Very low
From 5 to 13
Low
From 13 to 21
Medium
From 21 to 29
High
Over 29
Very high

The paper contains certain limitations. Data used for AADT are those from 2011 when
this indicator was last measured by the public enterprise “Roads of Republic of Srpska”.
Risk classes have been adopted in the first place to make a distinction in the risk level
in the areas falling under the jurisdiction of specific police stations, respectively.
According to this, obtained maps are not comparable with similar maps in the region. It
should be noted here that all the analyses in the paper, as well as the maps designed on the
basis of the currently available data, i.e. deeper analyses, have not been possible due to the
absence of required data (number of fatalities per road type, number of vehicle/km
travelled, accurate number of population …).
3.

RESULTS

The calculation of traffic risk in relation to the weighted number of road accidents
gives us the results as shown in table 3.
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Table 3. TWNRA

PS/RS Gacko
PS Laktasi
PS Srbac
PS/RS Derventa
PS/RS Visegrad
PS/RS Bijeljina
PS Novi Grad
PS/RS Banja Luka
PS/RS Zvornik
PS/RS Samac

80,3
89,6
117,7
123,4
148,2
152,6
156,1
161,3
165,6
167

PS/RS Istocno Sarajevo
PS/RS Prnjavor
PS/RS Trebinje
PS/RS Prijedor
PS/RS Foca
PS/RS Doboj
PS/RS Mrkonjic Grad
PS Teslic
PS/RS Gradiska
PS/RS Sokolac

185,9
189,6
191,7
200,6
210,9
221,9
227,6
286,8
308,5
485,4

Figure 1. Traffic risk according to the weighted number of road accidents (with fatalities, injured
and material damage), per police station

The analysis of results (Table 3) and the map of the TWNRA (Figure 1) show that, as
far as this indicator is concerned, the following police stations have the best ranking in
terms of road safety (light and dark green color bands): PS/RS Gacko (80,3), PS Laktasi
(89,6), PS Srbac (117,7), PS/RS Derventa (123,4) and PS/RS Visegrad (148,2). Contrary
to these stations, if the indicator in question is concerned, road safety is on the lowest level
(red and black color band) in the following areas: PS/RS Sokolac (485,4), PS/RS Gradiska
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(308,5), PS Teslic (286,8), PS/RS Mrkonjic Grad (227,6), PS/RS Doboj (221,9), PS/RS
Foca (210,9) and PS/RS Prijedor (200,6).
As for the results related to the TWNF (Table 4), the highest road safety level is
recorded with the following police stations: PS Srbac (15,3), PS Laktasi (18,1), PS/RS
Banja Luka (20,6), PS/RS Bijeljina (22,1), PS/RS Derventa (25,1), PS/RS Prnjavor (25,8)
and PS/RS Gacko (29,3). Also, police stations with the high traffic risk, according to this
indicator, include: PS/RS Sokolac (110,1), PS/RS Gradiska (60,7), PS Teslic (57,1),
PS/RS Mrkonjic Grad (46,1) and PS/RS Doboj (45,1) (Figure 2).
Table 4. TWNF

PS Srbac
PS Laktasi
PS/RS Banja Luka
PS/RS Bijeljina
PS/RS Derventa
PS/RS Prnjavor
PS/RS Gacko
PS/RS Foca
PS/RS Zvornik
PS/RS Samac

15,3
18,1
20,6
22,1
25,1
25,8
29,1
30,5
31,3
32,4

PS/RS Trebinje
PS/RS Visegrad
PS/RS Istocno Sarajevo
PS/RS Prijedor
PS Novi Grad
PS/RS Doboj
PS/RS Mrkonjic Grad
PS Teslic
PS/RS Gradiska
PS/RS Sokolac

35
35,5
36,4
36,4
40
45,1
46,1
57,1
60,7
110,1

Figure 2. Traffic risk according to the weighted consequences of road accidents (fatalities,
seriously injured and slightly injured), per police station
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It should be noted here that the TWNRA and TWNF have been calculated in relation
to the registered number of motor vehicles per police station (number of registered motor
vehicles in municipalities falling under the jurisdiction of individual police stations).
In order to be able to make certain conclusions with greater reliability, two additional
parameters have been analyzed, too: TRra with fatalities (Table 5) and TRra with injured
(Table 6). Unlike previous indicators (TWNRA and TWNF), which were calculated in
relation to the number of registered motor vehicles, these two indicators have been
calculated in relation to the average annual daily traffic (AADT).
Table 5. TRra with fatalities

PS Laktasi
PS/RS Prnjavor
PS Srbac
PS/RS Foca
PS/RS Gacko
PS/RS Banja Luka
PS/RS Istocno Sarajevo
PS/RS Doboj
PS/RS Derventa
PS/RS Visegrad

1,5
2,5
3,5
5,5
5,8
7,1
7,7
8
8,5
9

PS/RS Samac
PS/RS Bijeljina
PS/RS Zvornik
PS/RS Trebinje
PS/RS Gradiska
PS Novi Grad
PS Teslic
PS/RS Sokolac
PS/RS Prijedor
PS/RS Mrkonjic Grad

9,4
9,8
13
13,2
13,2
13,7
14,2
19,6
27,9
34,9

Figure 3. Traffic risk (road accidents with fatalities in relation to AADT)
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On the basis of obtained results for TRra with fatalities (Table 5), police stations
accounting for the lowest traffic risk (light and dark green color bands) include: PS Laktasi
(1,5), PS/RS Prnjavor (2,5), PS Srbac (3,5), PS/RS Foca (5,5) and PS/RS Gacko (5,8). As
far as this indicator is in question, police stations accounting for the highest traffic risk
(dark and red color bands) include: PS/RS Mrkonjic Grad (34,9), PS/RS Prijedor (27,9),
PS/RS Sokolac (19,6), PS Teslic (14,2), PS Novi Grad (13,7), PS/RS Gradiska, PS/RS
Trebinje (13,2) and PS/RS Zvornik (13), (Figure 3).
The last parameter which we could calculate on the basis of available data was the
TRra with casualties (Table 6).
Table 6. TRra with injured

PS/RS Gacko
PS Laktasi
PS Novi Grad
PS/RS Visegrad
PS Srbac
PS/RS Prnjavor
PS/RS Derventa
PS/RS Samac
PS/RS Doboj
PS/RS Zvornik

2,3
3,0
5,5
7,2
9,3
11,2
12,7
14,4
14,7
14,9

PS Teslic
PS/RS Istocno Sarajevo
PS/RS Foca
PS/RS Trebinje
PS/RS Sokolac
PS/RS Gradiska
PS/RS Bijeljina
PS/RS Banja Luka
PS/RS Mrkonjic Grad
PS/RS Prijedor

16,5
16,6
17,7
18,9
20,0
23,0
24,2
28,2
29,1
47,7

Figure 4. Traffic risk (road accidents with casualties) in relation to AADT
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4.

DISCUSSION

The analysis of obtained results for TWNRA and TWNF leads to the conclusion that
the most risky roads are located in the jurisdictions of police stations: PS/RA Sokolac,
PS/RS Gradiska, PS Teslic, PS/RS Mrkonjic Grad and PS/RS Doboj. The safest roads falls
under the jurisdictions of police stations: PS/RS Gacko, PS/RS Laktasi, PS Srbac, PS/RS
Derventa and PS/RS Bijeljina. However, there is a dilemma whether it is really like this?
Some of these police stations include, i.e. exercise jurisdiction over high traffic areas
(roads), such as (Doboj, Gradiska). Therefore, larger numbers of road accidents are likely
to occur in these areas. Of course, this cannot be a rule if road safety management has been
put in place. The consequence of the previously mentioned is actually the reason why other
two indicators (TRra with fatalities and TRra with casualties) have been observed and
analyzed.
The indicator TRra with fatalities has been taken for analysis as in 2014, the largest
number of road accidents with fatalities occurred on state roads (around 76%).
Accordingly, this indicator gives a more realistic picture of the road safety situation per
police stations as far as state roads are concerned (i.e. roads in local communities where
road accidents with the most serious injuries most often happen).
Therefore, the situation (high risk of RA with fatalities) on state roads contributes
significantly to ranking the roads as most unsafe (in terms of the most serious
consequences of road accidents), in the jurisdictions falling under following police
stations: PS/RS Mrkonjic Grad, PS/RS Prijedor, PS/RS Sokolac and PS Teslic. On the
other hand, PS/RS Banja Luka and PS Laktasi have a very low risk in terms of the indicator
of TRra with fatalities, regardless of a very high AADT (highway). As already shown,
they are ranked among the best performing police stations when taking into account the
parameters of TWNRA and TWNF. It is important to say that the PS/RS Doboj is among
the most unsafe police jurisdictions, according to the TWNRA and TWNF. However,
when taking into account the total number of road crashes with fatalities, in relation to
AADT, it can be seen that this police stations falls in the middle of the table (yellow color
band). According to this, it can be concluded that the first two indicators do not offer a
realistic picture of the road safety situation for this police station, as its jurisdiction
includes the road section of the main road M-17 (high AADT) and crashes that occur on
this road have a significant influence on the fact that this police station is ranked among
the most unsafe police jurisdictions, according to the first two parameters.
The TRra with injured indicator offers a picture of the risk of casualties (RA with
casualties) on state roads, in relation to the AADT on these roads. According to this
indicator, the riskiest police stations are PS/RS Prijedor and PS/RS Mrkonjic Grad,
followed by PS/RS Banja Luka, PS/RS Bijeljina and PS/RS Gradiska. Such ranking of
PS/RSs (Banjaluka, Bijeljina and Gradiska) is due to the fact that a huge number of road
accidents with seriously and slightly injured occur on state roads falling under the
jurisdiction of these police stations.
Taking into account all four indicators in 2014, the roads falling under the jurisdiction
of the following police stations in charge of road safety: Sokolac, Mrkonjic Grad and
Prijedor, are ranked among highly risky roads in the Republic of Srpska. Also, roads with
a high risk include the roads in the jurisdiction of the PS/RS Gradiska, but also the roads
in the jurisdiction of the PS Teslic, where there is a particularly high risk of road accidents
with fatalities.
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The least risky roads, i.e. the roads with a high road safety level include those falling
under the jurisdiction of PS/RS Gacko, PS Srbac and PS Laktasi. It should be noted that
the highway E-661, but also the main road M-16, are passing through Laktasi, as well as
that part of the jurisdiction of PS Laktasi is handled by PS/RS Gradiska (highway and
main road M-16, Gradiska-Banja Luka) and PS/RS Banja Luka (main road M-16 Banja
Luka-Prnjavor). The remaining road network falling under the jurisdiction of these three
police stations (PS/RS Gacko, PS Laktasi and PS Srbac) is not so developed. In fact, it is
worth mentioning here that for this reason, the analysis (of four observed indicators) has
shown that PS/RS Derventa, PS/RS Visegrad and PS/RS Prnjavor are ranked among the
best performing police stations in terms of road safety, as traffic areas with a relatively
high AADT and a more complex and significantly developed road network.
5.

CONCLUDING REMARKS

The general and professional public, and police stations in charge of road safety in
particular, operating within the Public Security Centers should benefit from the results of
this study as it offers a quality insight into the actual road safety situation on the roads in
the Republic of Srpska. Obtained results will help those responsible for road safety (at the
Ministry of Interior, local communities, public enterprise “Roads of the Republic of
Srpska) observe the road safety related problems, identify which local communities and
in whose jurisdictions (which police stations) are (un)safe, but also encourage them into
competing mutually in order to raise the level of road safety.
It is of utmost significance to further improve the risk mapping methodology and adopt
it in order to make risk maps in the future, on all levels, on a regular (traditional) basis.
6.

LITERATURE
[1] Al-Haji, G. (2007). Road Safety Development Index (RSDI) Theory, Philosophy and
Practice. Dissertation No. 1100, Department of Science and Technology, Linköping
University, Sweden.
[2] Eksler, V. (2008). Exploring spatial structure behind the road mortality of regions in
Europe. Applied Spatial Analysis and Police, 1, 133-50.
[3] Eksler, V. (2010). Measuring and understanding road safety performance at local
territorial level. Safety Science, 48 (9), 1197-1202
[4] Kukić, D., Milinković, B., Miletić, B. i Malešić S. (2012). Mapiranje rizika po opštinama
i područjima policijskih uprava Srbije, BEZBEDNOST SAOBRAĆAJA U LOKALNOJ
ZAJEDNICI, VII međunarodna konferencija, Donji Milanovac.
[5] Lipovac, K., Jovanović, D. i Nešić, M. (2013). „Metodologija identifikacije opasnih mesta
na putevima“.
http://www.yubs.rs/Naucni%20radovi/Metodologija%20identifikacije%20opasnih%20m
esta%20na%20putevima.pdf.
[6] Lipovac, K., Vujanić, M., Marić, B. i Tešić, M. (2013). Mapiranje rizika po opštinama u
Republici Srpskoj. Zbornik radova, BEZBJEDNOST SAOBRAĆAJA U LOKALNOJ
ZAJEDNICI, II Stručni seminar sa međunarodnim učešćem, Ministarstvo saobraćaja i
veza, Agencija za bezbjednost saobraćaja, Banjaluka.
[7] Marić, B., Tešić, M. i Đerić, M., (2014). Mapiranje rizika na području Republike Srpske
(2011-2013), BEZBEDNOST SAOBRAĆAJA U LOKALNOJ ZAJEDNICI, IX
međunarodna konferencija, Zaječar.
[8] Podaci Ministarstva unutrašnjih poslova Republike Srpske

20

10th Jubilee International Conference
ROAD SAFETY IN LOCAL COMMUNITY
Serbia, Kragujevac, Hotel Kragujevac,
April 22 – 25, 2015.
INVITED PAPER

ROAD SAFETY AUDIT IN URBAN ROAD DESIGN BY THE
EUROPEAN DIRECTIVE ON ROAD INFRASTRUCTURE SAFETY
MANAGEMENT
Anđelko Šćukanec 1, Davor Brčić 2, Marko Šoštarić 3
Abstract: In 2008, European Union brought the Directive 2008/96/EC, dealing with road
infrastructure safety. The goal of the Directive is to increase safety of the Trans-European Networks
(TEN), including every stage, from planning, design and construction to usage and maintenance.
Although the application of the Directive is mandatory for TEN roads, it is recommended to apply
the Directive to other road infrastructure as well as the one in urban areas. If human factors and the
environment are included in the design phase as road accident causes (not just the minimum
conditions required, mostly related to technical road infrastructure characteristics), there can be a
great achievement in reducing the probability of an accident to occur. Besides that, the external costs
caused by road accidents will be much smaller if the possibilities for an accident to occur are
eliminated in the infrastructure design stage, and not in the usage or maintenance stage (a posteriori).
The stated fact is included in the Directive as RSA (Road Safety Assessment), which is a procedure
implemented in the road design stage in order to determine how the project contributes to road safety.
The paper shows in real example which basic elements of road safety audit exist in the urban road
design stage.
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management, urban road safety
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1.

INTRODUCTION

According to the research conducted, the share of external costs in traffic (congestion
costs excluded) in the EU-27 countries (including Norway and Sweden and excluding
Malta and Cyprus) were 514 billion EUR in 2008, which is 4 % of total GDP. In these
external costs, the very high 44 % belongs to traffic accidents (226 billion EUR or 1,76 %
of GDP), 29 % to climate changes, 10 % to air pollution, and the 4 % belongs to the noise.
It is important to note that road traffic contributes with 93 % of total external costs in
traffic, and 61 % of the same costs belongs to private cars.
In order to reduce the number of road accidents, and consequently the external costs,
it is necessary to act preventively on every factor with possible contribution for a road
accident to occur. In this manner, European Parliament and European Council brought the
Directive 2008/96/EC on road infrastructure safety management (hereinafter: Directive).
The goal of the Directive is to increase road safety on Trans-European Networks (TEN)
within the every stage, from planning, design and construction to usage and maintenance.
The 2008/96/EC Directive of the European Union makes protocols for road safety
evaluation in the planning and design stage. The means of road safety evaluation in the
planning and design stage are determined by standard procedures of the Directive. The
impact on road safety in the planning stage is determined by the RSIA procedure (Road
Safety Impact Assessment). On the other hand, the impact on road safety in the design
stage is determined by the RSA procedure (Road Safety Audit).
Besides the road safety evaluation in planning and design stages, the Directive defines
safety evaluation procedures for accident blackspots, NSM (Network Safety Management)
and RSI (Road Safety Inspection).
In the Republic of Croatia, measures for improving road safety are carried out by the
inspection of existing roads. The drawback of this kind of methodology is the fact that the
inspection is conducted after the irregularities of the existing road or junction were
determined, which mostly happens after a road accident occurs.
Since the majority of accidents occur in the urban environment, the accent in this paper
is put onto road safety audit for urban roads in the design stage. In addition, if various
factors that have to be included during the project design development are considered,
traffic design in urban areas becomes more complex. For this reason, special attention is
required to be put on project documentation preparation in order to have maximum
influence of reducing the probability of road accident by acting preventively through every
relevant factor that may cause the accident.
2.

ROAD SAFETY AUDIT – THE RSA PROCEDURE

Road safety audit (RSA) is related to road safety evaluation in the design stage. The
RSA procedure represents an independent, systematic and fundamental evaluation of
predicted usable road infrastructure elements designed within the project (traffic, technical
and construction) which may have impact on road safety. The audit is conducted in every
project stage – from preliminary design to construction design accompanied by
construction design documentation. When reviewing elements that have impact on road
safety, the RSA procedure includes every traffic participant (drivers and passengers in
motor vehicles, pedestrians, cyclists, children, elderly people, people with disabilities and
others) in an equal manner.
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The main goal of the RSA procedure is road safety improvement, which is a direct
consequence of road accident decrease in just constructed or redesigned road network
portions. For this kind of achievement, the project has to be constantly revised in the
construction and usage stages in terms of road safety. Accordingly, the other goal of the
RSA procedure is to avoid traffic solutions which can result in more road accidents as well
as the continuous conduction of safe driving policy for potential road users in order for
them to be taught how to drive safely.
According to the implementation, the RSA procedure is divided into 4 stages:
 Safety audit in the preliminary design or the preliminary project,
 Safety audit in the stage related to the building act acquirement (main
project),
 Safety audit in the construction design stage,
 Safety audit in the trial run stage (probation with corrections of minor
deficiencies at the end).
In the preliminary design stage, predicted connections between constructed design and
existing roads as well as compatibility of the solution with different traffic participants are
under review. Although this stage of the project has already determined the basic design,
specific changes that may result in improved road safety are still being considered. These
changes can be related to the type of intersection, number of lanes at the intersection,
visibility field, etc.
In the main stage of the project, the RSA procedure is conducted immediately before
the project documentation for road construction or redesign is finished. Since this stage
probably implies that legal property relations regarding land acquisition have already been
resolved, the review cannot result in more significant changes, so the basic activity of the
RSA procedure in this stage is the examination of traffic signalling, lighting, protective
fencing, other equipment as well as drainage elements, curbs and shoulders.
The RSA procedure in its construction design stage or the construction documentation
stage is conducted in newly constructed or redesigned portions of transportation network
immediately before putting the project into usage. Since the project is conducted in this
stage within the RSA procedure, there is a performance check of every single element to
make sure that each of them was implemented in accordance to the project, and that no
deficiencies conflicting road safety have not been produced in the process. If the
performance check determines certain deficiencies that may result in worsened road safety
state, changes related to minor road reconstructions, signalling and other equipment in the
observed road network portion (which can greatly contribute to road safety improvements)
have to be suggested. It is also very important to perform the checkout during both day
and night in order to have a better insight to possible deficiencies mostly related to lighting,
traffic signalling and latent risks.
The RSA procedure in its trial run stage is conducted during the period in which the
probation certificate of occupancy for the implemented solution has been acquired, which
is the moment when smaller deficiencies have to be corrected. It is desirable to conduct
the RSA procedure in the trial run stage when the minor deficiencies in the implemented
solution are not yet known, but just to make sure that no mistakes have been produced
during the design and implementation of the traffic solution. The goal of the RSA
procedure in this stage is the evaluation of correctness and fulfilment of safety conditions
for every traffic participant. If there are certain deficiencies in the trial run of the RSA
procedure, it is necessary to suggest their elimination and the adjustment of road network
elements to match the real traffic conditions and driver behaviour.
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This kind of road safety evaluation procedure in the network design stage can expect
newly constructed roads, redesigned roads or intersections to fulfil the most strict safety
criteria and by that, to ensure safe traffic operations for every participant.
3.

THE RSA PROCEDURE – APPLICATION ON THE URBAN ROAD
NETWORK

According to the Directive, road safety audit is currently obligatory only for the TEM
roads, but it is recommended to apply it on every other road type. The TEM network in
Croatia has a total length of 1.600 km, divided into motorways (1.300 km) and state roads
(300 km). The importance of expanding the Directive to urban road network can be seen
through road accident data. According to the data obtained from the traffic police in the
Republic of Croatia, only 5 % of total road accidents occur on motorways. In addition, 57
% of total number of accidents with casualties occur in the urban environment, and 78 %
of total number of accidents with injuries occur in the urban environment as well.
For these reasons, the RSA procedure becomes the most suitable aspect of project
design in urban areas because it is related to project revision from preliminary design stage
to trial run stage, opposite to the RSIA procedure, which is related solely to the planning
stage, usually based on safety tests for new road portions. However, projects involving
new road portions are usually rare in the urban environment.
Besides the mentioned, transport project development procedures are influenced by
significantly more relevant factors able to have impact on road accidents in the urban
environment. In addition, often are present examples in which, due to limitations in space,
accident blackspots cannot be eliminated in a simple manner (as a civil engineering
problem).
In order to include every relevant factor, and by that, to create optimal solution from
safety aspect, road safety audit in its design stage, from preliminary design to the usage
stage becomes unavoidable. This significantly decreases probability for accident
blackspots to form, and also the possibility to implement project solutions whose elements
are not satisfying from the aspect of safe traffic operations.
In accordance with the Directive, road safety audit needs to be conducted by qualified
personnel – auditors. An auditor is a qualified natural person who independently estimates
the road portion solution from the road safety aspect in planning and design stages,
inspecting the existing road from the aspect of road safety characteristics. Due to the
responsibility and complexity of the tasks (especially in the urban areas), a person has to
meet certain conditions and to pass the auditor exam in order to become an auditor. The
most important conditions are: academic degree in traffic or civil engineering field, certain
amount of work experience in the road safety field, and specific references – participation
on projects related to road infrastructure, safety or similar. If every of the stated conditions
are met, the person can attend the course and eventually, attend the auditor exam.
A simple example which demonstrates a possible inadequate traffic solution
implementation from the safety aspect as well as the advantages of applying the RSA
protocol of the Directive to the urban road design is demonstrated throughout the chapter
4 – a case study.
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4.

AN EXAMPLE OF THE RSA PROCEDURE IN THE URBAN
ENVIRONMENT

In order to represent how the project audit in its design stage could impact the optimal
traffic choice from the safety aspect, a case study was made. The case study is the analysis
of the project solution related to a connection of the newly planned gas station in urban
areas from the road safety aspect – a road safety audit (RSA). Since the case study
considers the preliminary project for the purpose of acquiring the location permit, the RSA
procedure is related to road safety evaluation in the preliminary design stage.

Figure 1. The first project solution variant

The case study includes two variants of the solution mentioned above. Within the first
variant of the designed project solution, a connection of the newly planned gas station
through the urban area by an on-ramp is proposed. At the proposed connection, the
existing road has two one-way roadways, and each roadway consists of two lanes. Free
traffic flow has a speed of 80 km/h. The project solution as the first solution variant is
shown in Figure 1.
The analysis of the first solution variant showed that safety violations of traffic
operations in the area produce a critical safety spot at the off-ramp of the existing gas
station, which would become an on-ramp in the first variant of the project solution of the
newly designed gas station. The critical accident spot is shown in detail in Figure 1. The
figure shows that the critical spot is placed at the beginning of the off-ramp, i.e. the lane
leading to the existing gas station, with a length of 105 metres, characterized by almost
maximum traffic flow speed, opposite to the flow from the newly designed gas station,
which would have a speed between 0 and 15 km/h. The range of speeds of the exiting
traffic flow is caused by technical specifications of the off-ramp as well as the direct
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entrance in the critical spot area. On the basis of former data analysis from similar cases,
it is assumed with high probability that the 80 % of vehicles will make a full stop in the
on-ramp of the newly planned gas station before they enter traffic. Merging those two
traffic flows is considered as a risky situation which considerably disrupts safe traffic
operations – in this case, vehicles in traffic and vehicles coming from the new gas station
are in conflict. In addition, there is a chance of new traffic flows from other areas
(shopping malls) to induce on the area, because the exit of the new gas station would then
serve as a connection to the main roadway, shortening crossing distance to less than a half.
After the road safety audit, the first solution variant was not approved, because it was
not satisfactory from the road safety aspect.
After rejecting the first solution variant, the project team started to consider the second
solution variant of the on-ramp from the new gas station to the existing roadway in the
urban area. Within the second solution variant of the project, a perpendicular connection
between the gas station and the roadway was suggested. The project solution for the
second variant is shown in Fig. 2.
The road safety evaluation procedure in the design stage of the second solution variant
resulted in many deficiencies in the development and design procedures of the solution,
which in the end, resulted in an entire set of negative impacts on road safety. This set of
negative impacts can be classified into the following groups:

Newly formed critical point which has a negative impact on the safe traffic flow
operations on the existing road,

Newly formed critical point which has a negative impact on the traffic volume on
the existing road,

Negative influences that create worse drive conditions on the existing road,

Reduced safe manoeuvring of heavy vehicles due to small radii on exits and new
traffic flow formations from other areas (shopping malls) at the on-ramp of the
gas station – the on-ramp could not withstand these intense flows due to its
technical characteristics.
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Figure 2. The second project solution variant

The conclusion derived from the analysis was the following: from the aspect of safe
traffic operations as well as the aspect of capacity and the level of service, the solution
regarding the implementation of the new connection between the new gas station and the
roadway as perpendicular (second solution variant) is not an acceptable solution. This is
because the existing traffic flow on the roadway reaches almost its maximum possible
speed, while the traffic flow entering the roadway from the new gas station is practically
still (speed is 0 km/h), which makes the critical spot very dangerous. In addition, it is
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expected to have an increased number of drivers using the right lane on the existing road
in order to exclude themselves from traffic to use the existing gas station – the off-ramp
would be positioned immediately after the on-ramp of the newly designed gas station (Fig.
2), and this can lead to increased probability for accidents to occur. Besides that, the
exiting radii of the revised on-ramp are not adjusted to technical specifications of heavy
vehicles, which would then occupy the entire right lane and the most of the left lane when
entering roadway, which would significantly worsen road safety on the existing roadway.
From the reasons stated and described above, the suggestion is to make corrections of
the project according to stated deficiencies, so the proposed connection solution is not
approved from the road safety aspect.
As one can see from the negative consequences of the project analysed above, road
safety audit in the traffic design stage is a very complex procedure which requires both
knowledge and experience among certified auditors. During the conduction of the safety
audit in its design stage, special attention in urban areas has to be put on every factor
contributing to the possibility of an accident to occur from aspect of safe traffic operations
in order to conduct the road safety audit properly.
The main reasons for an accident to occur are described as three factors: human,
vehicle and the road (environment). For this reason, certified auditors have to possess
experience and knowledge in other fields (driver psychology, human as a road safety
factor, road safety in the usage stage and similar), in order to detect and warn about the
deficiencies in the design stage, which can make road accidents to occur during the usage
stage.
It is also very important to emphasize that, on the legal basis, both the first and the
second solution variant can be granted the permission of implementation, i.e. the existing
legislation mandatory for the matter has no explicit restriction in which the mentioned
variants would not be compliant with. This example is the additional reason why the
application of the RSA procedure of the Directive has to extend to the urban road network,
because it is evident that the variants of the project solution regarding the on-ramp from
the new gas station are not in accordance with the traffic profession, and neither the rules
of road safety.
Road safety audit in this method also contributes to cost decrease for the investor
because, as can be seen from both solution variants, it is much simpler to change the
preliminary traffic design in accordance with the audit results than to conduct additional
construction work in order to improve safety aspects of the solution already implemented.
5.

CONCLUSION

In the Republic of Croatia, there has been a road safety inspection conducted only for
the existing roads, which has not showed a considerable effect through the decrease of the
number of road accidents until the present. In fact, the Republic of Croatia is among the
European countries with the highest number of deaths in traffic per million inhabitants.
The partial reason for this situation can be the existing road inspection model, because,
according to the model, particular redesign measures are usually implemented after an
accident occurs. This kind of approach aimed to improve road safety is not satisfactory
because it does not behave preventively, and consequently, is the most expensive road
safety improvement solution.
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The facts stated above are the precise reason why the need to decrease the probability
of road accident to occur in the designed stage appeared. This method would significantly
impact the safety of the new traffic solutions since the highest safety standards had already
been used to make ideal traffic solution variants.
Besides the motorways and the rest of the TEM network in the Republic of Croatia,
the implementation of the road safety audit procedure (RSA) is required to be implemented
on the rest of the road network as well. This is especially true for the urban road
infrastructure on which, compared to the motorways and roads outside of settlements, a
significantly greater number of road accidents occurs because traffic and its accompanying
problems have the highest concentration in cities.
The case study revealed that the road safety audit procedure in the solution design stage
is very complex because in the urban environment, there is a great amount of factors of
influence. The case study also revealed that, even if the existing legislation regulating the
matter from the safety aspect was complied with, bad traffic solutions could be noticed
quite often, which is a result of complexity in the urban road network design. It is almost
impossible to explicitly make regulations for the every rule of the urban road network
design due to the specificity of the each project.
The reasons state above imply that is very important to conduct the road safety audit
procedure for traffic solutions in urban areas in every step, beginning with the design, and
ending with the usage. In such manner, preventive actions for each factor with possible
contribution to a road accident will be enabled, which could make a significant
contribution to reduce the number of road accidents in the Republic of Croatia.
6.
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Abstract: Human error may account for about 90% of all road accidents. It is reasonable to assume
that it would be effective to apply psychological interventions in road safety campaigns to reduce
the number of road accidents. It is also reasonable to assume that attitudes towards risks in road
crashes and perception thereof differ across the regions. These differences may be the result of
various influential cultural factors, economic factors, environmental factors, etc. The main aim of
the present study is to examine regional differences in risk perception, attitudes towards road safety
and self-reported behavior in Serbia.
Keywords: Attitudes, behaviour, regional differencies

1.

INTRODUCTION

Road accidents are a serious social and economic problem. Responsible societies
should face this issue using detailed analyses and implementation of effective measures.
The analysis of road crashes is usually made on the basis of data provided by the police.
However, these data are limited as they do not include road user behavior which caused a
road crash. To that end, it will be necessary to study road user behavior in the first place,
using specific methods.
The human being is the most significant, but also most complex road safety factor.
Over the last year, a special interest has been focused on the influence of road user attitudes
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on road safety related behavior. The interest in examining the relationship between
attitudes and behavior appeared as early as in the 1970ies of the last century. The most
significant examples are the Theory on reasoned actions and Theory on planned behavior
proposed by Fishbein and Ajzen (1975), as well as the attitude-behavior model by Triandis
(1980), etc. These researches announced the period which is still actual today, in which a
huge number of road safety research studies were dedicated to road user’s attitudes.
Development of theory models which had a very important practical application has
stimulated numerous researches into conducting surveys to explain road user behavior.
Attitudes are considered to be the key determinant of behavior (Hatfield et al., 2008). The
attitude is one of the factors that influences road traffic behavior and is therefore important
in the process of creating the knowledge base and the final outcome of road user behavior.
Neglecting speed limit is considered the major traffic offense (Gras, et al., 2004;
Stradling, et al., 1992). In general, drivers do not perceive speeding as a serious violation
(Aberg, et al., 1989; Corbett, 1991; Hills, et al., 1993). Research studies have shown that
drivers can be aware of the size of risk occurring due to speeding, but the problem is that
they do not believe they are exposed to risks when they exceed the posted speed limit.
This has been confirmed in a study carried out by Brown and Cotton. They have found out
that drivers are of opinion that, even when they are speeding, they can drive safely (Brown
& Cotton, 2003).
It is known that the acute alcoholism affects human performances and driving abilities
(Carpenter, 1968; Mann and Vogel-Sprott, 1981) and that the risk of a collision is
increasing exponentially with the increase in driver’s blood alcohol content (Asbridge et
al., 2004; Mann et al., 2001). However, in addition to acute effects, research studies also
identified considerable long-term effects of alcohol on cognitive and psycho-motor
abilities and driver behavior, and finally, on the increased risk of road accidents
(Wolkenberg et al., 1975; Yesavage et al., 1994).
The effects of seat belts on reducing consequences of road accidents have been
scientifically confirmed and well documented. The use of seat belts reduces serious
consequences and fatalities by approximately 50%. Seat belts are far more effective in
road accidents involving head-on collisions, collisions made while driving in the same
direction, as well as in cases of vehicle roll-overs, especially while driving at lower speeds
(Evans, 1990).
All statistical regions in the territory of the Republic of Serbia apply similar measures
aimed at improving road safety. It is interesting that, apart from having common aspects,
various statistical regions apparently achieve different effects in their road traffic risk
reduction policies. This is one of the reasons for making a comparative survey which will
help them exchange their best practices.
The aim of the survey is to make the comparison of attitudes and reported behavior of
passenger car drivers in four statistical regions in the Republic of Serbia (region of the
City of Belgrade, Vojvodina, Sumadija and Western Serbia, and Southern and Eastern
Serbia).
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2.
2.1.

METHODOLOGY
Data collection

The research was conducted in the territory of the Republic of Serbia. The sample was
collected in the period from 1st August 2014 to 31st October 2014. A total number of 2,010
drivers of passenger cars were interviewed. The aim of the survey was to collect
respondents’ attitudes relating to the risks in behavior, and behavior in various traffic
situations.
The survey was carried out in four ways:
• Survey forms were distributed to the technical inspection stations functioning
within the Automobile and Motorcycle Association of Serbia. The target
group included passenger car drivers who made a technical inspection of their
cars. Each driver who agreed to take part in the survey filled in the printed
survey form. 67,4% of drivers were interviewed in this way.
• The “on-line” survey form was sent to all the municipalities in the Republic
of Serbia. Each municipality posted the survey form on its website and made
it available to the general public. The “on-line” survey form was also sent to
the social network groups. 19,6% of drivers were interviewed in this way.
• Printed survey forms were also distributed at certain events where the citizens
gathered together. This type of survey accounted for 13,0% of interviewed
drivers.
2.2.

