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Abstract: This paper analyses traffi  c accidents involving cyclists that occurred within the territory of the 
city of Belgrade over the period of fi ve years from 2009. to 2013. year, as well as survey of aƫ  tudes and 
behaviour of cyclists and use of protecƟ ve equipment. Based on observed staƟ sƟ cal data, subjecƟ ve 
and objecƟ ve risk, we defi ned a proposal of measures to improve the safety of this vulnerable category 
of traffi  c parƟ cipants.
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INTRODUCTION
Cities have largely become unsuitable for riding 

a bicycle. This is due to increasing intensity and speed 
of motor vehicles and traffi c infrastructure that has for 
years been built exclusively for motor vehicles. The issue 
of pedestrian safety has so far been resolved by separat-
ing pedestrians from the rest of the traffi c and by im-
proving pedestrian crossings. Cyclists have mostly been 
left out in this process [1].

Safety is an important factor that infl uences the de-
velopment of bicycle traffi c. If there is no suitable infra-
structure and if there are no conditions improving their 
safety, cyclists can be endangered in traffi c, fi rst and fore-
most by a large number of motor vehicles. Due to large 
difference in mass and speed they feel unprotected if 
they move on the same surface as motor vehicles. Safety 
of cyclists in a city is a basic precondition for expanding 
cycling traffi c and its promotion as an everyday mode of 
transport. Cycling traffi c in a city can be a replacement 
for car travel. Experience in numerous European cities 
have shown that by improving cycling traffi c conditions 
the number of cyclists and bicycle travel is signifi cantly 
increased [2].

Danger for cyclists in traffi c, along with insuffi cient 
protection compared to other participants in the traffi c 
(lack of adequate and suitable traffi c infrastructure, busy 
existing traffi c infrastructure, improper education, etc.), 
can also be observed from the aspect of specifi c behaviour 
of cyclists themselves. Because of their heterogeneous 
structure in terms of age, physical and mental capabili-
ties to participate in traffi c, level of traffi c culture and the 
fact that by engaging in traffi c, regardless of their traffi c 

education, they become equal participants in traffi c with 
others, most of all with motor vehicles, the cyclists are 
more exposed to risk of fatal or severe injuries in traffi c 
accidents [3]. Also, there are no medical requirements for 
cyclists or tests of their traffi c training, i.e. whether they 
are familiar with necessary traffi c regulations and signs, 
or whether they have the necessary skill to ride the bi-
cycle [4]. Bearing all this in mind, cyclists, as a vulnerable 
category of participants in traffi c need to be given special 
attention, considering their specifi c movement and need 
to provide adequate and suitable infrastructure.

Cyclists in Belgrade face a number of diffi culties. 
First, there is no adequate infrastructure that would an-
swer the needs of cyclists and make cycling a safe and 
attractive activity. Second issue is the lack of respect and 
tolerance of drivers, as well as pedestrians who do not 
obey the traffi c rules and endanger themselves as well as 
the other participants in traffi c.

The subject of research includes the problem of 
endangered cyclist’s safety with concrete examples and 
possibility to improve the safety of cyclists in Belgrade 
by implementing protection measures for cyclists. The 
research involved fi eld visits, records of locations, pho-
tographs of locations and “problems” for safety of cy-
clists. The subject of research also is the analysis of traffi c 
accidents with cyclists that occurred within the territory 
of the City of Belgrade over the period of fi ve years from 
2009. to 2013. year, as well as survey of attitudes and be-
haviour of cyclists and use of protective equipment.

The aim of the research is to, based on results of 
survey on attitudes and behaviour of cyclists on traffi c 
safety and based on results of analysis of traffi c acci-
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dents, reach the most accurate data that would be used 
to accurately defi ne problems in traffi c safety of cyclists 
within the territory of the city of Belgrade.

RESEARCH METHODOLOGY

Cyclist’s safety in traffi c within the territory of Bel-
grade has been analysed from several aspects by using 
three different research methods. The aim of using dif-
ferent research methods is to get more reliable results 
from different aspects in order to better recognize the 
problems of cyclists’ vulnerability in traffi c and defi ne 
measures for improving the safety of this vulnerable cat-
egory of traffi c participants.

The fi rst method used in this research is a statisti-
cal method of analysis of traffi c accidents with cyclists 
that occurred within the territory of the City of Belgrade 
in the fi ve-year period from 2009. to 2013. year. During 
data processing the following characteristics of the traffi c 
accidents were reviewed, i.e. the traffi c accidents were 
analysed according to: total number and consequences, 
time characteristics (monthly distribution, daily distri-
bution, hourly distribution over a day, hourly distribu-
tion over a week and hourly distribution over a month), 
types, causes and place they occurred. The aim of using 
this research method is to perform a statistical analysis 
of traffi c accidents which will be a basis for taking man-
agement measures to decrease the frequency and conse-
quences of traffi c accidents involving cyclists. Although 
the analysis of traffi c accidents is a retroactive approach 
to analysing the problem of traffi c safety, it represents an 
important analysis, because in order to probably estab-
lish adequate measures for preventing traffi c accidents 
it is fi rst necessary to view and analyse samples and cir-
cumstances under which those accidents occur.

