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Abstract. Cyclists as unprotected road users are one of the most
vulnerable groups of travelers. In order to improve their safety, various
activities are carried out. Interested results are presented in Mineta
Transportation Institute (MTI) report - Report 12-54: Bike-sharing and
Bicycle Safety from 2016. It points out that there are no fatalities among
users of city bike sharing systems in the United States. Due to the growing
interest in systems in Poland, authors focused on the analysis of aspects
related to the safety of their use. The paper presents factors that affect the
road traffic safety of bike-sharing users. Authors referred to international
practices used in cities bike-sharing systems and presented bike-sharing
systems as an opportunity to support the implementation of Vision Zero.

1 Introduction

Traveling with the use of a bicycle as a mean of transport is the second, after walking, the
healthiest, most ecological and socially propagated form of movement [1,2].

For cyclists, it is also one of the options to facilitate movement in city traffic with
increased congestion and problems with finding a parking space [3,4].
In addition, it is also an alternative form of traveling, desired during implementing the
concept of sustainable urban mobility or searching for attractive sustainable transport good
practices [5—10].

Despite the excellent promotion and all the advantages of traveling with a bicycle,
unprotected road users are one of the most vulnerable groups of road users [11]. Statistics
indicate that cyclists in Poland during 2016 participated in 4 737 road accidents in which
271 cyclists were killed [12]. What is more, number of accidents increased in comparison
of 2015 about 2.2 % [13]. Due to this, safety issues of cyclists are a priority in striving to
improve their traffic situation [14].

Because in urban transport systems, in recent years have been appeared many short-
term rental bikes, authors focused on the analysis of aspects related to the safety of their
use. The research paper presents factors and areas of activities that affect the road traffic
safety of bike-sharing users. Reference has been made to international practices used in
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cities bike-sharing systems. On the other hand, bike-sharing systems were presented as an
opportunity to support the implementation of Vision Zero. The examples presented in this
paper can be used as a guide during the implementation of new bike-sharing systems.

2 Bike-sharing systems

Bike-sharing are services that operate in urban transport systems. Their operation allows to
rent a bicycle for a short period of time. To rent a bike it is enough to register in a given
system and often pay the required deposit [15]. The vehicle rental process usually takes
place via a mobile application or via the website of the operator functioning in the selected
city [15]. The fees for a ride are charged automatically after the rental from the user account
that was given during registration [15].

Over the years, the concept of bike-sharing has been improved with the use of newly
available information technologies. Due to this, there are various forms of bicycle pickup -
including e.g. using a magnetic card scanner, scanning a QR code or entering the code
displayed in the application. There are also various forms of leaving the bike in the city - a
classic form using a docking station or a form without a station (dockless bike-sharing).

It is currently said that the systems available in most cities are 4" or 5" generation
systems [16—18]. This means that access to bicycles is possible via a mobile application,
and it is also possible to monitor the availability and location of bikes in real time, and the
systems themselves are often integrated thanks to the ITS traffic management technologies
- 4th generation [17]. On the other hand, the most innovative 5th generation on the market
makes it possible to leave bicycles anywhere in the city - so-called. non-contact systems
[18]. Such a generation is also a tool that uses the opportunities offered by big data
management [18].

3 Bike-sharing in the context of safety

It is very difficult to show the causal relationship between bike-sharing and vision zero in
its pure form. However, it is important to try reduce number of accidents and facilities for
each kind of mean of transport. Even small step in this process can support the final result
of changes in transport safety — vision zero. Below, in the section, selected aspects of traffic
safety in relation to biking were described. Some of them can be implement also in private
bikes, but mostly are specific only for bike-sharing systems.

Based on the MTI report (Mineta Transportation Institute) in MTI Report 12-54: Bike-
sharing and Bicycle Safety, where it is mentioned that from 2010 to 2016 in the United
States no fatalities were recorded among users of bike-sharing [19]; and also on the
publications dedicated to the analysis of traffic safety data of bike-sharing systems [20]
[21], describing the equipment of the systems [15,22] and on the authors' own experiences,
were distinguished areas and specific factors according to which bike-sharing affects the
safety of cyclists.

The first area is the construction of bicycles used for bike-sharing. The analysis used in
world bicycle systems indicates that the rental bikes are heavier than classic ones [19]. In
addition, the bikes are equipped with a thicker frame [19]. Thanks to these features, they
become more stable and durable. Bicycles from bike-sharing are also equipped with
specially designed gearboxes, which encourage users to slow down. It should also be
mentioned that bicycles have a special type of tires [23]. These tires are wider, their surface
provides less slip. In addition, it should be mentioned that the tires are more durable and
better suited to riding in difficult urban conditions. Therefore for cycling on curbs, holes in
the roadway, pavements in poor condition or tram tracks [24,25]. Suitable tires provide
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better contact with the ground, improve traction and riding safety, e.g. during rain.

Another of the design features is the provision of many bikes from bike-sharing rentals
with lights that allow their increased visibility while cycling [19].

An additional element can also be bicycles shifter’s containing information that will
improve safety, e.g. information about the need to turn on the lights or a reminder to wear a
helmet [19].

Another of the areas that improve the safety of bike-sharing is the use of additional
equipment which can be a bicycle helmet. In the world there are operators who require their
users to move in helmets [26]. For this purpose, additional boxes for helmet rental are
placed next to the docking station for bicycles.