Creating a unique rating for the comparison of attitudes per regions

A selection of 17 items was made from the survey form used in the SARTRE 4 project.
These items related to attitudes on speeding, drink-driving, seat belt use and support for
the enforcement. The display of items and the way in which responses were entered are
given in Table 1.
Variables have been re-coded during data processing so that higher scores indicate
more unsafe attitudes, i.e. lower scores indicate safer attitudes on road safety.
Table 1. SARTRE 4 project items used for the survey of attitudes and support for the enforcement
Variable
Description
Attitudes on speeding
Question 11a
How useful would speed limiters be in preventing drivers from speeding a
Question 12b
How useful would the automated surveillance cameras be in case of speeding at one point a
Question 12c
How useful would the automated surveillance cameras be in case of speeding between two
points a
Question 12d
How useful would it be to have traffic calming measures a
Question 12e
How useful would it be to have many more “30 km/h” zones in residential areas a
Attitudes on drink-driving
Question 11c
How useful would it be to have the alcohol-meter which prevents the car from starting in
case a non-permitted BAC content has been detected a
Question 11d
How useful would it be to have the alcohol-meter which prevents the car from starting in
cases of drivers who were already penalized for drink-driving, if the non-permitted BAC
content has been detected a
Question 30a
You can drive under the influence of alcohol if you drive carefully a
Question 30c
Drink-driving increases the likelihood of a road accidents involving other road users a
Attitudes on seat belt use
Question 26a
If you drive carefully, seat belts are not necessary a
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Question 26b

Description
In majority of road accidents, seat belts reduce the likelihood of a driver or passenger to
sustain serious injuries a
Question 26d
You are likely to be “trapped” by the seat belt in case of a road accident a
Attitudes on enforcement
Question 13a
Penalties for speeding should be much more severe b
Question 13b
Penalties for drink-driving should be much more severe b
Question 13c
Penalties for failing to wear seat belts should be much more severe b
Question 13d
Penalties for not wearing safety helmets for motorcyclists should be much more severe b
Question 13e
Penalties for mobile phone use while driving should be much more severe b
a Possible answers to the question: 1-very much, 2- enough, 3-not too much, 4-not at all.
b Possible answers to the question: 1-I strongly agree, 2-I agree, 3-None, 4-I disagree, 5-I strongly disagree.

2.3.

The ordinal logistic regression model

The ordinal logistic regression model offers an opportunity to researchers to analyze
the simultaneous influence of several independent variables on a dependent variable.
Compared to the standard binary logistic regression, where the dependent variable is
(yes/no), the ordinal logistic regression enables inclusion of the ordinal variable as a
dependent one.
If the dependent variable of Y is ordinal, one of the ways to take into account the
schedule of modalities is by using the cumulative probability, cumulative odds and
cumulative logits. If k+1 are ordinal categories, then the values from the previous sentence
are defined as:

P (Y ≤ i ) = p1 + ... + pi

odds (Y ≤ i ) =

p1 + ... + pi
P (Y ≤ i )
=
pi +1 + ... + pk +1
1 − P (Y ≤ i )

(1)
(2)

logit (Y ≤ i ) = ln P (Y ≤ i ) , i = 1,..., k
(3)
 1 − P (Y ≤ i ) 


Cumulative logistic model of the ordinal dependent variable is mathematically
presented by the following expression:
logit (Y ≤ i ) = α i + β i1 X 1 + ... + β im X m , i = 1,..., k

(4)

In the above formulae, P(Y<i) shows the cumulative probability of an event, X is the
value of the independent variable (predictor), while αi and βij are regression coefficients
for the given model. The cumulative odds form is presented by the following expression:
odds (Y ≤ i ) = exp(α i ) ⋅ exp( β1 X 1 + ... + β m X m ), i = 1,..., k

3.

(5)

RESULTS

A comparative analysis per statistical regions in the Republic of Serbia has been made
depending on key factors, such as speeding, drink-driving and seat belt use.
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3.1.

Comparative analysis of a passenger car driver’s intention to exceed the
speed limit

Modeling the intention of a driver of a passenger car to drive at the speed exceeded by
20 km/h in urban areas, using the ordinal logistic regression model, should provide a better
estimate of differences in the observed regions. Drivers of passenger cars reported a 1,97
times more frequent intention to over-speed by 20 km/h in urban areas in Belgrade region
when compared to the region of Southern and Eastern Serbia, which represents the referent
region. Also, drivers from Vojvodina region reported a 1,17 times
more frequent
intention to exceed speed limits by 20 km/h in urban areas, but this difference is not
statistically significant (Table 2).
Table 2. The ordinal logistic regression model of driver’s intention of speeding, per regions
Estimate

Threshold

Location

Rarely
Sometimes
Often
Very often
Always
Belgrade region
Vojvodina region
Sumadija and Western Serbia
Southern and Eastern Serbia

-1,077
,309
1,793
2,683
4,070
,678
,156
-,026
0a (Base)

Odds
Ratio
1,970
1,169
,974
-

Std.
Error
,086
,082
,094
,114
,184
,163
,100
,139
-

pValue
,000
,000
,000
,000
,000
,000
,117
,849
-

95% Confidence
Interval
Lower
Upper
Bound
Bound
-1,246
-,909
,149
,470
1,609
1,977
2,460
2,906
3,709
4,431
,358
,997
-,039
,352
-,298
,246
-

Note: R2=.011 (Cox & Snell R Square), .011 (Nagelkerke R Square). Model χ2(3)=19.404, p< .01.

3.2.

Comparative analysis of attitudes of drivers of passenger cars regarding
drink-driving and fatigue while driving

The ordinal logistic regression model has been also applied to examine the influence
of a region drivers are living in on drink-driving. The model improved the estimate
statistically significantly, unlike the frequency, i.e. percentage participation χ2(3)=18.300,
p< .01 which was used for estimation. The model describes the RN2=1,3% variability of
the dependent variable.
Table 3. The ordinal logistic regression model of the self-reported drink-driving, per regions

Threshold

Location

Rarely
Sometimes
Often
Very often
Always
Belgrade region
Vojvodina region
Sumadija and Western Serbia
Southern and Eastern Serbia

Estimate

Odds
Ratio

Std.
Error

pValue

1,305
2,467
4,071
4,959
6,063
,288
,382
-,263
0a (Base)

1,333
1,465
,769
-

,107
,124
,193
,276
,458
,211
,131
,196
-

,000
,000
,000
,000
,000
,173
,003
,181
-

95% Confidence
Interval
Lower
Upper
Bound Bound
1,095
1,514
2,224
2,709
3,693
4,448
4,419
5,499
5,167
6,960
-,126
,701
,126
,638
-,647
,122
-

Note: R2=.010 (Cox & Snell R Square), .013 (Nagelkerke R Square). Model χ2(3)=18.300, p< .01.
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Drivers from Vojvodina region reported the 1,47 times more frequent drink-driving
than drivers from the region of Southern and Eastern Serbia, while drivers from the region
of Belgrade reported the 1,33 times more frequent drink-driving during the previous
month, which is not a statistically significant influence for this region. Also, drivers from
the region of Sumadija and Western Serbia reported the 1,30 times more seldom drinkdriving in relation to the region of Southern and Eastern Serbia, but this influence is not
statistically significant either (Table 3).
3.3.

Comparative analysis of attitudes using a unique score

Table 4 shows the obtained average scores (arithmetic mean) of attitudes surveyed in
four regions in the Republic of Serbia. In order to identify whether there is a difference in
attitudes and whether enforcement is supported, among the observed regions in Serbia, the
procedure of a 1-factor analysis of variance using the Tukey’s post hoc test has been
carried out.
Significant differences in attitudes concerning the speeding and support for
enforcement were identified among the observed regions. As for the speeding attitudes,
there is a difference between the region of Vojvodina and the region of Southern and
Eastern Serbia. In fact, drivers belonging to the region of Southern and Eastern Serbia
have safer attitudes towards speeding. However, the Cohen’s effect size criterion is very
small (η2 = 0,013), and the difference is essentially irrelevant, despite the statistical
significance. There are differences in the support for more rigorous enforcement, and since
the effect of belonging to a region is very small (η2 = 0,007), we cannot talk about the
existence of significant differences, despite the obtained statistical significance.
Table 4. Average scores of the surveyed attitudes in four regions of the Republic of Serbia
Region
Sumadija and
BelgradeVojvodina
Western Serbia
Attitudes on speeding

Southern and
Eastern Serbia

F

Eta2

10,08аb

10,70а

10,40аb

9,75b

6,74*** 0,013

Attitudes on drink-driving

6,91a

7,31a

7,08a

6,97a

2,59 0,005

Attitudes on seat belt use

6,03a

6,14a

5,82a

6,23a

2,50 0,004

Support for enforcement

10,94ab

11,61a

10,87ab

10,70b

3,90** 0,007

Mean values with a different exponent (а and b) in the lines differ significantly on the level of 0.05. ** p < .01;
*** p < .001.SD – standard deviation

In order to make a more detailed analysis of differences in attitudes, drivers have been
divided into three groups: drivers with a positive attitude on road safety, drivers with an
indifferent (neutral) attitude on road safety and drivers having a negative attitude on road
safety. Obtained percents per categories for each region are given in Table 5.
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Table 5. Percentage of positive, neutral and negative attitudes on road safety, per regions in the
Republic of Serbia

Attitudes on speeding
Attitudes on drink-driving
Attitudes on seat belt use
Attitudes on enforcement

Positive
Neutral
Negative
Positive
Neutral
Negative
Positive
Neutral
Negative
Positive
Neutral
Negative

Belgrade
region

Vojvodina
region

44,6
44,5
10,9
69,9
26,2
3,9
40,0
57,0
3,0
59,0
28,6
12,4

39,3
49,6
11,1
56,8
38,3
5,0
37,0
59,7
3,4
54,6
34,5
10,9

Sumadija and
Western
Serbia
43,2
48,4
8,5
65,1
30,1
4,8
46,0
51,6
2,3
60,2
31,2
8,6

Southern
and Eastern
Serbia
49,5
44,6
5,9
66,4
29,3
4,3
36,9
60,6
2,5
65,8
25,2
9,1

On the basis of previously shown results, it can be seen that the presence of drivers
with positive, neutral and negative attitudes per regions is distributed in a similar way. The
question as to whether there is a statistically significant difference between the percents
obtained is answered by the t-test (a two-tailed test). Regarding the attitudes on speeding,
there is a statistically significant difference for the positive t = -3.50, p< .01 and for the
negative attitude of t =3.04, p< .01. If attitudes on drink-driving are observed, there is a
statistically significant difference between the region of Belgrade and Vojvodina region,
for the positive attitude of t = 2.54, p< .01 and the neutral attitude of t = -2.40, p< .01,
between Vojvodina region and the region on Sumadija and Western Serbia, for the positive
attitude of t = -2.17, p< .01 and the neutral attitude of t=2.19, p< .01, as well as between
Vojvodina region and the region of Southern and Eastern Serbia, for the positive attitude
of t = -3.33, p< .01 and the neutral attitude of t = 3.20, p< .01. If the attitudes on seat belt
use are observed, a statistically significant difference is observed between the region of
Vojvodina and the region of Sumadija and Western Serbia, for the positive attitude of t =
-2.40, p< .01 and the neutral attitude of t =2.13, p< .01, as well as the difference between
the region of Sumadija and Western Serbia and the region of Southern and Eastern Serbia,
for the positive attitude of t =2.23, p< .01 and the neutral attitude of t =- 2.18, p< .01. As
far as the support for enforcement is concerned, there is a statistically significant
difference between Vojvodina region and the region of Southern and Eastern Serbia, for
the positive attitude of t = -3.91, p< .01 and the neutral attitude of t = 3.45, p< .01.
4.

DISCUSSION AND CONCLUSION

The paper shows the comparative analysis of attitudes and self-reported behavior of
drivers of passenger cars in four statistical regions in the territory of the Republic of Serbia.
When speaking of drivers’ intentions to exceed the speed limit by 20 km/h in urban
areas, drivers of passenger cars reported a more frequent intention of speeding by 20 km/h
in urban areas in Belgrade region, in relation to the region of Southern and Eastern Serbia,
which is actually a reference region. Drivers from Vojvodina region reported more
frequent driving under the influence of alcohol than drivers from the region of Southern
and Eastern Serbia. Since the model describes an insignificant part of variability in the
dependent variable, the differences in driver’s intention to exceed the posted speed limit
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by 20 km/h in urban areas and the reported drink-driving should not be sought in regional
differences, but in other factors that are affecting them.
In order to determine the difference between statistical regions of the Republic of
Serbia in terms of attitudes and support for the enforcement related to passenger car
drivers, a unique rating of attitudes has been formed using average scores. There is a
difference in attitudes towards speeding between the region of Vojvodina and the region
of Southern and Eastern Serbia. In fact, those drivers belonging to the region of Southern
and Eastern Serbia have safer attitudes on speeding. However, the Cohen’s effect size
criterion is very small, and despite the statistical significance, we can say that the
difference is essentially irrelevant. In addition, it is possible that these small differences
are obtained because there are certain differences in the implementation of road safety
measures between the two regions. The items used to examine the attitudes on speeding
understand giving support to the measures such as introducing traffic calming measures
and more “30 km/h” zones in residential areas. These measures are more present in the
region of Vojvodina, and it is very likely that members of this region believe that these
measures have been adequately implemented in their region as opposed to drivers from
the Southern and Eastern Serbia.
There are differences in supporting stricter enforcement, but here, the effect of
belonging to the region is very small, and despite the obtained statistical significance, we
cannot talk about the presence of significant differences.
The display and comparison of total scores may sometimes put a mask on certain
differences in independent variables. For example, there is a possibility in our case of
having many drivers across some of the regions who have safe attitudes, but also a larger
number of those with negative attitudes. In that case, the total score in that region will not
differ from the total score of the second region which has that largest number of drivers
with neutral attitudes. In order to examine in more details the differences between
attitudes, the drivers have been divided into three groups: drivers with a positive attitude
on road safety, drivers with an indifferent (neutral) attitude on road safety and drivers with
negative road safety attitudes.
Representation of passenger car drivers with positive, neutral and negative attitudes in
the regions is similarly distributed and differences among statistical regions in the
Republic of Serbia are therefore relatively small.
Attitudes are important predictors of risky behavior, but these results suggest that
differences among the regions in Serbia should not be sought only in drivers’ attitudes,
but also in some other factors (enforcement, implemented measures, development of
traffic infrastructure, etc.).
Attitudes do not change accidentally and their changes are the result of a community
involved in the process of forming these attitudes. In this regard, it would be important to
analyze the effectiveness of certain activities carried out with the aim of changing road
user attitudes. Interaction among various road users is present in road traffic on a daily
basis. Based on this, each road user creates his/her own perception of behavior in relation
to other road users. Also, other road users influence through their behavior the perception
and experience of the state and effectiveness of the road safety system. The effectiveness
of road safety measures depends primarily on understanding and acceptance by those for
whom the measures are intended. The more positive attitudes towards road safety
measures are, the greater the expectations of their efficiency are. Therefore, it will be
important to carry out analyses of factors influencing various road users’ attitudes on road
safety measures.
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A COMPARATIVE ANALYSIS OF YOUNG DRIVERS’ ATTITUDES ON
THE IMPACT OF ENERGY DRINKS ON DRIVING AND SUBJECTIVE
FEELING OF FATIGUE WHILE DRIVING
Milan Vujanić 1, Dalibor Pešic 2, Boris Antić 3, Jelica Davidović 4
Abstract: About 50% of road accidents worldwide involving professional drivers occur as a result
of fatigue. Given that fact, fatigue has been classified nowadays as one of the main road safety
indicators. Currently, it is difficult to determine the level of fatigue without corresponding detectors
which are under development. The aim of this paper is to determine young drivers' attitudes about
the impact of energy drinks on their driving and to make a comparative analysis of young
professional drivers’ attitudes on subjective feeling of fatigue and measures taken to eliminate it, in
order to find out whether the time of driving a motor vehicle and the distance travelled have an
influence on their attitudes and subjective feeling of sleepiness. Following the results, appropriate
measures should be proposed on the local community level, in order to raise the level of road safety,
on the national level.
Keywords: fatigue, energy drinks, professional drivers, young drivers, road safety

1.

INTRODUCTION

Driving is a complex task which requires numerous skills. The Australian Parliament
has shown that 20-30% of all road accidents happen because of mental fatigue (The
Parliament of the Commonwealth of Australia, 2000). Connor et al. (2001) indicate that
these types of road crashes are specifically related to professional drivers.
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A lot of work has been done over the last years on examining the best ways for a simple
detection of fatigue, as well as on the most effective measures for eliminating it. Philip et
al. (2005) concluded that fatigue could be equally studied in real and simulated conditions.
A lot of studies dealing with the influence fatigue has on drivers are based on driving
simulators mainly because it concerns controlled circumstances, a cheap and safe
approach.
Wu and Chen (2008) developed a fatigue detection system which works on the
physiology principle. The principle of work of the proposed system is based on the
analysis of images of faces indicating their drowsiness or reduced attention, with the aim
of preventing the occurrence of a road accident.
The images of faces are obtained using a CCD camera which is installed on the
dashboard. Proposed solutions include the physiologic algorithm and conclusion for
determining the level of fatigue on the basis of frequency and duration of eyes closing,
after which a warning is given to the driver. The experiment is conducted in order to assess
the influence of the proposed system for determining sleepiness under different
circumstances. The results of the experiment indicate that the proposed system is effective
for the improvement of road safety.
The study conducted by Sun et al, (2012) in China, is based on the fatigue detection
system which operates on the principle of face and eyes detection. The position of eyes
(open, half-open and closed) and of the mouth are identified. The algorithm for obtaining
the output results has been used. The system detects when the driver is tired, “turned off”
or has a reduced attention and activates the alarm in order to warn the driver. However,
the results have not been satisfactory if driver wears sunglasses or move his/her head a lot,
as the eyes cannot be localized.
Fatigue detection systems alerting drivers in cases when there is a threat of falling
asleep while driving, have been developed for years. However, this system has not been
yet ready for a massive use, especially not in our region.
Comprehending the importance of fatigue, especially of professional drivers, it will be
necessary to carry out a series of preventive measures in order to influence the drivers,
especially young, professional drivers. Truck drivers working in extended shifts represent
the greatest problem (Vargas et al., 2014). Perez-Chada et al., (2005) indicate that the
average sleeping time of truck drivers on work days is 3,76 hours, and in 84,7% of work
days, the shift is longer than 12 hours.
Nowadays, our social life is put before our health, and young people in particular take
little care about the quantity and quality of their sleep. This problem is the most prominent
with young professional drivers. According to Davidovic (2013), older drivers sleep more
than younger drivers, while 70% of young people aged 26 to 36 years think that they have
an excellent quality of sleep, unlike older drivers who complain about having a poor
quality of sleep.
Young drivers who were driving continually for 2 hours on a monotonous road, on an
afternoon, and whose quantity of sleep was reduced to 5 hours in the preceding night, can
experience different levels of sleepiness in a driving simulator. This sleepiness can be
reduced significantly using 200 mg of caffeine (Horne and Reyner, 1996; Reyner and
Horne, 1997, 2000).
Horne and Reyner (2000), revealed that, after the night with the reduced quantity of
sleep for young drivers, 250 ml of energy drinks used during the afternoon drive, can
reduce the level of personal sleepiness and the incidents.

42

10th Jubilee International Conference
„Road Safety in Local Community“, Serbia, Kragujevac, 22–25 April, 2015

The same drink has been used as a control drink, but it did not contain caffeine, taurine
and glucuronolactone, which all boost the performance of energy drinks, thanks to these
ingredients. Though caffeine is the main ingredient in this case, it was found out that a one
gram of taurine also reduces fatigue. Unfortunately, the control drink had a reverse effect,
i.e. intensified the drowsiness, but it was not found out which of ingredients had that
property.
Having in mind the above facts, the objective of this work was to determine the
attitudes of young drivers on the influence of energy drinks on their driving and to make
a comparative analysis with the attitudes of young professional drivers on their personal
feeling of fatigue and measures they are taking to eliminate it. This would help determine
whether the driving time and kilometers travelled, as well as the average quantity of sleep,
have an influence on attitudes and subjective feeling of drowsiness. Only if we know the
existing situation, can we make proposals for adequate road safety improvement measures.
2.
2.1.

RESEARCH METHOD
Research design

A survey consisting of two phases was conducted for the purpose of this work. The
first phase included the interview of professional drivers about the subjective feeling of
fatigue and measures they are taking in order to eliminate it. The second phase included
the interview with drivers about the influence of energy drinks on their driving. Based on
the research results which are in line with numerous foreign research studies, young
drivers most often have energy drinks and caffeine in order to eliminate fatigue.
On the other hand, the number of professional drivers in road traffic is the highest, as
is the level of exposure of these drivers to fatigue.
Based on this, the authors decided to single out from the total sample only young
drivers, i.e. young professional drivers, and to make a comparative analysis of their
attitudes. Following the subjective attitudes of respondents, the aim is to determine their
knowledge and awareness of fatigue and consequences it entails.
The survey was carried out in the second half of 2014, in the territory of the Republic
of Serbia. After the data had been collected, databases were made using the program SPSS
Statistics 20.0.
The main limitation of the study is the subjectivity of drivers when filling in the survey
form.
2.2.

Participants

The sample is made of 248 drivers aged up to 30 years, out of which 90 are professional
drivers. They were randomly selected, i.e. interviewed on the streets, in the territory of the
Republic of Serbia. Participants filled in the survey form on a voluntary basis. There were
85 female (34%) and 163 male drivers (66%) in the total sample. It should be mentioned
here that professional female drivers were represented in a small number in the research
and were consequently excluded from the analysis.
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2.3.

Statistics

The statistic analysis of data has been made using the program SPSS Statistics 20.0.
Normality of distribution has been checked by the Kolmogorov-Smirnov test. A deviation
of all observed variables from the normal distribution was found out, and therefore, nonparametric tests were used.
Non-parametric tests included the Pearson’s chi-square test of independence and
Kruskal-Wallis test.
Since the Kolgomorov-Smirnov test determined a deviation from the normal
distribution, the Spearman’s rank correlation coefficient was used to examine the
correlation of the observed hours of work and sleep.
A zero hypothesis (H0) has been written as follows: There is no statistically significant
difference among the groups. The working hypothesis (Ha) was also written and reads:
There is a statistically significant difference among the groups. The threshold of the
statistical significance (α) has been set to 5%. Therefore, if p≤0,05, H0 will be rejected and
Ha accepted instead. If p>0,05, the H0 will be accepted.
3.

RESEARCH RESULTS

3.1.

General analysis

248 drivers under 30 years, who have voluntarily agreed to take part in the research,
were interviewed randomly. Women drivers make 34% of the interviewed drivers, while
professional make 36% of all the respondents. Since the number of professional women
drivers was very small when compared to the research area, they were excluded from the
analysis.
3.2.

Analysis of attitudes of young drivers on the influence of energy drinks and
caffeine

Based on the analysis of young drivers’ attitudes, it was found out that those drivers
who are driving more (> 1.600 km per month) are of opinion that energy drinks make them
more relaxed (28%), while 29% of them said that the caffeine made them more nervous.
Table 1. Attitudes of young drivers on the influence of energy drinks and caffeine on their driving,
according to the monthly kilometers travelled

Statement
Energy drinks
make me feel
Caffeine
makes me feel
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Kilometers
travelled
Feeling
More relaxed
Calmer
More nervous
More relaxed
Calmer
More nervous

<400
km

400-800
km

801-1.200
km

1.2011.600 km

>1.600
km

16%
6%
11%
31%
22%
8%

23%
5%
5%
36%
14%
5%

11%
0%
44%
11%
11%
0%

17%
0%
0%
17%
0%
0%

28%
0%
0%
14%
0%
29%
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Following the results obtained in the survey, it can be concluded that young drivers
who drive over 1.600 km per month, are of opinion that energy drinks have positive effects
on their driving, while caffeine make them more nervous.
The Kruskal-Wallis test was carried out in order to determine whether the kilometers
travelled have an influence on the frequency of using energy drinks and caffeine. Two
variables were observed. One is a category variable, which referred to the kilometers
travelled and the other is constant (the assessment scale). The results show that there is no
statistically significant link between the kilometers travelled and the frequency of
consuming energy drinks (χ2 = 8,832 p = 0,065), or caffeine (χ2 = 1,901, p = 0,754).
3.3.

Analysis of self-reported feeling of fatigue of professional drivers

A statistically significant link between the measures undertaken to eliminate the
drowsiness and frequent occurrence of sleep while driving has been also defined in this
paper. However, the results of the conducted Pearson’s chi-square test have shown that
there is a large number of empty cells, and therefore, these results cannot be considered as
meritorious. For that reason, all the cells that have not met the criteria of this analysis have
been excluded from the analysis. Thus, consuming caffeine and listening to the radio were
observed as two most often used measures for eliminating drowsiness.
The results of the Pearson’s chi-square test have shown that there is a statistically
significant difference between the frequency of feeling sleepy while driving and the
measure taken to eliminate sleepiness (χ2 = 28,66, p<0,001).
Based on this analysis, it can be concluded that drivers who listen to the radio, as a
counter-measure for drowsiness, more often feel drowsy than drivers who consume
caffeine. It means that professional drivers who are consuming caffeine in order to
eliminate drowsiness have a less subjective feeling of drowsiness.
When the influence of kilometers travelled on the selection of measures is analyzed, a
statistically significant link emerges. The results of the Pearson’s chi-square test show that
drivers with more kilometers travelled, consume caffeine significantly more (χ2=10,38,
p=0,03), as preferred measure, than listening to the radio.
Pearson’s chi-square test helped determine the statistically significant link between the
monthly kilometers travelled and the feeling of fatigue (χ2=64,72, p<0,001). The results
show that drivers who are driving more have a stronger subjective feeling of fatigue.
3.4.

Analysis of the self-reported time of work and rest

The mean value of working hours among the surveyed professional drivers, on a
weekly level, was 40,89, as shown in Table 2. The standard deviation is 7.99, which
indicates that drivers operate within the legislative limits. The Road Safety Law prescribes
the number of hours professional drivers are allowed to drive on a daily basis, i.e. 9 hours,
or exceptionally - 11 hours. Table 2 shows that among the interviewed professional
drivers, there are those who do not perform their work in accordance with the legislation
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Figure 1. Correlation between the time of work and rest

The researchers suggest that 6 to 8 hours of sleep is an optimum quantity within 24
hours. The results show that professional drivers have an optimum sleep, on an average.
However, there are those who do not sleep enough. They slept considerably less, i.e. 2
hours on an average, on the night before the accident. This indicates that restriction of
sleep is an influential factor for the occurrence of a road accident.
Table 2. Mean value and standard deviation from the time of work and rest

Variable
How many hours per week do you work?
How much time on an average do you spend
driving, every day?
How many hours do you usually sleep
(within 24 hours)?
How many hours did you sleep on the night before
the road accident?

Mean
40,89

SD
7,99

8,44

5,68

6,42

1,87

2,00

4,68

The Spearman's rank correlation coefficient helped determine the significant link (p
<0,05) between the average day-time driving hours and the sleep on the night before the
road accident. The correlation is negative and of medium strength (-0,305). With the
increase of the day-time driving hours, the hours of sleep of drivers involved in a road
accident decrease significantly. The results of the assessed levels of significance are shown
in Table 3.

46

10th Jubilee International Conference
„Road Safety in Local Community“, Serbia, Kragujevac, 22–25 April, 2015

Table 3. The level of significance of the Spearman’s correlation rank
during the work and rest time
Variable

How many hours
per week do you
work?
How much time
on an average do
you spend
driving, every
day?
How many hours
do you usually
sleep (within 24
hours)?
How many hours
did you sleep on
the night before
the road accident?

4.

How many
hours per
week do
you work?
-

How much
time on an
average do
you spend
driving, every
day?
0,142
-

How many
hours do you
usually sleep
(within 24
hours)?

How many
hours did you
sleep on the
night before the
road accident?

0,156

0,102

0,997

0,003

-

0,930

-

DISCUSSION

Young drivers often disregard the early, but also late signs of fatigue and decide to go
on a trip as their social life would not be neglected. Horne and Reyner (2000) have shown
in their numerous works that energy drinks and caffeine can significantly reduce
drowsiness. We should bear in mind that the effect of having large quantities of these
beverages can be similar to the effects the alcohol has.
Given the fact that the problem of impact of fatigue on road safety has been recognized
in the world, since as much as 50% of road accidents with professional drivers occurs due
to fatigue. Given that the results of this study confirm that the extended time of driving
brings about driver’s fatigue, there are proposals to develop education, especially of
professional drivers, as the most vulnerable road users of this type. The heads of all
transport companies in local communities need to understand the importance of this topic
for the quality of work, but also for the reputation of the companies they represent, and to
that end implement the proposed measures.
Therefore, urgent measures would include education of managers of transport
companies, and then of all professional drivers, including young professional drivers in
the first place, in the territory of Serbia. They must understand that the signs of fatigue
must not be ignored, and must be made aware of measures that have an impact on the
temporary elimination of fatigue.
Education should consist of several stages. The first phase would consist of a
preliminary test and group lectures on the company level. The second stage would consist
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of a workshop with a small group of students. The third phase are individual interviews
with professional drivers and their testing. Based on the tests made, their attitudes before
and after the education are identified in order to determine the effect of education and
make possible corrections for future trainings.
There is a proposal to conduct an additional survey to include all professional drivers
who may be interested in it. The aim is to make them keep a diary of sleep and drinks that
may affect their drowsiness.
Installation of modern fatigue detectors is also proposed as a long-term measure in
order to prevent casualties of professional drivers, but also of other road users. As an
alternative, it is proposed that companies acquire simulators, where the drivers would be
tested before the start of their shift and a forecast made on the basis of the current level of
fatigue and difficulty of the assignment given. This will enable to see whether the driver
is able to start the shift and whether the risk of fatigue is acceptable.
It should be noted that there is a significant link between the average day-time driving
hours and sleep on the night preceding the road accident, where the correlation is negative,
and is of medium strength (-0.305). This means that with the increase of day-time driving
hours, the hours of sleep of drivers involved in a road accident drop down significantly.
As the results show that drivers had slept significantly less, i.e. 2 hours on an average, on
the night before the road accident occurred, it can be concluded that restriction of sleep
has an influence on the occurrence of a road accident. With this in mind, it will be
necessary to point out to them how the increased number of driving hours affects the
restriction of sleep and therefore the likelihood of a road accident.
5.

CONCLUSION

Based on the conducted research, it can be concluded that the kilometers travelled have
no influence on the frequency on energy drinks and caffeine, consumed once, but have an
influence on the selection of each individual drink (only energy drink or only caffeine).
Also, the conclusion is that the quantity of sleep has an impact on the subjective feeling
of drowsiness. It was also proved that with the increase of day-time driving hours, the
hours of sleep of drivers involved in a road accident drop down significantly.
The contribution of this work is in the proven hypothesis that young drivers who drive
more (over 1,600 km per month) feel better after consuming energy drinks, than after
consuming caffeine. On the other hand, young professionals have highlighted consuming
caffeine as the most frequently used measure for eliminating drowsiness. Also, the
quantity and time of sleep affect the feeling of fatigue. This indicates that it should
determine whether the quantity of sleep in the preceding night affects the subjective
feeling when consuming energy drinks.
Future research studies should be directed towards interviewing young professional
and non-professional drivers, those who are working day and night shifts, in order to
determine their attitudes on the influence of caffeine and energy drinks in relation to the
time and duration of sleep, and also the influence of environment. The groups of young
drivers on which consuming energy drinks has a positive effect, could be formed in that
way.
The aim of highlighting characteristic groups that are positively affected by energy
drinks is to tell young drivers that energy drinks do not eliminate fatigue in all situations.
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INTELLIGENT DATA ANALYSIS APPLICATION FOR RELIABILITY
AND SAFETY OF CITY TRANSPORT SYSTEM
Irina Makarova 1, Rifat Khabibullin 2, Dmitry Zhdanov 3, Eduard Belyaev 4
Abstract: This paper considers a possibility of intelligent data analysis application for reliability
and safety of city transport system operation. Application of simulating models enables to make a
reasonable option of optimal traffic schemes and to make changes to a street network configuration.
Characteristic analysis of a transport stream in places where road accidents are mostly concentrated
with use of models enables to establish the reasons of their origin. It is shown that this umbrella
approach promotes a sustainable development concept implementation of city transport system. The
given examples of such solutions and a situation analysis after their implementation testify to
adequacy of the proposed method.
Keywords: safety of city transport system, intellectual data analysis, simulating modeling, road
accidents, optimal traffic schemes

1.

INTRODUCTION

Analysis of city transport system status and functioning in Russia indicates that its
stability and security have been declining with every year because of inconsistent growth
rates of motorization to a level of infrastructure development of the street and road network
(SRN). These trends remain the same, despite the measures taken to ensure transport
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safety, as well as the fact that the level of motorization in Russia is far from similar
indicators in Europe.
Infrastructure development, particularly street and road network should go ahead or at
least match the changes of the motorization level for the safe functioning of the transport
system.
To predict changes of motor traffic volume on SRN of the city is difficult because it is
necessary to take into account large number of stochastic factors. Usually SRN
reconstruction is carried out without taking into account growth in traffic volume and
density, so the expansion of roads making additional lanes, construction of new U-turns
sometimes not improve the situation on the roads but lead to its deterioration.
The growth of the automobile fleet is often not taken into account in construction of
centers of population attraction. This causes problems for drivers and pedestrians at entry
points to the territory of new shopping centers and recreational areas, causes an increase
of road accidents and probability of traffic jams.
Since the transport system belongs to a class of large systems, the optimization of
processes in them associated with the processing of large data and processes modeling.
This involves the use the information and communications technologies. No coincidence
that such research is united by a single term “Intelligent transport systems”. Along with
the systems of artificial intelligence this area of research is one of the most dynamic and
combines a variety of task classes.
Sustainability of transport systems of large towns and cities is determined by the
stability of their constituent subsystems and sustainable linkages between them. This is
largely ensured by quality control. Currently, the management of large systems create
special tools such as decision support systems, expert systems and information control
systems. Such systems are intended for purposes of strategic management, and to solve
local tactical tasks. Rational management not only improves the economic performance of
the system, but also solves social tasks by improving public transport services, as well as
reduces the negative impact of the transport sector for the environment.
1.

