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ABSTRACT

Cycling is one of the most sustainable and efficrandes of transport and increased
bicycle traffic would be beneficial for both indduals and society. The City of
Goteborg is said to promote cycling and has set@sal to increase the bicycle share
of all trips from 10% today to 12% until 2012. Acicle-friendly infrastructure has in
various studies been found to play a key role ailifating bicycle traffic and the aim
of this master’s thesis is to compile a proposabfoew design, based on the needs of
cyclists, for Skanegatan in central Goteborg. Theetch was chosen for its
significance in the main bicycle network and fas demanding mixture of traffic
types. The proposal is to a large extent based wehDguidelines and results from
focus groups in a related master’s thesis workieduwut in parallel to this. So called
‘push and pull’ measures are applied, i.e. conadtidor cyclists are improved as
conditions for motorized traffic are restrained.sTmcludes e.g. widening the cycle
track to 3.0 m and in some places cutting a lamanfotorized traffic. In addition to
cycle track width, separation from other trafficaskey issue and in the proposal
cyclists are well separated from motorized traffzirbstones as well as green areas
with trees have been used to physically separatie tyaffic from pedestrians.

Key words: cycle tracks, safety, continuity, sefiarg visionary design
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Forslag till en cykelvanlig utformning av Skanegata
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SAMMANFATTNING

Cykling ar ett av de mest hdllbara och effektivansportsatten och en okad
cykeltrafik skulle gynna bade individen och samétallGéteborgs Stad sager sig
framja cykling och har satt som mal att oka cykdikandelen av alla resor fran
dagens 10 % till 12 % ar 2012. Studier visar attytelvanlig infrastruktur spelar en
viktig roll for att paverka andelen cyklister ocyftet med detta examensarbete ar att
utarbeta ett forslag pa en ny utformning, baserad cpklisternas behov, av
Skanegatan i centrala Goteborg. Strackan valdede&s betydelse i stomcykelnéatet
och for dess komplicerade blandning av olika tisléig. Forslaget baseras till stor del
pa nederlandska riktlinjer och resultat fran fokupgsdiskussioner som genomforts i
ett parallellt examensarbete. S& kallade "push pnldl-atgarder tillampas, dvs.
cyklisternas forutsattningar forbattras medan Eitihingarna for  biltrafiken
begransas. Detta innebar till exempel att cykelbamaddas till 3,0 m och att ett
korfalt for biltrafik tas bort pa vissa stallen. dver att cykelbanan breddas ar
separering mellan olika trafikantgrupper en vikti@iga och i det framtagna forslaget
ar cyklisterna val separerade fran motortrafikeantsten saval som gronomrade med
trad har anvants som fysisk separering mellan tygééd och fotgangare.

Nyckelord: cykelbanor, sdkerhet, kontinuitet, sepiag, visionar utformning
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Preface

This master’s thesis has been carried out in thiegmf 2010 as part of a bicycle
promoting project on behalf of the construction gamy NCC in Goteborg. The work
has been carried out at the Department of Geo Ergimg, Road and Traffic group,
Chalmers University of Technology, Sweden. The &as been to challenge the
accustomed way of traffic planning and to presemraoosal for a new design of
Skanegatan in central Goteborg based on cyclistplirements. We would like to
thank our supervisor Gunnar Lannér at ChalmersParKinell, Anders Bjornek and
Marie Alpsten at NCC for valuable discussions awdhments. The staff at The
Traffic and Public Transport Authority of Gotebofgrafikkontoret) has also been

helpful in our work.
The work has been equally divided between the asithicthis report.

Goteborg June 2010
Andreas Fredriksson and Jimmy Hansson
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1 Introduction
1.1 Background

The cities of today are predominantly planned andt bwith cars in mind and
Goteborg is no exception. People walking or goigdolzycle in particular are often
set aside in order to facilitate motorized tratiied are not given the same priority in
terms of available space in the traffic environme@trs have become part of
everyday life for many people as a symbol for miohilconvenience and freedom,
which have led to accustomed habits when choosiodenof transport but also in the
process of city planning. Going by car is, howewan, unsustainable as well as
inefficient way to get around in the city and whemmuting to and from the city on
shorter distances.

Hence, a change of focus is required in order @ibkena sustainable development of
the city. The Vastra Goétaland region has set a®a tp increase the number of
workplaces with 40 000 and the number of inhab&amith 30 000 within the city
center of Goéteborg by 2020 (K2020, 2009). Thishswever, not possible unless a
substantial portion of the car traffic is transéeirto walking, cycling or public
transport. Today 46% of all trips in Goéteborg aesesl than 4 km (Nya Vagvanor,
2010), whereas only approximately 10% of all tiips56teborg are made by bicycle
(Trafikkontoret Goteborgs Stad, 2010), which suggdisere is a great potential for
transport modes other than car.

Studies have shown that a good bicycle infrastrecteads to a higher share of
bicycle traffic, thus the focus of this thesis isaesign of bicycle facilities. Improving
the conditions for cyclists and hence make moreplgeto go by bicycle means
reduced motorized traffic, less environmental laad also better public health.

