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ANALYSIS OF REASONS OF ACCIDENTS BETWEEN
CYCLISTS AND PUBLIC TRANSPORT VEHICLES IN CITIES

Marek Bauer', Wiestaw Dzwigoh', Romanika Okraszewska?
" Cracow University of Technology, Poland
2Gdansk University of Technology, Poland

Abstract

In European cities, a bicycle is now oris systematically becoming an equal means of transport.
Unfortunately, the growth of bicycle traffic is associated with an increase in the number of
accidents involving cyclists. Some of these accidents, are events with cyclists and public tran-
sport vehicles — and therefore means of transport, which together are to constitute a serious
alternative to a car. Although the share of these kind of accidents is relatively small — each
such event has a very negative impact on the perception of ecological forms of transport.
The paper discusses types of events between cyclists and public transport vehicles, with the
identification of dangerous behaviours of cyclists and drivers. The most frequent reasons of
these events are discussed, taking into account the places of occurrence of accidents, type
and condition of bicycle and public transport infrastructure and types of behaviours of traffic
participants. The research part of the paper presents statistical analyses of the number of
accidents between cyclists and public transport vehicles, as well as statistics describing the
number of victims in accidents in the six largest Polish cities. Based on detailed descriptions
of events — using statistical tools — accidents were analysed in terms of identifying the most
important reasons of their occurrence and circumstances conducive to the occurrence of acci-
dents. The article was crowned with the recommendations for the application of solutions
reducing the risk of accidents.

Keywords: sustainable transport, cycling, public transport, safety, accident
1 Introduction

The high share of car trips is the cause of the occurrence of congestion states with an incre-
asingly large spatial and temporal range. The larger the city — the global effects of car traffic
are more pronounced, as the number of trips made by the entire population in cities still
increases [1]. The problem concernsin particularinner-city areas and transportation corridors
leading directly to the city centres, where there is a strong concentration of trip destinations,
especially during morning and afternoon periods. The situation is not sustained by the further
development of road systems, which, despite incurring considerable financial and social
outlays — most often only brings short-term relief [2]. Since the extension of cross sections of
streets is often not possible, it is necessary to change the transportation behaviours of at least
some users of the transport system [3]. To make this possible, it is indispensable to provide
the infrastructure that will encourage the exchange of the car into other means of transport,
that use the available space in a more efficient way: urban public transport [4] and bicycle
transport [5]. The result will be a positive change in modal split [6], especially in inner-city are-
as. This is also the case in Polish cities [7]. However, a greater number of cyclists and public
transportvehicles on the streets will increase the probability of dangerous situations between
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these two groups of users. Some of these situations — unfortunately, will result in accidents.
Therefore, it is crucial to appreciate the causes of accidents and look for effective solutions
that will be conducive to reducing the number of accidents, and if they will be — limiting the
effects of such accidents. This issue has already been discussed — among others — in papers
[8], [9] and [10]. In Poland, this subject was usually skipped, because by far the most acci-
dents involving cyclists are related to the individual car traffic [11]. However, the problem is
very important, because any such accident has a negative impact on the perception of cycling
and public transport [12]. It is also a frequent argument against increasing the role of the
bicycle in servicing the city. This article is an analysis of road accidents between cyclists and
urban public transport vehicles: trams, trolleybuses and buses — in the largest Polish cities.

2 Methodology

An accident is usually the result of several causes, the most important of which are related
to single decisions made by road users [13]. Additional, external causes including, e.g. the
condition of the infrastructure — may be less important, provided that the public transport
drivers and cyclists are fully aware of their behaviours. The paper uses the database of road
accidents from the Police Accident and Collision Register System (SEWIK) from the period
2011-2015, made available by The Polish National Police for the organisation: Cities for the
Bicycles [14]. The SEWIK database makes it possible to determine the following characteristics
of accidents involving cyclists and urban public transport vehicles:

« general data of the accident (date, time of day in which the accident occurred),