The second method is survey research of attitudes 
and behaviour of cyclists within the territory of the city 
of Belgrade as well as the use of protective equipment. 
The survey was conducted from 1 to 22 August, 2014. 
year from 8 am to 7 pm at ten locations within the ter-
ritory of the city of Belgrade, on a sample of total 320 
cyclists. The respondents were members of Belgrade cy-
cling clubs, professional cyclists, but also amateurs who 
cycle every day for recreational or some other purposes. 
The survey form had 15 questions, 10 of them of closed 
type, while 5 were of open type. The concept of the sur-
vey form was such that it led respondents to give con-
crete answers, based on which one can get quality per-
ception of their view of the issue of cycling traffi c in the 
city of Belgrade. A special attention was given to the set 
of questions referring to the safety of cyclists and where 
they were expected to point out concrete problems (situ-
ations) in traffi c, and point out direct locations or parts 
of the road for which the surveyed cyclists thought to be 
“dangerous”. The survey was divided into two parts. In 

the fi rst part of the survey there were questions dedicat-
ed to overview of general data on the surveyed cyclists, 
such as gender, age, how many years had they been rid-
ing the bicycle, during which part of the day, for what 
purpose, which streets they usually ride through and 
how much time a day they spend cycling. In the second 
part, the questions were predominantly aimed at over 
viewing the safety of surveyed cyclists in traffi c. In the 
second part the cyclists were asked to point out the most 
signifi cant risks in traffi c, and to rank them. During the 
development of questions a special attention was given 
to the attempt to acquire data on concrete types of risks 
and their location in the road network. In order to give a 
simple overview of the location with increased risks for 
cyclists, the survey form had a map of Belgrade where 
the surveyed cyclist would mark the locations with in-
creased risk. A database was prepared in order to anal-
yse and process the survey. The aim of this survey was to 
observe the attitude and knowledge of cyclists, as well as 
determining subjectively dangerous and unsafe behav-
iour in traffi c.

The third method was fi eld research, i.e. visiting 
the location of subjectively and objectively increased 
danger for cyclists in traffi c, which had been identifi ed 
in previous parts of the research. The conclusions re-
lated for the analysis of traffi c accidents involving cy-
clists and conclusions related to the analysis of cyclists 
attitude were used as a basis for choosing the locations. 
The behaviour of cyclists and drivers of motor vehicles 
was observed on these subjectively and objectively 
“dangerous” locations in order to determine the prob-
lems in road safety.

The limitations of this research were related to the 
readiness of the surveyed cyclists to cooperate in the 
survey as well as the accuracy and completeness of data 
on traffi c accidents that occurred within the territory of 
the City of Belgrade. The analysis is based on available 
data from the Common Information System of the Inte-
rior Ministry of the Republic of Serbia, so the quality and 
availability of data determines the quality of research.

RESULTS OF RESEARCH

Based on the statistical analysis of traffi c accidents 
involving cyclists, conducted survey as well as fi eld re-
search, done for this paper, there was an analysis of the 
current state of cyclist safety in traffi c within the territory 
of the city of Belgrade.

Analysis of traffi  c accidents involving cyclists
In the time period from 2009. to 2013. year there 

were 931 traffi c accidents involving cyclists within the 
territory of the city of Belgrade. From the total number of 
traffi c accidents that occurred most of them were with in-
jured persons (696 TAs – 75%), then the traffi c accidents 
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with material damages (208 TAs – 22%) and traffi c acci-
dents with fatalities (27 TAs – 3%).

The largest number of traffi c accidents with fatali-
ties was recorded in 2009 (10 TAs), followed by 2013 (7 
TAs), while the largest number of accidents with injured 
persons was recorded in 2012 (151 TAs). The number of 
traffi c accidents with injuries and the number of traffi c 
accidents with fatalities “varies” from year to year and 
there is no trend.

By analysing the data on time distribution of traffi c 
accidents according to months of the year, we can con-
clude that the months with the largest number of acci-
dents are August (150 TAs) and June (133 TAs), while 
the least number of accidents happened in January and 
February (18 TAs each). The largest number of traffi c 
accidents with fatalities was recorded in the months of 
August (5 TAs), May, July and December (4 TAs each), 
while the largest number of traffi c accidents with injuries 
were recorded in August (123 TAs). Increased number 
of traffi c accidents with fatalities in the months of May, 
July and August can be related to the weather conditions 
which are more favourable for large number of cyclists 
in traffi c.

By analysing the distribution of the total number of 
traffi c accidents over days of the week, the largest number 
happened on Fridays (152 TAs) and Saturdays (151 TAs). 
If we look at traffi c accidents with fatalities, the days with 
largest number of such accidents are Tuesdays (7 TAs), 
Mondays and Wednesdays (5 TAs each), while the larg-
est number of traffi c accidents with injuries happened on 
Saturdays (124 TAs).The analysis of the number of traffi c 
accidents with fatalities, injuries and material damages in-
dicates that, while defi ning preventive measures, but re-
pressive policy as well, we need to give a special attention 
to Mondays, Tuesdays and Wednesday.