In recent years, the City of G6teborg has madetsfto create a coherent area called
Evenemangsstraket connecting the event and emt@eai facilities along
Skanegatan between Korsvagen and Ullevi stadiumcentral Go6teborg. The
concerned stretch is also part of the main bicpetsvork in Géteborg, which means
it should be given priority in terms of good startjaavailability and capacity. The
stretch is hence to serve both as an efficient ectinon in the bicycle network and as
an attractive strolling area for intermittentlydarnumbers of pedestrians, which e.g.
sets requirements on separation. The current lagbuhe area is, however, not
satisfying in terms of the aspects mentioned alamea further step in the effort of
making cycling a more competitive mode of transpeduld be to improve the
accessibility for cyclists and pedestrians and teate a more attractive traffic
environment.

1.2 Purpose

The overall purpose of the bicycle promoting prbjearried out at NCC is to

formulate ideas and investigate measures to makebG(y a more sustainable and
attractive city for cyclists and others to live, lwoand study in. The aim is to

challenge traditional habits and patterns by emplmas the benefits of cycling in

terms of health, time saving, economy, environmemhgestion etc, i.e. to use logical
arguments to promote cycling and to try to make imore natural part of city

planning.
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The aim of this thesis is to investigate factorsl ameasures that influence bicycle
traffic and then present a visionary bicycle-frigndesign of Skanegatan based on
guidelines, survey results and experiences fromwdisre in order to show how the
planning of a traffic environment can be more iaflaed by the needs of cyclists.
Innovative and unconventional thinking is essentidlen shifting focus from the
needs of motorized traffic. The idea is that thev peoposed design of Skanegatan
can serve as a demonstration facility that empkasimportant principles that should
be applied throughout the bicycle network in orttemake cycling a more attractive
mode of transport.

1.3 Method

First an extensive literature study was perfornmedrder to form a background and to
present the current situation for cyclists. Impottaspects and figures connected to
bicycle traffic were retrieved and put in relatitm set goals on national and local
level. The potential to increase bicycle trafficGdteborg was then evaluated based
on discussions with The Traffic and Public Transpéwuthority of Go6teborg
(Trafikkontoret) and documented experiences anesassents in literature.

The concerned stretch along Skanegatan was ingestighrough surveys on site and
studies of maps and photographic material in ortberidentify problems and
improvement possibilities. Dutch guidelines hasnbeged — with Swedish guidelines
as a comparison — as a basis in the analysis afrezgents on bicycle infrastructure
and in the process of compiling a proposal for & design of the cycle route. Also
requirements from focus group discussions in atedlanaster’s thesis work within
the same project at NCC have been taken into ceraidn. 3D models showing
representative parts of the stretch have been dedhpn order to visualize the
concepts of the proposal.

1.4 Delimitations

In this thesis, focus is put on the cycle routengl®kanegatan, but changes for
motorized traffic and pedestrians are also necgssarder to improve the conditions
for cyclists. The aim is to present a proposal orogerview level in terms of design
and general layout, based on the needs of cyclists.
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2 Bicycle traffic conditions

This first chapter of the thesis seeks to give adeustanding of the problems that
several Swedish, but also many foreign cities facang in the transport system. More
and more agree that the situation that we haveéhegatoday, where the car has been
the focus of urban infrastructure development, @ sustainable in a long term
perspective, neither from an environment, spacehealth point of view. A change is
necessary and the bicycle has been proposed dtearatve in this context, meeting
the requirements in terms of space as well as @mvient and health.

First a comprehensive overview is given on curtaoycle traffic, where questions
such as why people go by bicycle and what shagl afips that is made by bicycle
are dealt with. Objectives and visions, for theybie traffic on national as well as
local level, are presented and the current bicyofeastructure in Goteborg is
described. The chapter concludes with an evaluabiothe potential to increase
bicycle traffic, which also supports the purposette# thesis, i.e. to design bicycle
infrastructure in such a way that more people avévated to go by bicycle instead of
car.

2.1 Current situation

Today’s infrastructure is to a large extent buittni the perspective of motorists.
Roads and streets for motorized traffic are giverchmmore space in cities than cycle
tracks, sidewalks and green areas. Major shoppntecs are established outside the
cities, which makes going by car more or less aeppgsite in order to utilize its
services. This is likely to a large extent duehe symbolic value in terms of high
status and success that the car came to represtér postwar period. Everyone who
could afford it bought a car and society develofesn there. However, as the
awareness of the environment and sustainabilityesgonnected to car traffic gains
acceptance more and more realize that it is timelésv down the accustomed
development and set a new course for the future.

One reason for car traffic to be reduced is ithldggree of inefficiency. Many cars in
commuting traffic have no passengers at all anaraligver carrying no passengers is
not only transporting herself, but also a vehidleapproximately 20 times her body
weight. In addition, the efficiency of the most aman gasoline engine, the spark
ignition engine, is only around 30% at maximum |@ed at lower loads even down
to 15% (Andersson, 2010). Going by car requiresghbu 435 kcal/passenger

kilometer, whereas the energy consumption whenggbinbicycle is approximately

15 kcal/passenger kilometer, which gives a factc2®in a comparison of the two

modes of transport (Vagverket et al., 2007).