DESTINATIONS AND RESEARCH METHODS OF TRANSPORT
SYSTEMS

Development of intelligent transport systems (ITS) methodologically based on a
systematic approach, which creates ITS just as a system instead of individual modules
(services). An integrated open architecture of the system are formed, together with
protocols for information exchange, forms of transportation documents, standardization
parameters of the technical means of communication, control and management,
management procedures.
20 destinations of global action has been allocated to promote the use of ITS in the
justification "roadmap" UNECE about ITS 2012-2020 5. These directions envisage both
actions to develop a common terminology and a common understanding the essence and
objectives of the ITS, and measures to introduce developments in the field of ITS. This
applies both to the technical component (the development of communication technologies:
vehicle-infrastructure, vehicle-vehicle, integration of different modes of transport) and
5

http://www.unece.org/trans/publications/its_sustainable_mobility.html, 18.12.2014

52

10th Jubilee International Conference
ROAD SAFETY IN LOCAL COMMUNITY, Serbia, Kragujevac, April 22 – 25, 2015.

activities in the field of management and improving the safety of the transport system,
including ecological and carrying out analytical work and the development of various
techniques.
Research with use ITS can be carried out in several ways:
1. Analysis of real situations that arise on street and road network (e.g, accident,
cleaning works) on a simulation model considering the average speed and traffic flow
volume, time waiting in queues (delay in transit) of vehicles and passengers
2. The research of optimal solving problems motion control with choice changeable
parameters (such as time of switching of traffic lights, the number of lanes, etc.). The
objective function in this case may be the average speed at the analyzed site of the street
and road network, the waiting time at intersections, etc.
3. Predicting the influence of changing the topology of street and road network
(construction of bypass roads, the introduction of presence sensors vehicles at an
intersection, change of types of intersections, etc.) on the important characteristics of the
traffic flow.
4. The fight against traffic jams on the roads. This problem is solved by adjusting
the intensity of motion in a given direction; for example, redirect the route of passenger
transport to alternative roads.
Intelligence of transport systems is aimed at improving its safety and efficiency
through information services, and through the means and methods allowing carrying out
data mining and making decisions based on it. Considering ITS as an informational
service, the study authors (Annino et al, 2005:9) report that primarily, such systems need
to alert the driver about the parameters of traffic flow on the route. ITS means used to
ensure safety of road users - in intelligent onboard systems (active safety systems) (Ivanov
et al, 2002:6) and pedestrian detection systems (Truong Cong et al, 2011:14).
Development of warning systems associated with the development of technology and
communication infrastructure (Ma, Y. et al, 2009:16), which are used for traffic control
(Zhou, Y. et al, 2011:14).
Assessing the significance of ITS for perfection the functioning of the transport
system, the study authors note that ITS contribute to enhancing its effectiveness (Xia, J.
et al, 2007:10), ensure sustainable development of the territories (Fengqi, Z., Jun, S.
2010:13), are used for reduce the negative impacts of the transport sector for the
environment, as well as for reduce power consumption. Currently, ITS becomes a tool for
transport planning, applied to conducting surveys (Tayyaran, M.R. et al, 2003:23), to
reducing traffic congestion (Harb, R. et al, 2011:10) and planning joint visits (Gärling, T.
et al, 2004:6). ITS helps to reduce accidents and ensures safe operation of transport
systems (Jarašūnienė, A., Batarlienė, N., 2013:11).
2.
2.1.

THE RESULTS OF THE CITY TRANSPORT SYSTEM IMPROVEMENT
Conceptual design of Decision Support System

Since the quality of decisions on management of large systems depends on the quality
of information, the adequacy of its analysis methods, as well as an effective tool for
working with large data arrays, for these purposes are created decision support systems
(DSS). These are computer automated systems that combine properties and capabilities
of management information systems and database management systems. The information
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retrieval, data mining, search of knowledge in databases, reasoning on the basis of
precedents, simulation, evolutionary computing and genetic algorithms, neural networks,
situational analysis, cognitive modeling are used in DSS for analysis and make
recommendations. DSS which is based on methods of artificial intelligence, this is
intelligent DSS, or IDSS. DSS design significantly depends on the type of tasks for which
it is designed, from the available data, information and knowledge, as well as the users of
the system. Herewith in the DSS distinguish three main parts:
1. Data system to collect and store information from internal and external sources, as a
rule, the data repository.
2. Dialogue system that allows the user to specify what data to select and how to handle
them.
3. System models - ideas, algorithms and procedures that enable you to process the data
and analyze them. The user has the experience, knows the situation and guided by
certain considerations when selecting data. In processing the data is used different
procedures, from the simple summation to statistical analysis and nonlinear
optimization.
Since the decisions are based on real data about the object, for analysis and strategic
decision-making used the aggregated information for its storage a data warehouse (DW)
is created. Multidimensional intelligent data model (OLAP-cube) is set in the control
center of the traffic situation and is used to collect, store and formalization of road network
parameters (Fig. 1).
For the correct playback the model of real situations requires operative information
that may come from various sources: from the servers of municipal enterprises, from
equipment for operational monitoring of the traffic situation (GPS / Glonass devices).

a)

b)

Figure 1. Figure 1. OLAP-cube: a) measurement "mode of transport"; b) measurement
"time of the day».

Information storage in the form of OLAP-cube and its subsequent processing allows
assessing the dynamics of street and road network on the different dimensions (number of
vehicles, a section of road, time of year, the average speed, the presence of traffic lights,
etc.) with high precision parameters. This makes it possible to predict probable changes in
the situation on the city roads in subsequent periods, and choose the best solution and form
a knowledge base of best solutions for fixed parameters of traffic flow and the
environment. Such databases are used for operational management decision-making in
case of emergencies in the transport system.
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Simulation models are often used as DSS intellectual core. This allows to make not
only qualitative analysis of processes, but also to explore the effects of changes in the
vehicle. Furthermore, it enables to select variant satisfying all the constraints and obtain
system parameters optimal for the given conditions (Makarova, I. et al, 2013:11).
The software that is developing for this purpose allows to build models that display
processes as they were in reality, and then carry out a series of virtual experiments, setting
the model time. It is possible to study the process by using a single test, or setting their
array, which allows finding the optimal process parameters. The results will be determined
by random nature.
2.2.

Design solutions for the improvement of the street and road network in
Naberezhnye Chelny.

The studies were conducted in the city of Naberezhnye Chelny - the second largest and
largest city of the Republic of Tatarstan. This big industrial center and a major
transportation hub of the country. Like other big cities, Naberezhnye Chelny are
characterized by growth of motorization, and each 1 thousand residents of the city have
about 300 cars. The transport planning structure of a city is made by the longitudinal
highways connecting residential areas of a city that gives the grounds to carry floor-plan
diagram of a city SRN to the rectangular. According to the destination and to transport
loads, the most important existing transport highways of a city are the following streets:
•
In longitudinal direction: Musa Dzhalil avenue, Naberezhnochelninsky avenue, Mira
avenue, Moskovsky avenue, Syuyumbike avenue, Chulman avenue;
•
In latitudinal direction: Korolyov street, Druzhby Narodov avenue, Hasana Tufana
avenue, Vahitova avenue, Avtozavodsky avenue, Yashlek avenue.
These mainline streets, perform the functions intercity flow distribution of mass
passenger and freight transport, service the surrounding areas and delivery of workers to
their working places. Since the city is actively developing, the following tasks of analysis
and forecast passenger and traffic flows on street and road network of the city are relevant:
•
Assessment of planning decisions on the transport parameters: assessment of
planning decisions on the transport parameters: the level of loading areas and nodes,
speed of posts, availability, number of accidents.
•
Identification of sites and nodes of the street and road network requiring
redevelopment (change of geometrical parameters, the adjustment of modes of traffic
lights).
•
Determining required capacity of reconstructed and newly constructed sites and
nodes.
Optimal method for solving the aforementioned problems is simulation modelling. For
the adequate description the current situation, the preparatory phase includes:
•
Collect information about the city as a whole.
•
Charting the existing street and road network of the city.
•
Exploring plans for the reconstruction of street and road network.
•
Monitoring of passenger traffic and transport flows.
•
Collect data on the level of air pollution by motor transport on city roads.
For working with database was developed a set of software modules, including special
forms of information gathering. They systematize groups of factors that affect the situation
on the road, and also provide general data necessary for statistical analysis (Fig. 2).
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To investigate the problem areas and zones of the street and road network simulation
model of the city was developed. For constructing a simulation model we used data
statistical analysis of information obtained from natural observations. This allowed
performing verification and ensuring accuracy of the forecast at carrying out optimization
experiments, which was in average 95-97%. Thus, in the justification of the need to change
the topology of the street and road network you can obtain optimal solutions without
resorting to full-scale experiments. It gives the opportunity to make recommendations on
the development of the street and road network of the city and in planning activities for its
development.
Analysis of the concentration areas accidents with subsequent experiments on the
model showed that incorrect or irrational planning decisions may not only adversely affect
the efficiency of the transport system, but also to create emergencies for certain parameters
of traffic flow.

Figure 2. Figure 2. The program module for filling and analysis of transport streams

parameters

One of the problem areas is a complex road junction formed by the intersection of Mira
avenue, Druzhby Narodov avenue and Syuyumbike avenue (Fig. 3). Road accident
statistical analysis showed that this site is a place with its high concentration. This creates
problems for the proper functioning of the transport system and the environment, as
constant traffic congestion situations worsen negative impact of transport on the
environment. Changing the configuration of the tram network created additional problems
on this site. To reduce the accident rate in this area, it was decided to change the
configuration of SRN. The experiment that conducted on the model, showed that at the
same traffic flow volume a speed rate of road section would increase by approximately
10%, and the probability of road accidents decreased by 16%. And the number of conflict
points also decreases(Figure 3).
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Figure 3. Figure 3. Changing configuration of a complex road junction

Another place of traffic accidents concentration is the site behind the crossing of Mira
avenue with Vakhitov avenue, which represents a two-level road junction. High traffic
volume in this sector driven by several factors (Fig. 3):
• Flow is formed through the merger of flow moving in the forward direction on Mira
avenue (1), and two flows with the interchange at Vakhitov avenue (2, 3);
• The area of Mira avenue from Rais Belyaev avenue to turning after the Vakhitov
avenue has not traffic lights, so the traffic flow volume is nearly constant.
• Several public transport stops are located at the specified site, which also affect the
traffic flow volume.
Experiments carried out on models showed that in significant traffic flow volume
during peak hours there is a high probability of occurrence of emergencies, which is
confirmed in practice. For this area required redevelopment of the street and road network
in accordance with the actual parameters of traffic flow.

Figure 4. Figure 4. Place of concentration of traffic accidents
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Figure 5. Figure 5. Incident imitation on a U-turn (number of cars – 10, average
speed – 18 km/h)
3.

CONCLUSION

Proposed variants for SRN reconstruction after careful study were agreed with the
traffic police and some of proposals have already been implemented. It allows to increase
TS safety of the city, as well as to reduce the negative environmental impact on the
environment.
The examples made here show that simulation modeling is a good tool for decisionmaking on increase of TS functioning safety and efficiency in a city. Thus, in
redevelopment of urban areas, construction of new attraction centers, planning of new
transport infrastructure, simulation models contribute to finding optimal solutions and
help avoid serious errors.
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COMPARISON OF DESIGN VARIANTS FOR ROUNDABOUT
RECONSTRUCTION USING AHP METHOD – CASE STUDY
Hrvoje Pilko 1, Davor Brčić 2, Danijela Barić 3
Abstract: Traffic intersections are considered to be the most complex and the most demanding
points where several traffic streams intersect. The paper presents the reconstruction analysis of the
large urban three-lane roundabout Jadranska Avenue - Dubrovnik Avenue located in the City of
Zagreb (Croatia). The goal of this study is to find the optimal traffic-technical and urban solution in
a scope of road safety using multi-criteria decision-making procedure. Current traffic conditions and
problems regarding the capacity and road safety are presented. Three developed conceptual solutions
have been also used and analysed. The collected data show the reasons why local municipality wants
to bring the roundabout into the condition of efficient capacity and road safety. The present work
describes applying the multi-criteria analytical hierarchy process (AHP) method to evaluate
roundabout design variants through differential weighting of various criteria and subcriteria with
emphasis on road safety. For solving the multi-criteria analysis the Expert Choice software package
has been used. This approach may prove useful for evaluating and selecting appropriate roundabout
designs for this and other contexts.
Keywords: roundabout, road safety, design variants, analytic hierarchy process

1.

INTRODUCTION

Compared with traditional at-grade urban road intersections with or without traffic
lights, appropriately dimensioned, designed and modelled roundabouts greatly increase
the level of efficiency, i.e. the capacity and level of service [1,2]. From the economic
standpoint, roundabouts bring numerous benefits: lower land purchase costs, lower cost
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of construction and installation of traffic equipment, less costly maintenance, and lower
losses generated by congestions due to excessive traffic volumes [3]. Specially, the level
of traffic safety increases considerably when roundabouts are used [4,5].
The main purpose of the study was to study, describe and analyse current state and to
select the optimal design solution for the reconstruction of a large three-lane roundabout
located in the City of Zagreb (Croatia). This study involved a thorough review of the
relevant literature. Results and recommendations of Legac et al. [6] were used as a basis
for this study.
The first section summarizes previous studies and presents basic roundabout design
geometry and traffic flow characteristics with emphasize on traffic safety level. The
second section describes proposed design variants. The third section describes the
development and application of AHP structure for evaluating three alternative design
variants to achieve higher traffic safety level. The fourth section discusses the results and
draws final conclusions.
2.

BASIC DATA ABOUT ROUNDABOUT JADRANSKA AVENUE DUBROVNIK AVENUE

The Jadranska Avenue – Remetinečka Avenue – Avenue Dubrovnik – Jadranski
Bridge roundabout is located at the south-western entry into the City of Zagreb (Croatia),
opened to traffic in 1985. Before reconstruction it was designed as a signalized at-grade
intersection, with grade-separated pedestrian traffic and with no tram traffic. Fast
urbanisation, insufficient number of bridges spanning the Sava River, and increased traffic
volumes of the south-western city entry influenced increased traffic volumes of the traffic
network. With the aim of increasing the level traffic safety, capacity and introducing tram
traffic to the intersection, a roundabout was constructed as the most suitable solution at
the upper level, and pedestrian paths and trams with relief tracks at the lower level.
2.1.

Design geometry and volume

Roundabout is located in the flatland without any major limitations, whereas four
tangential approaches (1-Jadranska Avenue, 2-Remetinečka Road, 3-Avenue Dubrovnik
and 4-Jadranski Bridge) are at longitudinal slope of 1% to 3%. The roundabout inscribed
circle diameter (Dv) is 148 m and central island diameter (Du) is 124 m (Figure 1). The
circulatory roadway has three lanes each 4,0 m wide. Approaches are designed with three
lanes each 3,5 m wide. Entry approach radius are 80 m except for the northern approach,
which has radius of 200 m. The circulatory roadway has a 2% slope towards the centre
because of the drainage [6–8].
The latest measurable traffic volume was collected on 24 October 2008 (Table 1).
Registered value of roundabout traffic volume ranges from 90.000 to 100.000 [veh/day],
where Qk = 99.023 [veh/day] has had more pronounced volumes on all approaches except
on approach 2 [8].
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Figure 1. Design geometry of the roundabout Jadranska Avenue – Avenue Dubrovnik [6]
Table 1. Average annual daily traffic at Jadranska Avenue – Avenue Dubrovnik roundabout [8]

Average annual daily traffic (AADT) – 24.10.2008.
Movement of vehicles
Approach
Right
Straight
Left
1. Jadranska Avenue
11
11.060
12.817
2. Remetinečka Road
3.928
7.126
20
3. Avenue Dubrovnik
24.647
8.344
1.513
4. Jadranski Bridge
12.975
4.575
12.007
TOTAL
2.2.

Σ
23.888
11.074
34.504
29.557
99.023

Safety

The level of traffic safety was analysed by video recording, and on the analysis of the
approach speeds, sight distance and traffic equipment installation. This results have been
published in the earlier papers [6,7,9]. However, because of the study purpose, the
collision diagram has been presented (Figure 2), and the official data of the Ministry of
Interior, Traffic police for the period from 2001 to 2010 have been processed and analysed
[10]. Unfortunately, detailed data compiled by the traffic police from 2011 to 2014 was
not available. But, from [11] one could conclude that from 2011 to 2013 there were in
total 290 accidents. Table 2 shows the total number of accidents per years of occurrence,
per number and types of accidents, and per number of the injured per years and types of
accidents. The observed period shows that the most usual types of accidents are: (1) rearend collisions accounting for as many as 1.185 accidents, or 60,46% out of the total
number of accidents in which 111 persons were injured or 59,04% of the total number of
the injured; (2) failure to yield at entry (entering-circulating) accounting for 506 incidents
or 25,82%, with 39 injured or 20,75% of the total number of the injured.
Other types of incidents have caused only 41 or 2,0% of accidents, in which 12 persons
were injured or 6,38% of the total number of the accidents.
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Figure 2. Roundabout collision diagram [7]

The design solution with tangential merging of three-lane approaches provides an
additional cause and reason for reduced capacity and safety component of the entire
intersection. With the help of radical reconstruction, in new urban, commercial and spatial
intersection surrounding, it is necessary to achieve optimal design solution. So, six
proposed reconstruction design solutions with particular focus on the safety-capacity and
design geometry and their correlation are presented in next chapter.
3.

RECONSTRUCTION VARIANTS

3.1.

Variant 1

In order to improve the level of traffic safety and capacity, a variant reconstruction
design (Variant 1) was proposed by Šubić [12]. Design consists of spatial and traffic
improvement. Step I – approach verticalisation, channelling of vehicles and elimination
of the external lane. This is to achieve spatial – time distances between approaches, adding
one more lane for right turns because of increased traffic flow volumes of right-turners at
approaches 3 and 4. Step II – follow-up of step I regarding the construction of the overpass
in the East-West and West-East direction, with grade difference from the current condition
in the inter-phase by 5,50 m and the length of approach ramps of 180-200 m to overcome
the climb of 4% and extension regarding widening of the approaches 1 and 3 due to the
construction of the overpass (Figure 3.a) [12].
3.2.

Variant 2

The Faculty of Civil Engineering from the University of Zagreb and AKING d.o.o.
propose four design variants:
• Variant 2 traffic flows West – East are guided over viaducts at +2 level
• Variant 3 traffic flows West – East are guided through tunnels at -1 level
• Variant 4 traffic flow West – North is guided over viaduct at +2 level, traffic flow
North – East is guided through the tunnels at -1 level
• Variant 5 traffic flow North – East is guided through tunnel at -1 level [8].
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Table 2. Number of accidents and injured according to the types of traffic accident [10]
NUMBER OF ACCIDENTS ACCORDING TO TYPE OF ACCIDENT
2.
Failure to
yield at
entry
49

3.
Weaving in
circulatory
roadway
26

269

6.
Driving
in wrong
direction
0

313

52

354

106

20

234

0

7

26

206

0

10

2004

248

2005

136

37

24

179

0

5

48

12

67

0

6

2006
2007

129

48

15

57

0

4

124

46

11

58

0

4

2008

104

28

20

46

0

3

2009

119

49

13

44

4

2

2010

84

43

8

25

2

1

Sum

1960

506

175

1185

6

47

Percentage [%]

25,8

8,9

60,4

0,3

2,3

Year

Number of
accident

2001

349

2002
2003

4.
Rear-end
collision

7.
Skidding
of the circulatory
roadway
5

NUMBER OF INJURED ACCORDING TO THE TYPES OF ACCIDENT
Year

Number of
accident

2001

26

2.
Failure to
yield at
entry
4

2002

11

3

2003

29

6

2

15

0

5

2004

18

4

1

11

1

1

2005

13

2

1

5

0

3

2006

22

2

0

17

0

2

2007

19

3

0

11

0

2

2008

14

2

0

11

0

0

2009

23

6

1

12

1

1

2010

13

7

2

3

0

1

Sum

188

39

7

111

2

17

20,7

3,7

59,0

1,0

9,0

Percentage [%]

3.
Weaving in
circulatory
roadway
0
0

20

6.
Driving
in wrong
direction
0

7.
Skidding
of the circulatory
roadway
2

6

0

0

4.
Rear-end
collision

Brief description of variant main characteristics is presented in following. Analysing
the financial aspects of construction, space occupancy and capacity increase, as optimal
design variant Variant 3 (Figure 3.b) was selected by authors [8]. Apart from the
construction of a tunnel at the level -1, Variant 3 proposes the keeping of three lanes in
the circulatory roadway and introducing traffic lights at basic roundabout layout. Also, the
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tangential segregation of the right turners that has already been achieved by the installation
of grade separators in 2001 has been proposed on all approaches.
3.3.

Variant 6

The final variant design was proposed by Vukušić (Figure 4) [13]. Design consists of
Phase I and Phase II. Phase I - approaches are verticalised, right turners are channelled at
all approaches except for the approach Jadranska Avenue, the northern and southern
roadways of Jadranska Avenue are spaced out, and the number of lanes on its southern
part is reduced. This is due preparation for digging of the tunnel in the next phase. The
roundabout approaches are designed with radius 20 m to enable merging of long vehicles.
The number of traffic lanes in circulatory roadway is reduced in order to increase the level
of traffic safety. The right turners are physically segregated at all approaches except on
approach 1, and because of the increased traffic flow volume, one traffic lane is added at
approach 3 and 4.

a) Layout of Variant 1

b) Layout of Variant 3

Figure 3. Layout Variants; a) Variant 1 according to [12], b) Variant 3 according to [8]

Figure 4. Layout of Variant 6 according to [13]

The second phase of reconstruction consists of the construction of two tunnel pipes in
the East-West and West-East direction, and the construction of the overpass from the
North towards the East. The length of the ramps for entering and exiting from the tunnels
is about 150 m with a decline of 4%. The tunnels are located at 5,5 m below the level of
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the trams that pass below the roundabout. The overpass is constructed from the
approaching and exiting ramps with a gradient of 4% that are about 150 m long and a
horizontal section which is elevated 5,5 m above the roundabout. For easier merging of
the vehicle from the overpass from the North, those from the tunnel from the West, and
the segregated right turners from the South to the Avenue Dubrovnik, the eastern exit from
the roundabout should be closed [13].
4.
4.1.

USING THE AHP TO EVALUATE AND SELECT THE OPTIMAL DESIGN
The AHP methodology

Thomas Saaty developed the AHP method to guide complex multi-criteria decision
making (MCDM) problems. It can perform better than other multi-criteria methods
because it can easily be adapted to different numbers of attributes (criteria) and
alternatives, which can be described both quantitatively and qualitatively [14]. According
to Saaty [15], in order to define the relative importance of criteria and subcriteria with
respect to the objective of research, criteria are ranked using a scale, (1 - equal importance,
3 - moderate importance, 5 - strong importance, 7 - very strong or demonstrated
importance, 9 - extreme importance), as well as four intermediate levels (2 - weak or slight,
4 - moderate plus, 6 - strong plus, 8 - very, very strong). The best alternative is selected
based on the defined total weight priority vector by synthesising all weight vectors. A
consistency index (CI), which indicates the deviation or degree of consistency was
defined. If the Consistency Ratio (CR) is smaller or equal to 10%, the inconsistency is
acceptable, and if the CR is greater than 10%, the preference needs to be revised.
4.2.

The AHP model

A theoretical framework for reconstruction design was defined including relevant road
design parameters extracted from the research literature [6,7,9,14]. These parameters
constituted five criteria and associated subcriteria (Figure 6) that were used to evaluate six
alternative reconstructions of the Jadranska Avenue – Avenue Dubrovnik roundabout.
These parameters were mainly defined by authors [6] but here we are more focusing on
traffic safety. According to Pilko [16] traffic safety criteria could consists here of two
subcriteria. The subcriterion of number of conflict points was selected in order to compare
number of conflict points of proposed design variants. The subcriterion traffic accidents
was derived from predicted number and consequences of traffic accidents that will occur
concerning proposed design variants. From the analysed literature, weighting functions
for objectives, criteria and alternatives based on the Saaty scale have been generated. After
criteria were selected, analysed and ranked, data were entered and processed in the
software Expert Choice 11.5.
The highest weighting coefficient (.272) was associated with the Safety and Ecological
criterion, while the lowest coefficient (.123) was associated with the criterion
Reconstruction of land facilities. The low inconsistency among observed criteria (.04)
suggested a well-structured model (Figure 5).
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Figure 5. Criteria priorities

4.3.

Results of the AHP method

Assessment of subcriteria and proposed alternatives was also carried out using Expert
Choice 11.5. In the determination of the importance of Technical features criteria, the
highest weighting coefficient (.750) was assigned to the subcriterion Route facility
complexity level, and the smallest weighting coefficient (.250) to the subcriterion Route
design complexity level. Overall CR of the model was 0% indicating a well-structured
model. In determining ecological impact, the subcriterion Level of traffic noise received
the highest weighting coefficient (.500) and the subcriterion Level of land occupancy and
Spatial-urban planning influence the lowest (.250). Overall CR of the model was 0%,
again indicating a well-structured model. In the determination of costs, the subcriterion
Construction costs received the highest weighting coefficient (.900) and the subcriterion
Land purchase the lowest (.100). Overall model CR was again 0%. During assessment of
traffic safety, bouth subcriteria were found to be correlated and therefore were ranked as
equally important. For this reason, total inconsistency of the model was 0%. The results
of the AHP modeling, together with weighting of all criteria and subcriteria, are shown in
Figure 6.

Figure 6. Weighting factors for criteria and subcriteria in the AHP model

Using the AHP method and the simulation software Expert Choice 11.5 one can
conclude that optimal reconstruction design variant for Jadranska Avenue – Avenue
Dubrovnik roundabout is Variant 3, with weighting factor of (.330) as shown in Figure
7.
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Figure 7. Weighting factors and ranking of alternatives

5.

DISCUSSION AND CONCLUSION

By using the AHP method to assess a large number of alternatives on the basis of
comprehensive parameters one could significantly improve the quality of decision making
about investments in transport infrastructure. Here we report one case study suggesting
that the AHP method can work well for choosing the optimal reconstruction design of a
large urban roundabout located in the City of Zagreb.
Of the five criteria selected for the AHP model, the most important was Safety and
Ecological, and the least important was Reconstruction of land facilities. Inconsistency
among the observed criteria was (.04), indicating that the model was well structured.
Inconsistency was similarly low for AHP structures of subcriteria, among which Route
facility complexity level, Level of traffic noise, and Construction cost were most important,
while Route design complexity level, Level of land occupancy, Spatial-urban planning
influence and Land purchase were least important. From the traffic safety standpoint,
Variant 3 proved to be an optimal reconstruction design solution.
Future studies should examine whether this approach works on urban roundabouts of
different types and with other traffic dynamics. Our choice of parameters combined the
factors most frequently used to evaluate projects, such as cost, safety, and ecological
impact [17–19] together with general civil focused parameters. While these civil focused
parameters may limit the generalisability of our AHP model, it may be possible to
supplement them with traffic-related ones, such as level of service (capacity, degree of
saturation, average delay and queue delay) as is done by Pilko in [16].
This study featured several limitations. One was that collected traffic flow data turned
out to be inadequate for assessing the level of service, preventing us from simulating micro
and macro aspects of traffic movements and flow using such tools as PTV Visum or
similar. Future studies should address these issues. Future work should also conduct a
comprehensive survey of road traffic engineering experts and consider perspectives of
other stakeholders, such as civil engineer, economist, ecologist, or urban planner. Another
survey should be conducted among local inhabitants in order to assess their opinion
concerning spatial-urban influence of the proposed design on the studied area. This input
may significantly alter the choice and weighting of criteria and subcriteria, which may
affect the recommended roundabout design.
The proposed AHP model structure may help policy makers select appropriate
roundabout design variants and related road projects for implementation.
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Abstract: Leading international institutions of significance for road safety recognized the
importance of speed monitoring long time ago, in their publications and reports.. Speed has an
impact on active and passive road safety. The process of monitoring road safety performance
indicators in Serbia, since 2014, has enabled collection of indicators relating to vehicle speed.
According to 2012 data for Serbia, one third of all road accidents occurred due to excessive and
inappropriate speed, while half of fatalities in Serbia were killed in road crashes which also occurred
due to excessive and inappropriate speed. Vehicle speed is monitored at eight locations on Corridor
10 in Serbia, using hand radar to measure the speed of vehicles facing oncoming traffic. Statistical
tests were used to check the existence of significant statistical differences depending on location,
driving direction, traffic lane and vehicle category. The results of this work offer measures for
improving the national methodology for collecting vehicle speed data.
Keywords: speed, road safety, Corridor 10, statistics, methodology

1.

INTRODUCTION

Vehicle speed has an influence on the risk of a road accident (active safety) and its
consequences (passive safety). Excessive and inappropriate speed is the most significant
factor which contributes to casualties in road traffic, in many countries (WHO, 2003). The
higher the speeds are, the longer the braking distance made by the vehicle is, as is the
likelihood of a road accident. In addition, more kinetic energy is thus absorbed in a crash,
causing more severe consequences. According to the OECD/ECMT (2006) research, the
exceeded and inappropriate speed is the greatest problem of majority of EU member states.
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It more often contributes directly to the occurrence of over one third of road accidents with
fatalities, and is a contributing factor of the largest number of road crashes. OECD
estimates that, at any moment, 50% of drivers are making speeding offences
(OECD/ECMT, 2006). On an average, 40% to 60% of drivers exceed the posted speed
limit, while 10% to 20% of drivers drive at excessive speeds of over 10 km/h (EC, 2009).
According to the results of the national research study (Faculty of Transport and Traffic
Engineering, 2014) on road safety indicators (hereinafter referred to as RSI), that was
carried out on the highway in Serbia, in 2014, the speed is most often exceeded by
passenger cars (44,8%), and least exceeded by heavy goods vehicles (11,8%) (Faculty of
Transport and Traffic Engineering, 2014).
On the other hand, RSI 4 related to vehicle speed – “% of drivers who do not observe
the posted speed limit“, have a medium to very strong correlation with the occurrence of
road accidents (Pesic, 2012), which puts these indicators into the group of most significant
features for the analysis of a road safety situation and design of measures for reducing the
impact of this important issue.
This paper shows the results of the surveyed driving speed and measured vehicle
speeds at eight locations on the Corridor 10. The survey was conducted for the purpose of
monitoring vehicle speed indicators and improving the existing national indicator research
methodology.
2.

SPEED RESEARCH METHODOLOGY

Methodological background of speed measurement can be found in the document
„Road Safety Performance Indicators: Theory“ (Hakkert et al., 2007), and in the national
project (national methodology) called „Methods of monitoring road safety indicators in
Serbia and their significance for the strategic road safety management” (Faculty of
Transport and Traffic Engineering, 2013). There is no unique speed measurement
methodology on the European level, and existing methods differ mostly depending on the
type of research or the state. Harmonization of methodologies among the states is of
particular importance since this makes a precondition for comparison.
Speed measurement methodology in this work is based on the national methodology
for RSI measurement. Basically, the methodology defined by the (Faculty of Transport
and Traffic Engineering, 2013) understands the following methodological concepts:
• Survey is carried out in a “hidden” manner (to avoid the influence on driving
behavior),
• Speed is measured in conditions of free traffic flows (maximum 600 vehicles in
a traffic lane, per hour),
• Location on which speed measurement is made has to be precisely selected
(without any longitudinal slope; distance from the junctions, road works, changes
in speed limits, etc),
• Necessary sample size includes 200 measured vehicle speeds for each vehicle
category, but not less than 50 vehicles),
• Surveys are conducted in springtime – April, May, and autumn – September,
October,
Road safety performance indicators represent any measure which is casually linked to road accidents or
consequences of road accidents (ETSC, 2001).

4
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Surveys are conducted on: Tuesdays, Wednesdays or Thursdays,
Speed is not measured during the time of expected halts (speed limit is not
characteristic for the highway),
• Speed is not measured in specific weather conditions (heavy rain, snow, ice, fog,
etc).
Certain methodological postulates defined by the national research, have not been
completely nailed in this study, i.e. there are certain deviations thereof:
•
Speed is selected and measured by adopting the interval of subsequence of 3s,
which is determined empirically on the basis of analysis of vehicle flow from video
recordings made during the research procedure, although the national methodology
defined a 5s shift (Faculty of Transport and Traffic Engineering, 2013).
•
In terms of driving direction for speed recording, both driving directions have
been defined as subject to measurement, but if in that case the accuracy and reliability
of measurement are questioned, then it will be sufficient to make the measurement of
speed in one driving direction (Faculty of Transport and Traffic Engineering, 2013).
The research shown in this paper deals with measurement of speeds in both driving
directions, with the aim of valuing differences between these directions.
•
The national methodology (Faculty of Transport and Traffic Engineering, 2013)
has not foreseen how to make the measurement in case there are multiple traffic lanes
per each driving direction. The measurement in the survey which is presented in this
work is made separately for each traffic lane with the aim of identifying the differences.
•
Measurements were made in November (later than the autumn measurement) and
in March (earlier than the spring measurement), which should not have affected the
differences observed between locations, traffic lanes or driving directions from the
survey.
•
Measurements were not made on Tuesdays, Wednesdays or Thursdays, but on a
work day and a weekend day, i.e. on Fridays and Saturdays, on each research location.
For the purpose of this work, speed has been measured using a manual speedometer
of the make Bushnell, which is working on the principle of Doppler’s effect. Speed of
vehicles facing oncoming traffic was measured from an overpass. While measuring speed
limits, the speedometer was directed towards the median separating traffic lanes in one
direction, so that speed was measured simultaneously in both traffic lanes. When several
vehicles passed at the same time, and it was impossible to attribute measured speed to an
individual vehicle, such vehicles were left out from the sample.
Speed measurement was made at eight locations in total, on Corridor 10 (locations on
the highway near the places of Markovac, Osipaonica, Stara Pazova, Pozarevac, Sremska
Mitrovica, Kovilj, Lapovo and Indjija). It took two days to do the measurements (a work
day and a day of the weekend), i.e. two hours a day each, with each driving direction being
recorded for one hour, each day.
The research shown in the paper was made for five vehicle categories: passenger cars,
motorcycles, buses, light commercial vehicles (goods vehicle of up to 7,5 t of the maximum
permitted mass) and heavy goods vehicles (over 7,5 t of the maximum permitted mass). The
speed of passenger cars and motorcycles on the highway is limited to 120 km/h, of buses and
light commercial vehicles (in terms of this survey) to 100 km/h (except for the buses
transporting children, when it is 90 km/h) and of heavy goods vehicles to 90 km/h (Road
Safety Law, Article 45). It is likely that vehicles being on the edge of belonging to a category
of light or heavy goods vehicles are mistakenly grouped into the wrong category, which
makes a limitation of this categorization.
•
•
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The survey included a total number of 15.069 vehicles whose speed was measured
(11.454 passengers cars, 13 motorcycles). With the exception of motorcycles, the category
of buses has the least number of measured speeds (375), where less than 50 speeds were
measured on the locations of Stara Pazova, Sremska Mitrovica, Kovilj and Indjija (which
does not allow us to make a quality statistical analysis for this category of vehicles, on
these locations).
3.