Based on the distribution of traffi c accidents accord-
ing to hours of the day we can conclude that the number 
of traffi c accidents is rising from 5:01 am to 5:00 pm (546 
TAs), after which the number is decreasing. The number 
of fatalities is especially signifi cant in the time intervals 
from 5:01 pm to 6:00 pm and from 9:01 pm to 10:00 am 
(4 TAs each), and the time intervals from 2:01 pm to 3:00 
pm (3 TAs), while the number of TAs with injuries reach-
es its maximum from 6:01 pm to 7:00 pm with 60 TAs, 
and then the time intervals from 3:01 pm to 4:00 pm (56 
TAs) and 4:01 pm to 5:00 pm (55 TAs).

When we analyse traffi c accidents according to con-
sequences and hours during the week, we can see that 
the largest number of traffi c accidents with fatalities hap-
pened on Tuesday (7 TAs) between 5:01 pm and 6:00 pm 
(2 TAs), as well as in the following time periods: 1:01-
2:00 pm, 2:01-3:00 pm, 6:01-7:00 pm, 7:01-8:00 pm and 
9:01-10:00 pm (one TA each), while the largest number 
with injuries happened on Saturday (124 TAs) in the fol-
lowing time periods: 4:01-5:00 pm (14 TAs), 2:01-3:00 pm, 
3:01-4:00 pm, as well as 5:01-6:00 pm (12 TAs each).

By analysing the total number of traffi c accidents 
according to consequences and hours during the month 
we can see that the largest number of traffi c accidents 
with fatalities happened in August (5 TAs) in the follow-
ing time periods: 1:01-2:00 pm, 4:01-5:00 pm, 5:01-6:00 
pm, 9:01-10:00 pm and 10:01-11:00 pm (one TA each), as 
well as the largest number of TAs with injuries (123 TAs) 
in the following time intervals: 4:01-5:00 pm (13 TAs), 
8:01-9-00 pm (12 TAs), as well as in the time periods from 
2:01-3:00 pm and 6:01-7:00 pm (10 TAs).

Traffi c accidents involving cyclists with the territory 
of the city of Belgrade in most cases occur in straight line 
streets – without any narrowing (614 TAs), in junctions 
regulated by traffi c signs (122 TAs), in junctions regu-
lated by traffi c lights (65 TAs), as well as in straight roads 
with narrowing at the location of the traffi c accident (46 
TAs). The largest number of traffi c accidents with fatali-
ties (21 TAs), with injuries (456 TAs) and traffi c accidents 
with material damages (137 TAs) occurred on a straigth 
road, without any narrowing.

The most frequent types of traffi c accidents involv-
ing cyclists that occurred within the territory of the city 
of Belgrade in the time period from 2009. to 2013. year 
were “side crashes” (225 TAs), then “same direction 
driving crashes” (150 TAs), as well as “opposite direction 
driving crashes” (90 TAs). The largest number of traffi c 
accidents with fatalities (9 TAs) and traffi c accidents with 
material damages (62 TAs) happened with “collision of 
vehicles going in the same direction”, while the largest 
number of traffi c accidents with injuries (160 TAs) hap-
pened with “a side collision”.

The most frequent cause of traffi c accidents involv-
ing cyclists within the territory of the city of Belgrade is 
“other speed unsuitable to the conditions of the road and 
visibility” (129 TAs), then “performing other activities 
with the vehicle” (95 TAs), as well as “change of position 
or traffi c lane” (90 TAs). When analysing the causes of 
traffi c accidents we need to bear in mind that the data 
were taken from the database on traffi c accidents from the 
Ministry of Interior Affairs. The named causes represent 
circumstances under which a traffi c accident occurred. 
Although inaccurate and incomplete sample analysis, i.e. 
circumstances under which a traffi c accident occurred, 
can point out problems in the traffi c safety system. The 
most frequent cause of traffi c accidents with fatalities (7 
TAs) and traffi c accidents with injuries (94 TAs) is the 
“other speed unsuitable to the conditions of the road or 
visibility”, while the most frequent cause of traffi c ac-
cidents with material damages (45 TAs) is “unsuitable 
speed considering the distance between vehicles”.

By analysing the traffi c accidents according to the 
location they happened, we noted that the largest num-
ber of traffi c accidents involving cyclists happened on 
the following locations, i.e. streets:

• Ada Ciganlija (29 TAs with injured persons)
• Radnicka (17 TAs with injured persons)
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• Zrenjaninski Put (10 TAs with injured persons)
• Obrenovacki Drum (7 TAs with injured persons)
• Blvd Vojvode Misica (6 TAs with injured per-

sons)
• Blvd Mihajla Pupina (6 TAs with injured per-

sons)
• Blvd kralja Aleksandra, the section from the 

junction with Zarka Zrenjanin street to the junc-
tion with the Gospodar Vucic street (1 TA with 
fatality and 4 TAs with injuries);

• Blvd Oslobodjenja (5 TAs with injured persons);
• Savski Nasip (1 Ta with fatalities and 2 TAs with 

injuries);
• Prvomajska (3 TAs with injured persons)
• Usce (3 TAs with injured persons)
• Dr Ivana Ribara (3 TAs with injured persons);
• Blvd Mira (3 TAs with injured persons);
• Mirijevski Venac (3 TAs with injured persons);
• Pancevacki Put (3 TAs with injured persons);
• Glavna (1 TA with fatalities).
Based on the area division of traffi c accidents we can 

conclude that the largest number of traffi c accidents hap-
pened at, or near Ada Ciganlija, as well as within the ter-
ritory of the Municipality Novi Beograd. Basically, Ada 
Ciganlija is one of the leading places for recreation in the 
city of Belgrade, and as such attracts large number of cy-
clists, while the largest number of cycling tracks, about 46 
kilometres, is located in the Municipality Novi Beograd.