Besides the significant inefficiency of the spagkition engine, the exhaust emission
control does not reach full capacity on short aisés. Surveys show that short car
trips (less than 3-4 km) account for only 3.1% loé total driving distance, whereas
the share of car traffic emissions caused by shpg is 26% (Vagverket, 2000).

An increasingly evident problem in today’s citiasstihe shortage of space. Although
many cities are built with cars in mind, streetd amads are often congested due to a
significant increase in motorized traffic since ttiges were built, but also because
improvements in infrastructure as a rule generaieertraffic.
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Sedentary people are an economic loss for sochaith in terms of decreased
productivity and impaired public health, which alisoa major issue on a personal
level. To get more people to go by bicycle instehdar would thus not only improve
the public health and physical wellbeing of peogtewould also result in less
congestion and shorter queues, which in turn meamsore efficient use of the
infrastructure and the traffic environment, benefjtthe transports that nevertheless
have to be made by motorized traffic. In invesima made by The Institute of
Transport Economics in Norway the socioeconomicebenf investments in bicycle
infrastructure is estimated to be 3-14 times highan the investment cost and 50-
70% of this benefit is due to improved public hegBaelensminde, 2002).

Is it possible to make these major infrastructatenges that are required in order to
shift the focus of city planning and to get moregle to go by bicycle? A significant
reconstruction of large parts of Swedish cities Molbe necessary. To change an
already established society is often far more diffiand costly, than if it would have
been done from the beginning. An example of a wityere the bicycle was in focus
already from the planning stage is the Dutch cityHouten with approximately
48 000 inhabitants. In the late 1970s the city erpeed a strong growth and the city
planning was then based on the cyclists’ perspecker instance it is not possible to
go by car between the 16 zones that the city igled/into without first entering the
ring road around the city. However, the zones ae# wvonnected with an extensive
bicycle network, which means that many people cbédosgo by bicycle instead of
car, since it is a much more effective way to trafégverket et al., 2007)

The problem that traffic planners are facing todagot only how to get people to go

more by bicycle, but also how to get people to eltiess car. Increased cycling does
not always mean a corresponding decrease in cainglrisince increased bicycle

traffic often is at the expense of public transp@te way to reduce car traffic and

thereby also increase bicycle traffic in a way thas proved to be efficient is to use
so called ‘push and pull’ measures, where condti@n cyclists are improved as the
conditions for motorists are obstructed. These kinfl measures are dealt with in
more detail in Section 2.5.1.

One argument against increased bicycle traffichis high proportion of injured
cyclists. In 2009 a total of 49 cyclists were sesly injured from traffic accidents in
Goteborg (Trafikkontoret Goéteborgs Stad, 2010). liSig account for 40% of all
moderately or seriously injured from traffic acadiein Goteborg, whereas only 10%
of all trips are made by bicycle. The risk of aafdtaffic accident is 3.6 times greater
for a cyclist compared to a car driver and 5.8 singeeater if compared to a car
passenger (Vagverketetal.,, 2007). These figures bmsed on the number of
accidents per passenger kilometer. However, theevaf improved health on both
individual and societal level is greater than théue associated with the high number
of bicycle accidents (Trafikkontoret Goteborgs $St2009). The safety for cyclists is
thus in every aspect an important factor in thegesf bicycle infrastructure.

2.2 Current bicycle traffic

Approximately 105000 trips are made by bicycle @obteborg every day,
corresponding to roughly 10% of the total numbetripls. Although the total number
of trips varies slightly from one year to anothiéere proportion of bicycle trips has
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remained steady at around 10% in recent yearsfikoatoret Goteborgs Stad, 2009;
Trafikkontoret Goéteborgs Stad, 2010)

On a national level the share of all trips madebizycle is also roughly 10%, which
Is equal to almost one billion bicycle trips evemar (Vagverket et al., 2007). This
figure is, however, low compared to countries wheyeling has a more prominent
role in the society such as Denmark (around 20%)tae Netherlands (around 25%)
(Ministry of Transport, Public Works and Water Mgeanent, 2009).

The share of all trips made by bicycle has variedely over the years; in 1989 a
national travel survey concluded that only 5-6%abftrips were made by bicycle,
which shows a significant increase in bicycle il the last two decades. However,
this should be put in relation to that the bicysleare in the 1950s was about five
times higher than today, which clearly shows thar traffic has increased
dramatically and gained a dominant position in tin@ffic environment. This
development has naturally also affected the wayayedcities are planned and
constructed. (Trafikkontoret Goteborgs Stad, 1999)

With a bicycle share of around 10% Goteborg isne With the national average, but
it is still relatively low in comparison with citlesuch as Malmd, Vasteras, Uppsala
and Umea, where the bicycle share is 25-35%. Tasores for these higher shares are
probably that there is a distinct cycling traditiand a large concentration of students
in these cities. (Vagverket et al., 2007)