DIFFERENCES IN SPEED DISTRIBUTION

The analysis of speed related RSI per research locations shows that Sremska Mitrovica
has the worst values of all indicators from the point of view of road safety (higher value
of each defined RSI related to speed is less favorable in terms of road safety). However,
regarding the values of speed indicators, best performing locations differ depending on the
observed indicator. Thus, Markovac is the best location when taking into account the
average speed, Stara Pazova has the best 85th percentile speed indicator, and Pozarevac is
the best in terms of average speed of those who exceeded the speed limit (Table 1). If the
speeds of passenger cars only are singled out in the sample, then the best situation
according to the average speed, in terms of road safety, is in Kovilj. Also, Kovilj and Stara
Pazova have the best 85th percentile speed, while standard deviation indicator is best in
Stara Pazova and Pozarevac, Kovilj is the best performer in the category of “% of
speeding” indicator, and Stara Pazova in the category of “% of speeding by over 10 km/h“
indicator. The RSI values relating to speed are not mutually opposite in any other analysis,
except in the analysis of differences among locations. Thus all the RSI related to speed are
higher in the left traffic lane than in the right one, they are higher in the direction towards
Belgrade, and are measured on a work day. They have highest values for the category of
passenger cars, and the lowest values for the category of light commercial vehicles.
The biggest differences in RSI relating to speed occur when comparing the left and
right traffic lane. Broken down by vehicle category, the values of speed related RSI are
the highest for passenger cars, followed by light commercial vehicles, buses, and finally,
by heavy goods vehicles. The only deviation is found in the standard deviation indicator
which is balanced for the category of passenger cars and light commercial vehicles, as
well as for the indicator relating to the “% of exceeded speed by over 10km/h“, where the
highest value of indicators is in the group of light commercial vehicles, and in the group
of passenger cars.
Differences in speed depending on observed variables are examined using the ManWhitney test. The Kruskal-Wallis test has been used for the research locations in order to
give an objective confirmation of differences in speeds, having in mind that speed
distribution does not correspond to the normal distribution. Given the overall sample,
significant statistical differences in vehicle speeds among surveyed locations were
confirmed as follows: (𝜒𝜒 2 (2, 𝑛𝑛 = 15069) = 341,780, 𝑝𝑝 <= 0,001). They are also
confirmed among traffic lanes (𝑈𝑈 = 11316836, 𝑍𝑍 = −51,829, 𝑝𝑝 < 0,001) and surveyed
driving directions (𝑈𝑈 = 27495874, 𝑍𝑍 = −3,327, 𝑝𝑝 = 0,001). However, they were not
confirmed for the day of survey (𝑈𝑈 = 2830805, 𝑍𝑍 = −0,278, 𝑝𝑝 = 0,781). Differences in
speed of various vehicle categories do not necessarily have to be identified since they are
obvious. If in the sample only passenger cars are observed, the conclusion is the same, i.e.
significant statistical differences in vehicle speeds among survey locations are confirmed:
(𝜒𝜒 2 (2, 𝑛𝑛 = 11457) = 457,545, 𝑝𝑝 <= 0,001), as they are also confirmed for traffic lanes
(𝑈𝑈 = 9031151, 𝑍𝑍 = −37,048, 𝑝𝑝 < 0,001) and surveyed driving directions (𝑈𝑈 =
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15573141, 𝑍𝑍 = −4,660, 𝑝𝑝 < 0,001). In addition, they are confirmed for passenger cars
and the day of survey (𝑈𝑈 = 15857161, 𝑍𝑍 = −3,061, 𝑝𝑝 = 0,002).
% of speeding

% of speeding of
over 10 km/h

Average speed of
those who exceeded
the speed limit

Markovac
105,5
Osipaonica
111,5
Stara Pazova
109,1
Pozarevac
109,6
Sremska Mitrovica
117,6
Kovilj
106,2
Lapovo
110,2
Indjija
114,1
Location (passenger cars only)
Markovac
113,7
Osipaonica
120,5
Stara Pazova
114,8
Pozarevac
115,7
Sremska Mitrovica
126,9
Kovilj
112,8
Lapovo
117,6
Indjija
120,2
Traffic lane
Left
124,1
Right
103,8
Direction
To Belgrade
110,5
From Belgrade
109,5
Day of survey
Work day
110,1
Weekend
109,9
Vehicle category
PC
117,2
BUS
94,7
LCV
95,9
HGV
81,6

Standard derogation

Location

85th percentile
speed

Average speed

Table 1. Values of observed speed related RSI depending on various observed parameters

130
135
129
132
143
129
132
134

22
23
21
21
25
22
22
21

27,8
39,5
33,6
34,5
51,5
29,1
35,6
44,5

14,2
21,7
14,7
18,7
34,2
14,2
18,4
23,4

132,1
132,7
129,5
130,7
136,3
130,6
132,3
131,3

133
140
131
134
146
131
136
137

20
19
18
18
20
19
19
19

36,2
48,2
37,2
38,8
62,6
33,4
43,0
48,6

19,1
27,6
15,7
20,8
41,4
16,2
22,4
25,5

133,4
135,9
132,1
133,3
138,4
133,4
134,2
134,7

143
126

19
20

59,6
25,7

36,7
11,6

135,9
128,1

133
132

22
22

37,7
34,3

20,2
18,2

131,7
132,4

133
131

22
22

36,7
35,3

20,3
18,2

132,1
131,9

135
101
117
88

19
10
19
9

42,3
18,4
39 ,14
4,5

22,7
3,5
24,0
1,5

134,5
106,1
114,9
100,4

Generally speaking, identified differences can be a consequence of differences among
the locations, and therefore they all need to be tested separately for each location (Table
2). However, diverse structures of traffic flows, i.e. vehicle categories that are taking part
in the calculation of speed indicators may have an impact on it. For that reason, a separate
analysis is made for the most numerous vehicle category – the category of passenger cars
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(Table 3). Differences in survey locations are expected, and the further analysis will be
targeted at identifying specific differences which can be influenced by the driving
direction, day of survey and traffic lane in which the speed was measured.
Table 2. Statistical difference in speed depending on observed parameters for each
surveyed location

Markovac
Osipaonica
Stara Pazova
Pozarevac
Sremska
Mitrovica
Kovilj
Lapovo
Indjija

Direction
Statistical
Test result
difference
𝑈𝑈 = 506585,
Yes
𝑍𝑍 = −3,420,
𝑝𝑝 = 0,001
𝑈𝑈 = 364211,
No
𝑍𝑍 = −1,228,
𝑝𝑝 = 0,219
𝑈𝑈 = 408465,
No
𝑍𝑍 = −1,454,
𝑝𝑝 = 0,146
𝑈𝑈 = 701204,
No
𝑍𝑍 = −1,222,
𝑝𝑝 = 0,222
𝑈𝑈 = 219505,
Yes
𝑍𝑍 = −3,793,
𝑝𝑝 < 0,001
𝑈𝑈 = 429583,
No
𝑍𝑍 = −1,110,
𝑝𝑝 = 0,267
𝑈𝑈 = 551929,
Yes
𝑍𝑍 = −3,782,
𝑝𝑝 < 0,001
𝑈𝑈 = 200970,
No
𝑍𝑍 = −1,573,
𝑝𝑝 = 0,116

Day
Test result
𝑈𝑈 = 549097,
𝑍𝑍 = −0,675,
𝑝𝑝 = 0,708
𝑈𝑈 = 373318,
𝑍𝑍 = −1,019,
𝑝𝑝 = 0,380
𝑈𝑈 = 429179,
𝑍𝑍 = −0,233,
𝑝𝑝 = 0,815
𝑈𝑈 = 726547,
𝑍𝑍 = −1,934,
𝑝𝑝 = 0,053
𝑈𝑈 = 227133,
𝑍𝑍 = −3,097,
𝑝𝑝 = 0,002
𝑈𝑈 = 382445,
𝑍𝑍 = −4,932,
𝑝𝑝 < 0,001
𝑈𝑈 = 539595,
𝑍𝑍 = −4,967,
𝑝𝑝 < 0,001
𝑈𝑈 = 210249,
𝑍𝑍 = −2,978,
𝑝𝑝 = 0,003

Statistical
difference
No
No
No
No
Yes
Yes
Yes
Yes

The results shown in Table 2 imply dual conclusions. Namely, driving direction is of
no significance for differences in speeds in Kovilj, Pozarevac, Stara Pazova, Indjija and
Osipaoinica, while they are significant in Lapovo, Sremska Mitrovica and Markovac. On
the other hand, the day of survey did not influence the differences in measured speeds in
Markovac, Osipaonica, Stara Pazova and Pozarevac, while it influenced the differences
recorded in Sremska Mitrovica, Kovilj, Lapovo and Indjija. In order to avoid any potential
influence on various structures of vehicle categories whose speeds were subject of
measurement, the analysis has been made only for the category of passenger cars and is
shown in Table 2. To avoid a mutual influence of the day of survey on resulting differences
between directions and vice versa, the results in Table 2 have been calculated so that
differences between driving directions were determined only for work days, and
differences between the days of survey only for the direction towards Belgrade. Finally,
in order to avoid unsuitable distribution of the number of vehicles, in the left and right
traffic lanes, the analysis has been made only for speeds measured in the right lane
(multiple vehicles).
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Table 3. Statistical difference in speeds of passenger cars, depending on the observed indicators
for each surveyed location

Markovac
Osipaonica
Stara Pazova
Pozarevac
Sremska
Mitrovica
Kovilj
Lapovo
Indjija

Direction
Statistical
Test result
difference
𝑈𝑈 = 32858,
No
𝑍𝑍 = −0,998,
𝑝𝑝 = 0,318
𝑈𝑈 = 19823,
Yes
𝑍𝑍 = −2,517,
𝑝𝑝 = 0,012
𝑈𝑈 = 13939,
Yes
𝑍𝑍 = −3,429,
𝑝𝑝 = 0,001
𝑈𝑈 = 13766,
Yes
𝑍𝑍 = −3,139,
𝑝𝑝 = 0,002
𝑈𝑈 = 8745,
Yes
𝑍𝑍 = −3,311,
𝑝𝑝 = 0,001
𝑈𝑈 = 28978,
No
𝑍𝑍 = −0,810,
𝑝𝑝 = 0,418
𝑈𝑈 = 22429,
Yes
𝑍𝑍 = −4,321,
𝑝𝑝 < 0,001
𝑈𝑈 = 12487,
No
𝑍𝑍 = −1,936,
𝑝𝑝 = 0,053

Day
Test result
𝑈𝑈 = 21474,
𝑍𝑍 = −0,141,
𝑝𝑝 = 0,888
𝑈𝑈 = 20036,
𝑍𝑍 = −0,222,
𝑝𝑝 = 0,825
𝑈𝑈 = 18491,
𝑍𝑍 = −1,850,
𝑝𝑝 = 0,064
𝑈𝑈 = 48903,
𝑍𝑍 = −2,063,
𝑝𝑝 = 0,039
𝑈𝑈 = 13192,
𝑍𝑍 = −0,271,
𝑝𝑝 = 0,787
𝑈𝑈 = 23519,
𝑍𝑍 = −3,457
𝑝𝑝 < 0,001
𝑈𝑈 = 23174
𝑍𝑍 = −1,121,
𝑝𝑝 = 0,121
𝑈𝑈 = 24961,
𝑍𝑍 = −0,170,
𝑝𝑝 = 0,865

Statistical
difference
No
No
No
Yes
No
Yes
No
No

The results shown in Table 3 also imply dual results. In fact, there is a difference in
speeds of passenger cars in Osipaonica, Stara Pazova, Pozarevac and Sremska Mitrovica,
depending on the direction of measurement when measuring speeds on work days, in the
right lane. On the other hand, there is a difference in speed of passenger cars depending
on the day of survey, when only the direction towards Belgrade, in the right lane, has been
taken into consideration.
4.

DISCUSSION OF RESULTS

On the basis of obtained results, it is possible to define the proposals for the
improvement of speed related RSI measurement in the future, on the national level,
depending on influential parameters defined in this survey.
4.1.

Survey locations

Differences between survey locations are obvious by only looking at the values of
indicators. They have been confirmed for the overall sample and the sample of passenger
cars, using statistical tests. Differences in the number of measured speeds in each direction
of driving, traffic lane or a day of survey may affect the values of indicators, but not the
statistical differences between survey locations, that were confirmed by the Kruskal77
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Wallis test. Therefore, it can be concluded that it will be necessary to make the
measurement of road safety indicators at several locations.
4.2.

Traffic lane

Differences in speeds measured in traffic lanes are present and can be read as the values
of indicators, and as displayed statistically significant differences using the MannWhitney statistical test. In fact, the results confirm that the survey methodology must
specify the measurement of indicators, in both traffic lanes. In order to have a quality
measurement, it is necessary to take into account the percentage of vehicles in both lanes,
represented in the collected sample. This research work includes speed measurement in
both traffic lanes, in the same time interval, so that vehicles from both lanes are
represented to the extent corresponding to their percentage in the traffic flow. There is a
particular danger in cases when the speed is measured near the road, when a significant
number of vehicles in the left lane could be left out from the sample, due to vehicles
obstructing the view in the right lane. A proportionately more measured vehicles in the
right than in the left lane can affect the results of the measurement. Proportionally fewer
vehicles in the left lane (26,75%) are measured in Sremska Mitrovica 5, while the highest
number is recorded in Pozarevac (34.66%), which is in total about 30.47% of vehicles in
the left lane, based on data from all survey locations. According to the aforementioned, it
is recommended that the percentage of measured speed on the highway in the left lane is
26-34%, i.e. 66-74% in the right lane, out of the total collected samples, which must be
fulfilled for each direction of travel. Defined rules are applicable only on highway
locations.
4.3.

Direction of travel

Given different results obtained in the paper as to whether a driving direction affects
the differences in measured speeds, it will not be possible to reject the fact that difference
in speed per driving direction was determined on certain locations, where other potential
factors defined during the speed measurement were all excluded. It is therefore necessary
to use the methodology to define the necessity of measuring speed in both directions, so
that the number of vehicles recorded in both directions is equal. Although the values of
indicators per directions do not differ greatly (for example, the average speed in the total
sample, is higher by 0.59 km/h for the direction towards Belgrade), there are differences
in the number of recorded vehicles in the present research, depending on driving direction.
Such differences may affect the differences of measured values of indicators, but not the
differences confirmed by the Mann-Whitney test for differences of measured speeds per
driving direction. Bearing in mind that indicators are used to measure the final descriptive
distribution indicators, it will be necessary to equally appreciate both driving directions of
vehicles by recording the same number of vehicles in both driving directions.

It is characteristic that Sremska Mitrovica had the most adverse values of speed related RSI, in terms of road
safety, and the least percentage of vehicles in the left traffic lane than all survey locations. Sremska Mitrovica is
ranked second for the smallest number of measured vehicle speeds (only 1417 measured speeds). However,
regardless of differences among traffic lanes on a specific location, driver behavior in both traffic lanes must be
taken into account.
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4.4.

Day of survey

The basic purpose of determining differences in the days of survey was to find out
whether there is a difference in the days of survey and consequently to expand the scope
in which the recording of speed related RSI was proposed, i.e. from Tuesday, Wednesday
and Thursday to other days in the week, except that Friday and Monday (a work day shown
in the present study) are roughly observed as days in which no deviations from the days
recommended by the methodology (Tuesday, Wednesday and Thursday) are expected.
Presented results confirmed that in certain situations (with excluded predefined influential
factors monitored in the survey), a survey day has an impact on differences in speeds,
whereas it has no influence in some other situations, although differences depending on
the day of research were not determined for the whole analyzed sample. Pursuant to the
aforementioned, it can be concluded that the research could have been conducted on other
days (especially on weekend days), apart from the days defined by the methodology
(Tuesday, Wednesday and Thursday).
4.5.

Differences in the structure of traffic flow

The influence of diversity of traffic flow structure is not analyzed in details in this
paper, primarily because the national methodology does not understand the consolidation
of indicators for various vehicle categories on one location, but the grouping of indicators
is made, among other things, according to vehicle categories. Basically, the consolidation
of indicators is feasible, but the question is what such indicators mean, i.e. the possibility
of classification of certain measured values of indicators into classes of values is made
difficult. In fact, the average speed of those exceeding the speed limit and driving, for
example, 112 km/h, does not mean a lot if the average speed is calculated for all categories.
However, the speeding of 135 km/h for passenger cars has a bigger practical importance
since the speed limit for this category of vehicles on highways is 120 km/h. In situations
in which the speed limit for all categories is the same (for example, 50 km/h, in urban
areas), such a consolidation is partially more justifiable and meaningful.
Finally, in terms of vehicle structure that is subject to analysis and monitoring, it will
be necessary to consider the need of separating the category of light commercial vehicles
into two categories (up to 3,5 t of the maximum permitted mass and over 3,5 of the
maximum permitted mass to 7,5 t, where the category of heavy goods vehicles begins).
Although the same speed limit of 100 km/h on highways would apply to both sub-groups
of light commercial vehicles, their behavior could differ to a great extent. In fact, the law
has stipulated that goods vehicles and sets of vehicles with a maximum permitted mass
exceeding 3.5 tons, and also buses, must be fitted with a speed limiter (Road Safety Law,
Article 45, paragraph 2).
5.

CONCLUSION

A well-defined methodology is the basis for obtaining results which show the actual
situation, in the best possible way. On the other hand, high-quality results represent the
relationship for a comparison of good quality, but, more importantly, for the guidelines on
the basis of which adequate measures for road safety improvement should be taken. The
research methodology is often a permanently active process, which can be changed in
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time, due to the advancement of science, different types of required results, the need for
the possible horizontal and vertical comparisons, etc.
The paper contains the analysis of statistical differences in vehicle speed depending on
the day of survey, traffic lane, driving direction and vehicle category. The main conclusion
is that the required measurement must be made for both traffic lanes, so that vehicles from
both traffic lanes are represented in the total sample, in defined percentages. On the other
hand, it will be necessary to perform the recording of speeds in both directions, so that the
size of the sample in both directions is equal. Weekend days are not suitable for speed
recording, given the validated statistical differences. Finally, the option of using speed
measurement to divide the category of light commercial vehicles (up to and over 3,5 t of
maximum permitted mass), in order to possibly recognize, in a more quality manner within
this category, a target group which is more unsafe in terms of speed related RSI.
Further research of speed related RSI should focus on a methodology which will help
create a unique speed indicator to unify all defined indicators and enable a better appraisal
of each location, as well as their comparison. In fact, it was shown earlier that, depending
on the observed indicator which relates to speed, a certain location may be performing
better or worse when compared to other locations, which may make difficult a better
channelization of appropriate speed related measures. Also, further research should focus
on testing the reliability of various manners of measurement for the purpose of measuring
speed related RSI (measuring speed by reading speed data from video recordings,
automatic traffic counters, etc).
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Abstract: Road safety management is a complex process that requires coordinated actions of
stakeholders from the system. The common objective is to “call a spade a spade”, i.e. to talk about
road safety problems as they are. All year round, road safety stakeholders carry out activities the
aim of which is to detect these problems, which will in turn enable the evaluation of legislation,
implementation of actions, etc. The paper shows key activities aimed at improving road safety. The
presentation of activities is systematized according to the benchmarking model, on the national level,
which greatly contributes to the transparency of implemented and non-implemented activities. The
aim of the paper is to give directions for further action in order to achieve more effective practical
results.
Keywords: benchmarking, road safety management, experiences

1.

INTRODUCTION

First stages of development of road safety issue (hereinafter referred to as: RS) were
characterized by negligence and not knowing how to deal with this problem, which had as
a consequence the absence of a specific RS profession, or professionals. However, there
was a turn in terms of road safety, on the global level. The last stages of RS development
(the fourth stage of the road safety management (abbr. RSM) and the fifth stage of the
global management) are based on RS profession, professionalism and professionals
(Lipovac et al. 2014). The importance of RS management on the local level is underlined
in the Global Plan for the Decade of Action for Road Safety 2011-2010 (WHО, 2011).
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The Republic of Srpska conducted a whole series of activities aimed at improving and
strengthening the RS system. The first attempt by the Government of the Republic of
Srpska was creating the Road Safety Council and the lead Road Safety Agency
(hereinafter referred to as: Agency), with the capacity to manage the organization within
the Ministry of Interior and Communication. In 2013, the Road Safety Strategy 2013-2020
and the Road Safety Program of the Republic of Srpska 2013-2022 were adopted by the
National Assembly of the Republic of Srpska. The Road Safety Program of the Republic
of Srpska 2014-2018 was adopted by the Government of the Republic of Srpska, in 2014.
Reporting on implemented annual activities to the Government and the Parliament of the
Republic of Srpska, reporting on the RS situation in the Republic of Srpska and reporting
on the implementation of RS Strategy also make constituent parts of these activities.
2.

ROAD SAFETY MANAGEMENT SYSTEM

2.1.

Pillar 1 – Organization and management of road safety

The importance of activities within this pillar has been recognized worldwide. In fact,
Bliss and Breen (2009) stressed how important road safety management is. To that end,
the World Bank worked out national guidelines for the RSM capacity review. The authors
are of opinion that the following three, mutually linked, elements of the RSM system offer
more effective results on the national and local level: institutional management,
interventions and results. The function of institutional management is the most important
function. Relying only on interventions and activities is not sufficient. To that end, the
Republic of Srpska has conducted a whole series of activities.
2.1.1.

Road safety management system

The Road Safety Council is on top of the RSM system in the Republic of Srpska. The
Council is made of representatives of stakeholders of the RS system (according to Article
2, paragraph 1 of the Road Safety Law of the Republic of Srpska), and the representatives
of the executive authorities. The RS Council is headed by the Vice-President of the
Government of the Republic of Srspka, by the function, and the members include the
ministers of the Government and RS professionals. The Coordination group has been also
established within the RS Council, whose main function is the implementation of activities
adopted at the RS Council meetings.
As for the stakeholders making the RS system on the national level, the Road Safety
Agency of the Republic of Srpska is the lead entity in charge of coordination with all other
stakeholders. The faster information flow and more effective implementation of activities
have been provided in that way.
The RS system on the level of local self-government units operates according to the
vertical coordination principle. That is, activities targeted at improving road safety are
distributed from the national to the local level through the local RS Council. So far, about
50% of local self-government units have formed their local RS Councils, while a small
number of local communities have adopted a RS Strategy and submitted the Report on the
RS situation to their local parliaments.
Such a road safety management system is essentially well designed, but additional
attention must be paid to a better engagement of numerous stakeholders which have
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significant responsibility and influence on road safety in the Republic of Srpska. Current
state shows that a significant number of stakeholders contributing to the RS system do not
recognize their responsibilities within their joint work and objectives.
2.1.2.

Legislation

The area of RS is regulated on two levels. There is a 2006 Law on Basic Elements of
Road Safety in force at the level Bosnia and Herzegovina. So far, this law has been
changed five times. The Road Safety Law in force on the territory of the Republic of
Srpska was passed in 2011. For the first time, the term “road safety management” has been
introduced by this law. The law practically defined the stakeholders of the RS system, the
tasks of the RS Council and the RS Agency. By-laws governing specific areas, such as:
road safety audit and inspection, identification and management of hazardous locations,
databases and technical inspections, are among the most significant obligations incurring
from this law.
2.1.3.

Trainings, workshops and education of staff of local self-government units

The Agency recognized well on time the importance of RS professionalism on the local
level, identified the deficit of professionals, insufficient commitment to road safety, which
were all related to the low level of RS knowledge and awareness. Based on priorities set
by the Strategy for training the staff in local self-government units (hereinafter referred to
as: LSU) in the Republic of Srpska, the Ministry of Administration and Local SelfGovernment of the Republic of Srpska and the Agency organized continual trainings on
the scope and types of RS issues, global trends, importance on strategic approach to the
RSM, etc.
The training was carried out according to the program agreed beforehand, in 4 centers:
Banja Luka, Bijeljina, Istocno Sarajevo and Trebinje, and comprised the municipalities
that are moving towards these centers. The following topics were discussed in the first two
rounds of the 2013-2014 training, through theory courses and practical-interactive
approach:
• RS strategy and program for the area of LSU
• Modern techniques of RS monitoring in LSU.
The “Manual for strengthening capacities of the local self-government in the field
of road safety” was made as the output of the second round of training courses.
Also, as one of the important activities in a two-way communication between the
Agency and LSU was giving opinion to the proposed “Decision on road safety” for each
particular LSU. So far, the Agency has issued positive opinions for 14 decisions on road
safety in LSU.
Apart from the aforementioned training, one more course has been planned for 2015,
where the target group will be the employees in local self-government units who have
been assigned with the following tasks in their work: urban and spatial planning, design
and supervision of issuing location conditions and construction permits.
Within the scope of its annual activities, the Agency organizes workshops whose topic
is designing local RS strategies in LSU. Practically, at the request of a LSU, the Agency
employees organize workshops as a type of professional assistance for writing RS
Decisions and RS Strategies.
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2.1.4.

International conferences

Following the initiative and support of the RS Council of the Republic of Srpska and
the Agency, the international conference “Road Safety in Local Communities” has been
organized in the territory of the Republic of Srpska since 2012. This conference is the most
important annual activity where the representatives from LSU can learn about the latest
developments in the field of RS and problems and experiences of other LSU. The main
objective of the conference is to promote best practices in RSM, as well as to raise
awareness on the profession and professionals in this area.
The Agency participates as the co-organizer of other international conferences in the
region, such as: “Road Safety in Local Community” (www.bslz.org) and „Forensics in
road accidents and insurance frauds“ (www.tsgserbia.com ).
2.1.5.

Database and annual losses in road accidents

The access to road accident database is the result of the mutual cooperation of the
Agency and the Ministry of Interior. In fact, in 2015, the Agency will have an opportunity
to make detailed analyses of road crashes, their causes and consequences.
Also, in 2012, the Economic Institute carried out the research related to the costs of
road accidents in the Republic of Srpska. The results of the research have shown that road
accidents cost 2.07% of the GDP of the Republic of Srpska. The experts of the Economic
Institute, supported by the best foreign experts, made a calculation according to which the
total annual socio-economic costs of road accidents in the Republic of Srpska amount to
some 170 million KM.
It means that each year, the Republic of Srpska sustain a large-scale “catastrophe”
in road traffic.
2.1.6.

Financing road safety

The Road Safety Law of the Republic of Srpska (“Official Gazette No 63/1 of 21 June,
2011) defined the legal frameworks for financing road safety, both on the national and
local level. However, existing norms are not adequate and do not provide sufficient funds
for road safety. Currently, the Agency is being financed exclusively from the budget of
the Republic of Srpska.
In order to define the financial framework on the local level, it will be necessary for a
LSU to have pre-defined, well in advance planned RSM activities. Within this plan, it will
be necessary to also define key areas of work in the forthcoming period, such as: work of
the RS Council (reimbursement and work at meetings, professional training of members,
etc); improvement of road infrastructure (introduction of video surveillance,
implementation of road safety projects intended for safety of children in school zones,
inspection of safety of roads, identification, ranking and repair of hazardous locations,
etc); improvement of traffic education and upbringing of children (professional training
of pre-school teachers, elementary school teachers and other educators in order to improve
the work with children in pre-school institutions, etc); preventive-promotional RS related
activities (implementation of multiple campaigns, preparation and making of the road
safety bulletins, funding of projects of civil associations and other non-governmental
organizations, etc) and scientific-research work (making RS strategies, action plans,
project-technical sets of documents for the construction of sidewalks, pedestrian footpaths,
intersections, etc).
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2.2.

Pillar 2 – Safer roads and mobility

The influence of road design and road features on the number of road accidents has
been discussed by Shoon (2000). In fact, the author has come to the conclusion that
physical division of traffic lanes leads to the reduction in the number of road accidents by
50%. Also, Shoon and Minnen (1993) found out that roundabouts in urban areas contribute
to the decreased number of road crashes by 69%. The studies carried out by Оverkamp
(2000) revealed that the construction of roundabouts instead of regular intersections also
has as a result a reduced number of road accidents by 60%. Tollazzi (2015) presented the
advantages of the alternative types of roundabouts (turbo-roundabouts) in relation to the
existing practical solutions.
In that sense, the Decision on the procedure of harmonization of legislation of the
Republic of Srpska with the EU acquis communautaire and the legal acts of the European
Council, the Republic of Srpska has undertaken the obligation to implement, among other
things, the 2008/96/ЕC Directive of the European Parliament and the Council of Europe
within its legal system. So far, the Republic of Srpska has seen the implementation of the
following three procedures: road safety audit, road safety inspection and identification and
rehabilitation of hazardous locations.
Looking at the organizational structure of the Public Enterprise “Roads of the Republic
of Srpska”, it is clear that there is no road safety sector. Future requirements should be
focused on creating the “road safety sector” in this public enterprise. Road safety audits
of main and regional roads, at early stages of project designing, and a better quality of
treatments of hazardous locations, could be provided in this way.
2.2.1.

Road safety audits and inspections

The Ministry of Transport and Communications has passed the “Regulations on
conditions and methods of performing road safety audits and inspections, and on
conditions and methods of licensing the auditors and inspectors” (Official Gazette of the
Republic of Srpska, No 72/12).
Road safety audits are mandatory for the public road designs, at developing stages of
the project idea, and also for main construction, reconstruction and rehabilitation projects,
before the road exploitation starts and immediately after the road was opened for traffic.
Also, the Regulations has foreseen that road authorities adopt the program of periodical
road safety inspections of exploited roads, on the basis of which road authorities must
inspect at least 20% of roads on the network they manage, each year.
So far, four road safety inspections and one road safety audit have been carried out in
the Republic of Srpska.
2.2.2.

Identification and elimination of hazardous locations

The Ministry of Transport and Communications have passed the “Regulations on
identification of hazardous locations, methods and criteria for setting up priorities for
eliminating hazardous locations and methods for eliminating hazardous locations”
(Official Gazette of the Republic of Srpska, No 94/14). The Regulations has defined
hazardous locations on public roads outside urban areas, in the length of up to 100m,
whereon during three consecutive years at least six road accidents had occurred, with life
and health threatening consequences, or four road accidents with the same characteristics,
with life and health threatening consequences. A dangerous section is defined as a portion
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of a road outside urban area, in the length of 1500m whereon at least two hazardous
locations have been identified.
The Regulations has foreseen that road authorities carry out the identification of
hazardous locations once a year, make a map of hazardous locations, and within three
months after the identification, mark in an adequate way this hazardous location, or a
dangerous section, Also, road authorities has an obligation to make an expert analysis,
once a year, of at least 20% of hazardous locations with the highest priority coefficient,
and to prepare, according to the annual plan, individual project aimed at repairing
hazardous locations and dangerous sections and undertake other measures in order to
improve road safety on identified hazardous locations and dangerous sections.
2.3.

Pillar 3 – Safer vehicles

Research studies carried out by (Elvik and Vaa, 2004; WHO, 2004; WHO, 2009)
underline the importance of constructive characteristics of vehicles, as one of the methods
for defining a road safety situation. In fact, that is why the procedures for examination of
road safety features of vehicles have been introduced worldwide, in the form of the so
called NCAP tests (New Car Assessment Program), also known as “crash” tests. Research
studies have shown that vehicles which have received better rating in EuroNCAP tests
bring about 30% less fatalities and serious injuries (Lie and Tingvall, 2000).
In order to improve safety of vehicles, the Republic of Srpska should undertake
activities that will include fiscal and other incentives for the purchase of new and used
vehicles, according to the prescribed homologation and certification standards. Also, the
number of extraordinary technical inspections of vehicles should be increased and main
vehicle related road safety indicators monitored.
Furthermore, insurance companies are an important factor of vehicle safety
improvement. A significant percentage of technical inspection points are owned by
insurance companies. Therefore, these companies should insist on technical
roadworthiness of vehicles since these vehicles, being a factor of road safety, contribute
to road accidents in about 30% of cases (PIARC, 2003).
The quality of technical inspections of vehicles has been advanced with the
development of the unique information system of surveillance of work of technical
inspection points. This segment of RS is governed by the Regulations described in the text
below.
2.3.1. Information system for surveying the work of technical inspection points
The Ministry of Transport and Communications have passed the “Regulations on
technical inspections of vehicles” (Official Gazette of the Republic of Srpska, No 19/07).
The Regulations has prescribed in details the conditions to be met by facilities and
equipment for technical inspection of vehicles, in order to comply with all necessary
preconditions for the connection to the information system in charge of technical
inspection of vehicles, conditions to be met by the controller and chief of the vehicle
technical inspection point. Also, the manners in which to collect data on technical
inspections of vehicles, as well as methodologies for making a technical inspection of a
vehicle have been defined by the Regulations.
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2.3.2.

Road safety indicators related to vehicles

The application for surveying technical inspection points enables monitoring of
indicators such as “average age of the fleet” and “% of out-of-order vehicles at the points
for technical inspections”. Also important is monitoring of indicators such as “% of outof-order vehicles in traffic” which represents the number of vehicles which are declared
as not roadworthy at the extraordinary technical inspection. In that sense, the Automobile
and Motorcycle Association of the Republic of Srpska monitor this indicator on a yearly
basis, especially in the period before summer holidays, when the density of vehicle flows
is very high.
2.4.

Pillar 4 – Safer road users

The fact that human factor is the most important contributing factor to road accidents
is already well known (PIARC, 2003). Therefore, road user behavior should be observed
through several segments, such as: speed, alcohol, use of protective systems (safety belt
and safety helmet), use of daytime running lights, use of mobile phones, use of protective
helmets, road crossing, etc.
2.4.1.

Road safety indicators related to road user behavior

The system of monitoring road safety indicators (hereinafter referred to as: RSI) has
not yet been developed on the national level in the Republic of Srpska. However, most
important individual RSI, such as seat belt use, and speeding, have been monitored since
2012.
The most comprehensive survey concerning the use of seat belts in the area of the
Republic of Srpska was conducted in 2012, in cooperation with the Ministry of Transport
and Communications, the Agency and the SweRoad, the organization from the Kingdom
of Sweden. The following RSI have been monitored:
• % of seat belt use at front/rear seats in passenger cars and light duty vehicles
(up to 3,5t) and
• % of appropriate use of child seats.
Also, in 2013, the Automobile and Motorcycle Association of the Republic of Srpska
continued this practice and repeated the survey using the same methodology for indicator
measurement.
The Automobile and Motorcycle Association of the Republic of Srpska monitored
speed related indicators for the first time in 2014, and included:
• % of speeding by at least 10 km/h;
• % of speeding by 10-20 km/h; 20-30 km/h; 30-50 km/h; over 50 km/h and
• Average speed of vehicles that exceeded the posted speed limit.
2.4.2.