The appearance of bicycles is another of the areas supporting safety. Many operators try
to make their bikes have bright colors, thanks to which the visibility of cyclists on the road
is improved. An example of a yellow bicycle operator's fleet in Shanghai in China is shown
in Figure 1.

Fig. 1. Example of yellow bicycles , more visible to road users, in bike-sharing service,
Shanghai, China (Source: author’s own collaboration).

In addition, in order to increase the visibility of bike-sharing bikes at night or in cloudy
weather, operators decide to place fluorescent elements on bicycles or cover the bike's
construction with fluorescent paint. An example of a bike coming from bike-sharing and its
visibility at dusk is presented in Figure 2.

Fig. 2. Example of bike-sharing bike with fluorescent elements for better visibility
after the onset of darkness, Shanghai, China (Source: author’s own collaboration)

The next of the areas affecting the safety of bike-sharing users includes the use of
bicycle systems. In many cases, the use of the system involves the payment of an
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appropriate deposit for the bike used. Research shows that this type of activity increases the
alertness and attentiveness of users when using bike-sharing systems [19].

Cycling locations can also be improved by the location of the docking stations. These
places are usually found in limited speed zones and where there are many pedestrians.
Then, the cyclists themselves must be more careful when moving. Also more bikes from
bike-sharing on the road affect the more cautious behavior of drivers and accustom them to
situations where they are not alone on the road [19]. It should also be mentioned here that
cyclists using bike-sharing systems are usually less experienced than individual cyclists
who use bicycles each day, so they behave more carefully and drive more slowly [20].

It is also worth mentioning that the development of bike-sharing contributes to
increasing the investment of cities in cycling infrastructure, e.g. bike routes, bike paths,
cycle tracks at roundabouts, bike lanes, which also contributes to improving road safety
[27,28].

In addition, it is also worth paying attention to other factors related to the safety of bike-
sharing, such as system operators organizing all actions promoting careful riding.

The list of aspects together with detailed factors influencing the particular area of bike-
sharing safety is presented in Table 1.

Table 1. Aspects of bike-sharing safety along with detailed factors.

Aspect that

affects safety Characterization of factors

- Dbikes are heavier than classic,

- bikes got thicker frames than classic,

- bikes got stable and more durable construction,

- bikes have gearboxes designed in such a way to drive them slower,

- bikes got wider, anti-slip tires adapted to bumpy roads, curbs and tram lines,

- special tires construction provide better surface traction,

- many of bikes got included light and reflectors for increased visibility,

- some bicycle operators, information appears to improve safety, for example
information on the need to turn on the lights or a reminder to wear a helmet
on the bicycle's grips,

Additional - some operators provide helmets to the users of their systems, ensuring their

equipment head protection,

Construction of
bicycles
to bike-sharing

- bike-sharing bikes usually have bright- fluorescent colours of frames and

Bike appearance . L
pp elements to improve visibility road users,

- registering for the system requires payment of the deposit, which is why

System usage cyclists are more attentive while riding,

Location of - the location of docking stations is usually in zones where there is a reduced
docking stations speed and more pedestrians which results in greater mindfulness of cyclists,
- more bikes on the road, thanks to the fact that they are made available by
rental companies, increase the mindfulness of drivers and require them to
adapt to the fact that they are not on their way,

- with the increasing popularity of renting bicycles in cities, there is more and
more cycling infrastructure,

- cyclists using public bikes are usually less experienced, and therefore more
cautious, they are going more carefully and slowly,

The impact of
bike-sharing on
the urban
transport system

- often, the implementation of systems involves actions that promote safe
road behavior while sharing it with pedestrians and cars.

Source: author’s own collaboration based on [15,16,19,20,26-30].

Safety promotion

It should be mentioned that the bike-sharing solution as well as any new transport
concept, apart from so many advantages presented in the text, also has disadvantages. The
main disadvantage of every sharing system users may be the lack of experience that
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individual users may have [29,30]. This may cause traffic hazards due to poor knowledge
of regulations or just uncertain maneuvers. In addition, public bicycles are not personalized
under each user individually, which can also cause a traffic hazard. It is also worth paying
attention to the technical aspect. Due to the safety of users, it is worth checking the
equipment of bicycles and their technical condition. Because many people use part of the
"sharing" solutions, parts wear out, which can reduce safety while driving [31]. It is also
worth paying attention to the technical aspect. Due to the safety of users, it is worth
checking the equipment of bicycles and their technical condition. Because many people use
part of the "sharing" solutions, parts wear out, which can reduce safety while driving. In
addition, a significant disadvantage may also be the additional protection of bicycles
because, as public goods, they may be subject to theft and the lack of some equipment may
significantly affect the safety of system users as well as other road users.

5 Summary and further research

The results of the research shown that the elements of bike-sharing systems could got the
impact of improving the level of safety in urban transport systems, but to achieve a greater
level of safety in bike-sharing systems, it is important to focus on security issues already at
the design stage of systems and to motivate users to use the systems accordingly. The
article shown that bike-sharing systems could be one of the possibilities to support the
Vision Zero. The examples presented in this paper can be used as a guide during the
implementation of new bike-sharing systems or during improving the existing systems
safety level.

As further research Authors plans to make study about the visibility of bike-sharing
bikes. It needs cooperation with some bike-sharing operators to test in real different colors
of bikes.
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