The junctions with the most traffi c accidents involv-
ing cyclists are:

• Gandijeva – Jurija Gagarina (4 TAs with injured 
persons);

• Roundabout at the Novi Beograd municipal 
building (3 TAs with injuries);

• Dr Ivana Ribara – Jurija Gagarina (3 TAs with 
injured persons);

• Blvd Oslobodjenja – Crnotravarska (3 TAs with 
injured persons);

• Partizanske Avijacije – Dragise Brasovana (2 
TAs with injured person persons);

• Omladinskih Brigada – Jurija Gagarina (2 TAs 
with injured persons);

• Radnicka - Pastroviceva (2 TAs with injured per-
sons);

• Kneza Milosa – Nemanjina (2 TAs with injured 
persons).

Results of cyclists survey
Out of total of 320 people who participated in the 

survey, 80% (256) were male, while 20% (64) were fe-
male. Most of them were from age 25 to 35 (42.81%), then 
age 35 to 45 (23.13%), from age 18 to 25 (16.25%), over 50 
(10.31%) and from age 45 to 50 (6.88%), while there were 
0.63% those under 18.

The third question was an open type and the re-
spondents had the opportunity to name more than one 

term when are they riding their bicycles during the day. 
The surveyed people stated that 50.31% of them ride the 
bicycle from 5:00 to 6:00 pm, 40.31% of them from 6:00 to 
7:00 pm, and 34.69% from 8:00 to 9:00 am. The results of 
this analysis indicated that the cyclists participate in traf-
fi c in rush hours, i.e. that the bicycle is used as a transport 
vehicle to work/home/school, but also for recreational 
purposes later in the day. All of this data indicates that 
the cyclist, during rush hour, move through same cor-
ridors as pedestrians and motor vehicles, and that a spe-
cial attention needs to be given to dividing these fl ows 
and decrease, i.e. channelling of the intersections.

The results of the fourth question indicated that 
most of the respondents in Belgrade use the bicycle for 
recreational activities (62.81%), followed by for going to 
work (42.50%), as well as for going shopping (16.25%). 
When analysing the answers provided in the survey we 
can see that very few of the people use the bicycle for 
riding to school/university (10.31%). Cycling has many 
advantages that these categories of young people can use 
if some conditions are met.

On the fi fth question 25.8% of the surveyed people 
responded that they had been using the bicycle up to 5 
years, then 17.31% of them from 5 to 10 years, 17.67% 
from 10 to 15, 13.43% of the surveyed people had been 
using the bicycle from 15 to 20 years, while 14.84% of 
them from 20 to 30 years. From the above we can con-
clude that one third of the surveyed people were cyclists 
with only few years of cycling experience. People who 
use the bicycle for over 20 years are 25.8% of the total 
number of surveyed cyclists.

In the sixth question the surveyed people were 
naming the streets they most use while cycling. Most 
of them (30.63%) stated that they use the streets in the 
Municipality of Novi Beograd, 17.5% said they use Blvd 
Kralja Aleksandra, while Street 10.63% of cyclists use 
Kralja Milana. By analysing the results of the survey we 
can conclude that most of the cyclists use streets with 
separate cycling tracks. This indicated that the cyclists 
feel safer and more comfortable on proper cycling tracks, 
which stresses the importance of adequate planning, 
design, construction and maintenance of cycling tracks. 
In this way we can manage the quality of cycling traffi c, 
and with that the number of cyclists in the future.

For the seventh question, most of the surveyed cy-
clists said that that daily they cover from 10 to 20 km 
(30.74%), while 25% of them cover from 20 to 30 km, 
which is consistent with the distance necessary to get to 
and from work from the city suburbs. Around 11.82% of 
surveyed cyclists cover daily up to 10 km.This distance 
corresponds to shopping trips or trips to school/univer-
sity. Daily distance from 30 to 50 km refers to answers 
given by professional cyclists (23.99%).

For the eighth question 39.32% of surveyed people 
stated that they ride the bicycle from 1 to 2 hours on av-
erage, while 23.73% of them spend 1 hour. In 18.31% of 
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cases the respondents spend from 2 to 3 hours riding 
the bicycle, while the cyclists who ride from 3 to 5 hours 
represent 14.92% of the total number of the surveyed cy-
clists. The time riding a bicycle up to 1 hour corresponds 
to trips for shopping or to the market, while the average 
daily riding time from 1 to 2 hours corresponds to trips 
to work, possible to university, while the trips lasting 
from 2 to 3 and 3 to 5 hours can be interpreted as recre-
ational rides.