Educational play „Mirka“ and #SaveKidsLives

Traffic education and upbringing of children in the Republic of Srpska is actually the
area where maximum work can be done and road safety improved.
The „Third Road Safety Week“ will be marked under the patronage of the United
Nations, in May 2015. Following the global plan, it will be necessary to send the “Child
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Declaration for Road Safety” to political leaders to sign it and therefore ensure undertaking
an obligation and responsibility in order to protect children in traffic.
As a logistic support to this action, and to the marking of the „Third Road Safety
Week“, the internet page "#SaveKidsLives" has been launched and can be found at the
following electronic address www.savekidslives2015.org Within this action, the Agency
will send the “Child Declaration for Road Safety” to all the schools in the Republic of
Srpska, with the aim to encourage the representatives of schools and children to call
together on local decision makers, asking for better RSM of children in school zones, on
the road from school to home, etc.
2.4.3.

Educational campaigns

Traffic prevention represents one of the main ways in which changes in road user
behavior and attitudes can be influenced, as far as risk factors contributing to the
occurrence of road accidents are concerned (АБС, 2013). Therefore, the Agency carries
out a series of educational campaigns which concern: speed, alcohol, seat belt use,
pedestrian behavior, mobile phone use, beginning of school year, and many other
activities. Campaigns are supported by the promotional material in the form of video clips,
radio jingles, posters, leaflets, t-shirts, and other equipment and clothes that improve the
visibility of road users.
Non-governmental organizations as a part of the RS system have a significant role in
improving the safety of young population in road traffic, especially in areas which relate
to risk factors in road traffic, such as: alcohol, speed, seat belt use, visibility of pedestrians,
etc.
To that end, and in cooperation with a non-governmental organization (abbr. NGO),
the Agency carried out the project called “Those who drink, do not drive!”, as a part of
the educational campaign “Stop to alcohol on wheels”. The representatives of the NGO
performed the so called „Flash mob“ and „Guerrilla” events involving passers-by in
traffic and pupils in selected schools. The performance attracted great interest of passersby, which confirmed the importance of this project and also of other similar initiatives.
2.5.

Pillar 5 – Post crash care

Post crash care is an important factor contributing to the final results of the road safety
situation. Thus, better care of emergency services enables better quality of life which has
multiple effects on reduction of costs caused by road accidents and productivity of
participants thereof. The report of OECD (1999) indicated the differences in emergency
services in urban and rural areas. The surveys have shown that longer response time of
emergency services contributes to the increase in the number of fatalities in rural areas.
According to the report of the World Health Organization (WHO, 2004) about a half of
fatalities in road crashes get killed either on the scene of a road accident or on the way to
the health institution.
Health care of injured after a road accidents has a significant influence on the severity
of consequences from road accidents. When a road accident occurs, the chain of
subsequent events must take the minimum possible time and be effected in the best
possible way in order to ensure a proper care of casualties. Therefore, first aid must be
offered on the spot, immediately after the accident, whereas the response time of the
emergency service must be the shortest possible (Hakkert et al., 2007a, b), (Pesic, 2012).
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In that sense, the medical emergency service in Banja Luka organized the training of
a certain number of medical doctors and policemen on the advanced way of life support
in emergency situations.
The major problem in the Republic of Srpska in terms of Pillar 5 is the process of
recording injuries in road accidents by the health institutions. In fact, this is underlined by
the (WHO, 2013) data. This document holds data on reported and estimated numbers of
fatalities in road crashes in Bosnia and Herzegovina. The main reason for the devastating
results in BIH is the fact that the model takes into account the corrective factor, i.e.
recording of road accidents by the health sector. It is an important indicator of how data
on road accidents and consequences recorded by the health sector are monitored and
appreciated worldwide.
3.

CONCLUDING REMARKS

Results achieved in the field of RS, as a multisectoral system, depend on a number of
subjects, both on the national and local level. If someone in the system "is not doing the
job" or has not recognized its responsibility and involvement in the problem known as
"road safety", then the results will not follow the trend that was set beforehand. Practically,
it means that it is extremely important that the RS Council recognizes its advisory and
coordinating role in RS affairs, and that the co-ordination group recognizes its executive
role, which makes it responsible for the implementation of a series of activities that were
adopted at the Council meetings. Furthermore, the Agency should recognize its role of a
co-ordinator of all the stakeholders in the system, i.e. it will be necessary to put forth the
ideas, actions and measures to improve activities of all these stakeholders and to underline
their importance in the system. It is also very important that PE "Roads" recognizes the
importance of managing hazardous locations on the roads in the Republic of Srpska,
and the importance of their identification, ranking and rehabilitation. In order to reduce
their work in this aspect, it will be necessary that all new road projects undergo a thorough
road safety audit.
The role of the health sector in improving the work on RS is of particular significance.
Quality of service, treatment of the injured, time of response of emergency medical
services, number of beds per capita are significant parameters of quality of health care for
those injured in road accidents. In other words, consequences of road accidents are reduced
in this way.
Proper and timely information that are given to decision-makers, i.e. the Government
of the Republic of Srpska in this case, on the situation in all sectors of the RS system, is a
prerequisite for the institutional strengthening of RS stakeholders.
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Abstract: The cost of road accidents is one of the most significant elements of a road safety system
analysis. Knowing the costs of road accidents is necessary for successful road safety management.
In fact, knowing the road accident costs can provide decision makers with data on effectiveness of
countermeasures implemented, and also determine the cost-benefit ratio. New methods are being
developed and existing methods improved world-wide, on a daily basis, with the aim to determine
the costs of road crashes. This leads to significant differences in estimated unit costs of road
accidents. This paper will show modern methods for the assessment of road accident costs, which
are based on both human capital and willingness-to-pay method, with a special overview of costs of
road crashes in Serbia. This paper will therefore be practically significant for all local communities
wishing to carry out a quantitative estimation of road accident costs on their territories.
Keywords: Road accident costs, human capital, willingness-to-pay, cost estimate in relation to the
Gross Domestic Product (GDP), road safety

1.

INTRODUCTION

Taking into account that the influence of a safe traffic performance is of great
significance for the national, but also local politics and economy, it is clear that the focus
must be put on the economic valuation of road safety. Numerous researchers have shown
that the influence of road traffic and vulnerability in road traffic in particular, have been
underestimated when making plans for social and “business” costs, given the special
impact the globalization and liberalization of the market have today (Vasilis Vasiliauskas,
Barysienė 2008b, Mačiulis et al. 2009). The estimation of road accident costs has been the
subject of research of many authors, no matter if it concerned the concept of determining
1
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road accident costs (Andersson, 2005; Schwab and Soguel, 1995; Blincoe et al. 2002;
Alfaro et al. 1994), comparison of calculated costs with Gross Domestic Product (GDP)
per capita (Connely and Supagan, 2006; Kopits and Cropper, 2005; Jacobs et al. 2000;
Elvik, 2000; Al-Maseid et al. 1999) or the observation of specific influences on road
accident costs (Ayuso et al. 2009; Steimetz 2008).
The following criteria will have to be taken into account when valuing the costs of
road accidents: data must not be too old, all road accidents must be included (even road
crashes with material damage), the estimate must include direct and indirect costs of road
accidents, and finally, costs must be presented in relation to the Gross Domestic Product
(GDP) per capita (Elvik, 2000).
МЕТHOD

Reverse costs

Human capital

Gross

Net

Willingness-to-pay

Value of
time

Personal

Social

Figure 1. Methods for estimating road accident costs (Alfaro et al. 1994)

The classification shown in the chart on Figure 1 has been developed by the EU
Commission, and is known as the COST-313 project, showing modern methods for
valuing costs of road crashes (Alfaro et al. 1994).
As for the methods shown on the left side, they belong to the so called „Ex post“
methods, i.e. they are used for the assessment of costs of road accidents which had
happened already, while the method termed “willingness-to-pay” is used for the appraisal
of individual (personal) and social benefits of road safety improvement by reducing the
risk of road accidents and their consequences, on the basis of the estimated value of the
loss-of-life quality, without any dependence on whether a road accident happened or not.
The “willingness-to-pay” method (WTP) and its alternative method “willingness-toaccept” are based on the valued risk of an individual or society, i.e. on the estimation of
value that would be paid for the risk reduction or the amount that would not be paid, as
long as the risk has been accepted. It is important to estimate in this paper the elasticity of
risk in relation to other users, and then allocate the values to the costs, losses, damages,
etc, according to the risk in question.
In order to value the costs of injuries in road accidents, Richardson (1997) assessed the
risk based on the Potential Years of Life Lost (PYLL), i.e. on the Disability Adjusted Life
Years (DALY). Brooks (1991) used the “health index” method based on the likelihood of
a longer and higher quality life. For example, three years of life quality index of 0.67 equal
two years of life quality index of 1. The “costs of illness” method has been often used for
the appraisal of costs of injuries in road traffic (Persson 1992) by allocating economic
costs of injuries to two categories: direct costs (for prevention, detection, treatment,
rehabilitation, etc.) and indirect costs (value of goods and services that someone could
produce if having not been injured.
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The Swedish National Road Administration (SNRA) uses the “Value of Statistical
Life” (VOSL) method for the appraisal of road accident costs. This method is based on
the “willingness-to-pay” (WTP) method. VOSL represents the product of the WTP limit
value and the inverse value of the reduced risk (DeBlaijetal, 2000). For example, if every
one of 100.000 interviewed population would be willing to pay 10 € for the reduction of
likelihood (risk) of fatal outcome in road traffic to 1:100.000, then the total value of the
road safety improvement, i.e. reduction of risk of fatal outcomes of the 100.000 population
at the ratio of 1:100.000 would be equal to one statistical life (1 VOSL = 100.000
population • 1:100.000 of risk). The value of statistical life would amount to 1 million €
as 10 € • 100.000 (inverse value of risk) = 1.000.000 €.
Taking into account the costs of road crashes in the European Union (45 billion of
ECU) and 45.000 fatalities, the European Conference of Ministers of Transport (ECMT)
presented in 1997 the “One Million ECU Test” method which was later on amended into
the “1,15 million € rule”. This simple method shows economic benefits of the road safety
improvement by observing the fatalities only. In fact, it does not mean that one fatality in
road traffic costs 1.15 million €, but that the costs of all road accidents can be assessed
using this method. For example, if in a EU country there are a hundred fatalities annually,
then the costs of all road crashes in that country are around 115 million €.
The chart on Figure 2 shows the flow of elements related to the assessment of costs of
road accidents with fatalities that was used in the model for determining costs of road
crashes in India (Valli and Sarkar 1997). It also proved reliable for the use of dynamic
prediction models (Partheeban et al. 2008). The upper part is made of the sub-system
related to people, the bottom part of the sub-system relates to vehicles, while the part in
the middle contains the overall consolidated costs.
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Figure 2. The flow of elements used for valuing costs of road accidents with fatalities (Valli and
Sarkar 1997; Partheeban et al. 2008)
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According to the “human capital” method, which is most often used to assess the costs
of road accidents, all costs incurring from road accidents can be classified into one of the
following categories:
•

•
•

•

•

•
•
•

Medical costs (МC) – all costs of medical care related to the injuries from
road accidents, including the injuries occurred during the transport by
ambulance. In addition, medical costs include the costs of the “intensive care
unit”, hospital costs, home visits, physical therapy, rehabilitation,
medications, prosthetic devices, etc.
Emergency service costs (ES) – all costs made by the police, fire brigade,
vehicle towing service, etc.
Loss of productivity (LP) – the costs of the lost market (production)
productivity and household productivity. Market productivity represents
discounted value of the loss of income during the remaining period of life,
while household productivity covers the current value of reduced activities in
the household, determined as the “price” of a person hired to carry out these
activities.
Administration of insurance (AI) – the costs of insurance companies incurred
from reimbursement of the insured who took part in the particular road
accident, as well as from the costs of legal representatives in charge of
defense.
Costs of work (W) – the costs incurred by interrupting the working process
due to absence or a complete loss of an employee. They also include the costs
of employment and “training” of the newly employed person, extra work time
in order to make up for the loss incurred as a consequence of the employee’s
absence, as well as administrative costs related to the change of staff.
Judiciary expenses (JE) – the costs of the judiciary system incurred from the
processes related to road accident consequences.
Time losses (TL) – the value of the lost time of persons who did not take part
in a road accident, but who were held back due to the road accident in
question.
Material damage (MD) – the costs of damaged vehicles, goods, equipment or
objects on the road, as well as on other materials, due to the road accident in
question.

De Blaeij et al. (2004), Saelensminde (2001) have shown the official monetary
assessments per fatality in a road accident in some EU states (Figure 3). It is clearly shown
that these values vary significantly. In fact, the values depend most on whether the
“willingness-to-pay” method is used, which gives twofold values in relation to the “human
capital” method. In addition, the value depends considerably on the size of the GDP per
capita, so the estimated values are bigger in the states having a higher GDP.
Having in mind the previous studies, as well as a very low GDP per capita in Serbia,
it is clear that, for example, the “1.15 million € rule” cannot be literally applied in our
circumstances, since the costs of road crashes would be overestimated in that case. The
applicability of the “1.15 million € rule” is disputable, especially when taking into account
the studies conducted in the region (Rossetal, 2012; Antic et al., 2011). Therefore,
transition countries should use this method only in exceptional cases, and if there are no
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suitable models used in the region. The value of costs of road accidents in Serbia will be
given in the text below, using the “human capital” method, applied in Germany, and the
“willingness-to-pay” method, applied in Great Britain. The value of costs is adjusted to
the values of GDP in these countries and in Serbia.

Figure 3. Costs of fatalities in road accidents in EU countries and other developed countries
(De Blaeij et al. 2004; Saelensminde, 2001)

2.

MATERIAL AND METHODS

The assessment of road accidents in Germany has been made using the “human
capital” method, where the cost per fatality amounted to 1.018.065 €, 105.477 € per one
seriously injured and 4.305 € per one slightly injured (Kranz, 2011). On the other hand,
the costs of road accidents in Great Britain have been calculated using the “willingnessto-pay” method. According to this method, the cost per fatality is 2.090.014 €, 192.283 €
per one seriously injured, and 20.221 € per one slightly injured (Great Britain Department
for Transport, 2013).
In order to be able to make a comparison with Serbia, the GDP data per capita have
been used from the reports of the International Monetary Fund (IMF) and the World Bank
(WB). In fact, the GDP per capita in Germany is 3,5 times bigger than the GDP of Serbia,
while the British GDP per capita is 2,9 to 4,3 times bigger than the Serbian GDP,
depending on whether the IMF or WB data have been used for comparison.
3.

RESULTS

The costs of road accidents have been determined using the official data from the Road
Safety Agency report. According to the report, there are 1,1 fatalities in road accidents
with fatalities, while there are 1,37 injured in road accidents with injured. Table 1 gives a
comparable display of values of unit costs of road crashes in Serbia, on the basis of a
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research conducted in the region (Antic et al., 2011) and (Ross et al., 2012), as well as the
calculated values in relation to the methods and research studies implemented in Germany
and Great Britain.
Table 1. A comparable display of unit costs of road crashes in Serbia (€)
HC METHOD
Antic (2011)
Ross (2012)
Germany (2005)
WTP METHOD
Great Britain (2013)IMF
Great Britain (2013)WB

4.

PER ROAD ACCIDENT
SLI
SEI
FAT
3.082
21.793
309.753
3.181
34.094
317.317
1.685
41.287
319.966

PER CASUALTY
SLI
SEI
FAT
2.250
15.909
281.593
2.322
24.886
288.470
1.230
30.136
290.878

SLI
9.553
6.443

SLI
6.973
4.703

SEI
90.836
61.262

FAT
792.763
534.655

SEI
66.304
44.717

FAT
720.694
486.050

DISCUSSION

The analysis of results of unit costs incurring from road crashes shows that
approximate values have been obtained in the research studies conducted in the region, as
far as fatalities and slightly injured are concerned. Considerable deviations have been
noticed in the figures of seriously injured. When taking into account the research carried
out in Germany, and the reduced value according to the GDP in Germany and Serbia, the
value per one fatality is again closer to the studies conducted in the region, which is a
consequence of implementation of the same method – the “human capital” method. As far
as the application of the “willingness-to-pay” method is concerned, the results of the
research carried out by (De Blaeij et al. 2004; Saelensminde, 2001) have been confirmed,
according to which the unit costs of road crashes are higher if this method has been used.
The research carried out using the “willingness-to-pay” method has shown that the cost
per one fatality in a road accident in Serbia amounts to 720.000 €, which is two times more
than the value assessed using the “human capital” method.
In Serbia, which is a South-East European country in the process of transition, the
method for a “rapid” valuing of costs of road accidents, i.e. the 1.15 million € rule, cannot
be used literally, as this method has been developed in countries with a significantly higher
GDP. For these reasons, when making decisions on the national, but also on local level, it
will be necessary to rely on existing research studies in the region, rather than making a
more detailed valuation of costs from road accidents in Serbia. It is recommended to use
the values based on the “willingness-to-pay” method for the estimation of maximum
savings, as well as for the comparison of costs, on the national level, with the most
developed countries. In fact, the road safety policy of the most developed countries has
confirmed that the countries that make assessments using the “willingness-to-pay” method
have the best results and manage their road safety systems most successfully.
Knowing the costs of road crashes in Serbia facilitates considerably the valuing of
effects of implemented measures by determining economic benefits that have been
achieved after these measures had been implemented in order to improve road safety, on
one hand, and invested funds intended for the solution of the problem, on the other hand.
This provides a significant contribution to the road safety management system in local
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communities as the funds can be allocated to the measures offering the greatest economic
benefits. This is of particular importance for local communities when making the costbenefit analysis and assessing the effects of the implemented countermeasures.
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CLASSIFICATION ON ROAD SAFETY AND SERVICE LEVEL
OF TWO-LANE CARRIAGEWAYS
Vladan Tubić 1, Marijo Vidas 2
Abstract: Access density on tw-lane carriageways represents a total number of driveways on the
right and left side, per unit length (km). This parameter is used to predict road accidents, the
quantification of impact on service level, travel time, time loss. It is also used as a basis for adopting
management related measures. The results of numerous studies have shown that there is a direct link
between the access density and road safety, i.e. that with the increasing access density, the number
of road accidents is also growing, as the increase in the number of driveways makes the number of
conflict points increase, too. Methods for determining access density differ from research to
research, and, depending on applied methodology, not all the driveways are included in the
calculation itself. The division of driveways into groups is often found in the literature and includes:
unsignalized and signalized intersections, commercial and private driveways, etc., where all or only
certain groups can be included in the calculation of access density. It is clear from the
aforementioned that different groups of driveways have a various degree of influence on road safety
and traffic flow conditions. Therefore, a question is asked as to what if the driveways are calssified
using appropriate indicators, or if they are assigned appropriate weight values, depending on the
degree of influence. This would allow for the inclusion of all existing groups of driveways into the
access density calculation. This work will show the most frequently used methods for calculating
access density, with regard to our actual conditions, and taking into account the characteristics of
two-lane carriageways in rural areas in particular. The sections of the Category I State road
Belgrade-Obrenovac will be used as an example to showcase the issue.
Key words: access density, weights, road safety, service level
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1.

INTRODUCTION

Driveways are the integral part of the road transport system, and are located along
urban, semi-urban or rural roads. They vary depending on the activities for which they are
used, the size of vehicle flow on them, development of the observed area, etc.
Access management is defined in the following ways: systematic control of locations,
distances, planning, design and use of driveways; control of driveways using medians,
leveled intersections, and connecting streets with roads; the application in road design
associated with the driveways, acceleration and deceleration lanes in the road design itself.
One of the aspects of access management is the access control. In the United States
(US), access control is explained as a limitation and regulation of public and private
driveways connecting with the state roads, i.e. public roads, in accordance with the
national regulations or legislation (HCM, 2010). Similarly, the access control understands
the circumstances in which the right of access of users or titleholders of the land located
next to the road is controlled by public institutions, i.e. road authorities.
As for our country, it is important to emphasize that a complete access control exists
only on highways, while its role and significance are put aside when it comes to the
management of two-lane carriageways (Tubić and Vidas, 2014: 243).
The access density represents a number of driveways in both directions, per unit length
(km) (HCM, 2010), and shows the data which represents their influence on traffic flow
conditions, i.e. main traffic flow indicators.
Research studies carried out worldwide most often use the access density as an input.
Also, each driveway is observed at the same time, from the point of view of its impact on
traffic flow conditions. This is due to the clearly regulated terms and conditions for
obtaining a right to access, defined through appropriate access control policies and
regulations of access design.
Due to chaotic urbanisation, there is a large number of driveways per unit length on a
two-lane carriageway sections in rural areas, for which no research studies exist in the
foreign literature. Therefore, the question is whether each access has the same impact on
traffic flow conditions.
The work will show the excerpts from the American manual for geometrical access
design, the Regulations on eligibility of conditions for designing and constructing the
driveways (access lanes) in BIH, the Law on Public Roads in the Republic of Serbia, and
also from foreign surveys of access classification per its impact on traffic flow, proposal
of an access classification and research carried out in the presenet conditions.
2.

EXCERPTS FROM THE MANUAL AND THE REGULATIONS FOR
ACCESS DESIGN
The main function of the manual is to meet the following objectives:
• Providing safe conditions for various categories of road users which can
appear on a driveway: motor vehicles, bicycles, pedestrians.
• Fulfilling requirements from the aspect of geometric shaping of a driveway
which occur as a consequence of characteristics and limitations of various
road users (vehicle type) and avoiding the occurrence of road traffic problems
due to a poor geometry of the driveway itself.
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Avoiding locations for putting in place the driveways which might cause road
traffic problems.
• Protecting the main traffic flow.
Each driveway intersects with traffic flows, i.e. makes conflicts among different
vehicle categories (motor vehicles, bicyclists, pedestrians ...). The main objective of a
good access design is the search for an acceptable balance in order to reduce the number
of conflicts, meet the requirements for priority on main directions and requirements for an
access.
Driveways are most often defined as private lanes connecting state (public) roads with
the nearby land. However, the engineering practice usually observes only the zones in
which driveways connect with the state road.
Depending on their purpose, driveways connecting with the state road are divided into
the following groups (NCHPR Report 659, 2010):
• Driveway as a function of individual road users, connecting the land and
individual residential objects, without requiring changes in the existing road
signs and markings on the state road,
• Transversal driveways used by several users, under the equal conditions
(residential buildings and blocks, hotels, factories, etc.),
• Longitudinal driveways representing the surfaces nearby the objects located
along the state road, whose activity is the reason why vehicles have to stop
(SSG, motel, restaurant, shop, etc.).
•

The access design is usually caused by land use, and the environment can be urban,
semi-urban and rural. Characteristics of driveways vary with commercial driveways and
those connecting private properties with public roads. This difference in the land use is
best reflected in the difference in traffic flow size on the driveways and vehicles categories
that may appear thereon. The most important characteristics of driveways, from the point
of view of their impact on vehicle flow indicators, which must be explored in the design
stage of a driveway, will be presented in the text below.
2.1.

Expected traffic requirements on a driveway

Main steps for determining traffic requirements of a driveway include:
• Identifying the type of land use and land size,
• Identifying traffic requirements in the main direction,
• Assessing traffic requirements on a driveway.
Table 1 shows the examples of assessed traffic requirements on a driveway depending
on land use (NCHPR Report 659, 2010).
Table 1. Assessed traffic requirements on a driveway depending on land use

Land use
Shopping mall of 14 000 m²
Smaller shopping center (from 1860 m² to
7000m²), Petrol station
Shops
Households

Road traffic requirements
> 400 veh/h
From 61 veh/h to 400 veh/h
From 6 veh/h to 60 veh/h
From 1 veh/h to 5veh/h
103

Vladan Tubić, Marijo Vidas
THE IMPACT OF ACCESS CONTROL AND ACCESS CLASSIFICATION ON ROAD SAFETY AND
SERVICE LEVEL OF TWO-LANE CARRIAGEWAYS

According to the Regulations on eligibility of conditions for designing and
constructing driveways (access lanes) in BiH, one of the obligatory parts of the technical
documentation for a driveway is the data on the expected number and structure of vehicles
that will use the driveway, as well as data on how many vehicles and from which direction
will turn onto the driveway in question, i.e. exit from that driveway (the Regulations on
eligibility of designing and constructing diveways and access lanes, Article 13).
2.2.

Driveway location

Following the American Guide for the Geometric Design of Driveways, one of the
essential postulates reads that everyone has the right to an access, a link with the public
road, but this does not necessarily means a direct connection on a random location.
Main guidelines in deciding whether or not to allow a direct access (NCHPR Report
659, 2010) include the following ones:
• limit the number of driveways, encourage the use of collector roads along
main roads,
• a carefully located and well-designed driveway per location,
• when two locations with little traffic requirements are located in an immediate
vicinity, a common driveway will be sufficient,
• a location with large traffic requirements usually requires more driveways,
and the assessment of this requirement must include the survey of the
influence on road safety and traffic flow conditions,
• the number of left turns on major state roads must be reduced to a minimum.
The Regulations on eligibility of conditions for designing and constructing driveways
(access lanes) in BiH gives a definition according to which the access onto the public road
may be made only on a location where sufficient sight distance has been provided, where
speed limit on the state road is not permitted, for the purpose of providing sufficient sight
distance (The Regulations on eligibility of conditions for designing and constructing
driveways and access lanes, Article 5).
This Regulations also defines the cases in which certain locations for the construction
of driveways are excluded (The Regulations on eligibility of conditions for designing and
constructing driveways and access lanes, Article 8):
• at cuts or in an immediate vicinity of tunnels and long bridges,
• on a location where it is planned to construct some road equipment,
• in the vicinity of zones with constructed intersections or existing driveways.
Our Law on Public Roads deals with this essential issue in Article 39, which reads as
follows (Law on Public Roads, Article 39):
• When reconstructing a state road, the road authority will ensure reducing to
the minimum the number of intersections or driveways of the municipal or
uncategorized roads connecting with the state road, in order to enhance the
capacity and increase the level of road safety on state roads.

104

10th Jubilee International Conference
„Road Safety in Local Community“, Serbia, Kragujevac, 22-25 April, 2015

3.

AGGRAVATED ACCESS DENSITY

The question is whether the definition given in the HCM2010 is good enough, or whether
the same impact can be attributed to each driveway in the analyses dealing with the imapct
of the number of driveways in a traffic flow. Developed countries have precisely defined
regulations on access control, with precisely specified conditions to be fulfilled in order
to have an access onto the state road. Given the clearly regulated conditions for obtaining
the right to access, the research studies carried out worldwide usually use the total number
of driveways, on both sides of a two-lane carriageway (access density) and each driveway
is observed in the same way in terms of its impact on traffic flow conditions. Due to chaotic
urbanisation in our country, there is a large number of driveways per unit length on twolane carriageways sections, in rural areas, for which no research studies exist in the foreign
literature.
The division of driveways into groups has been often encountered in the literature, and
include: signalized and unsignalized intersections, commercial and private access lanes,
etc. where the calculation of access density includes all or only some groups, depending
on research needs, i.e. depending on whether the impact is tested on road safety or on the
speed of traffic flow. Given the above, it is clear that different groups have different degree
of influence on road safety and conditions of vehicle flow. Therefore, the question is raised
as to what if the driveways are classified using appropriate indicators, or if appropriate
weights are attributed to them, depending on degree of thier influence. This would allow
for the inclusion of all existing groups of driveways into the access density calculation,
and development of a unique methodology which would be applied independently from
the research purposes.
The answer to this question will be sought through the allocation of weights to the
appropriate characteristics of the driveway itself. The characteristics of a driveway include
the size of road traffic occurring on this driveway, land use in the vicinity of the observed
driveway, access geometry, position of an access point with the main direction (vicinity
of an intersection, horizontal curvatures, etc.). The aim of such an analysis is to identify
and classify the driveways into appropriate categories depending on the traffic- operational
characteristics of the driveway itselft, i.e. degree of interference of the main vehicle flow.
Table 2 shows an example of the calculation of access weights using the exact
geometric features of each access type, through a number of conflict points for each type
thereof.
This methodology defines 10 basic types, as shown in Table 2. It is important to note
that this procedure was developed in the USA, and that a certain number of access types
is not present in our country.
When determining the weights by driveway type, the main idea is to define the initial
access type (Type 1), the number of conflict points, which is 9 in this case, and to assign
weights of 1 thereto. For every other access type, the weight is obtained by dividing the
number of conflict points for the given type with the number of conflict points of Type 1
(Saxena, 2010).
Weight = (Number of conflict points for the observed access geometry) / 9
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Table 2. Assigned weights to the access types (Saxena, 2010)

Type 1

Conf. points = 9
Weight = 1

Type 6

Conf. points= 32
Weight =3,6

Type 2

Type 3

Conf. points =20 Conf. points = 2
Weight = 2,2
Weight = 0,2

Type 7

Type 8

Conf. points = 4 Conf. points = 7
Weight = 0,4
Weight = 0,8

Type 4

Type 5

Conf. points = 5 Conf. points = 5
Weight = 0,6
Weight = 0,6

Type 9

Type 10

Conf. points = 7 Conf. points = 10
Weight = 0,8
Weight =1,1

The aggravated access density is calculated using the following form (Saxena, 2010):
Aggravated access density =[(1 * Type 1) + (2,2 * Type 2) + (0,2 * Type 3) + (0,6 *
Type 4) + (0,6 * Type 5) + (3,6 * Type 6) + (0,4 * Type 7) + (0,8 * Type 8) + (0,8 *
Type 9) + (1,1 * Type 10)] / section length
4.

THE INFLUENCE OF ACCESS CONTROL – AN EXAMPLE OF THE
STATE ROAD OF CATEGORY I, PRIORITY 2, SECTION FROM UMKA
TO OBRENOVAC

A portion of the state road IA2 from Umka to Obrenovac was selected for the survey,
as it passes through the urban areas of Umka and Baric where the number of driveways is
very large. This has a significant incluence on the vehicle flow, since it concerns the state
road of category I. Results obtained in the survey of this portion of road will be presented
in the text below.
Due to a large number of driveways, there is also a huge number of conflict points
which affect considerably the vehicle speed and the through traffic capacity, as well as the
road safety in general.
In addition to motorized road users, it is not unusual to also see unmotorized road users,
i.e. pedestrians and bicyclists on that road.
The average number of driveways in the direction from Umka to Obrenovac is 19
connections per kilometer, while the opposite direction, from Obrenovac to Umka,
accounts for a slightly higher average number of connections, i.e. 24,5 connections per
kilometer.
The number of driveways per kilometer is variable, as presented on figures 1-3 and in
Table 3. This is justified by the fact that the observed road section passes through the urban
areas of Umka and Baric, where the number of driveways is growing unproportionally,
due to development of the so called “curbside” construction along the road itself.
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Number of driveways

Figure 1. Passage of the road
through the urban area of Umka

Figure 2. Passage of the road
through the urban area of Baric

100
80
60

Direction to
Obrenovac

40

Direction to
Belgrade

20
0

Total (both
directions)
1

2

3

4

5 6
km

7

8

9 10

Figure 3. A graphic dislplay of the number of driveways per kilometer

The objective of the survey was to determine the percentage of driveways (active
driveways) which influenced the conditions in the main flow, due to the occurrence of
vehicles turning onto or entering from a driveway.
Table 3. Display of the number of driveways per directions and in total
Km

To
Obrenovac

To Belgrade

Total
(both directions)

1
2
3
4
5
6
7
8
9
10
Total

21
19
7
3
5
34
47
32
10
12
190

15
25
37
14
1
25
45
58
17
8
245

36
44
44
17
6
59
92
90
27
20
435

107

Vladan Tubić, Marijo Vidas
THE IMPACT OF ACCESS CONTROL AND ACCESS CLASSIFICATION ON ROAD SAFETY AND
SERVICE LEVEL OF TWO-LANE CARRIAGEWAYS

Table 4. Percentage of active driveways

Number of driveways
with vehicles:
Drive 1:
10
Drive 2:
8
Drive 3:
14
Drive 4:
12
Mean value (per 1 drive):

Total number of
driveways per
direction:
190
190
190
190

Active driveways
(%):
5,3 %
4,2 %
7,4 %
6,3 %

5,8 %

The driveway on which a vehicle appeared in all four drives was the one near the shop
„STR Dragić“, in Umka, which actually initiated a detailed analysis of the size of traffic
flow on and from the mentioned driveway. The results are shown in the table below.
Table 5. The flow on and off the driveway near „STR Dragić“in Umka
Time of counting:
17:10 – 18:10

Commercial driveway (STR Dragić) Umka

Number of right turns exiting onto main road
Number of right turns exiting from the main
road
Number of left turns exiting onto main road
Number of left turns exiting from the main road

10

veh/15min
10 6

9

veh/h
35

6

12

4

5

27

2
3

2
2

0
3

2
2

6
10

The exploitation speed, obtained during the survey in the field, is shown in the next
table. This speed is rather low given the road type and its rank. The question is how the
(non)control of a driveway influences the values of flow speeds on the observed road.
Table 6. Display of Ve obtained in the field survey 3

Direction:

Direction Direction Direction Direction Direction Direction Direction Direction
2
2
2
2
1
1
1
1

Time
(min):

19 min

15 min

17 min

16 min

20 min

14 min

18 min

Ve
(km/h):

32

40

36

37

30

44

33

14 min
44

Apart from the exploitation speed, the free speed (Vsl) has been also analyzed. The
table below gives a comparable display of the free speed obtained using the classic
procedure, and using the HCM2010 procedure, too, where the number of driveways on the
road reduces the free speed. Finally, the third column has the highest permitted speed on
the given road prescribed by a road sign.

3

Direction 1 (Belgrade – Obrenovac)
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Table 7. A comparative display of free speed

Vsl (classic procedure)
46 km/h

Vsl (HCM 2010)
38 km/h

Speed limit
40 km/h

The low value of the free speed, obtained using the HCM2010 procedure is the result of
a very low value of speed limit, as well as of a large number of driveways on the mentioned
road direction (43 driveways in both directions). Examples of some driveways from the
observed location are shown in Figure 4.

a)

b)
Figure 4. Petrol station (a) and „curbside“ construction (b)

5.