» location of the accident (geographical coordinates, street name, type of infrastructure
(street section, junction, separated cycling route, bicycle lane, sidewalk, tram crossing,
bicycle and pedestrian crossing, etc.),

* speed limit,

 weather conditions (good conditions, cloudy, rainfall, snowfall, fog, blinding sun,

« human factors (age, gender, consumption of alcohol),

- the causes of the accident (kind of behaviours: failing to yield the right of way, entry at the
red-light, failure to observe other signals, failure to secure distance between vehicles, non-
adjustment of speed to traffic conditions, incorrect changing the lane, incorrect drive the
pedestrian crossing or the bicycle crossing, improper overtaking, improper driving past,
improper turn, violent braking)

« consequences of accident (death, serious injury, slight injury).

The analysis includes only the largest Polish cities in terms of the number of inhabitants.
These are: Warsaw (1754K inhabitants), Krakow (765K), Lodz (697K), Wroclaw (638K), Poznan
(540K) and Gdansk (464K) — however, in this last case, Gdynia and Sopot were also included,
which together with Gdansk form a polycentric metropolitan area, officially referred to as the
Tricity (748K inhabitants in total) [15]. In all six cities, besides the bus transport, there is tram
transport, and additionally, in the Tri-City — also trolleybus transport. Unfortunately, in none of
the analysed cities the share of the bicycle trips has exceeded the barrier of 10 %. The closest
is Gdansk, which is considered a city with the best bicycle infrastructure in Poland. For now,
this results in 6 % of bicycle trips on an average working day.

3 Results

In the years 2011-2015, in the analysed cities, a total of 272 accidents of cyclists with public
transport vehicles were registered (Figure 1). One can see an increase in the total number
of accidents in the analysed period, which also transfers into an increase in the number of
slightly and seriously injured. However, the number of killed is so small, that it is difficult to
notice the regularity — the year 2013 was particularly cruel (Figure 2).
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Figure1 Numberof accidents between cyclists and urban public transport vehicles in six Polish biggest cities
(2011-2015)
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Figure 2 The structure of victims in road accidents between cyclists and public transport vehicles in six Polish
biggest cities (2011-2015)

Because in all six analysed cities the number of buses in the network (as well as the number
courses operated by buses) is higher than in the case of trams, it is not surprising, that more
bicycle accidents concern buses. However, the situation in terms of victims is completely
different. Mortality in accidents with trams is twice as high (over 4 %) than in case of buses.
In addition, to as much as 14 % of such accidents results serious injuries (Table 1). In turn
in cases with accidents with buses, one can notice a slightly higher percentage of slightly
injured people.

Table1 The effects of accidents between cyclists and vehicles of urban public transport, in the analysed cities
(six biggest Polish cities, 2011-2015)

Measure Total number of accidents and victims [-] Mortality (killed, injured per accident) [%]
Bike vs Tram Bikevs Bus Bikevs Tram BikevsTram BikevsBus Bike vs Tram
or Bus or Bus
Accidents 96 176 272
Killed 4 3 7 4.2 1.7 2.6
Seriously injured 14 13 27 14.6 7.4 9.9
Slightly injured 24 53 77 25.0 30.1 28.3
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The literature shows that most accidents take place in warm months, which is associated
with more cyclists on city streets (e.g.: [16]). Similarly in the cities studied, however, only in
February there was no accident recorded over 5 years (Figure 3).
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Figure 3 The yearly structure of accidents between cyclists and public transport vehicles in six Polish biggest
cities (2011-2015)

It is also interesting, that 89 % of analysed accidents happened on weekdays, 85 % took
place in a daylight, and additionally: 83 % happened in good weather conditions. This is
confirming, that many accidents result from wrong decisions made by traffic participants.
The cyclists made more mistakes. They were responsible for a total of 69 % of accidents
with urban public transport vehicles. However, there is a very strong disproportion between
accidents with trams and buses. Tram drivers were responsible for 15 % of accidents while
bus drivers — for 40 %, which may be surprising, because they are professional drivers. The
figures below present a comparison of reasons of accidents caused by cyclists (Figure 4) and
public transport drivers (Figure 5).
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Number of accidents