In the ninth questions the respondents stated which 
participants in traffi c act unsafely and in that way endan-
ger the safety of cyclists. Also, the respondents graded 
different categories of traffi c participants with risk levels 
on a scale from 1 to 5, which 5 was for “high risk”. By 
analysing the results we can notice that the cyclists fi rst 
recognized the drivers of personal cars as the biggest 
threat for their safety (69.88%), while the truck drivers 
are in the second place (69.25%), followed by bus drivers 
(90.55%) and parked cars (57.13%). Careless pedestrians 
are in the fi fth place with 56.38%, while roller-skate and 
skateboard users are in the sixth with 31.69%.

By analysing the answers given by the respondents 
we can conclude that, along with the drivers of private 
cars, the truck drivers have also been identifi ed as a sig-
nifi cant potential threat. Truck drivers have diffi culty 
spotting cyclists due to size of the vehicle and “dead” an-
gles, especially in junctions and in cases when a truck is 
turning right. In these answers of the respondents there 
is fear from the size and mass of freight vehicles. This 
sense of vulnerability with cyclists is especially present 
on roads with heavy freight traffi c where there are no 
cycling tracks for them to use.

In the tenth question the respondents stated what 
they believe is the greatest threat in traffi c for cyclists’ 
safety, and then they attributed levels of risk to those 
threats on the scale from 1 to 5, with 5 representing “high 
risk”. The results from the tenth question indicate that 
the biggest threats for cyclists in the City of Belgrade are 
“unsuitable speed of motor vehicles” (75.63%), followed 
by “road conditions” (74%), “common lanes for cyclist 
and motor vehicles” (70.63%), and in the end “pedes-
trians walking on cyclist tracks” (66.13%) and “use of 
headphones and mobile phones while riding a bicycle” 
(64.06%). By analysing the answers of the surveyed cy-
clist we can conclude that they believe that, along with 
“unsuitable speed of motor vehicles”, “poor road condi-
tions” is the biggest threat for their safety in traffi c. This 
problem is present on several cycling tracks and it is 
usually caused by vegetation (trees and bushes growing 
next to cycling tracks), i.e. trees that spread their roots 
under and over the track, which causes the tracks to get 
damaged and crack. Common lines for motor vehicles 
and cyclist also present a big problem for cyclists. Due 
to large difference in mass and speed the cyclists feel un-
protected if they move over the same surface as motor 
vehicles.

Answers to the eleventh questions indicate that 
46.25% of respondents use the protective helmet while 
riding the bicycle, while 0.98% of them use elbow and 
knee pads. As much as 46.91% of the respondents stated 
that they do not use any protective equipment when rid-
ing a bicycle, which is quite worrying. Other equipment 
is used by 5.86% of the respondents, and most of them 
stated that they use cycling gloves (50%), then goggles 
(18.18%) and high-visibility vest (13.64%), while 9.09% 
of the respondents use refl ecting ribbons and cycling 
clothes.

In the twelfth question the respondents named un-
safe places, i.e. sections of the road where they do not feel 
safe as participants in traffi c. The respondents singled 
out Pancevacki Bridge (16.88%) as a section where they 
do not feel safe, followed by Brankov Bridge (12.34%), 
Slavija roundabout (10.39%), Despota Stefana Blvd 
(9.74%), Kralja Aleksandar Blvd (7.79%), Kneza Miloša 
(6.49%), Zrenjaninski put (5.84%), as well as Jurija Gaga-
rina and Kralja Milana (5.19% each).

The answers to the thirteenth question indicated 
that the respondents believe that the “non-existing cy-
cling infrastructure” is the biggest problem to the safety 
of cyclists in traffi c (53.09%), i.e. on locations mentioned 
in the previous, twelfth question. Along with “non-
existing cycling infrastructure”, the respondents also 
indicated that “behaviour of other participants in traf-
fi c” (41.98%), “damaged road” (40.74%), “unsuitable 
speed of motor vehicles” (27.16%) and “narrow streets” 
(22.22%) are signifi cant problem for the safety of cyclist 
safety in traffi c.

One of the most frequent answers on the fourteenth 
questions, to solve the issues at “dangerous locations” 
according to the surveyed cyclists was to build cycling 
tracks (28.83%). In the second place is the proposition 
to set up suitable traffi c signals for other participants in 
traffi c to warn/inform them on the presence of cyclists 
(14.11%), while 12.88% of the respondents agreed with 
the proposition to mark additional cycling lanes.

In the fi fteenths questions the respondents were 
giving suggestions on how to improve the safety of cy-
clists in traffi c within the territory of the city of Belgrade. 
As the most important suggestion they stated mandato-
ry evaluation of cyclists needs in the traffi c planning pro-
cess (83.44%). As the second suggestion the surveyed cy-
clists stated the construction of additional cycling tracks 
(79.06%). Along with building new cycling tracks, a large 
number of respondents stated that additional cycling 
lanes need to be marked (76.88%), as well as that is nec-
essary to conduct an increased traffi c control (49.06%).