CONCLUSION

Access density represents the input data for the assessment of traffic flow conditions,
assessment of road safety on the observed section and calculation of exploitation costs. A
review of foreign research studies and surveys helped us understand the discrepancies in
the procedures used to determine this indicator. Also, certain types of driveways have been
excluded (signalized, unsignalized intersections, etc.), depending on the needs expressed
by the terms of reference.
The introduction of the aggravated access density would lead to the development of a
unique methodology, eliminating in this way all the differences in the research studies, i.e.
all categories of driveways would be included in the impact analysis on road safety and
vehicle flow parameters.
Due to the lack of regulations on access control in our country, the categorization of
driveways on the basis of their characteristics would be the first step towards defining
them. Local communities would thus have an engineering tool to justify the introduction
of unpopular measures. The habit of each location along the public road to have an
absolute right to a direct connection to this public road, without limitations, is deeply
rooted in our population. Unfortunately, the urbanization process has been affecting the
sections of two-lane carriageways of the highest category (SR IA and IB). In addition, we
are lagging behind the introduction of access control. Defining the Regulations on access
control, through extensive research of the impact of a large number of driveways on safety
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of traffic flows (especially in local communities) and the impact on other vehicle flow
indicators, the existing problem in our road network will become more obvious, not only
to traffic engineers, but also to the authorities and road users.
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Abstract: The purpose of this study is the argumentative overview of the importance, potential and
implementation of social marketing in road safety. Social marketing can be seen as implementation
of marketing principles and techniques, with the aim of making the target group willingly accept,
refuse or modify certain behavior, so that an individual, group or entire society would benefit thereof
(Kotler et al, 2009). Unlike commercial marketing, social marketing is created with the idea to ‘sell’
to the target group a change of behavior by changing or creating certain attitudes. On the other hand,
road safety goals should be also perceived. Achieving road safety goals can only be possible if they
are clearly defined and transferred to the target group, duly considering all marketing principles. In
order to prevent, improve and/or upgrade road user behavior, they must be educated and informed,
and have available the lead experts from this field, at all times. This is exactly the purpose of social
marketing. The paper contains the analysis of results of the most important research studies which
show that no behavior will be encouraged, changed or prevented without a planned and well
conducted communication, i.e. if there is no social marketing in road safety, the casualties will only
remain figures on the paper. For these reasons, three road safety campaigns have been analyzed in
this paper. These campaigns have shown how social marketing can improve road safety in a specific
territory and in local communities in particular.
Keywords: social marketing, attitudes, communication, road safety, campaigns
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1.

INTRODUCTION

Though many people are skeptic about marketing, one should not neglect its huge
influence on successful work of many companies, governmental and non-governmental
organizations, but also its impact on big historical changes. 4
Marketing was defined officially for the first time by the American Marketing
Association, in 1935, as the “business activity directing the flow of goods and services
from manufacturers to consumers”. A large number of scientific and expert papers have
been written ever since, dealing with the topics of comprehending, implementing and
developing marketing disciplines.
According to the dictionary of the Faculty of Economics of the University of Belgrade,
“Marketing is a process whose aim is to create the exchange in order to accomplish
individual and organizational goals and objectives. It can be observed as a social and
managerial process. It understands a planned and long-termed approach focused on
consumers and their systems of needs. It enables connection of an enterprise/organization
with the environment”. Therefore, marketing assumes that each communication is directed
to others, with the idea of selling goods, services or certain types of behavior. Marketing
is therefore an attempt to develop environment in a direction created by ourselves. This is
at the same time the reason why marketing is often seen as an abuse of power to create an
image and manners of human behavior. In his book, David Ogilvy 5 says that ’’people do
not buy products, but the image, manner of behavior, life style” (Ogilvy et al, 1983), while
Leo Burnett 6 says that “creativity has the power to change human behavior” (Bernardin
and Tutssel, 2010).
If it is likely to influence consumers’ lives with marketing, then it will be certainly
likely to use this powerful tool to the same extent to improve physical and mental health
of people, to improve the overall quality of life and create favorable conditions in the
environment, which brings us closer to the meaning of the term “social marketing”
(www.stetoskop.info, 10.10.2014.).
Social marketing was defined as a discipline for the first time in 1970, when Philip
Kotler and Gerald Zaltman found out that all marketing principles used for selling goods
to customers, can be used for selling ideas, habits and behaviors. Excellent examples of
social marketing had appeared long before this discipline was officially defined.
As early as in 1971, Kotler said that social marketing became a part of the American
society, meaning that it was no longer important whether to use it, but how to use it, in
order to accomplish the goals. In their work ’’Social Marketing: An Approach to Planned
Social Change’’, (Kotler and Zaltman, 1971) defined social marketing as “design,
implementation and control of programs calculated to influence the acceptability of social
ideas and involving considerations of product planning, pricing, communication,
distribution and marketing research”. If we look at the works from that time on and
compare them with those published in scientific journals over the last years, we will notice
that principles on which social marketing was based did not change significantly.

One of the most successful (social) marketing campaigns in America was the campaign whose goal was
recruiting women for work force. Under the slogan “We can do it”, it was conducted in 1943. The poster that
represented this campaign is a powerful symbol which led to the recruitment of 2.000.000 women, whose aim
was to help the country economy during the war.
5
David Mackenzie Ogilvy (1911-1999.), founder of the advertising agency Mother&Ogilvy
6
Leo Burnett (1891-1971), founder of the advertising agency Leo Burnett Worldwide
4

112

10th Jubilee International Conference
„Road Safety in Local Community”, Serbia, Kragujevac, 22-25 April, 2015

Road safety is a discipline of utmost importance for our society and as such, it is often
found on the social marketing agenda. Road safety is a scientific discipline which studies
the adverse consequences of road traffic and methods used to reduce them (Lipovac at al,
2007).
In order to provide safety of all road users, it is not sufficient to have an individual
implementation of activities, such as the mere passing of new laws and other regulations,
or relying only on traffic-police enforcement or acting only through education or
promotion. On the contrary, the best way to achieve the goals of social marketing is to
have an integrated and concerted action of the governmental, non-governmental and
private sector.
In the world of social marketing, organizations and institutions working on primary
prevention use two types of activities (www.stetoskop.info, 10.10.2014.):
• Program is a coordinated long-term activity which is designed to achieve the
mission of the organization, and can include one or more specific campaigns.
• Campaign is a concentrated and coordinated action whose aim is to achieve
specific short-term results.
Programs and campaigns have their strategies, plans and tactics. Continuity of action
is in the focus of the process of primary prevention.
One campaign and two road safety campaign programs with different initiators,
sources of funds, partners and places of implementation have been presented in this paper.
They are excellent examples of how various institutions can contribute to road safety.
The steps and methods for designing and implementing road safety campaigns will be
shown using the example of the mentioned campaigns and the CAST manual - Campaigns
and Awareness-Raising Strategies in Traffic Safety. This manual is the result of a targeted
research project supported by the European Commission. The Commission recognized the
necessity of improving road safety, which actually initiated the project. The CAST project
lasted in the period from 2006 to 2009, and focused on three tools:
•
•
•

Manual for designing, implementing and evaluating road safety communication
Evaluation tool aimed at helping users assessing the campaign’s effectiveness, and
Reporting tool that provides clear guidelines for writing a complete and standardised
campaign report.

“The main idea of the social marketing is not to make people scared of road safety, but
to make them scared of the problems caused by people.“ 7 The idea of this work is to
promote communication related to road safety as a communication that is not different
from communication related to any other topic. The more direct, available and better you
are, the better will be remembered the message you want to convey.
2.

MATERIALS AND METHODS

In order to have a clear picture of necessary campaign resources and effects, a
detailed analysis of papers related to social marketing, and of papers related to road safety
campaigns has been made in this paper. All available materials supporting selected
“…It is succeeding in making everyone not only aware of environmental pollution but also fearful of it. People
want to do something about it.” (Kotler and Zaltman, 1971)

7
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campaigns have been studied. Also contacted were the agencies that worked directly on
the implementation of certain campaigns or possibly had something in common with the
legal entities which took part in the designing phase of campaigns. There were meetings
organized with marketing agencies, such as “Leo Burnett, Belgrade”, “Popular
Bruketa&Žinić, Belgrade” and with the “Association of paraplegics 8and quadriplegics 9
of Serbia”.
The following programs and campaigns will be analyzed in this paper:
• “THINK!” – The Program of the road safety campaign which was launched in
2000, as a part of the road safety strategy of the British Government,
“Tomorrow’s roads: safer for everyone”
• “Še vendo vozim, vendar ne hodim” (“I still drive, but I do not walk”), is a
campaign implemented in 2007 by the organization “Vozim, zavod za inovativno
izobraževanje o varni vožnji”, in cooperation with the Paraplegics Society of
Slovenia and marketing agency “Bruketa&Žinić”.
• “S drive” is a campaign launched by the “Samsung” company in Australia, in
2014, in cooperation with a large number of partners.
The analysis of mentioned programs and campaigns includes the initial, creative idea
of the campaign, objectives, partnerships, challenges faced during the implementation and
the evaluation of success.
3.

RESULTS OF THE ANALYZED CAMPAIGNS

The campaigns within the THINK! 10 Program were carried out by the governmental
institutions in charge of transport policies - Department for Transport of Great Britain.
Other two campaigns were launched by private companies. However, all the campaigns
aimed at improving road safety.
The Road Safety Strategy of Great Britain has defined the following objectives: to
reduce the number of children fatalities by 50% and to reduce the number of fatalities of
(all) road users by 40%, in the period 2000-2010 11. The program of the THINK!
Campaign is a part of the British road safety strategy. The concept of ’’3E’’ has been used:
Enforcement, Education and Engineering. The THINK! Program relates to the educational
part of this concept (education). This is the campaign which is directed towards the change
in behavior through communicating problems and manners in which to solve them, at the
level of individuals.
From the marketing point of view, it is very interesting that, thanks to the Department
for Transport (which is still leading the program), this Program was treated as a separate
brand, and not as a Government related program or a part of communication thereof.

Paraplegia is motor or sensory paralysis of the lower half of the body. It occurs as result of the spinal column
injury or disease.
9
Quadriplegia (paralysis of both upper and lower extremities) occurs as a result of the spinal cord injury.
10
The source of all information about the THINK! Campaign are the official documents related to design,
implementation or evaluation of this campaign/campaign program which are available on the official web page
of the British Government www.gov.uk, or on the official web page of the very campaign/campaign program
www.think.direct.gov.uk
11
Thanks to extraordinary results it achieved, the THINK! Program is still in use today.
8
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Campaigns that are implemented under the basic brand title THINK! have included the
communication in the following areas:
• Rural areas, Bicyclism, Drink-Driving, Driving under the influence of drugs,
Fatigue while driving, Horses on the road, Mobile phone use, Motorcycles, Seat
belt use, Obeying speed limit,
• Separate road safety campaigns intended for children aged 4-16 years, Road
safety champions,
• Separate campaigns Tales of the Road, intended for children aged 6-11 years.
Each of the mentioned campaigns was “launched” onto the market as a new product,
relying on advice of the commercial sector, i.e. raising awareness through integrated
campaigns, public relations and work with partners.
The main idea of the THINK! Program is to use education and communication to
improve the behavior and attitudes of drivers and other road users, which would result in
the reduced number of fatalities and seriously injured on the roads in Great Britain. This
has been recognized as an activity aimed at reducing future investment of the state into
emergency medical service, health insurance, road accident consequences, as well as
reducing costs borne by individuals after a road crash would have occurred (www.gov.uk,
21.01.2015.).
The program has been designed carefully on the national, but also local level. Each
activity has been so implemented that it was expected to have the activities on the national
level transferred to the local level. Local partners had obtained updated information from
bulletins, until 2004. All materials have been available ever since on the official THINK!
Web presentation (www.think.direkt.gov.uk, 21.01.2015.).
Due to a big interest and openness for cooperation, the THINK! Campaign has spread
far beyond the reach of the Department for Transport. A huge number of local
communities and other partners became involved. All those interested in communicating
on road safety issues/problems on the roads in Great Britain was equipped with THINK!
materials, and also with a simple, but important document containing 6 principles
necessary for the understanding of the THINK! brand:
1. THINK! makes road users think about themselves,
2. THINK! informs road users on consequences,
3. THINK! communicates with road users as with adults,
4. THINK! is a Government’s project, but is not the Government,
5. THINK! brings together all road users and
6. THINK! is based on material evidence (www.gov.uk, 21.01.2015.).
Various campaigns had various types of evaluations. For example, the “DrinkDriving”campaign (2000-2011) had even 7 evaluations. Regular evaluation of each part
of the project was the only way to recognize advantages, but also shortcomings of the
program.
Official reports communicating the results of the whole THINK! Program for the
period 2000-2010 have shown successfully achieved objectives of the road safety strategy,
set by the British Government. The evaluation of the THINK! Program led to the
conclusion that the lack of funds invested in communication is always accompanied by
the decreased interest of the general public and the targeted group, and by the weakening
of effects of the undertaken counter-measures.
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This program is an exceptional example of the united action whose aim is to come
closer to the main objective of social marketing “… do much to take away the pain and
suffering of people around the world and to get in grip on social problems lying in the
root of undesired forms of behavior”. (Kotler et al, 2008).
The “Še vendo vozim, vendar ne hodim” campaign was launched in Slovenia, in
2007, as a response to the necessity of drawing attention to the severity of road accident
consequences and raising awareness of the problem encountered by the Society of
Paraplegics of Slovenia. One of the biggest problems disabled people are facing with is a
difficult financial situation, and one of the project objectives was exactly the improvement
of the financial situation of their association. The initiative came from people who have
sustained serious bodily injuries in road crashes and who wanted to share their experiences
with others. The secondary goal of the campaign was to encourage social inclusion of
persons suffering from paraplegia and quadriplegia.
The target group was aged between 15 and 24 years as, according to the estimates, this
age group was the most vulnerable road user group in Slovenia at that moment. The initial
idea relied on the contacts made with young road users, on lectures and education. One
creative agency wanted to give its contribution in a form of ideas and so design a campaign
that will raise awareness of road safety and announce the whole project. The “giveaways”
have been created in a form of a toy car, which was smashed and as such packed in a box
around which a story of one of the fatalities from a road accident was wrapped, carrying a
message “Our lives are in your hands”.
The increase of 170% of response of people who called and wanted to help the
Association of paraplegics and quadriplegics was recorded in the first month of the
campaign. Over six years of a continual implementation of the campaign, the number of
road accidents dropped down by 60%, the number of seriously injured by 67%, while the
number of fatalities decreased by 87% and in 2013 it amounted to 99 fatalities.
The campaign which gradually obtained the form of a project had been implemented
for seven years in a row, involving hundreds of schools and tens of faculties, while
thousands of youngsters were in touch with this campaign.
The “S drive” project was launched as a pilot project by the Samsung 12 Company in
Australia. What motivated the company into action was the data according to which one
in three drivers became involved in a road accident, in the first year of driving. Mobile
phone use while driving is one of the contributory factors to these road accidents.
After the completion of analysis of data obtained from the traffic police and those
concerning the micro-economic situation and trends in Australia, an idea occurred to
“Samsung” to create an application that will be activated whenever a phone is put into its
rack, in the car. The application looks like a navigation device. Just like a modern
navigation device, the application does not allow touching the phone and alerts the driver
while driving contrary to the regulations. Each kilometer traveled in accordance with
traffic rules scores the points, while each traffic offense made reduces the points. A safely
traveled kilometer has become the main motive because a certain number of collected
“safe points” meant an award winning.
12
The Samsung Company does not originate from Australia, where the project was implemented. It is a company
from South Korea, which is one of the indicators that not only the initiator of the campaign has to be a state, but
that no “citizenship is required” of the state of campaign implementation.
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The awards are divided into levels according to the number of collected points, i.e.
safely traveled kilometers. If the user is connected with the friends, he/she has an option
of collecting the points together and winning the best awards, such as summer and winter
holidays, the soonest possible. In this way, the “S drive” project has turned the cause of
road accidents (mobile phone) into an excellent tool for preventing road crashes.
''Samsung” has converted the mentioned ideas into a project, which was a basis in their
search of partners. They contacted all the popular brands for young people, which found
building a positive image among young people one of the most important strategic goals.
A win-win situation was thus created, based on the "S drive" application. Other brands
complemented the project and sought the way in which to offer contribution to road safety,
but also to position themselves in the perception of the target groups.
The results of this project are measured in millions of safely traveled kilometers, which
are constantly growing. The first year of campaign implementation saw the reduced
number of road accidents by 25% wherever the “S drive” project was implemented, while
the number of fatalities among young people aged between 17 and 25 years dropped down
by 20%.
Persons who sustained serious bodily injuries in road accidents were involved in the
promotion of the project, becoming ambassadors of the campaign. “Samsung” ceded their
media space to these people and the campaign received the national character and turned
into a movement. The state of Australia also joined and thus gave even greater momentum
to this project, ensuring thereby that a part of the budget which was previously allocated
to the consequences of road accidents has now been preserved.
4.

DISCUSSION

Based on a detailed analysis of the three road safety programs, the conclusion is that
investing in social marketing intended for road safety is a good investment.
Communication of the existing knowledge, behavior and values is the only way to convey
these to the others. The analysis of the campaigns in question has shown that the social
marketing in road safety begins with the notion of the problem, definition and analysis of
the target group.
As the main elements of the marketing mix 13 used in social marketing are the product,
price, place, promotion, publics, partnerships, policy and purse strings, it is easy to
compare the elements of activities of the three analyzed campaigns/programs with the
advised elements of the road safety campaign as highlighted by the CAST manual.
The elements of the THINK! Campaign program have been listed separately and
written in the official documents that the British Government posted on its official web
presentation:
1. Research (primary and secondary),
2. Making partnerships,
3. Creating a large number of mini strategies and testing them (focus groups),
4. Making creative briefs and creative concepts,
13
Marketing mix is also called 4P, which denotes main marketing elements and their initial letters in English
language: Product, Place, Promotion and Price. When it comes to social marketing, the 4P concept becomes 8P,
as additional four elements are added to 4P: Publics, Partnership, Policy, Purse Strings
(www.social/marketing.com, 10.10.2014.)
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5.
6.
7.
8.

Communicating the test results of mini strategies and creative briefs of the
partner,
Testing the creative concepts in focus groups,
Producing creative concepts and
Evaluating.

As for the road safety campaigns “S drive” and “Še vendo vozim, vendar ne hodim”,
activities undertaken during the implementation of the campaign were quite similar.
Problems were detected at the very beginning and supported by accurate data. Proposed
solutions and defined objectives of the campaign followed subsequently.
Data mentioned herein were sufficient for the creation of a project that will be the basis
for gaining project/campaign partners. Partners were sought on the basis of benefits
offered for participation in such social marketing programs. Once the final number of
included partners was known, the creation of the strategy and action plan started,
wherefrom all other project activities and the strategy emerged later on. Prior to project
implementation, a step was taken which is most often forgotten or neglected in a given
moment, and that is the creation of the evaluation, i.e. of parameters to be used to assess
the success of the campaign. Evaluation is related to the quantitative targets of the
campaign.
According to the CAST manual, basic activities of a road safety campaign include:
inception, analysis of a situation, design of a campaign and evaluation, period before the
evaluation and implementation of the campaign, completion of evaluation, writing a
conclusion and the final report.
Although these campaigns/campaign programs are implemented independently of the
CAST project, there is a relative coincidence of these campaigns and the CAST project.
5.

CONCLUSION

The biggest challenge of social marketing is that the results of its implementation
should be visible and measurable, primarily for individuals, through a voluntary change
in behavior. The big challenge is being a competitor to the program of social marketing,
which is currently the most common or popular behavior of the target group. It is important
to understand which road safety knowlegde and attitudes are the basis of the
currrent/favorite behavior. Social marketing is the most effective tool when the incorrect
behavior of the target group is followed by the wrong attitudes and ignorance.
Nonetheless, social marketing can be applied even if the correct behavior of the target
group is accompanied by positive and proper attitudes and knowledge. Knowledge is
improved and attitudes reinforced in these situations. A particular challenge is the
evaluation of a road safety campaign, i.e. measuring the level of achieved objectives. This
is an important part as it facilitates learning from the past and setting (improving) the rules
for the next campaigns.
Road safety campaigns are extremely important and indispensable activities for the
process of road safety improvement. The present study has confirmed that a loyal and
good partnership, followed by dedication and constant mutual communication about the
planned and executed activites, is an important precondition for the effective achievement
of objectives of road safety campaigns.
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Each of the three mentioned and analyzed campaigns was carried out in accordance
with the CAST instructions, even though their creators and project leaders were not even
aware of that. This suggests that every local community which follows the algorithm of
the CAST manual, can successfully implement its road safety campaigns, with the aim of
reducing the number of casualties in road accidents, and also reducing the social costs of
road crashes in a local community. Local communities should be supported by the work
of creative agencies and other partners. Building coalitions and partnerships can improve
campaign’s planning, design and implementation, on the local level. Thus, each local
community can be made a safer and more desirable place to live.
One should not forget the most important problems of local communities, such as the
absence of major institutions, insufficient capacity and poor integrity, lack of individual
professionals, low level of awareness, incorrect attitudes, poor organization, cooperation
and coordination and the lack or misuse of funds (Lipovac et al, 2014). However, being
aware of the problem is the first step towards problem solution. "We all start with the
phrase that the Government should sit at the round table and write its road safety strategy,
which will join the Decade of Action for Road Safety 2011-2020. And what if we all start
together, but individually at the same time, from our offices, our desires and our plans”
(Jovanovic et al, 2014). If this is what you will be ready for, then the authors of this work
are ready to help.
Everyone is invited to deal with social marketing, in different areas: from the cleaning
of entrances or courtyards where we live, to the struggle for improved road safety. To be
motivated for positive changes in each local community is an extraordinary advantage and
privilege. Everyone should recognize and seize the opportunity to use their position,
influence, formal or informal authority for the improvement of the knowledge, attitudes
and behaviors of importance for road safety and for the general welfare of the local
community and of every individual.
6.
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Krsto Lipovac 1, Milan Vujanić 2, Tijana Ivanišević 3, Miroslav Rosić 4
Abstract: The paper shows the analysis of vehicle speed data on the state roads in the Republic of
Serbia, collected by automatic traffic counters. The analysis of vehicle speeding, average vehicle
speed and V(85) speed according to road type, vehicle category and daily hours has been made using
data from the automatic traffic counters, database on road signs and markings, and the legislation of
the Republic of Serbia.
Кeywords: road safety, automatic traffic counters, speeding, state roads.

1.

INTRODUCTION

The major problem of a large number of EU member-states is the excessive speed, and
inappropriate speed that contributes to the occurrence of more than a third of road
accidents with fatalities (OECD, 2005). Improper and inappropriate speeds are the most
important causal factors contributing to road casualties (WHO, 2003). Road user behavior
influences road safety to a great extent (Pesic, 2012). Human being as a road safety factor
causes road accidents in 93% of cases (PIARC, 2003). The most common unsafe forms of
road user behavior in road traffic include: exceeding speed limits and inappropriate speed,
drink-driving, driving under the influence of drugs, non-use of protective equipment,
1 Ph.D., Lipovac Krsto, Regular professor, Faculty of Transport and Traffic Engineering, 305, Vojvode Stepe
Street, 11000 Belgrade, Serbia, e-mail: k.lipovac@gmail.com
2 Ph.D., Vujanić Milan, Regular professor, Faculty of Transport and Traffic Engineering, 305, Vojvode Stepe
Street, 11000 Belgrade, e-mail: vujanic@mail.com
3 Ivanisević Tijana, B.Sc. (Transport and Traffic Engineering), Public Enterprise “ROADS OF SERBIA”, 282,
Bulevar Kralja Aleksandra, 11000 Belgrade, Serbia, e-mail: tijana.ivanisevic@mail.com
4 Rosić Miroslav, M.Sc. (Transport and Traffic Engineering), Road Safety Agency, 2, Bulevar Mihajla Pupina
(East), 11000 Belgrade, Serbia, e-mail: miroslavrosic@live.com
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disrespecting other regulations, etc. Therefore, speed management is an important tool that
can be used to increase the level of road safety.
2.

LITERARY REVIEW

Having in mind the importance of speed for the frequency and severity of road accident
consequences (Aarts and Van Schagen, 2006; De Pelsmacker and Janssens, 2007; Elvik,
2009; Speed Check Services, 2010; Cascetta and Punzo, 2011; Soole et al., 2013; Wu et
al., 2013; De Pauw et al., 2013), it can be concluded that monitoring and analysis of
vehicle speed, as well as of the number and rate of exceeded speed limits, enable faster
preventive actions with the aim to raise the road safety level, i.e. avoid the occurrence of
road crashes.
In their studies, (Stephens, 2007; Cameron, 2008; Soole et al., 2013) pointed out that
speed control leads to reducing the average speed limit or the 85th percentile speed, making
the frequency and severity of consequences become lower. The research has shown that
lower speed limit on roads can reduce the frequency and severity of road accidents. The
study that was carried out in Australia (Unley Street Life Trust, 2007) revealed that lower
speed limits can have as a consequence a reduced number of serious injuries of pedestrians
by 46%. If the average mean speed in an urban area increases by 10%, the number of road
crashes will grow by about 21%. With the impact made at the speed of 30 km/h, the
percentage of fatal outcomes will be about 10%, while at the speed of 60 km/h, the largest
number of pedestrians, i.e. 80%, will not be able to sustain the collision (Lipovac, 2008).
The analysis of 2012 road accident data in the Republic of Serbia revealed that in about
33,5% of cases, the causal factor of road crashes was the “improper and inappropriate
speed”. If road accidents with fatalities are observed, “improper and inappropriate speed”
was the prevailing circumstance in about 38% of cases (RSA, 2013) which implies the
impact of speed on severity of consequences. In fact, 51% of all road fatalities have been
linked with the “improper and inappropriate speed” as an influential road safety factor
(RSA, 2013). According to police reports in British Columbia, unsafe speed is present in
37% of all road crashes with fatalities, in 15% of all road accidents with injured and in 9%
of road accidents with material damage (Chen et al., 2002). (Aarts et al, 2006) revealed in
their research that increasing the speed by 1% can lead to the increase of road accidents
with injured by 2%, the increase of road accidents with seriously injured by 3% and the
increase of road crashes with fatalities by 4% (Aarts et al, 2006).
It is known that 50% of drivers exceed speed limits at all times (OECD/ECMT, 2006).
Also, 40% to 60% drivers on an average exceed speed limits, while 10% to 20% of drivers
exceed speed limit by over 10 km/h (EC, 2009). In 70% of cases, drivers exceed speed
limits in urban areas, and about 30% to 55% of drivers exceed posted speed limits on main
roads and highways (Comte et al., 2000).
According to the results of a research by Retting and Cheung (2008), which was carried
out in May 2006, before and after the change in speed limit (from up to 120 km/h to up to
130 km/h), the mean value of speed of passenger cars was 71 km/h, the standard deviation
of passenger cars was 10 km/h, the percentage of drivers who exceeded vehicle speed
limits in conditions when the posted speed limit was up to 120 km/h was 22%, while in
conditions of limited vehicle speed of up to 130 km/h, 4% of drivers of passenger cars
drove at speeds above the posted speed limit.
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The project called „Researching Road Safety Performance Indicators in Serbia, in
2014, the First Overview – Results of the “Spring Research” was conducted at the Faculty
of Transport and Traffic Engineering (Vujanic, M. et al., 2014). The research revealed that
in urban areas, 20% of drivers drove at speeds higher than 60 km/h, while 25% of drivers
drove at speeds over 90 km/h, in rural areas. Drivers of heavy goods vehicles drove at
speeds higher than 60 km/h in urban areas in 8% of cases. The analysis of the conducted
survey and results obtained thereof indicate that posted speed limits are most often
exceeded by motorcyclists.
3.

RESEARCH METHODOLOGY

This paper shows the effects of applying automated traffic counters (hereinafter
referred to as ATS) for the control of speeding on the state roads in the Republic of Serbia.
Namely, taking into account the recommendations from the project „Road Safety
Performance Indicators: Theory“ (Hakkert et al., 2007) and the project „Methods of
monitoring road safety performance indicators in the Republic of Serbia and their
importance for the strategic road safety management” (Vujanic, M., 2013), road safety
performance indicators related to speed have been selected and include: average vehicle
speed, 85th percentile speed, standard deviation of speed, % of exceeded speed limit,
average speed of vehicles which exceeded the speed limit, % of exceeded speed by over
10 km/h, as well as the % of exceeded speed by over 20 km/h, 30 km/h and 50 km/h. This
will also be subject of analysis in this paper and will be displayed in the paper with selected
locations on which vehicle speeds of different road users have been analyzed.
3.1.

Speed measurement devices

Data collected on the state roads in the Republic of Serbia by means of ATS 5 devices
have been used in this paper. Apart from vehicle flow, driving direction, vehicle category
(see Figure 1), safe following distance, ATS devices also display vehicle speed data.

Figure 1. Vehicle category

Figure 2. Real time ATS

5

Automatic traffic counters, Public Enterprise “ROADS OF SERBIA”
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ATS 6 devices (QLTC-10C and QLTC-8C) detect and classify vehicles in real time, 24
hours a day, 365 days a year, in all weather conditions, using inductive loops (see Figure
2) which are put into the cut and sealed groove of the asphalt layer in the carriageway
construction.
3.2.

Speed measurement procedure

The 391 ATS (see Appendix 7 No 1) is installed on the state road network of the Republic
of Serbia. Each counter records the location, driving direction, time, day, traffic lane,
vehicle flow, vehicle category (see Figure 1), following distance, vehicle speed,
temperature, and other parameters. ATS records the vehicles that are crossing over the
inductive loops, which also helps obtain data on current vehicle speed, among other
information.
3.3.

Data processing

After they have been taken over from ATS, speed data are put in the (.txt) format and
imported into Microsoft Office Excel 2013 database, for further data processing. ATS
records the 10+1 vehicle category (see Figure 1), where data are processed in the “final
database” and categories taken over from ATS are classified into 5 categories, according
to the current legislation of the Republic of Serbia.
3.4.

Subject, area, time and objectives of the research

The subject of the research is speed measurement in the function of speed management
using the ATS with the aim to show obtained values according to the desired criteria. The
research has been carried out on two locations, i.e. research data have been taken over
from two ATS. The first one is located on the Ibar main road (near Majdan), and the second
ATS is on the highway (near Batocina). Having in mind that it concerns various categories
of road, various speed limits are in force on different research locations. In fact, the speed
is limited to 80 km/h at the location of Majdan, while the speed limit at the location of
Batocina is 120 km/h. The survey included 18.171 vehicles on the Ibar main road and
29.585 vehicles on the highway. All vehicle categories were included in the analysis. The
survey was carried out at both locations, on 14 April, 2014 (Monday) and on 16 April,
2014 (Wednesday), from 00:00 to 24:00 hours. The aim of the survey was to comprehend
the actual situation related to speeding on the state roads of the Republic of Serbia, as well
as to consider the potential of ATS devices. Monitoring excessive speeds on the states
road of the Republic of Serbia, using the ATS, 24 hours a day, 365 days a year, will enable
defining the problems and recommendations for speed management.

6

Public Enterprise “Roads of Serbia” (2014). Traffic counting on the State roads in the Republic of Serbia, in
2012. Belgrade.
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3.5.

Limitations

As it is with any other system, the ATS whose data were used in the paper, have certain
limitations which concern technical specifications of ATS devices (see Table 1).
It is necessary to stress that this work does not include the analysis of weather
conditions during the survey of speeds using ATS on the state roads of the Republic of
Serbia, in a specified research area, since the methodology designed at the Faculty of
Transport and Traffic Engineering (Vujanic, M. et al., 2013) has not foreseen the
measurement of speed related indicators in specific meteorological conditions (fog, heavy
rain, etc.).
The most significant limitation of the analysis of speeds using ATS devices refers to
the fact that ATS records the speed of “any” vehicle that passes the cross-section of the
road on which the counter is located. The methodology defined at the Faculty of Transport
and Traffic Engineering understands that only the speed of the first vehicle in the column
is measured, i.e. that at least 5 seconds need to elapse between two vehicles. However, the
survey shown in this paper did not eliminate the vehicles in the “column” from the sample.
The ATS as a technical system is not absolutely accurate. There are speeds obtained
from data recorded by the ATS. These speeds are unexpectedly low for the specific road
type or defined limitations of the counters. Therefore, all speeds lower than 30 km/h have
been removed from the sample of the Ibar main road counter, and all speeds lower than
40 km/h from the sample of the ATS at Batocina.
Table 1. Technical specification of ATS 8
Detection of maximum vehicle speed
Accuracy of vehicle detection
Accuracy of classification
Speed classification span
Speed measurement error at 50 km/h
Speed measurement error at 160 km/h
Sampling time

4.
4.1.

<240 km/h
>99,9%
~95%
>5 km/h
<2,8%
<8%
4 ms/cycle

RESEARCH RESULTS
Number of vehicles per survey location

The speed of 47.831 vehicles of all observed vehicle categories has been recorded in
this survey. A certain number of these vehicles, 75 of them, have been excluded from the
sample on the basis of three criteria: criterion relating to vehicle class, length of vehicle
and vehicle speed. The largest number of recorded speeds was at the location of Batocina
(29.585 vehicles, i.e. 62% of all recorded speeds), while a smaller number of vehicles
(18.171 vehicles, or 38% of all recorded speeds) was recorded at the location of Majdan.
The number of motorcycles with measured speed in the total sample accounted for 34
riders, which was not sufficient for an objective statistical analysis. For that reason, the
category of motorcycles will not be analyzed further in the paper.
8

QLTC net, Automatic data transmission program from QLTC traffic counter and display of data, Mikrobit
d.o.o, 2010
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4.2.
4.2.1.

Vehicle speed distribution
Vehicle speed distribution per location

The highest percent of vehicles at Majdan location travelled at the speed class of (6569 km/h), which is a class below speed limit on that road, indicating that the largest number
of vehicles travel at legally posted speed limit (see Figure 4). The maximum speed during
the survey at Majdan is Хmax=150 km/h, and minimum speed Хmin=32 km/h, which
represents the difference of R=118 km/h. The average vehicle speed at Majdan is 73,79
km/h, and 85% of drivers travel at the speed of up to P85= 88 km/h.
On the basis of analysis of vehicle speeds on the highway near Batocina, it can be
concluded that the largest number of vehicles travel at the speed from 120 to 124 km/h
(see Figure 4).
The maximum speed during the survey at Batocina is Хmax= 200 km/h, and minimum
speed Хmin= 43 km/h. The difference between the maximum and minimum speed is
R=157 km/h, which is unfavorable from the road safety point of view. The average vehicle
speed at Batocina is 107,95 km/h, while 85% of drivers travel at the speed of up to P85=
129 km/h. The vehicle mean speed with the 5% of extreme vehicle speeds (𝑋𝑋� =
107,74 𝑘𝑘𝑘𝑘/ℎ) rejected from the sample differ by 0,21 km/h in relation to the mean speed
of the overall sample (𝑋𝑋� = 107,95 𝑘𝑘𝑘𝑘/ℎ). It can be therefore concluded that extreme
values do not diminish the credibility of the sample with obtained results.

Figure 4. Vehicle speed distribution in the
total sample

4.2.2.