When asked what their main mode of transport istrips to work, studies or other
daily activities, 16% of the Go6teborg respondemtsweered that they go by bicycle.
39% go by car, 31% go by public transport and 11&tkwsee Figure 2.1. In the
figure it appears to be little difference in meaisd women'’s cycling habits, but more
detailed studies show that men more often use ityelb for slightly longer trips,
whereas women use it for shorter trips. In e.g.rbemk and the Netherlands, women
constitute the majority of cyclists (Vagverket et 2007). Cycling habits are not very
influenced by age, but the place of residence idesnly of significant importance.
Residents in the city center of Goteborg use thgde the most, whereas residents of
Hisingen use it the least, probably partly duehte barrier effect caused by the Goéta
Alv River.
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Woman 26% 41% 17% 13% 2%
Man 51% 21% 15%  B% 4%
18-29 years 22% 52%. 15% 10% 2%
30-49 years AT% 24% 18% 0% 1%
50-65 years 44% 21% 14%  13% 7%
! B Car
Hisingen 51% 32% 10% 4% 3% Public transport
Mortheast 33% A2% 18% 4% 3% Bicycle
City center 31% 28% 19% 19% 4% Walk
T Other
Southwest 54% 26% 15% 2%2%
Cyclist 30% 27%: 35% T% 1%
MNon-cyclist A7% 359 14% 5%
Total 39% 31% 16%  11% 3%
0% 20% 40% 60% 80% 100%

Figure 2.1 Distribution of respondents’ main modetm@ansport for trips to work,
studies or other daily activities in Goteborg (8pbion Research, 2009).

In a survey carried out among cyclists in Gotearg008, 61% of the respondents
stated that they use the bicycle to perform miacelbus errands, 56% use the bicycle
to get to work and 48% use their bicycle for retioggl purposes. In the same survey
the respondents were also asked why they use tyeldiand the most commonly
stated reason was physical exercise and healthavgtiare of 36%, followed by that it
is a fast mode of transport (33%). The respondalsts mentioned economic reasons
(9%), that cycling is pleasurable and relaxing (&)l environmental reasons (7%).
The main reason not to go by bicycle at a given ewmwhen it would have been
possible, is the weather, which was given as aoreéy 48% of the respondents.
(Splitvision Research, 2008)

There are major variations in the bicycle traffiaidg a year; in southern and central
Sweden three times as many bicycle trips are madbe summer compared to the
winter period, whereas there is a factor of tefediince between summer and winter
bicycle traffic in northern Sweden. According to sarvey made in Goéteborg

approximately half of the cyclists use their bieyduring the entire year, whereas the
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other half use their bicycle primarily in the petiédpril-October. (Vagverket et al.,
2007)

In a traffic count conducted on Skanegatan on A#jl2010 the helmet usage among
cyclists was found to be 59% in the morning and 49%e afternoon. One reason for
the slightly higher helmet usage in the morninthsught to be that a larger share of
the cyclists in the morning are commuting to wdhis group tend to use helmet more
often than leisure cyclists. The found values aedl w accordance with the report
Cykelaret i Goteborg 2000Trafikkontoret Goteborgs Stad, 2010), publishgdte
traffic and public transport authority of Gotebovghere the helmet usage is stated to
be 53% in 2009 and rising (Figure 2.2).

60 —
50 —
40 —
30 —
20 —

10 —

N I TN N A T TN N T I N
1881 1985 2000 2005 2008

Figure 2.2 Diagram showing the helmet usage in @etrcover time in Goteborg.
(Trafikkontoret Géteborgs Stad, 2010)

2.3 Existing bicycle infrastructure in Géteborg

The cycle network in the Goéteborg area has a tetajth of approximately 600 km,

whereof 460 km is on separate cycle tracks andktdOn mixed traffic. In streets

with mixed traffic the speed limit is set to 30 km{Go6teborgs Stad, 2009a). The
bicycle network is divided into three categoriebg tmain network, the overall

network and the local network (Stadsbyggnadskoht@6£9).

The main network consists of the most prioritizegcle tracks in terms of

maintenance, traffic safety measures and right ay \m intersections where it is
practically applicable (Goteborgs Stad, 2009a). dine is also that these cycle tracks
should have a uniform design with high standard gadd availability. The main

bicycle network consists of four stretches thabaljinates in the city center:

« City center — Molndal (along Skanegatan, Sodra véagel Molndalsvagen)

« City center — Alvsborgsbron (along the south sludr@ota Alv)

« City center — Biskopsgarden (via Hjalmar Brantirajsg)

» City center — Patrtille (via Olskroken, Munkebackl drorpavallsgatan)
(Stadsbyggnadskontoret, 2009)

The overall network consists of cycle tracks anekets with mixed traffic that
connect the different parts of the city. Safetynméart and continuity of the overall
network shall be high, but not be given the sameripy as in the main network
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(Stadsbyggnadskontoret, 2009). The main network taedoverall network can be
seen in Figure 2.3.

The third type of bicycle infrastructure in Gotetpois the local network, which
constitute the finest mesh in the bicycle netwarkreecting local destinations to the
overall network, e.g. stretches through parks andsidential areas
(Stadsbyggnadskontoret, 2009).