Results of fi eld research
The fi eld research involved visiting the location of 

subjectively and objectively increased danger for cyclists 
in traffi c, which had been identifi ed in previous parts of 
the research. The conclusions related for the analysis of 
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traffi c accidents involving cyclists and conclusions relat-
ed to the analysis of cyclists attitude were used as a basis 
for choosing the locations. The behaviour of cyclists and 
drivers of motor vehicles was observed on these subjec-
tively and objectively “dangerous” locations in order to 
determine the problems in traffi c safety.

There are 68 kilometres of cycling tracks over the 
territory of the city of Belgrade. Most of them are in the 
territory of the New Belgrade Municipality, with the 
total length of 46 kilometres. The track going from the 
“Dorcol” Marina to the Sava Lake is 7.5 kilometres long, 
while the track around the Sava Lake is 8 kilometres 
long. Over the Bridge over Ada there is a cycling track 
1.5 kilometres long.

Within the analysis of the problems cyclist face ev-
ery day many examples of illegal parking of vehicles on 
cycling tracks were noted (Figure 1). Drivers park their 
cars on cycling tracks not caring about the consequences 
of their actions, safety of their own vehicles and other 
participants in traffi c and it is the reason why cyclist are 
often force to drive on the road in order to go around 
parked cars, and by that exposing themselves to danger. 
Considering the fact that the parking control is quite 
poor, the drivers use all surfaces they can reach.

On some locations in the City of Belgrade, due to 
non-existing of cycling tracks of the lack of their continu-
ity, cyclists are forced to move to and ride on the road, 
and by that endangering both their own and other peo-
ple’s safety (Figure 2).

Figure 1. Example of illegal parking of vehicles on cycling tracks

Figure 2. Example of lack of conƟ nuity of cycling tracks

Cycling tracks within the territory of the New Bel-
grade Municipality are organized together with pedes-
trian tracks, frequently leading to cycling tracks being 
used by pedestrians, therefore cyclists are most of the 
time forced to use the road. Confl icts between pedes-
trians and cyclists are not in themselves of fatal type. 
Due to their speeds in traffi c, these confl icts are mostly 
distractions, and only in exceptional places there can 
be fatal consequences. Confl icts with pedestrians most 
frequently happen in places where infrastructures in-
tersect (pedestrian crossings over cycling tracks next to 
public transportation stops, physically connected cross-
ings over the road, locations where cycling surfaces are 
formed by using markings next to the pedestrian sur-
faces and on locations with mixed pedestrian and cyclist 
surfaces or areas).Sometimes not even the physically 
separated infrastructure guarantees that confl icts will 
be eliminated. Near markets pedestrians often walk on 
the cycling tracks ignoring the cyclists, and sellers place 
unsanctioned improvised stalls at the very edge of the 
cycling tracks (Figure. 3).

Figure 3. Examples of cycling track being occupied

Figure 4. Example of inadequate traffi  c infrastructure

Along with these problems, every day cyclists also 
face inadequately placed dumpsters, public transport 
stops, posts and other facilities that hinder cycling traffi c 
(Figure 4). Based on everything mentioned, we can con-
clude that potential and current users are not adequately 
provided with cycling infrastructure.
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PROPOSED MEASURES FOR IMPROVING 
CYCLIST SAFETY IN TRAFFIC

While analysing the current safety of cyclist in 
traffi c, we determined the basic problems of this vul-
nerable category of traffi c participants, and reasons 
why they have traffi c accidents. It is necessary to take 
the following measures to protect the cyclists:
1. Legal and other normative and regulative measures:

• Developing rulebooks or instructions for identify-
ing locations of increased vulnerability of cyclists 
in traffi c (based on available data, e.g. analyses of 
traffi c accidents, analyses of confl icts, analyses of 
cyclists attitude, fi eld research, etc.);

• Developing rulebooks or instructions to defi ne 
necessary visibility on locations that have been 
proclaimed highly unsafe for cyclists by an expert 
independent body.

• Separately regulating obligations of public com-
munal companies in the areas unsafe for cyclists 
in traffi c, which refer to:
 - number and quality of public lighting fi xtures:
 - clearing cycling track and lanes from snow, 

leaves, dust and mud;
 - control and penalties for illegally parked vehi-

cles, locations and improvement of bus stops;
 - restrict licenses for advertising boards;
 - arranging plants who could infl uence visibility 

(for drivers and cyclists); visibility of vertical 
signals, etc.(periodical pruning of trees that 
could hinder visibility in junctions, visibility of 
cyclists);

 - setting up, maintenance and quality check of 
traffi c signals;

 - separating from the existing and introducing 
new sources of fi nancing for concrete mea-
sures to increase safety of cyclists in traffi c at 
the most endangered locations;

 - forming a special section of the local authority 
that would oversee, direct and coordinate the 
work of utility services at the locations with in-
creased danger for cyclists in traffi c.

• Discuss the possibility to introduce the rule of 
“opposite direction” in one-way streets (regulated 
with the sign “except for cyclists”);

• Formulate a legal concept for mixed pedestrian 
and cyclist surfaces. Current legislation regu-
lates the existence of pedestrian area, but not joint 
mixed pedestrian - cycling surface or area;

• Harmonize legal defi nitions (e.g. different defi ni-
tion of the cycling track in the Law on Road Traffi c 
Safety and the Law on Public Roads);

• Defi ne the cycling protective equipment and bi-
cycle equipment in the law;

• Consider the possibility to introduce “cycling 
streets” (Belgian example). A cycling street is a 

street in which there is not enough room to build 
a cycling track, so the cyclists are given advantage 
over motor vehicle traffi c. Motor vehicles are al-
lowed to use the street, but they are not allowed to 
overtake cyclists. Speed in cycling streets must not 
be over 30 km/h.