Figure 5. Vehicle speed distribution per
vehicle’s driving direction

Distribution of vehicle speed per directions

Majdan location, in the direction from Belgrade, accounts for higher values of the
mean vehicle speed (𝑋𝑋� =74,24 km/h) and the 5th percentile speed (P5 = 55 km/h). Higher
values of the mean vehicle speed (𝑋𝑋�= 120,55 km/h) were observed at Batocina, in the
direction from Belgrade, as well as the 5th percentile speed (P5 = 120 km/h), 85th percentile
speed (P85 = 138 km/h) and 95th percentile speed (P95 = 150 km/h), with the higher
maximum speed recorded in the direction towards Belgrade, i.e. Хmax= 200 km/h.
4.2.3. Distribution of vehicle speed per days of survey
The analysis of vehicle speed data in relation to days of survey (see Table 4) indicates
that there are no big differences in obtained values. Higher speeds are recorded on
Monday, at Batocina (mean value - Х=109,06 km/h, median - Ме=109 km/h and 85th
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percentile-P85=133km/h), and at Majdan (mean value - Х=173,79 km/h, median - Ме=72
km/h and 85th percenctile-P85=88km/h).
The values of standard deviation and variation coefficient do not differ significantly
and indicate a slight data variation (variation coefficient at Batocina amounts to 21,45%,
on Monday, and 19,55% on Wednesday. At Majdan, it amounts to 18,83% on Monday,
and 18,19% on Wednesday).
Table 2. General statistical speed indicators per day of survey
Indicator
Mean value (X)
Median (Me)
Mode (Mo)
85th percentile (P-85)
50th percentile (P-50)
Maximum (Хmax)
Minimum (Xmin)
Spacing variation (R)
Standard deviation (s)
Mean value (95%)
Variation coefficient % (Kv)

4.3.

BATOCINA
Monday
Wednesday
109,06
106,09
109,00
106,00
120,00
120,00
133,00
128,00
109,00
106,00
200,00
190,00
43,00
44,00
157,00
146,00
23,39
20,76
108,78
105,87
21,45
19,55

MAJDAN
Monday
Wednesday
73,79
71,23
72,00
71,00
71,00
68,00
88,00
84,00
72,00
71,00
150,00
138,00
32,00
31,00
118,00
107,00
13,89
12,96
73,49
71,00
18,83
18,19

Speeding

In order to make the analysis of exceeded speeds for the purpose of this paper, it was
necessary to define all characteristic speed limits used in the analysis. Having in mind that
speed is not defined in either way (for example, by a traffic sign), both at Majdan and
Batocina, the speed limit was defined according to the provisions of the Road Safety Law,
in relation to road type and vehicle category.
Out of the total sample, i.e. 47.756 recorded vehicle speeds on both locations, 14.277
vehicles exceeded the speed limit. In fact, 9.231 drivers out of the total number of recorded
speeds (29.585), exceeded the speed limit at Batocina, while excessive speed observed at
Majdan accounted for 5.046 cases, out of the total number of 18.171 recorded drivers.
The relationship between those who observed and those who violated the speed limit
on surveyed locations differ significantly. In fact, more vehicles exceed speed limit (31%)
at Batocina, while more vehicles observe speed limit (28%) at Majdan. The largest number
of vehicles at Majdan (34%) and at Batocina (32%) exceed speed limit by 1-5 km/h, while
speed limit is exceeded by 6-10 km/h at Majdan (32%) and at Batocina (23%) (see Figure
6).
The highest percent of speed violators was recorded in the category of passenger cars,
at Batocina, on Monday (74,4%) and on Wednesday (73%), and on Monday (71,9%) and
on Wednesday (70,5%) at the location of Majdan.
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Figure 6. Distribution per size of exceeded speed

Comparison of the number of speed limit offenders at Batocina and Majdan locations
has shown that passenger cars exceed speed limit in 71% of cases, at Batocina, in the
direction from Belgrade, while this percentage is higher in the direction towards Belgrade,
and amounts to 77%.
In addition to the difference relating to the number of offenders among vehicle
categories, differences in the size of excessive speed are obvious among various vehicle
categories. The highest number of vehicles of all categories, with the exception of
motorcycles, exceeds the speed limit by 5 km/h, as well as by 6 to 10 km/h. At Majdan,
63,3% of heavy goods vehicles and 48,5% of buses exceeded the speed limit by 5 km/h.
On the other hand, 59% of passenger cars, 21,4% of motorcycles, 95,5% of buses, 71,2%
of light commercial vehicles and 87,1% of heavy goods vehicles drove at speeds above
speed limit by 10 km/h (see Table 3).
Table 3. Distribution of vehicles per level of exceeded speed in relation to vehicle category
Vehicle
category
Up to 5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50
51-55
Over 55

Passenger car
Batoc
%
28,0%
24,0%
16,6%
13,2%
7,4%
4,4%
1,1%
2,6%
1,4%
0,0%
0,6%
0,4%

Majd
%
25,9%
33,1%
16,3%
10,3%
3,9%
5,1%
2,1%
2,0%
0,4%
0,4%
0,2%
0,1%

Motorcycle
Batoc.
%

Majd
%

21,4%
21,4%
7,1%
0,0%
28,6%
14,3%
7,1%

21,4%
21,4%
7,1%
28,6%
14,3%
7,1%

Bus
Batoc.
%
33,6%
32,7%
13,1%
7,5%
3,7%
2,8%
0,9%
1,9%
2,8%
0,0%
0,0%
0,9%

Majd
%
48,5%
47,0%
1,5%
3,0%

Light commercial
vehicle
Batoc
Majd
%
%
19,5%
31,6%
24,8%
39,6%
13,7%
13,8%
19,9%
7,2%
8,8%
2,7%
5,5%
3,5%
2,1%
0,8%
2,5%
0,8%
0,9%
0,0%
1,6%
0,7%

Heavy goods
vehicle
Batoc.
Majd
%
%
37,0%
63,3%
23,8%
23,8%
14,1%
7,8%
11,0%
4,7%
6,3%
0,3%
2,4%
0,1%
1,0%
1,6%
2,1%
0,3%
0,3%

At Batocina, speed limit is most often exceeded by 5 km/h, by buses in 33,6% of cases,
by heavy goods vehicles in 37% of cases, and by passenger cars in 28% of cases. Excessive
speed by 6-15 km/h is recorded with motorcycles, in 42,8% of cases (see Table 3).
5.

CONCLUDING REMARKS

Speed management is of vital importance for the road safety management system, and
for faster preventive actions whose aim is to raise the level of road safety, and avoid the
occurrence of road accidents.
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Bearing in mind that the importance of monitoring and measuring road safety
performance indicators has been recognized on the national level, where these indicators
also include indicators related to vehicle speed, it will be necessary to explore new ways
in which vehicle speed data are collected.
Data obtained using ATS devices are now used primarily for counting traffic on the
state road network of the Republic of Serbia. The possibilities of ATS devices have not
been sufficiently used. In fact, data from ATS devices enable a large number of different
analyses. The authors basically touched in this paper (the analysis of two traffic counters,
i.e. one ATS in a rural area, on the Ibar main road, and the other one on the highway near
Batocina) the possibility to calculate all road safety performance indicators related to
speed, which is monitored on the national level, 365 days a year, 24 hours a day.
The importance of ATS for local governments is reflected in the possibility of speed
monitoring and taking measures for traffic calming at the access roads to urban areas.
Monitoring speed and speed related indicators on the territory of the Republic of Serbia,
using the ATS system, must be based on multisectoral cooperation and coordination of
road safety stakeholders (Ministry of Interior, PE "Roads of Serbia"). This would result in
speed management and improvement of road safety on the territory of each local
community.
6.
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INVITED PAPER

RECOMMENDATIONS FOR THE USE OF PASSIVELY SAFE
SUPPORT STRUCTURES FOR ROAD EQUIPMENT
Demeter Prislan 1
Abstract: Passively safe support structures for road equipment are defined through the EN 12767
but the implementation is different in each country of Europe. Some countries already defined
criteria for the use of different passively safe elements but some of them have the issue of road
passive safety still in some remote plan. The article explains the situation in the sphere of road
passive safety in different countries that are already implementing passively safe support structures.
It tries to detect barriers that prevent general application of passively safe structures also from the
human, individual point of view. It explains the meaning of different items involved in the road
passive safety and defines certain performance classes as well as the volume of road network that
need to be equipped with passively safe structures. Finally, it defines the minimum measures to be
undertaken for increase of road passive safety with a scope to make the use of passively safe support
structures mandatory.
Keywords: road passive safety, safety zone, passively safe support structures, safety poles, road
network

1.

INTRODUCTION

Why do we need recommendations for the use of passively safe support structures for
road equipment at all? An answer should be: to use the passively safe support structures
in their best performing way because by using it that way we will decrease potential
fatalities and heavy injuries caused by car crashes into support structures. The
recommendations must give a reliable information on what type of passively safe support
structure should be used depending on the scope of use where should be used with respect
to the road type and position on the road and how it should be implemented depending on
the type of the roadside, way of installation and other conditions. To evaluate certain
aspects of the recommendations we need to have a look at statistic as well.
1
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2.

ROAD TRAFFIC FATALITIES

For the moment, mostly all efforts to increase roads safety go in direction of
improvements on the main transport directions, so called ten-T, but the statistics shows an
interesting data that must turn our attention towards other categories of roads, that is state,
regional and local roads. As to the categorization of roads that is followed by the EU
institutions, the majority of accidents with fatal consequences happen on so-called rural
roads, almost 60%, some 35% on urban roads and only 5% on motorways, approximately.
(Jost, ETSC 5th PIN Report, 2011:59)
The majority of fatalities is in the group of car and taxi users and other users, which
comprise HGVs, lorries under 3.5t, agricultural tractors, bus and coaches, other vehicles
and unknown. In certain countries a share of PTW is higher than in others which can be
only partly explained by the higher number of motorcycle riders.

Figure 1. Percentage share of road deaths by road user group on rural roads ranked by the
percentage share of road deaths on rural roads and motorways taken together (2007 – 2009
average). Source: ETSC 5th PIN Report

The latest PIN Flash Report 27 (ETSC) ranking EU progress on car occupant safety
reveals an increase in roads deaths on rural roads that in more than half of the countries
ranks between 70-80%. Countries like Austria, UK, Germany, Sweden, Finland or
Denmark, which are considered as having their national road network in good condition
and with high road safety level, can be found on the first sight as problematic but the high
percentage of deaths on rural roads is very probably the result of increased road traffic
safety in urban areas. This is very likely as the trend of decreased road fatality in these
countries continues constantly although the factor of decrease is not as big as planned.
Regardless the mentioned facts, both, Figure 1 and Figure 2 graphs clearly show that
we should more thoroughly concentrate on the safety of the rural roads. Beside
enforcement of speed limits, drink or drug driving, proper use of seat belts a lot need to be
done on the infrastructure itself. Usually roads in the countryside are not made in the same
quality level as the main roads. Very often, there is a lack of finance for a regular
maintenance, vertical as well as horizontal signalization can be from different times, and
hence reflective properties of traffic signs and plates differ even on the same stretch of a
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road. Along the roadside there are trees, planted still in the days when the issue of road
safety was unknown term, columns for the overhead installations, rocks and old buildings,
completely unprotected. Mostly, these roads were never designed and constructed in a
passive safety concept, so recovery and safety zones as well as forgiving roadside are still
to come to realization. Part of the road safety improvement presents also the use of
passively safe columns for public lighting or poles as support structures for traffic signs.

Figure 2. Percentage share of car occupants deaths by road type in 2012 or latest available
year. Source: CARE *2011, **2010, ***2009. EU EU28 except BG and LI. LV, EE, MT: no
motorway. In MT, information whether collision happened on an urban or rural road is not
available in accident statistics.

3.

TERMS AND DEFINITIONS

Formation of recommendations requests explanations and definitions of certain terms
connected with support structures and the concept of a passively safe road. Different
research programmes that were realised within the EC efforts for a safer traffic, like
RISER, IRDES and similar had defined that beside an adequate quality of a driving surface
and a route, roads need to have a roadside that will enable the occupants in an errant
vehicle to survive the accident without serious consequences. If there are dangerous
objects along the road that cannot be removed they need to be protected with different
restrain systems, like guardrails, safety barriers, crash cushions, end terminals, arrester
beds and similar.
• Forgiving Roadside - is the roadside that enables a safe stop of an errant
vehicle and therefore gives a big chance for the occupants to survive such
accident without or with just minor injuries.
• Safety Zone – is a zone aside the road where an errant vehicle can safely stop.
Such zone should be without dangerous obstacles. If there are any that cannot
be removed, they need to be protected accordingly.
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Recovery Zone – is the surface beside the driving surface that enables
corrections of an errant car to redirect it back to the driving surface. Usually
it is the shoulder or a part of a shoulder prepared in a way to enable the
manoeuvring of a vehicle.
Clear Zone – is the zone of recovery and safety zone together.
Road Restrain Systems - is a safety product, which aims at reducing the
consequences of accidents of an errant vehicle (road safety barriers, crash
cushions, terminals of safety barriers, transitions between two safety barriers,
motorcycles protection systems).
Passively Safe Support Structure for Road Equipment – is a structure (pole,
pylon or other construction) that holds a certain road equipment (light, traffic
sign, traffic light or else) in requested position and complies with EN-12767.
EN-1317 – is a European Norm on road restrain systems.
EN-40 – is the European Norm on lighting columns.
EN-12899 – is the European Norm on vertical road traffic signs.
EN-12767 – is the European Norm on passive safety of support structures for
road equipment.

Figure 3. Recovery and Safety Zone. Source: PIARC - RSM
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4.
4.1.

IMPLEMENTATION OF SUPPORT STRUCTURES
Placement

Support structures for road equipment are implemented at locations where we need to
inform drivers with traffic signs and where, because of a traffic safety, a need for
illuminated section of a road exists. Usually the passive safety approach is applied on the
most important trunk roads like highways or freeways. It is clear, based on statistics of
road fatalities and heavy injuries that most of the accidents happen on rural roads of
different categorization. According to the latest PIN reports on traffic safety (ETSC) 69%
of fatal accidents happen on rural roads so it is a must to start designing and reconstructing
the existing roads with passive safety approach using the concept of self-explaining roads
and forgiving roadside.
The safety issue is still a matter of economy although different parties involved are
talking about saving lives. That is the reason why certain roads of minor importance or
with lower intensity of traffic are considered as not important in sense of implementation
of road passive safety concept. Usually the decision when to implement passively safe
support structures depends on the speed limit on the certain road. Mostly the critical speed
to consider implementation of a passive safe support structure is 50 - 60 km/h. This is the
case in Norway, Finland, Sweden, Great Britain, Belgium and Netherlands. This criterion
is somehow understandable as we anticipate that the crash will happen in a frontal manner
where also cars are constructed to be safest. If we focus on the traffic in roundabouts,
where speeds are basically lower than on straight or lightly curved road, we see that even
lower speeds could be critical for the occupants safety. So, for example, in Belgium,
passively safe support structures should be used on all roundabouts except on those where
the speed limit is 30 km/h. This may seems a bit strict regulation but we must take into
consideration that the vehicle in roundabouts are more prone to slip especially on the wet
road and therefore can more probably hit the support structure (usually a lighting pole)
sidewise. Although the modern cars resist high impacts from the side, we cannot equate
this resistance with the front impact resistance. Therefore, from this point of view the limit
of 30 km/h has full justification. There are also some requirements that are not common
in all countries like, no need for passively safe support structure if this one, in urban areas,
is placed in front of a building wall or other rigid device. It could be understood as, if there
is already another danger close to the support structure and it cannot be protected there is
also no need for the support structure alone to be protected or to be passively safe. This
approach is disputable because if the support structure is just 1 m ahead of another danger
like wall the penetration of a support structure could already be critical before the car stops
on the wall. The collision into the wall can be very serious but the penetration of a support
structure like column is at the same kinetic energy much deeper than the wall could
“penetrate”. There are also some opinions that a passively safe support structure is not
needed if it is placed behind the sidewalk, which is 20 cm higher than the driving surface.
This is a very simplistic approach to the movement of an errant car. It depends very much
on the angle at which a car hits the curb, height of the wheels, kinetic energy of a hit and
else. A car can be re-hit back to the roadway, it can jump the sidewalk and be launched
like a rocket or even turned upside down or rolled over. The consequences of such accident
are unpredictable and therefore the sidewalk cannot be considered as some sort of
protection against the potential hit into support structures.
Reassuming the placement of a passively safe support structure the proposal is:
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all roads where the allowed speed is over 50 km/h and where support
structures are within the clear zone and not protected by road restrain
systems (safety barrier)
all roads where the allowed speed is 50 km/h or lower and support
structures are closer than 3 m from the side of a driving surface (are situated
in recovery zone) and not protected by road restrain systems (safety barrier)
always if the support structure is behind the safety barrier but within the
functional deformability of a safety barrier
on all roundabouts with a speed limit higher than 30 km/h.

Type

According to the Norm on Passive Safety of Support Structures for Road Equipment
we distinguish three categories of passive safety support structures:
• high energy absorbing HE
• low energy absorbing LE
• non-energy absorbing NE
Energy absorbing support structures slow the vehicle considerably thus the risk of
secondary accidents with structures, trees, pedestrians and other road users can be reduced
while non-energy absorbing support structures permit vehicle to continue after the impact
with a limited reduction in speed. Non-energy absorbing support structures may provide a
lower primary injury risk than energy absorbing support structures but the potential of
secondary collision into another obstacle is more likely compared to the energy absorbing
ones. Countries that strive for highest passive safety solutions had already developed their
own recommendation on what type of support structure is meant to be used for certain
purposes. For example in Finland, mostly breakaway lighting columns are used. Energy
absorbing columns are preferred on major roads when there is an actively used pedestrian
way or trees behind a narrow ditch (Willems, Caroline, 2013). In Great Britain, different
types of support structures are used for different purposes. They distinguish non-built up
all-purpose roads and motorways and built up roads and other roads with speed limit 40
mph (approx. 60 km/h). Depending on location, different types of support structures are
used (HE, LE or NE).
The mentioned Norm distinguish also different classes of occupant safety ranking from
1 as the lowest safety up to 3 as the highest safety. The class 4 is meant for non-harmful
support structures. The National Annex to the BS EN 12767:2007 gives the possibility to
use lighting columns with different occupants’ safety class, from 1 – 3 but the column
must be (at least) non-energy absorbing tested at 100 km/h on the verges of motorways.
In other cases, for example where significant volume of non-motorized users are presented
the Annex foresees a HE column with safety class 1 – 3 tested for the speed of 100 km/h.
Such a big diversity is also the result of development of passively safe support structures.
First, the non-energy absorbing columns were developed but with the time came the need
for higher energy absorption, which prevent car hitting the pole to run away into another
obstacle. We need to answer also a dilemma that every now and then appears: a falling
column could harm people that would stand behind it. In case, that there were no column
an errant car would hit straight into the group of people! Would people be more protected
with a car hitting straight into them? Pedestrians’ protection need to be solved in another
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way (could be with small columns alongside the sidewalk) but for sure, support structures
are not meant for this purpose.
Impact speed, vI
km/h

50

70

100

Exit speed, ve
km/h

Energy absorption
category
HE (high)

ve = 0

0 ≤ ve ≤ 5

0 ≤ ve ≤50

LE (low)

0 < v e ≤5

5 < ve ≤ 30

50 < ve ≤ 70

NE (none)

5 < ve ≤ 50

30 < ve ≤70

70 < ve ≤ 100

Figure 4. Impact speed and criteria for the energy absorption classification. Source: EN
12767 Passive safety of support structures for road equipment

Another criterion of the mentioned Norm is also the impact speed. Support structures
must be tested for a certain speed. If the structure, for example column, is tested for the
speed of 70 km/h (and is classified depending on the exit speed as HE and according to
severity of a crash for occupant safety 2) means that it is acceptable for use only on places
where at most such criteria or lower are requested. The support structure that is tested at
100 km/h, is classified as HE and reaches the highest occupant safety class 3 is considered
as one that complies all lower categories (signed 100HE3). The fact of being capable to
ensure high safety at high impact speed gives such column a universal application.
Reassuming the type of passively safe support structure the proposal is:
• use the 100HE3 support structures generally
• if less performant support structures are available only, most important is the
occupant safety
• NE support structures should be used where a safety zone is available
• if there are no adequate support structures available, different road restrain
system should be applied to protect inadequate structure
Designers should be aware that passive safe roads in local communities are a must
because majority of fatalities happen there. When planning support structures in the
recovery and safety zone there should be no discussion whether to use passively safe
support structure or not but only which type of passively safe support structure, HE or LE,
which speed class, 100 or 70 and which occupants’ safety class, suggested 3. Afterwards
a check should be done with regard to EN-40 (functional stability, wind loads). The
foundation is already given by the producer that tested it’s product according to EN 12767.
Material of which the support structure is done as well as the corrosion protection is not a
decision issue as well as not the specifics of design appearance like lamp shapes,
decorations, etc. So the leading rule must be, especially for local communities where there
are often limitations with free space and functionality to use guardrails and restrain
systems, to use passively safe support structures with high energy absorption with a scope
to prevent potential secondary collisions. Of course highest occupants’ safety is also very
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important, so designer should request class 3 at the speed class 100 km/h as such support
structure is safe also at lower speeds.
5.

CONCLUSION

Although said and written countless times that the EU needs to increase the passive
safety of the whole road network and many encouraging words of different individuals the
roads passive safety (and within it also support structures) remains mostly a topics on the
main corridor roads while the secondary road network remains untouched although right
there happen the majority of fatalities.
Many people are happy with the situation because they need not to spend energy on
enforcement of new regulation or they think that there is not enough money to increase
the passive safety of roads anyhow. Many more people that are not involved directly into
the road traffic safety and passive safety of roads consider these topics as one less
important issue. But the traffic safety shouldn’t be observed as a very small part of our
life. It actually represents an important part of the world’s economy and welfare.
And, if EU is able to enforce the implementation of, for example, maximum total
weight for trucks, air bags in cars, air pressure control on tyres, than it is incredible that
they are not able to make passively safe support structures which evidently save lives and
bring welfare to the community, obligatory for the whole EU. Is it because the obligatory
use of air bag equipped car is on the cost of individual and the passively safe support
structures are on the cost of EU states?
6.
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EUROPEAN ROAD SAFETY
Mark Johnson 1
Abstract: The European Safety Action Programme set out in 2003 to halve road fatalities by 2010.
This objective was almost fully achieved; thus, a new target for further reduction of 50% was set to
be achieved by 2020. Upon comparing the number of road fatalities (per million inhabitants) in
different countries, it quickly becomes evident that driving in some countries is far more dangerous
than others. The socio-economic impact of road accidents is tremendous. While it appears some
countries claim lack of resources to implement effective measures to reduce traffic accidents, it may
well be even more expensive not to take appropriate preventive measures. Of course, there are many
factors that influence road safety (e.g. car and road standards, alcohol and drug driving), but there is
strong indication that drug driving contributes significantly. In order to more fully exploit the
potential of reducing road fatalities caused by drug driving, several countries have launched national
drug screening campaigns: traffic police screen drivers for recent drug consumption at the roadside.
In particular cases, a significant reduction of traffic accidents caused by drug driving could be
measured and documented. To enable drug screening, national legislation must often be adjusted in
order to accommodate the process. Before doing so, the European Commission tested roadside drug
screening technology and could determine which particular drug screening devices can be used
effectively by traffic police. As a result, it is proven which particular devices are effective for drug
screening campaigns (e.g. highly reliable, quick, and easy to use).
Keywords: Roadside, Technology, Drug Screening, Road Safety

1.

INTRODUCTION

The European Safety Action Programme set out in 2003 to halve road fatalities by
2010. This objective was almost fully achieved [1]. Despite success of such EU programs,
European roads are still far from safe – in 2009, 35 000 people died in traffic accidents
and over 1.7 million were injured. Thus, the new EU road safety guidelines would aim to
cut European road deaths by 50 % by 2020 [2]. Upon comparing the number of road
1
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fatalities (per million inhabitants) in different countries, it quickly becomes evident that
driving in some countries is far more dangerous than others. In fact, the gap between the
best and worst performing Member State is large with the best performing 4 times better
than the worst [3]. The socio-economic impact of road accidents is tremendous. For
example, the estimated socio-economic costs in Europe are around €180 billion
comprising 2% of GDP [4]. In the UK alone, the annual motor vehicle accident costs are
approximately 20 billion Euros [5]. As such, the large number of road traffic deaths and
injuries represents a substantial burden for the health sector in Member States [6].
Availability and reliability of blood-screening procedures and confirmation tests for
measuring alcohol and drug levels are problems for most low-income and middle-income
countries [7]. Consequently, while it appears some countries claim a lack of resources to
implement effective measures to reduce traffic accidents, it may well be even more
expensive not to take appropriate preventive measures. In fact, in a number of countries
the impact that drug driving has on road fatalities has not even been determined because
post mortem research and studies on hospitalized injured motorists are not even
performed. Nonetheless, based on epidemiological studies that are available, it can be
concluded that drug driving is a major contributing factor for road accidents with injured
and killed persons [8].
As expressed by the European Commission, the use of illicit drugs and some
medicines, is an increasingly worrying factor in road accidents. If nothing is done
urgently, there could soon be more accidents due to drugs than to alcohol. In accordance,
different measures will have to be taken e.g. establishment of a harmonized procedure to
detect illicit drugs in drivers [9]. In order to best exploit the potential of reducing road
fatalities caused by drug driving, several countries have launched regional and even
national drug screening campaigns: traffic police screen drivers for recent drug
consumption at the roadside. In particular cases, a significant reduction of traffic accidents
caused by drug driving could be measured and documented. The following example was
communicated by the Australian police:
Under the Australian drug screening campaign, “Drivers tested: anybody, anywhere,
anytime”, the percentage of drug drivers involved in fatal accidents could be reduced by
half [10]:
• In 2003, 31% of drivers involved in fatal accidents tested positively for drugs.
• In 2004 - the Australian federal state of Victoria was the first region worldwide
to establish a legal basis for drug control of vehicle operators which is not
dependent on cause for suspicion.
• The entire street is blocked and all drivers are tested for alcohol and drugs.
•
In 2005, 25% of the drivers who were involved in severe traffic accidents, tested
positively for illegal drugs.
• In 2009, only 15%
To enable drug screening, national legislation must be adjusted in various points.
Before doing so, the European Commission tested roadside drug screening technology in
order to determine which particular drug screening devices can be used effectively by
traffic police.
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2.

MATERIAL AND METHODS

Immunochemical multiple test for the detection of drugs in saliva. Such devices can
detect cannabis, benzodiazepines, amphetamines and methamphetamines (ecstasy),
cocaine and opiates. Various independent European comparative studies were conducted
in order to determine which oral fluid screening device can best meet the needs of traffic
police for screening drivers on the roadside for illicit drug consumption. With the overall
aim to fill the gaps of knowledge and provide a solid base to generate harmonized, EUwide regulations for driving under the influence of drugs, the European Commission
brought over 36 institutes from 18 countries together. This study initiative was part of the
6th Framework Programme and is referred to as DRUID (Driving under the Influence of
Drugs, Alcohol and Medicines). In accordance, an evaluation of oral fluid screening
devices was carried out as an integral part of the DRUID project to assess which screening
devices could be most practical and reliable for traffic police. Illicit drugs tested were
amphetamine(s), methamphetamine, MDMA, cannabis, cocaine, opiates, and
benzodiazepines. The duration of the evaluation was from 2006 to 2009 with the objective
of providing scientific support to the EU transport policy. A particular device tested can
provide clearly visible and qualitative results in less than 10 minutes (including sampling
and analysis time).
3.

RESULTS

Part I of the DRUID project is called “ESTHER” (Evaluation of oral fluid Screening
devices by TISPOL to Harmonize European police Requirements) [11]. It was designed
to evaluate and compare practical usage of various on-site oral fluid devices. The results
highlight that there is a drug screening device available which takes the lead in the
categories of:
• Shortest collection time and successful sampling of oral fluid
• Successful analysis and operational reliability
• Test simple to perform and easy to use at roadside
Part II of the DRUID project focused on scientific evaluation to determine accuracy
and reliability of various oral fluid test devices [12]. Vital to supporting European
legislation that would encourage use of oral fluid drug screening devices, it was crucial
that current technology would be accurate enough for supporting police officers at the
roadside. DRUID showed that particularly one test took the lead for reliability and
accuracy (Sensitivity 91%, Specificity 96%, and Accuracy 93%).
The DRUID study also included a Cost-Benefit analysis of drug driving enforcement
by the police. The conclusion of the DRUID Cost-Benefit analysis includes the following
point [13]:
• Benefit-Cost ratio produced by the best device was approximately twice as
high as the Benefit-Cost ratio of the worst. Specificity of the device and its
time consumption for saliva sampling and analysis, affect the cost side of the
Cost-Benefit analysis.
One could interpret these finding to indicate that price should not be the sole focus
when determining which oral fluid screening device should be purchased. Rather, it is
likely that a higher Benefit-Cost ratio can be achieved when adequately considering
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selection criteria such as high reliability and practicability. What’s more, experience has
often shown that many low-end oral fluid screening devices have a higher failure rate.
This means that while cost to procure the device may be cheaper, two devices may need
to be applied for one screening due to failure of the first test. In this effect, cheaper devices
may prove to be more expensive when used in the field.
4.

DISCUSSION

As supported within the context of the DRUID study, an increasing number of
countries have already launched (or are planning to introduce) on-site oral fluid screening
as a legal method to detect drugged drivers. Two major benefits of oral fluid screening
are that saliva collection is much less invasive than urine collection and that it better
detects recent drug use. TISPOL, a European Traffic Police Network which enforces drink
and drug driving within Europe, provides in its policy paper a European standard to fight
against all psychoactive substances, which are dangerous for road safety when driving
under the influence of these substances. TISPOL states its main goal is to set out the best
possible toolkit for optimal legislation, preventative measures and technical equipment for
police services and to make all drivers have a belief that drinking and driving and use of
psychoactive substances will lead to detection and severe sanctions.
TISPOL’s recommended European standard for the following points has been
highlighted from its policy paper [14]:
Enforcement on the roads – Screening devices
Police work must be efficient and tests on the road (screening device) must be able to
be done in a straightforward and easy manner. Tests must be operationally reliable enough
to conclude that the driver is suspected to have consumed drugs. There has been a relevant
development in the quality of drugs detecting devices during the last decade. Findings at
the DRUID project as well as its predecessor project, ROSITA, have given evidence of
that. The quality of a number of today’s existing screening devices for drugs has been
qualified as acceptable for the police enforcement activity by the ESTHER teams of the
DRUID project.
Enforcement on the roads - Evidential instruments
In most European countries, the evidence that a person is impaired by a substance other
than alcohol, or that this person has forbidden psychoactive substances in his system, is
given by the analysis of a blood sample. For the impairment approach a statement of the
policeman, doctor, or toxicologist is required. This procedure is time consuming and
expensive. If the analysis of a blood sample could be replaced by the analysis of an oral
fluid sample by the forensic laboratory, the procedure would be streamlined and cheaper.
Independent of TISPOL’s written policy, it is worth noting that verifying presence of
drug consumption with saliva would be more compatible for confirming a positive test
resulting from saliva screening. This is because both saliva samples could be taken at
nearly the same time, and no doctor is needed for taking saliva (in contrary to taking
blood).
Another advantage of confirmation in saliva is that the saliva roadside test is confirmed
with the same matrix, i.e. saliva. The human body metabolizes drugs differently in saliva
and in blood. While drug concentrations in saliva are similar to drug concentrations in
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blood, there is some variance. The results are therefore even more comparable when one
confirms a saliva test with the matrix saliva then when one confirms a saliva test with the
matrix blood.
Wider Police Powers to Test without Prior Suspicion
Only in very specific situations, e.g. a traffic collision, some member states (e.g.
Germany) have given the police the authority to check the drivers involved for the use of
psychoactive drugs. This power is considered as a “post-crash” power of the police. For
road safety purposes it is required that the police have similar powers in the “pre-crash”
phase.
TISPOL recommends the introduction of random drugs testing with a zero-tolerance
approach in all EU member states for illicit drugs and the analysis of an oral fluid sample
to be used as evidence in court.
Good examples of practical drugs and driving enforcement are not wide spread.
According to TISPOL, these examples can be found on websites of Australian police
forces and states (Victoria, New South Wales and Queensland). In these states, oral fluidscreening devices are used together with evidential analysis of an additional oral fluid
sample. Police in these states are authorized to randomly test for drug driving.
Evidence for drug driving
Evidence that a person has been driving a vehicle with specific psychoactive
substances in his system forbidden by law, should be available by the analysis of an oral
fluid sample. The driver should provide this sample after a request to do so by a police
officer.
Immediate License Confiscation
The immediate confiscation by Police (such as happens for example in Hungary and
Norway) of the driving license of drivers who refuse to provide an oral fluid sample, could
be another way of reducing the likelihood that such people would continue to drive while
waiting for their case to come to court.
5.

CONCLUSION

In order to achieve European standards it appears evident that countries need to
introduce measures to effectively counter specific causes of accidents such as driving
under the influence of drugs. Traffic police who have not yet received proper technology
for drug screening may find it increasingly difficult to maintain European standards for
deterring and controlling drug driving. Although the DRUID project could determine the
reliability of various oral fluid screening devices to screen drivers for illicit drug
consumption, some authorities have not yet issued a tender for the purchase of such
devices. As a result, the benefits of having police adequately equipped with highly
reliable, quick, and easy to use oral fluid screening devices cannot be realized. What‘s
more, the legislative landscape to allow police the effective use of such devices may not
yet even be holistically in place.
TISPOL has taken the position that when considering the purchase of oral fluid
screening devices, police work must be efficient and tests on the road (screening device)
must be able to be done in a straightforward and easy manner and that tests must be
operationally reliable enough to conclude that the driver is suspected to have consumed
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drugs. Such factors of practicability and reliability also showed to positively influence the
cost-benefit ratio of the DRUID analysis. This DRUID cost analysis further underlines
that choice of the screening device might make a difference: the Benefit-Cost ratio
produced by the best device was approximately twice as high as the Benefit-Cost ratio of
the worst. As a result, sole focus on lowest purchase price of oral fluid screening devices
may ultimately result in higher costs when used in the field.
Upon defining tender specifications for oral fluid screening devices, it will be
important that factors such as high reliability and practicability (e.g. easy, fast and
hygienic sample collection, simple to perform at roadside) are adequately considered.
6.
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SEASONAL VARIABILITY OF REMOVING IMPROPERLY
PARKED VEHICLES
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Abstract: The work tackles the cooperation of the Police and the Public Utility Company “Parking
Service Belgrade” (PUC PS) on assignments that concerned removing of improperly parked
vehicles, on pedestrian crossings and in intersections (Road Safety Law, Article 66, paragraph 1,
items 1and 3) in the City Belgrade, in 2014.This subject of the paper is the survey of the seasonal
variability of the mentioned tasks, i.e. determining the (non)existence of enhanced ("live" season),
medium or reduced ("dead" season) intensity of work of Police authorities and the Parking Service,
regarding the above assignments. The aim of the survey is to optimize the management of human
and material resources of the Police and Parking Service, by setting up a proper work and rest
schedule, and the maintenance of technical equipment. With this in mind, the work helped us check
and confirm the hypothesis which states that when performing road safety related tasks, there is a
seasonable variability regarding removal of vehicles improperly parked on pedestrian crossings and
intersections.
Keywords: Seasonal variability, improperly parked vehicles, pedestrian crossings, intersections,
parking service

1.