Figure 2.3 Map showing the main bicycle networkd{rand the overall bicycle
network (green) of Goteborg. (Goteborgs Stad, 2009)

2.4 Objectives and visions

In evaluating the current development of bicycdfic, the set objectives and visions
on national and local level can be useful as adrackd.

2.4.1 National objectives

On August 31, 2009 the transport authorities phbklid=6rslag till Nationell plan for
transportsystemet 2010-2021 (Proposal for NatioRkn for the Transport System
2010-2021)vagverket et al., 2009), where the national dibjes for bicycle traffic
are summarized as follows:

The share of pedestrian and bicycle traffic forrshiops should increase.
Combined trips including walking, cycling and pahdiansport should be
facilitated and bicycle tourism in Sweden shouldibeeloped.

The deficiencies identified in this report inclutlat cyclists outside built-up areas,
but partly also inside built-up areas, to a largeet have to cycle on road courses or
shoulders of varying width. The fact that cyclisten a much higher risk than
motorists of being injured in traffic is also memted. Another deficiency in many
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places kemark e.g. in the Goteborg area) is that there is naipdsy to bring the
bicycle on the bus or the train and furthermoret tin@any bus stops and railway
stations do not have a sufficient number of sebiagcle parking racks.

The report gives no clear strategy on how to achithe set objectives, but it
emphasizes the importance of seeing the bicyclenasattractive mode of transport.
Since approximately half of all trips by car aredér than 5 km there is thought to be
a large potential to transfer a significant portadrihese trips to bicycle.

2.4.2 Local objectives

The most recent objectives for bicycle traffic aptin Goteborg were published in
1999 in the reporCykelprogram for Goteborg 1999 rafikkontoret Géteborgs Stad,
1999). The main focus is to increase bicycle tcadind to lower the number of people
injured or killed in bicycle accidents. The objees are described below:

* The bicycle traffic share (of the total number ofd user movements) is
to increase with nearly 50% until 2012 from a mealtue for the years
1994-1996, i.e. from 8-9% to 12%— and it is mainly motorists that
should change mode of transport to bicycle.

* This increase is to be coincident with an improveindd traffic safety
for cyclists — the total number of injured cyclisd4o decrease with 25%
and the number of killed and seriously injuredasdecrease with 35%
until 2008 from a mean value for the years 19957£9f a long term
perspective nobody is to be killed or seriouslyuiegd from traffic
accidents.

A clear strategy to reach these objectives is neggnted.

The bicycle program of 1999 was followed up in 2@@&he reporCykel i Géteborg
2006 — uppfdljning av Cykelprogram for Goteborg 999rafikkontoret Goéteborgs
Stad, 2006), where it was investigated to whatrektbe set objectives were reached.
It is established that measurements of the numbeyatists are so deficient that it is
difficult to verify whether the objective has beeeached or not. The second
objective, to improve traffic safety for cyclists easier to check and a distinct
reduction in the number of accidents is eviderthinconcerned period. However, no
figures are given; only that the objective to dasee the number of killed and
seriously injured cyclist with 35% has been reached exceeded. The fact that the
measurements of the number of cyclists are deficemould be taken into
consideration, since a part of the decrease inntimaber of killed and seriously
injured cyclists could be due to a general decrgatiee number of cyclists.

2.5 Potential to increase bicycle traffic

A coherent, easily comprehensible, safe, securgcleicnetwork in beautiful and
relatively quiet surroundings is important in ordey make it attractive to go by
bicycle. This is expressed ifirafik for en attraktiv stadVvagverket et al., 2007) and

!|.e. an increase from 120 000 to 180 000 bicyripes pper day.
%2 The annual mean value for the period 1995-19@tigal of 831 injured and 198 killed or seriously
injured. The goal is to decrease these number2iafd 130.
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mentioned factors influencing transport quality foyclists include signposting,
topography, separation between cyclists and pedesirpavement standard, winter
maintenance, presence of lighting and vegetati@sigd and safety of bicycle
crossings, access to weather-protected parkinghengossibility to securely lock the
bicycle. These are examples of measures that ctakée to increase bicycle traffic.

According to the Dutch guidelines iBesign manual for bicycle traffiglCROW,
2007) there are five basic requirements that can be setaobicycle-friendly
infrastructure. These are cohesion, directnessfysatomfort and attractiveness. By
working resolutely on improvements within theseaar¢he bicycle as a mode of
transport can be made more attractive and morel@am be motivated to start
cycling or to cycle more.

The vast majority of bicycle trips are shorter tfakm, which often is considered an
acceptable distance to go by bicycle for most pe¢ptafikkontoret Goteborgs Stad,

1999). Given that half of all car trips are als@rsér than 5 km in many Swedish

cities (Vagverket et al., 2009) and that 46% oftrgis shorter than 4 km are made by
car in Goteborg (Nya Vagvanor, 2010) there is afgpetential to increase cycling by

transferring traffic from car to bicycle. Therealso a large potential to transfer travel
by public transport to bicycle, as over 40% ofpaiblic transport trips are shorter than
5 km (Trafikkontoret Géteborgs Stad, 1999).