2. Construction measures
• Construction measures aimed at drivers in order 

to decrease the movement speed:
 - decreasing the width of road at the entry of 

the slow traffi c zone, at the level of pedestrian 
crossings, cycling tracks crossings over the road 
and other locations with increased number of 
cyclists. In this way the drivers are “forced” to 
decrease their speed due to the narrowing of 
road, i.e. decreased profi le of the road that was 
previously available to them;

 - use of physical obstacles for force drivers to 
change the direction of movement in the zones 
of slow traffi c, zones of pedestrian crossings and 
other zones with increased number of cyclists. 
Using this solution forces the drivers to constant-
ly change their trajectory, which requires them to 
decrease speed. In this way, beside clearly letting 
the drivers know they are in a special zone, their 
speed is decreased in a direct way;

 - upon entering the streets or parts of streets 
that are primarily intended for vulnerable par-
ticipants in traffi c, a “gate” effect can be used 
which would clearly let drivers know they are 
in zones with special traffi c regime;

 - physical obstacles on the road are very success-
ful and effi cient construction measures. One of 
the cheapest and highly effective ways to physi-
cally decrease the speed of motor vehicles is 
installing speed ramps (“sleeping policemen”).
By installing different models it is possible to 
give priority to some categories of traffi c partici-
pants, e.g. cyclists, and to discourage others to 
drive fast. Also, installing rubber speed ramps 
slows down the motor vehicle traffi c, and on the 
other side gives cyclists a better sense of safety;

 - raising cycling track crossing over the road 
by using a platform, so that drivers would be 
“forced” to decrease their speed. Placing plat-
forms that require vehicles to slow down even 
more, warns the drivers that they are entering 
a zone with increased number of cyclists and 
that it is necessary to decrease their speed. The 
platform itself, as well as any other physical 
obstacle, forces drivers to decrease their speed.

• Construction measures aimed at cyclists in order 
to prevent unsafe behaviour:
 - one of the construction measures to increase 

the safety of all participants in traffi c, not only 
cyclists, can be a reconstruction of the road by 
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introducing a clear border between the surfac-
es intended for pedestrians, cyclists and motor 
vehicles. During the reconstruction of streets 
with higher intensity of cycling traffi c, a spe-
cial attention should be given to separating the 
motor vehicle and cycling traffi c;

 - construction grade separation junctions, un-
derground passages and overhead crossings. 
Building gangways and underground passages 
provides safe movement of cyclists, avoiding 
confl ict with other participants in traffi c. It is 
necessary to provide for the construction of un-
derground passages on locations where the lay-
out of the terrain allows it, and it is also neces-
sary to provide for the track continuity, as well 
as their regular maintenance. Grade separation 
crossings must be located in suitable places, 
maintained, clean and well-lit, in order to attract 
people to use it, not to discourage them;

 - building a central island, in order to make it 
easier for cyclists to cross streets with four or 
more traffi c lanes. A central pedestrian island 
provides for partial crossing of the road with 
multiple traffi c lanes, which makes crossing 
the road signifi cantly easier. A central island 
provides for additional safety for the cyclist 
while crossing the road, because it provides 
protection while crossing the road. By building 
central island speed of vehicles is decreased as 
the result of road getting narrower and pres-
ence of obstacle (the island) on the road;

 - placing posts and fl ower pots prevents illegal 
parking on cycling tracks and it is another good 
and effi cient construction solution intended to 
protect integrity of cycling tracks. By placing 
physical barriers their improper use by motor 
vehicles is directly prevented.

3. Technical and regulatory measures
• Regulating the intersections between cycling 

streams with other traffi c streams by painting and 
marking surfaces intended for movement of cy-
clists:

• Separation of cycling tracks from the motor traffi c by 
using rumble strips (in combination with dying the 
surfaces intended for cyclists) or rubber fenders;

• Measures intended to discourage drivers of mo-
tor vehicles to use roads close to areas attractive to 
cyclists, which is achieved by artifi cially extend-
ing the road by using regime measures (chicanes, 
road narrowing, etc.), with the aim to maximally 
decrease the speed of vehicles, or give up using 
those roads in the attraction zones in order to ar-
rive to desired destination.