INTRODUCTION

Cooperation in the field of road safety is one of the basic organizational assumptions
for performing well in this area. This cooperation is established among numerous road
safety stakeholders. Hence, the cooperation between the Police and the Public Utility
Company in charge of managing, operating and maintaining public parking lots and
garages (parking service) is among the most significant stakeholder partnerships. In
addition, cooperation between the Police and the Parking Service is diverse and includes:
removal of improperly parked vehicles, participation of Police authorities and Parking
Service in joint preventive and educational actions (activities) aimed at improving road
1
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safety, etc. To that end, this work questions the cooperation of Police authorities and the
Public Utility Company “Parking Service Belgrade” (PUC SP) in performing the tasks on
removing vehicles that were improperly parked on pedestrian crossings and intersections
(Road Safety Law, Article 66, paragraph 66, items 1 and 3) in the City of Belgrade, in
2014 . The subject of work is the survey of the seasonal variability of the mentioned
assignments, with the aim to determine the (non)existence of increased ("live" season),
medium or reduced ("dead" season) intensity of work of the Police and Parking Service,
regarding the above tasks. With this in mind, the work helped us check the hypothesis
which states that when performing road safety tasks, there is a seasonable variability in
removing vehicles that are improperly parked on pedestrian crossings and intersections.
The justification of this research lies in the optimization of the process of managing human
and material resources of the Police and Parking Service, by setting up a better schedule
of work and rest, i.e. maintenance of technical equipment.
2.

MATERIALS AND METHODS

Cooperation between the Police and Parking Service on tasks relating to the removal
of vehicles that are improperly parked on pedestrian crossings and in intersections in 2014
has been analyzed for the jurisdiction of the Traffic Police Administration of the City of
Belgrade Police Administration and the Public Utility Company “Parking Service
Belgrade”. To that end, the PCU PS database was searched and the following data were
found: 1968 vehicles were removed from pedestrian crossings and 340 from intersections
(a total of 2308 vehicles, which is 6.43% of the total number of vehicles removed in 2014).
Collected data are sorted by months, and were used as a basis for the monthly frequency
of vehicle removal in the mentioned circumstances. Changes occurring each year, at the
same season and in the same direction (seasonal variation) have been measured on the
basis of the above monthly frequency. Such variations indicate deviations from those
activities in relation to the monthly average per calendar year. At the same time, the
intensity of seasonal variability is expressed by seasonal indices (Žižić et al, 1996: 424).
The study of seasonal variability of removing vehicles improperly parked on pedestrian
crossings and intersections has helped us learn about directions and intensity of changes
in the common work of the Police and Parking Service when executing the aforementioned
tasks.
3.

RESULTS

The search of the PUC PS database concerning removal of improperly parked vehicles
has shown the number of removed vehicles that were improperly parked on pedestrian
crossings and intersections, per months in 2014 (Tables 1and 3).
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Table 1. Number of vehicles removed from pedestrian crossings and the seasonal index of the
number of vehicles removed from pedestrian crossings, per months, in 2014

Months in
2014
January
February
March
April
May
June
July
August
September
October
November
December
Arithmetic
mean
MIN
MAX
Variation
span

Number of
vehicles
removed from
pedestrian
crossings
184
206
168
100
79
147
140
163
159
171
226
225

Seasonal index of
the number of
vehicles removed
from pedestrian
crossings
112,1951
125,6098
102,439
60,97561
48,17073
89,63415
85,36585
99,39024
96,95122
104,2683
137,8049
137,1951

164

Standard deviation

47,7684

Cv%

29,12713

79
226
147

Based on the data on monthly representation of observed values, an arithmetic mean
value has been calculated and shown in the table above. This arithmetic mean amounts to
164 vehicles removed from pedestrian crossings/per month (with an acceptable standard
deviation, and with the variation span of 147 (the bound width in a tripartite grading is
49)). The value of the seasonal index of vehicles removed from pedestrian crossings, for
each month in 2014, was calculated in relation to the above values by dividing the number
of vehicles removed from pedestrian crossings by the value of the arithmetic mean and
multiplied with 100, in order to obtain the mentioned value in %. Figure 1 and Figure 2
have been obtained on the basis of the mentioned table.
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Figure 1. Temporal distribution of the number of vehicles removed from pedestrian crossings in
Belgrade, per months in 2014

Figure 2. Temporal distribution of the number of vehicles removed from pedestrian crossings and
seasonal index of the number of removed vehicles from pedestrian crossings in Belgrade, per
months in 2014

Based on the data in Table 1 and Figures 1 and 2, the seasonal variability of vehicles
removed from pedestrian crossings has been calculated (Table 2).

148

10th Jubilee International Conference
„Road Safety in Local Community“, Serbia, Kragujevac, 22–25 April

Table 2. Seasonal variability of vehicles removed from pedestrian crossings in Belgrade, per
months in 2014

Values necessary for
determining the
variation span and
grading

Season

Lower
bound

Upper
bound

MAX

226

„Live“
season

179

226

MIN

79

„Medium”
season

129

178

Variation span

147

„Dead“
season

0

128

Months
February, November,
December
January, March, June,
July, August,
September, October
April,
May

Bound width
49
On the other hand, the arithmetic mean of the number of vehicles removed from
intersections in Belgrade, per months in 2014, amounts to 28,33/per month (with an
acceptable standard deviation, where the variation span is 26). Based on that value, the
seasonal index value of the number of vehicles removed from intersections has been
calculated for each month in 2014, in the same way as it is calculated for the number of
vehicles removed from pedestrian crossings.
Table 3. Number of vehicles removed from intersections and index of the number of vehicles
removed from intersections, per months, in 2014

Seasonal index
Number of
of the number
vehicles
Months in 2014
of vehicles
removed from
removed from
intersections
intersections
January
17
60
February
29
102,3529
March
29
102,3529
April
19
67,05882
May
25
88,23529
June
31
109,4118
July
26
91,76471
August
25
88,23529
September
29
102,3529
October
27
95,29412
November
43
151,7647
December
40
141,1765
Standard
Arithmetic mean
28,33333
deviation
MIN
17
MAX
43
Variation span
26

7,098513

Cv%

25,05358
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Using the previous table, the Figure 3 has been made showing the temporal distribution
of the number of vehicles removed from intersections in Belgrade, per months in 2014.
The figure also contains main statistical features in the form of a function and coefficient
of determination.

Figure 3. Temporal distribution of the number of vehicles removed from intersections in Belgrade,
per months in 2014

The previous figure is followed by the one showing the temporal distribution of the
number of vehicles removed from intersections in Belgrade, per months in 2014. After
that, a seasonal variability of vehicles removed from pedestrian crossings in Belgrade, per
months in 2014 (Table 4), has been calculated on the basis of data from Table 3 and
Figures 3 and 4.

150

10th Jubilee International Conference
„Road Safety in Local Community“, Serbia, Kragujevac, 22–25 April

Figure 4. Temporal distribution of the number of vehicles removed from intersections and the
seasonal index of the number of vehicles removed from intersections in Belgrade,
per months in 2014
Table 4. Seasonal variability of vehicles removed from pedestrian crossings in Belgrade,
per months in 2014

Values necessary for
determining the variation
span and grading

Season

Lower
bound

Upper
bound

MAX

43

„Live“ season

34,36

43

MIN

17

„Medium”
season

25,68

34,35

Variation span

26

„Dead“
season

0

25,67

Bound width

8,67

Months
November,
December
February,
March, June,
July,
September,
October
January,
April, May,
August

As there are no completely identical results of measured seasonal variation indicators
(number of vehicles removed from pedestrian crossings and intersections), in Belgrade,
per months in 2014, it will be necessary to make a consolidated analysis of the mentioned
variations. This analysis will be justified since there is a very high correlation of the
number of removed vehicles in given circumstances (r =0,63244). Therefore, the data from
the following table will be analyzed.
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Table 5. Number of vehicles removed from pedestrian crossings and intersections in Belgrade,
per months in 2014

Months in
2014

January
February
March
April
May
June
July
August
September
October
November
December
Total
Mean values
(А+B)

Number of
vehicles
removed
from
pedestrian
crossings (А)

Number of
vehicles
removed
from
intersections
(B)

Number of
vehicles
removed from
pedestrian
crossings and
intersections
(А+B)

184
206
168
100
79
147
140
163
159
171
226
225
1968
Arithmetic
mean
192,3333

17
29
29
19
25
31
26
25
29
27
43
40
340
Standard
deviation
47,63111

201
235
197
119
104
178
166
188
188
198
269
265
2308

Seasonal
index of the
number of
vehicles
removed
from
pedestrian
crossings and
intersections
104,5061
122,1837
102,4263
61,87175
54,07279
92,54766
86,30849
97,74697
97,74697
102,9463
139,8614
137,7816

Cv%
24,76487

Table 6. Seasonal variability of vehicles removed from pedestrian crossings and intersections in
Belgrade, per months in 2014

Values necessary for
determining the variation
span and grading

Season

Lower
bound

Upper
bound

MAX

269

„Live“
season

216

269

MIN

104

„Medium”
season

160

215

Variation span

165

„Dead“
season

0

159

Bound width

55
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Months
February,
November,
December
January,
March, June,
July,
August,
September,
October
April,
May
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In order to determine the seasonable variability of the observed activity, on the basis
of the previous table, it will be necessary to grade the collected data. It will be reasonable
to make it in three classes, because there are only 12 values per variable. To that end, Table
6 is given below.
Apart from Table 6 which relates to the seasonal variability of vehicles removed from
pedestrian crossings and intersections in Belgrade, per moths in 2014, it is possible to
derive a graphical display of the temporal distribution of the number of vehicles removed
from pedestrian crossings and intersections in Belgrade, per months in 2014 (Figure 5).

Figure 5. Temporal distribution of the number of vehicles removed from pedestrian crossings and
intersections in Belgrade, per months in 2014

4.

DISCUSSION

Based on derived data, it is possible to conclude that performance of road safety tasks
also include a seasonable variability of removing vehicles that are improperly parked on
pedestrian crossings and intersections. Hence, the season is divided into "live", "medium"
153

Dane Subošić
SEASONAL VARIABILITY OF REMOVING IMPROPERLY PARKED VEHICLES

and "dead" season. Each season includes certain months of the year, on the basis of which
it is possible to provide better management of human and material resources of the two
authorities - Traffic Police Administration of the City of Belgrade Police Administration
and the Public Utility Company „Parking Service”, than it is the case without the use of
the mentioned findings. This is particularly important when it comes to determining the
work and rest schedule of police officers and employees of the PCU PS, and the
maintenance of tangible assets of the PUC PS. Applied results of the findings lead to better
appraisal of standards according to which a driver must not stop or park his/her vehicle at
the place where it would endanger the safety of other road users or pose an obstacle to a
normal traffic flow, including the movement of pedestrians, which otherwise may be
sanctioned by removing the vehicle upon the order of a police officer, at the expense of
vehicle owner.
5.

CONCLUSION

The study has confirmed the general hypothesis which states that, when performing
road safety work, there is a seasonal variability in removing vehicles that are improperly
parked on pedestrian crossings and in intersections. The application of this result will
enable the optimization of managing Traffic Police and Parking Service resources, as
stated in the discussion. Directions for future research in this area relate to the expansion
of data sources to the: (1) removal of improperly parked vehicles in Belgrade, on other
grounds, (2) organizational Traffic Police Units and local self-government bodies outside
Belgrade, and (3) the results of foreign research studies. In addition, future research on
this topic should include situational factors, such as emergency situations and other
circumstances of importance for the cooperation of the Traffic Police and Parking Service.
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VEHICLE SPEED IN THREE SCHOOL ZONES IN BELGRADE
Miladin Nešić 1, Miroslav Rosić 2, Filip Filipović 3, Tijana Ivanišević 4
Abstract: Safety of children in road traffic is among the most sensitive issues and challenges for all
engineers involved in road safety. In fact, children are road users who very often behave in a careless,
reckless, insufficiently trained manner. On the other hand, speed is one of the most frequent
circumstances of road accidents, but also a significant factor influencing the severity of
consequences of road crashes. Therefore, legal acts have defined particular obligations of drivers in
school zones which, among other things, also concern vehicle speed. The legislation governing
school zones, as well as the analysis of values of road safety performance indicators related to
vehicle speed, measured in three school zones in Belgrade, are analyzed in this paper. Apart from
the analysis of values of vehicle speed indicators, the paper contains the evaluation of different levels
of traffic equipment in the school zones in question (psychical obstacles, types of traffic
signalization, etc.). The results of this work are the measures intended for improvement of road
safety by influencing vehicle speed in school zones.
Keywords: speed, school, zone, road safety, Belgrade

1.

INTRODUCTION

Safety of children in traffic has always been on the agenda. Research studies carried
out worldwide have shown that the ability of children aged up to 10 years to control their
decision making is still immature, which has a direct consequence on their ability in terms
of finding a safe place to cross the road and assessing vehicle speed and distance.
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The number of killed children-pedestrians aged up to 14 years has been decreasing in
the Republic of Serbia in the last 10 years. This trend has been a bit intense in the last four
years. On the level of the Republic of Serbia, children are most often killed as passengers,
i.e. in 46% of cases, while the percentage of children participating in road traffic as
pedestrians and bicyclists is 27% each (Road Safety Agency, 2014). However, the number
of injured children, in the same period, has not changed significantly.
Efforts for safer participation of children in road traffic have been always present,
especially when locations and time periods with a larger concentration of children as road
users are concerned. Therefore, constant efforts have been made in arranging particular
conditions in the vicinity of schools in order to improve protection of pedestrians. From
the point of view of drivers, vehicle speed is an influencing factor responsible for road
safety in school zones, among other factors. The legislation of the Republic of Serbia has
recognized the significance of this influence in its Road Safety Law, and has, in
compliance with the European standards, provided for a definition of “school zones”
which is, before all, characterized as proper marking and posting of speed limits in
accordance with the requirements for protection of children pedestrians. Speed is, for sure,
one of the recommended areas for which basic road safety performance indicators must
be defined (ETSC, 2001; SafetyNET, 2005), given its high correlation with the expected
number of road accidents and their consequences.
The objective of this study is to record main road safety indicators related to vehicle
speed near schools without “school zones” in order to compare the results thus obtained
with the results obtained after such “school zones” have been introduced. The objective of
the study is to identify the differences in these indicators depending on vehicle category,
vehicle class, driving directions and research locations. Vehicle speed is measured in the
vicinity of three different elementary schools in Belgrade, according to a specially defined
research methodology.
2.

LITERARY REVIEW

The study carried out by Lazic (2003) in Saskatoon, the largest city of the Canadian
province Saskatchewan, has shown that the reduction of vehicle speed limit from 50 km/h
to 30 km/h in school zones resulted in the 85th percentile speed, i.e. from 54 km/h to 44
km/h, while majority of drivers (about 55%) continued to drive at the speed limit of 30-40
km/h. The increase in vehicle speed dispersion has been also recorded. After the change
has been made, 23% of drivers drove in accordance with the new speed limit. There was
a decrease of daily traffic flow by 13%, which means that a significant number of drivers
found an alternative route. However, although these implemented measures did not
influence considerably the reduction in vehicle speed limit, one of the conclusions of this
study is that by implementing such a measure, drivers became more aware of risks in the
school zone, which can finally increase their caution and shorten the time of reaction in
case of a danger. The final conclusion of this study is that reduction of speed limit by 10
km/h does not necessarily yield considerable effects, i.e. does not guarantee a desired
change in driving speed.
Hawkins (1993) analyzed school zones in Des Moines, the largest city in the state of
Iowa (USA). There are roads in the vicinity of these school zones whose posted speed
limit is higher than the speed limit in the zone itself (40 km/h) and where there are road
signs at the entry into the zone, indicating speed limit with two flashing lights which
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worked only during the school’s working hours. With the implementation of the signaling
system, the average speed was reduced by 9,3% (about 4,7 km/h) in the first month, and
by 7%, after a year-long application. Although driving speed was reduced by 10%, the
significant influence of such a signaling system on drivers was obvious, especially when
compared to the standard fixed road signs and markings, which are less conspicuous.
Charlie Saibel et al. (1996) also found out the potential of introducing the traffic signal
lights into school zones. Although some 50% in this work drove in compliance with the
posted speed limit of 20 mph (32 km/h), the most important finding is that 12-13% of
vehicles drove at the speed of over 55 km/h, as well as at 4-5% higher speed than 64 km/h.
Higher speed was recorded in school zones with higher speed limits, while lower speed
was observed in school zones in residential areas, where less than 5% of vehicles exceeded
the speed of 56 km/h. Road signs and markings with flashing lights proved to be the most
effective speed reduction measure, with the speed limits reduced by 8-11 km/h, when
compared to the schools with ordinary road signs and markings. Such an impact on driving
speed in school zones has been assessed as highly significant in terms of a potential for
reducing severity of consequences.
The study on the influence of speed bumps on driving behavior (Antić et al, 2013:311)
has shown that such measures can have an impact on reducing driving speed, which has
as a result a significant contribution to pedestrian safety. Antić et al. (2013) proved that
there was a significant statistical difference in the reduction of vehicle speed, depending
on the height of a physical obstacle on the road. In other words, vehicle speed decreases
with the increase in height of a physical device whose intention is to slow down the vehicle
flow. Before installing the 5 cm high speed bumps at a given location, the 85th percentile
speed was 57 km/h in one direction, and 67 km/h in the other direction. After the speed
bumps have been installed, the speed was around 40 km/h, which represented a 3 times
less risk of fatal outcome for pedestrians. With the application of these 3 cm high speed
bumps, the 50th percentile speed was reduced to some 40 km/h, which is a reduction of
13%. Also, the application of the 5 cm high speed bumps has lead to the reduction of the
50th percentile speed to 35 km/h (30% reduction). Finally, and quite expectedly, the
location on which a 7 cm high speed bump was placed performed the best since the 50th
percentile speed was reduced to 35%, i.e. 30 km/h.
The implementation of various speed reduction measures leads to different levels of
influence on driving behavior. It has been shown that putting in place speed bumps and
flashing lights at the entrance of school zones has had outstanding effects. Reducing the
speed limit alone does not necessarily influence the decrease in driving speed, but leads to
the increase in speed dispersion, which is in fact an undesired outcome, from the point of
view of road safety.
3.

RESEARCH METHODOLOGY

The research was conducted in the vicinity of three different elementary schools on the
territory of the city of Belgrade. It is worth mentioning that none of the observed schools
was marked by a road sign “School zone” (the III-28 type of sign according to the
Regulations on Road Signs and Markings, Article 26, item 29), which means that the legal
requirements for categorizing the vicinity near school as a “School zone” were not met.
The vicinity of a school in terms of this work understands the narrow space of the road
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near the elementary school, i.e. the part of the road where the main school entrance/exit is
located.
The survey was carried out in March and April of 2014, from 10:00 to 15:00 hours, in
the vicinity of the following elementary schools (Figure 1):
• ES „Slobodan Maslesa“ (City municipality of Vozdovac) – 13 March, 2014
(10:00-15:00 h),
• ES „Pavle Savic“ (City municipality of Zvezdara) – 18-20 March, 2014
(10:00-15:30 h),
• ES „Banovic Strahinja” (City municipality of Cukarica) – 23/24 April, 2014
(10:00 – 15:00 h).

Figure 1. Display of the location and vicinity of the three observed elementary schools

Speed measurement was made using the manual speedometer, based on Doppler’s
effect. Speed measurement was accompanied by video recordings, which enabled the
surveyors to enter the speeds measured on the spot after the measuring process had been
done, i.e. using the analysis of the recorded video material. Video recording which were
4-7 hours long (depending on traffic flow) were collected for each of the observed
locations, during one or more work days, i.e. during the time needed to make the speed
measurement of a minimum of 250 vehicles, in each direction of recording.
The survey was made in conditions of “free traffic flow” which understood that the
measured vehicle speed was not interrupted or conditioned by the movement of other
vehicles. Therefore, the free traffic flow in this survey understands all the conditions in
which vehicle flow in one traffic lane amounts to 600 vehicles per hour. The following
criteria have been applied in the process of collecting speed data:
• When the vehicle speed oscillated during the measurement (vehicles were
accelerating or decelerating), the highest measured speed was entered into the
database.
• If two or more vehicles were moving one behind another, at the distance of
less than 5 seconds, only the speed of the first vehicle was recorded, while
other vehicles were recorded as skipped vehicles.
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In “complex” situations, when in a group of vehicles the speed could not have
been allocated to each individual vehicle (overlapping of vehicles from
opposite directions), the speed was not read for the whole group, and these
vehicles were defined as skipped vehicles.
• If vehicles stopped or slowed down considerably in the recording zone, in
order to let the pedestrian cross the road, or let other vehicle enter the road
from the parking lot, etc. such vehicles were defined as skipped vehicles,
unless they slowed down due to a speed bump on the road (“sleeping
policeman” or “platform”).
• If the vehicle speed was not read for other justified reasons (impossibility to
read the speed on the speedometer), such vehicles were defined as skipped
vehicles.
In addition to the measured speed, the following data were recorded in the database for
each vehicle: day of survey, driving direction, vehicle class (assessed vehicle value),
driver’s gender, driver’s age and vehicle capacity. Vehicles are divided into following
categories: Passenger cars (8+1 seats); Motorcycles; Buses; Light commercial vehicles
(up to the maximum allowed mass of 7,5 tons); Heavy goods vehicles (over the maximum
allowed mass of 7,5 tons).
The speed was not measured in conditions of bad weather (rain, snow …) or in other
situations which were likely to affect driving behavior in survey zones (big migrations of
the population during the holidays or a road accident).
Main limitation of the survey concerns technical abilities of the speed measurement
device which could not be used for reliable measurement of speed of vehicles overlapping
in the cadre, i.e. in the speed measurement zone.
The posted speed on the observed locations is limited to 40 km/h. Vehicles speeds for
novice drivers are not marked separately, which makes another limitation of this research,
since this category of drivers must not travel at speeds higher than 90% of the posted speed
on this part of the road (Road Safety Law (RSL), Article 182).
•

3.1.

Characteristic features of vicinities of the observed elementary schools

The schoolyard of the ES “Veselin Maslesa” had at the time of survey three gates
looking at Kumodraska Street, out of which two were positioned at the front and back end
of the schoolyard, as seen from Kumodraska Street. Both gates had protective fences.
However, there was the third gate between these two, intended for the employees’ cars.
For that reason, the protective fence was broken to a great extent in the area of this gate,
and consequently in the wider middle part of the schoolyard. This provided a possibility
for children to cross the street smoothly at the place where it is not allowed or for the
drivers to park their cars at this part of the lane. In addition, a signalized pedestrian
crossing was located near one of the gates and is properly “positioned” in relation to the
gate (to the left side, as seen from the back end). “Sleeping policemen” were put in place
immediately in front of and behind this pedestrian crossing. The access road to the school
was at the time of the survey marked with the horizontal and vertical signs and markings.
The following road signs and markings were placed immediately in front of and behind
the entrance to the schoolyard: “Speed limit” sign (II-30), indicating the speed limit of 40
km/h, “Children on the road” sign (I-15), indicating the vicinity of the road with children
moving more often and in larger numbers (vicinity of school, pre-school building,
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playground, etc.) and the sign which, according to the previous Regulations on road signs
and markings meant “Children on the road” (III-66) and which indicated the location in
whose vicinity were the school and the pedestrian crossing used by children. The nearby
street had a slight longitudinal slope of 2%, while there was a pavement provided on both
sides of the carriageway, within the intersection zone.
Koste Nadj Street is a dual carriageway in the vicinity of the ES “Pavle Savic”. There
is a signalized intersection (junction with the Semjuel Beket Street) at about 50 m from
the front end of the schoolyard. The footpath is going along the school, at a distance of 5
m from the edge of the carriageway. The footpath is protected by a fence within the zone
of entrance to/exit from the schoolyard. The following road signs are put in place in the
front of and behind the school area: “Speed limit” sign (II-30), indicating the speed limit
of 40 km/h, “Children on the road” sign (I-15), indicating the vicinity of the road with
children moving more often and in larger numbers and the sign which, according to the
previous Regulations on road signs and markings meant “Children on the road” (III-66),
which indicated the nearby location, with the school and pedestrian crossing used by
children. There is a pedestrian crossing near the schoolyard entrance, which is not
“reduced” properly in relation to the entrance/exit. This pedestrian crossing is protected
by a “sleeping policeman” only on one side. The street has a slight longitudinal slope of
2% near the school.
Kneza Viseslava Street is a dual carriageway in the vicinity of the ES “Banovic
Strahinja”. The following road signs and markings are placed in front of and behind the
school area: “Speed limit” sign (II-30), indicating the speed limit of 40 km/h, “Children
on the road” sign (I-15), indicating the vicinity of the road with children moving more
frequently and in larger numbers and the sign which, according to the previous
Regulations on road signs and markings, meant “Children on the road” (III-66), indicating
the nearby location, with the school and pedestrian crossing often used by children. Two
junctions of type “T” with the side streets are located in the vicinity of the school, where
one of them (Radovana Dragovica Street) is stretching along the school, without any
signalized pedestrian crossing, even though it crosses the pavement which is stretching
along the schoolyard. There is a signalized pedestrian crossing at about 20 m from the
schoolyard gate, across Kneza Viseslava Street, which is secured by “sleeping policemen”
on both sides. The most important feature of this area is the longitudinal slope of the
roadway of about 8%.
4.

RESULTS AND DISCUSSION

Road safety indicators discussed in this work include:
• Average vehicle speed,
• 85th percentile speed,
• Standard deviation from vehicle speed,
• Percentage of speed violators,
• Percentage of exceeded speed by more than 10 km/h,
• Average speed of vehicles that exceeded the posted speed limit.
It is important to mention that the lower values of displayed indicators are more
favorable, from the point of view of road safety.
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The average speed of all vehicles included in the survey is 31,1 km/h, which is some
9 km/h below the posted speed limit, i.e. 78% of the limit. However, the value of the 85th
percentile speed is 39 km/h, which is only 1 km/h below the limit, while the speed of the
remaining 15% of vehicle is about 44 km/h on an average. Out of the total number of
drivers, 11,8% are driving above the speed limit, and 10,4 % exceed the posted speed by
up to 10 km/h, when taking into account all the drivers, i.e. 88% of those who are driving
above the speed limit. The average speed of the violators is about 45 km/h, while the
average speed of vehicles observing the speed limit is 29 km/h, which is 22% lower than
the speed limit. The maximum recorded speed is 64 km/h, which represents the offence
for which a fine is prescribed, amounting from 6 to 20 thousand RSD (RSL, Article 332,
item 85), 4 penalty points (RSL, Article 335, item 72), and prohibition from driving for at
least two months (RSL, Article 338, item 45). The minimum recorded speed in the whole
survey is 10 km/h.
Table 1. Speed indicators for various vehicle categories
MOT
33,4

PC
31,4

BUS
27,5

LCV
31,4

HGV
26,1

ALL

85th percentile speed (km/h)

42,5

39,0

32,1

40,0

33,3

39,0

Standard deviation from vehicle speed (km/h)

9,5
18,2

8,5
12,3

5,1
0,0

8,4
14,0

8,1
3,8

11,8

Percentage of exceeded speed limit of up to 10 km/h (%)

18,2

10,8

0,0

12,8

3,8

10,4

Average speed of speed limit offenders (km/h)

47,0

44,2

/

43,8

43,0

44,2

Vehicle category
Average vehicle driving speed (km/h)

Percentage of speed limit offenders (%)

31,1
8,4

All the observed categories were moving averagely in compliance with the speed limit
of 40 km/h. The highest average speed was found in the category of motorcycles. The
average speed of passenger cars (PC) and light commercial vehicles (LCV) is equal, i.e.
31,4 km/h, and the value of the 85th percentile speed of passenger cars is 1 km/h lower
than the posted speed limit, while it is exactly 40 km/h for the LCV. The value of the 85th
percentile speed of motorcycles is 2,5 km/h above the posted speed limit, while it is about
18% lower for the buses (BUS) and heavy goods vehicles (HGV). The highest standard
deviation is recorded in the category of motorcycles (9,5 km/h), and the lowest in the
category of buses (5,1 km/h). This indicator is similar in value in the categories of
passenger cars and light commercial vehicles (8,5 and 8,4 km/h, respectively). The
percentage of offenders of up to 10 km/h is somewhat higher with the light commercial
vehicles (14 %) than with the passenger cars (12,3%), while this percentage is somewhat
higher with the category of motorcycles. Buses have not exceeded the speed limit in any
of the observed areas.
Table 2. Vehicle speed indicators according to the location
Location
Average vehicle driving speed (km/h)
85th percentile speed (km/h)
Standard deviation from vehicle speed (km/h)
Percentage of speed limit offenders (%)
Percentage of exceeded speed limit of up to 10 km/h (%)
Average speed of speed limit offenders (km/h)

ES "Veselin
Maslesa"
32,0
38,0
7,0
10,5
8,5
45,8

ES "Pavle
Savic"
27,3
38,0
10,0
10,5
9,7
44,9

ES "Banovic
Strahinja"
34,7
40,0
5,7
14,8
13,6
44,1
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The analysis of indicators per surveyed areas shows that the average vehicle speed in
all three observed areas is below the posted speed limit (Table 2). The value of the 85th
percentile speed is identical with the elementary schools “Veselin Maslesa” and “Pavle
Savic” (38 km/h), while the equal values of average speeds of those who offended the
speed limit is present in the results of the elementary schools “Veselin Maslesa” and
“Banovic Strahinja” (36,6%). The difference between the locations is observed in terms
of a standard deviation, where the least favorable situation is in the vicinity of the school
“Pavle Savic”, with the calculated biggest deviation of (10 km/h). The least deviation is
recorded in the area of the elementary school “Banovic Strahinja” (5,7 km/h). As for the
percentage of speed limit of those offending posted speed limits, the highest exceeded
speed is recorded in the area of the school “Banovic Strahinja”, while two other schools
account for the same percentage of exceeded speed (10,5 km/h). The percentage of
exceeded speed of up to 10 km/h is 8,5% in the area of the ES “Veselin Maslesa”, 9,7%
near the ES “Pavle Savic” and 13,6% at the ES “Banovic Strahinja”.
50%
45%

Percent (%)

40%
35%
30%
25%
20%
15%
10%
5%
0%

>14

15-19

20-24

Direction to the school
Direction off the school
ES “Veselin Maslesa”

25-29

30-34

35-39

40-44

Direction off the school
Direction to the school
ES “Pavle Savic”

45-49

50-54
55-59
>60
Vehicle speed classes
Direction to the school
Direction off the school
ES “Banovic Strahinja”

Figure 2. Distribution of measured driving speeds for both driving directions,
per surveyed elementary schools

The most favorable conditions from the aspect of vehicle driving speed distribution are
recorded in the area of the elementary school “Banovic Strahinja”. In fact, the distribution
of speeds measured near this school has the least dispersion of speeds. Also, the positive
aspect includes the fact that distribution curves per directions overlap to a great extent.
This is confirmed by the Kruskal-Wallis test, which helped examine the difference in
speeds per directions (direction off the school, n=250; direction to the school, n=250),
𝜒𝜒 2 (2, 𝑛𝑛 = 500) = 0,127, 𝑝𝑝 = 0,721). Based on this test, it was concluded that there is
no significant statistical difference between these directions in terms of measured speed.
The same test is used for the other two areas. It was found out that there was a significant
statistical difference in speed per directions, which is noticed when interpreting the
distribution curves of measured speeds (Figure 2).
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Van and
LCV

HGV

BUS

Percentage of speed limit offenders (%)
Percentage of exceeded speed limit of up to 10
km/h (%)
Average speed of speed limit offenders (km/h)

over
15.000 €

Average vehicle speed (km/h)
85th percentile speed (km/h)
Standard deviation of vehicle speed (km/h)

5.00015.000 €

Vehicle class

<5.000 €

Table 3. Speed indicators for various vehicle classes

30,5
38,0
8,4
10,8

34,6
41,8
8,1
18,6

33,6
40,1
7,7
14,8

31,3
40,0
8,4
13,5

25,8
33,4
8,1
4,0

27,5
32,1
5,1
0,0

10,0

14,1

13,0

12,4

4,0

0,0

44,4

46,3

45,3

44,3

43,0

/

According to the expectations, the highest value of average speed is made by passenger
cars from the medium and higher class (Table 3). Vehicles in the 5.000-15.000 € class
have the highest value of average speed (34,6 km/h). The average speed of vehicles over
15.000 € is 13,5% lower than the speed limit, i.e. 1 km/h slower than the previous class.
The values of the 85th percentile speed in the second class of passenger cars (5.000-15.000
€) are higher by 1,8 km/h than the posted speed limit. As for the third class of passenger
cars and the van and LCV class, the 85th percentile speeds are almost the same as the
posted speed limit. The percentage of exceeded speed limit for the second and third class
of passenger cars, and for the class of “Vans and LCV” is above the average (11,8%). The
highest percentage of exceeded speed limit of up to 10 km/h is observed in the second
class of passenger cars, where the average speed of these vehicles is about 45 km/h.
5.

CONCLUSION

According to the modern concept of road safety, achieving effective results for the
society as a whole largely depends on the implementation of proactive measures.
Therefore, in terms of this work, it is on local communities to permanently monitor and
analyze the situation in order to detect the problem elements occurring near schools in
their areas.
The results of this study have shown significant differences in certain speed related
indicators among the observed categories and locations. On the other hand, the values of
some indicators for various categories or locations are the same or even approximate. In
fact, in terms of vehicle category, a significantly high value of the 85th percentile of
measured speed of motorcycles, light commercial vehicles and passenger cars has been
found out, as well as a significantly high average speed of motorcyclists riding above the
posted speed limit. Comparing the speed per locations, a significant closeness between the
elementary schools "Veselin Masleša" and "Pavle Savic" has been determined, with regard
to the value of the 85th percentile speed and the percentage of exceeded speed limit.
Furthermore, a significant statistical difference in speeds per driving directions for the
elementary schools "Veselin Masleša" and "Pavle Savic" has been also identified, with a
high rate of dispersion of speed in each driving direction, which is not in compliance with
the road safety requirements. Presented results can serve as a starting point for more
detailed analyses, planning and undertaking of proper countermeasures.
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Recommendations regarding future research relate to the further monitoring of speed
indicators in the vicinity of schools and making a correlation of these indicators with road
equipment, especially when it comes to the labeling of school zones according to the Road
Safety Law. The effects of introducing school zones will be achieved in this way and
needs for implementing other measures also taken into consideration.
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