In the bicycle program for Goteborg from 1999 (Tkiabntoret Goteborgs Stad) it is
estimated that the bicycle share of all traffic ¢acrease to 25-28%, equivalent to
375 000 bicycle trips per day, compared to 120 bi@9cle trips per day when the
bicycle program was adopted. This estimation issam the fact that the share of
bicycle traffic is low in G6teborg compared to masther cities and that many short
trips are made by car or public transport. Sunshy@wv that in general it is possible to
transfer 10-50% of car trips shorter than 3-4 krbitycle (Nilsson, 1995).

In the bicycle program for Goteborg from 1999 (Tkiabntoret Géteborgs Stad) the
City of Goteborg also presents a number of locatdis that are said to limit the
potential increase, for instance that Goéteborg dllg and windy city. Also the fact
that Goteborg is a sparse city with long distarazesthe barrier effect caused by Gota
Alv are considered to counteract an increase igchéctraffic. In addition to this, a
number of other general factors that pose obstakesnentioned, such as cold and
precipitation, high perceived risk of accidentgthrisk of bicycle thefts, that cycling
causes sweating and that a bicycle is not apprtepwden transporting goods and
luggage. A relatively cold climate does not, howewave to influence bicycle traffic
negatively, at least not during the summer monil&n the bicycle share in Umea is
almost in level with the Netherlands (Nilsson, 1998

Bicycle investments in Gavle and Lund also showt ihas possible to increase
bicycle traffic while reducing the number of bicgchccidents. In many cases an
increase in bicycle traffic makes cyclists moreibles in the traffic environment,
which in turn makes other road users more awarandf more alert to cyclists as a
group. (Vagverket, 2000)

2.5.1 Measures for increased bicycle traffic

There are several theories about what measuregdhdbe taken to motivate people
to cycle more and there have been studies to sateffect different measures have.
According to Rietveld and Daniel (2004) it would jpessible to influence bicycle use
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by means of so-called ‘push and pull’ measures.idéa is to improve the conditions

for cyclists by introducing various ‘pull’ measursach as increased traffic safety,
safer bicycle parking and the possibility to showed get changed at the destination.
This is done in connection with the introduction suf-called ‘push’ measures for

motorized traffic such as higher taxes on fuelreased parking fees or introducing
congestion charges. In this way it would be possibltransfer traffic from one mode

of transport to another.

The impact of such ‘push and pull’ measures has ls¢edied by Stradling (2001),
who found that different measures have differeféat$ on different parts of the
population. For instance it appeared that youngepl|e and people driving small cars
would consider changing mode of transport in casgtheer mode of transport was
made more attractive. Older people and those vath ihcomes would consider a
change in their way of travel if going by car waada more expensive. A third group
consisting of people owning more expensive carsvamal partly also use their car as
part of their work was found not to be affectedathitby any of the measures. This
study hence shows that not only positive encouragérbut also restraints in the
conditions for other modes of transport can infeeethe share of bicycle traffic.

What ‘push’ measures have the largest impact oyclacuse? A number of studies
point out bicycle-friendly infrastructure as an ionfant measure in order to make
people use the bicycle more. For instance Kinghamal.e(2001) concluded that
improved infrastructure was the most importantdactollowed by bicycle facilities
and safety, less traffic and economic incentivasprder to increase bicycle traffic.
Similar findings emerged in a study by Dickinsonakt (2003), where 47% of the
respondents replied that they would cycle morénd bicycle routes to work were
improved. The same study also showed that 34% woydte to work if there was
less traffic on the roads. Also several other g&sidRyley, 2006; Hunt & Abraham,
2007; Tilahun, Levinson, & Krizek, 2007; Wardmangft, & Page, 2007) show that
the most important factor in order to make moreppeto go by bicycle is a bicycle-
friendly infrastructure, followed by good qualitycigcle facilities at the destination
and shorter travel time.

In summary, there is a potential to increase beyirhffic in Goteborg and an
important aspect in making more people to go byydd is to improve the
infrastructure for cyclists.
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3 Current conditions and deficiencies of Skanegatan

Skanegatan between Korsvagen and Ullevi stadiuma ipart of the so-called
Evenemangsstraket in central Goteborg, connectigogTdhe Swedish Exhibition &
Congress Centre, Universeum, Scandinavium, the entheatre Bergakungen and
Ullevi stadium, see Figure 3.1. In addition, theteth is also part of the main bicycle
network between Mélndal and Goteborg city centet simould have certain priority
and be well suited for bicycle commuting. In ortiecomply with these requirements
a high degree of separation between cyclists and@gteans is necessary, since the
stretch also serves as a strolling area. The eapdtentertainment facilities are
concentrated to the east side of Skanegatan, vidiwhy most bicycle and pedestrian
traffic is located here. This is also where a ratattion is proposed.

e
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Figure 3.1 Overview of the concerned area. The rettangle shows
Evenemangsstraket on Skanegatan. (Trafiken.nu,)2010

The pedestrian traffic along Skanegatan is relbtivextensive, especially in
conjunction with events along the stretch, e.gUlévi stadium and Scandinavium
and in the evening hours at the movie theatre Berggen. It is thus important that
pedestrians have enough space and also that tlaeasep from bicycle traffic is
sufficient in order to achieve a good standardajéty. In the current layout of the
stretch cyclists and pedestrians are generally separated by a difference in paving;
the cycle track is paved with asphalt and the fatbtpnvith paving bricks. There is
hence no physical separation, which makes pedestrizsse the cycle track
occasionally.