4. Preventive measures
• Educational measures (Educational measures are 

the corner stone of preventive actions aimed at all 

participants in traffi c, children as well. A special 
attention within educational measures must be 
given to children. Children need to be adequately 
prepared for their safe participation in traffi c as 
pedestrians, but also as cyclists. This was con-
fi rmed in practice in the countries with world’s 
most developed cycling traffi c. For example, in 
97% of elementary schools in Amsterdam students 
go through certain cycling tests (theory), while in 
66% of them there is also a practical test. In prac-
tice it was proven that children prepared to be 
cyclists (not only as pedestrians), are much more 
familiar with the rules and behaviour in motor 
traffi c, which is logical and clear considering the 
fact that according to the standing Law on Traf-
fi c Safety a cyclists is treated as a driver, and the 
bicycle is treated as a vehicle);

• Campaigns (Potential topics of campaigns aimed 
at promoting cycling and safety of cyclists in traf-
fi c within the territory of the city of Belgrade, 
could be: comprehensive promotion of cycling; 
promotion of using the bicycle to go to work, 
school, cultural events, etc.; promoting modern, 
socially and environmentally acceptable local mo-
bility in towns at short distances up to 5 km; pro-
motional campaign for big events; “Code of Con-
duct in cycling” – educational campaign aimed at 
the most frequent accidents that cyclists have with 
proposed measures to decrease the number of ac-
cidents; campaign to stimulate use of protective 
helmets (use data from research that the cycling 
helmet offers the protection for the head at speeds 
up to 20 km/h and decrease the risk of head injury 
by 42%, risk from brain injury 53%, and risk of face 
injury by 17%); campaign to increase the visibility 
of cyclists in traffi c in conditions of low light or 
during the night; an awareness raising campaign 
for other participants in traffi c on what is specifi c 
about cyclists and what is their “vulnerability”.

5. Measures to improve the road/street infrastructure
• Review (RSI) and evaluation (RSA) of traffi c safe-

ty;
• Depth analysis of traffi c accidents with fatalities 

(cyclists);
• Management of dangerous locations (black spots).

6. Repressive measures
7. Measures for improving research of cyclist safety in 

traffi c
• Organize international expert seminars on cycling 

traffi c in order to exchange knowledge on this 
mode of transport;

• Encourage private organizations and citizens ac-
tion groups to cooperate with city authorities and 
fi nd common solutions to increase participation 
and safety of cyclists in traffi c within the territory 
of the city of Belgrade;
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• In cooperation with the institutions of the Repub-
lic give contribution in making the National Strat-
egy for Development of Cycling Traffi c;

• Make a city strategy for developing cycling, in 
which a special attention would be given to in-
frastructure, cyclist safety and guide for fi nanc-
ing. Write the strategy for a certain time period in 
accordance with the General Urban Plan and De-
tailed Regulatory Plan for the city of Belgrade. In 
the Strategy, defi ne a long-term plan in the image 
of the city of Amsterdam, especially in terms of 
fi nancing (“Long-term Cycling Plan 2012 - 2016”, 
states measures and budgets needed to solve cy-
cling issues. Amsterdam wants to invest around 
200 million euro in cycling infrastructure by 2040, 
170 million of that sum for bicycle parking because 
in short time it returns the investment through 
savings);

• Defi ne the tools for selecting the type of cycling 
surfaces, especially while connecting the cycling 
infrastructure of suburban areas of the City of Bel-
grade with downtown.This should be done in the 
image of the City of Ottawa, who made a unique 
tool to choose a type of a cycling facility, following 
examples of good practice from all over the world 
and adjusted it according to their needs;

• Develop a plan to promote cycling within the ter-
ritory of the city of Belgrade, based on the suit-
ability of this city for the development of cycling;

• Develop a construction plan for bicycle parking 
containing design and their spatial distribution. 
When it comes to design and the manner on which 
these parking facilities are build, we need to fol-
low the example of countries like the Netherlands 
or Denmark, and the spatial distribution and mi-
cro locations need to be determined in accordance 
with data on where cyclists move, their subjective 
need and their numbers.

CONCLUSION

In the future, the cycling traffi c is defi nitely going 
to represent an important part of the traffi c system in 
all countries where there is a possibility to develop it, 
as well as in those countries who aspire to continually 
improve their traffi c system.

Belgrade, as a city in which travelling distances 
within it are such that the cycling traffi c can meet the 
requirements, has all conditions for the development of 
this type of transport. A highly developed network of cy-
cling tracks, with tendency of expanding it, as well as the 
city traffi c policy supporting the development of cycling 
traffi c create a suitable basis for further development of 
this environmentally acceptable and healthy mode of 
transport.

During the analysis of the problems that the cyclists 
are facing every day, it was established that on surfaces 
intended for cycling there are a lot of illegally placed fa-
cilities. Due to lack of continuity of cycling tracks, illegal 
parking, inadequately placed dumpsters, traffi c signs, 
public transport stops and other facilities, cyclists move 
with diffi culty and are forced to use the road intended 
exclusively for motor vehicles.

Such conditions in the cycling infrastructure re-
quires a series of measures and activities aimed at im-
proving the quality of traffi c, with a special aim to de-
crease the number of traffi c accidents and increase safety, 
not only of cyclists but all categories of participants in 
traffi c. Solving the dominant problem, i.e. improving the 
existing infrastructure, would be a signifi cant step to-
wards improving the functionality and increasing safety 
of traffi c.

The most important factor that requires least funds 
and is not achieved by technical or engineering measures 
is traffi c education. What is necessary in order the most 
modern system to work is mutual respect of participants 
in traffi c and mutual tolerance. Therefore, besides imple-
menting technical solutions and regular maintenance of 
the system, it is necessary to education participants in 
traffi c as well as propagating tolerance in traffi c.
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