Figure 4 Reasons of accidents between cyclists and public transport vehicles caused by cyclists, in analysed
cities (2011-2015)
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Figure 5 Reasons of accidents between cyclists and public transport vehicles caused by public transport
drivers, in analysed cities (2011-2015 (2011-2015)

In the case of cyclists, there are two main reasons: failing to yield the right of way and entry
at the red light — connected with poor assessment of the situation at the junctions. As much
as 39 % of accidents with trams and 42 % of accidents with buses, result from failure to keep
the right of way, another 25 % of accidents with trams take place during the entry of cyclists
at a red-light. The trams drivers caused only 14 accidents, the most — 6 (43 %) through by
entry at the red-light. In turn, the most common cause of accidents caused by bus drivers
was incorrect overtaking of cyclists — 29 accidents (44 %). Unprotected participants of the
traffic stand in a lost position in the clash with heavy public transport vehicles. However, the
aspect of victims among public transport passengers is often underestimated. In table 2, the
structure of the victims was presented.

Table 2 The structure of the victims of accidents (six Polish cities, 2011-2015)

Measure Victims in the group of cyclists Victims in the group of public
transport passengers
Bike vs Tram Bikevs Bus Bikevs Tram BikevsTram BikevsBus Bike vs Tram
or Bus or Bus
Killed 4 3 7 0 0 0
Seriously injured 13 9 22 1 3 4
Slightly injured 21 27 48 2 24 26

The fatalities were only on the side of cyclists, in the case of seriously injured — it was 85 %,
whereas among slightly injured — 65 %. Particularly, the last value shows, that there is a
serious problem to be solved. So far, discussions have focused mainly on ways to reduce
the number of victims in the group of unprotected road users. This is due to the fact that the
most frequent accidents of cyclists concern private cars. In the case of urban public transport
vehicles, there is a completely different kind of victims — these are mainly people suffering
injuries as a result of sudden braking of the vehicle.
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4 Solutions

Obtained results clearly indicate, that accidents of cyclists with trams occur mainly within
junctions with traffic signals and tram crossings. It is therefore necessary to increase the
attention when designing these places, especially in terms of geometry and visibility. The
general education of cyclists is also of greatimportance, especially in the heyday of this mode
of transport. Particular importance should be attached to the issue of compliance with yield
the right of way and respecting traffic lights, especially since the effects of accidents with
trams are characterized by high mortality.

A slightly more complexissue is the improvement of safety in the case of bike-bus accidents.
As many as 80 % of these accidents take place on the roadway. The most effective solution
is separation of bicycle routes, outside the roadway. A shared bus-bike lanes are also im-
plemented, but they do not eliminate frequent cases of overtake the cyclists by buses — in
practice they can be safely used only at relatively low public transport traffic volumes orin the
areas with limited accessibility for private cars. In addition, the effects of the bus-bike lanes
operation are not evident. On the one hand, they can help increase the safety of cyclists on
multi-lane roadways, and on the other — they usually cause additional losses of time for public
transport passengers. Another solution, is to lower the speed limit on streets of lower classes,
so that cyclists can safely ride the roadway and at the same time they are not overtaken.

5 Conclusions

The problem of accidents involving cyclists and urban public transport vehicles is becoming
more and more important, not only in Polish cities. General tendencies in European cities
are aimed at reducing car traffic in inner-city areas. Travel by car is being replaced by public
transport, and for smaller distances — by bike. The actions of municipal authorities must aim
at providing high quality infrastructure for cyclists and urban public transport, ensuring on the
one hand: a high level of safety, and on the other: a high level of functionality of the solutions
used. However, the unnecessary bike competition with public transport should be avoided.
One can not do this without identifying the causes of accidents between the analyzed groups
of traffic participants.

Further research will lead to build a model of risk accident’s between cyclists and urban pu-
blic transport vehicles, that could support the planning and designing process of transport
infrastructure.
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