To get an idea of the range of the bicycle traffiicthe concerned stretch, an on-site
study was made on April 12, 2010 where the numlbaryolists, in what direction
they were cycling and the share of cyclists thatduselmet was investigated. The
measurements were conducted from 07.00 to 09.@@eimorning and from 15.00 to
18.00 in the afternoon. The maximum hour was obthibetween 07.30 and 08.30
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with a total of 142 cyclists. In the afternoon tmaximum was between 16.45 and
17.45 with a total of 125 cyclists. These values sgen as guideline values in the
further work; although the flow can be significaniligher at other occasions it is still

in the same order of magnitude and does not affecdesign. In the morning, the

majority of cyclists were going towards the cityntar (76%), as was the case in the
afternoon, however, substantially less dominan¥%{p7

The motorized traffic along Skanegatan varies dferint stretches. The least traffic
flow is at Burgardens gymnasium school between alklgatan and Engelbrektsgatan
with an annual average daily traffic of 8 600 védscand a total of 790 vehicles in the
maximum hour. The part of Skanegatan that has thst maffic is between Hugo
Levins vag and Ullevigatan with an annual averaggydraffic of 17 500 vehicles
and a total of 2 240 vehicles in the maximum hdurese values are measured in
2009. (Goteborgs Stad, 2009b)

3.1 Current layout

To simplify the description of the area, the stnebas been divided into five parts.
The stretch starts in the south, where part A @ddnom Korsvagen north along
Massans gata, via The Swedish Exhibition & Congi@estre and Scandinavium
until the intersection with Valhallagatan. Thisargection is part B. Part C is the
stretch from Valhallagatan past Burgardens gymmasithe movie theatre
Bergakungen and Katrinelundsgymnasiet until therggction with Hugo Levins vag.
Part D is the intersection with Hugo Levins vag gadt E is then the final stretch
until Ullevigatan in the north. In this chapter péirts are described in more detail and
the deficiencies considered most serious are listed

Part A: Between Korsvagen and Valhallagatan the cycleta@urrently divided.
North of Korsvagen the northbound track is leacbdviissans gata, where it is mixed
traffic, whereas southbound bicycle traffic uses approximately 0.8 m wide
asphalted cycle track on the mall between Méassatssand Skanegatan (Figure 3.2).
On the east side of Massans gata, there are fokingaspaces for disabled people, a
loading zone for deliveries, a zone for a waitiagitspace for boarding and alighting,
a number of motorcycle parking spaces and fourntenste parking spaces. The
footpath is located next to the building and thek of conflicts between pedestrians
and cyclists is hence very small.
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Figure 3.2 The transition from a two-way cycle kao mixed traffic on Massans
gata. Picture taken from the south.

In order to reduce the speed of motorized traffidissans gata, it is equipped with
speed reducing measures such as the speed bump shbigure 3.3. However, there
are no signs stating any lower speed than 50 Kni.speed bump has such a design
that it does not affect the speed of cyclists,daus slowing down considerably for the
speed bump in front of cyclists can be an obstadlere have also been observations
of motorists that are using Massans gata in ordesvade the queues at the traffic
light on the parallel Skdnegatan. These motoriftsnodrive at high speed, which
definitely is not beneficial for the safety of cigtt.

Figure 3.3 Speed bump on Massans gata. Picturentaken the north.
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Along The Swedish Exhibition & Congress Centre &wadndinavium there are two
large gates for major deliveries to the buildingsese must be available also after a
reconstruction.

Just south of the intersection with Valhallagataa ¢ycle tracks return to a common
2.45 m wide two-way cycle track, Figure 3.4. Thastps poorly marked and it is hard
to know where to go when going by bicycle from tieeth. The road marking once
made to clarify that M&ssans gata crosses a cyaitk ts in such bad condition that it
is hardly distinguishable any more.
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Figure 3.4 After the pedestrian crossing the cyceks continues as a common two-
way cycle track until the intersection. Pictureeakfrom the south.

Identified problems on part A:

» Lack of continuity

* Cycling in mixed traffic means a higher risk of allision between car and
bicycle

* The southbound cycle track is too narrow and do¢sifow cyclists to pass
* Unclear how to cycle when going south

Part B: Where the cycle track crosses Valhallagatan isgusrallel to the footpath
and is located approximately 7.5 m from Skanegafan. the north side of
Valhallagatan the cycle track connects to the cirelek from Garda in the east and it
makes a sharp bend before continuing north alodg&katan (Figure 3.5 and Figure
3.6). There is currently no satisfying solutionthe conflict between cyclists and
pedestrians

The traffic light regulation of the intersectionshawo phases, in the first one the
traffic along Skanegatan, including cyclists, haseg light and in the second one,
traffic from Valhallagatan (including cars turninght onto Valhallagatan) has green
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light when cyclists have red light. The proportaigreen light time for cyclists in the
intersection is relatively high, but could be futhncreased by lowering the priority
of traffic on Valhallagatan. There is no push batfor cyclists at the traffic light;

cyclists are automatically given green light whewtonized traffic in the same
direction have green light. Cyclists have oftenegrdéight at night, since the traffic
signal then automatically switches to green lighhg Skanegatan. (Kronborg, 2009)

Figure 3.5 The area just north of the intersectwith Valhallagatan. The cycle track
makes a sharp bend before continuing north parabbeBkanegatan. Picture taken
from the south.

Figure 3.6 The same area as in the previous picteireture taken from the north.

16 CHALMERS, Civil and Environmental Engineerin/laster’s Thesis 2010:16



Identified problems on part B:

* Poor separation between cyclists and pedestri¢argie risk of conflicts
* Sharp bends

Part C: The stretch extending north along Skanegatan fv@thallagatan until the

intersection with Hugo Levins vag has a uniformigiesvith a cycle track that is

between 2.10 and 2.35 m wide. The cycle track pha$ed and runs parallel to a
footpath paved with bricks (Figure 3.7 and Figu&) .3

A major problem on this stretch is that the cyaleck and the footpath only are
separated by a difference in paving and that thelfieycle symbols painted on the
cycle track are worn. This makes it hard for petmss to know where to go and
some seem to use the cycle track just as well edabtpath. This is particularly
evident outside the movie theatre Bergakungen, evlegge numbers of people can
come out at the same time and walk right onto toéedrack.
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Figure 3.7 Cycle track and footpath parallel to 8&§atan. As can be seen in the
picture pedestrians do not always walk on the fatitpPicture taken from the south.
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Figure 3.8 Cycle track and footpath along Skanegatdhe movie theatre
Bergakungen is to the left. Picture taken fromribgh.

Where the cycle track crosses exits for motorizaffi¢ it is paved with red bricks
(Figure 3.9). This is to make motorists aware at they cross a cycle track. The exits
are also paved with cobblestone in order to redbheespeed of turning cars. In
addition to the exits that cross the cycle trabkre is also some motorized traffic on
the cycle track itself; some delivery trucks havealtive a short distance on the cycle
track to reach the movie theatre Bergakungen, et some parents leaving their
children at the nearby preschool choose to drivéhencycle track and the footpath
for a shorter distance.

Figure 3.9 One of the exits crossing the cycleKkrgmved with red bricks. Picture
taken from the south.
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Identified problems on part C:

« Poor separation between cyclists and pedestri¢anrge risk of conflicts
e Many exits crossing the cycle track
* Motorized traffic on the cycle track

« On some stretches the cycle track is only aboutvade

Part D: Just south of the intersection with Hugo Leving #ée cycle track makes a
bend before crossing the street (Figure 3.10). Alsthis intersection there are often
conflicts between cyclists and pedestrians. Thdfidrasignal regulating the
intersection has three phases, where cyclists balye green light in one of these
phases. There are no push buttons for cyclisty, dhe automatically given green in
every phase cycle (Kronborg, 2009).

Figure 3.10 The intersection at Hugo Levins vagtite taken from the south.

Identified problems on part D:

» Poor separation between cyclists and pedestri¢éargie risk of conflicts

* The traffic light has three phases; cyclists haweqg light only in one of these

Part E: North of Hugo Levins vag, the cycle track and fir@path are separated by a
line of trees; the cycle track runs close to Skatay whereas the footpath is located
on the other side of the line of trees closer ttewlstadium (Figure 3.11). The
signposting and marking in the pavement is, howevery unclear, making many
pedestrians to walk in the cycle track. Since y®ectrack is only 2.0 m wide on this
stretch it can be difficult for cyclists to pasgipstrians.

The area between the cycle track and the boardmd) aighting zone along
Skanegatan is very narrow and there is a substargla for cyclists to run into
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opened car doors. Persons boarding and alightorg the parked vehicles are also

/‘.k‘

likely to be on the cycle track at times.

Figure 3.11 Cycle track passing Ullevi stadium. Tiyele track and the footpath are
separated by a line of trees, but the cycle tragskpoorly marked and many
pedestrians use it. Picture taken from the south.

On the last stretch of part E, the cycle track dredfootpath run next to each other
and once again the only separation is the differémpaving (Figure 3.12).
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Figure 3.12 Intersection between Skanegatan anevigjatan. Picture taken from the
south.

Identified problems on part E:

» Partly poor separation between cyclists and pedeastr risk of conflicts
* The cycle track is only 2.0 m wide
» Lack of space between the cycle track and the lrmgehd alighting zone
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4 Requirements on bicycle-friendly infrastructure

It has been shown in a number of studies that Bngymfrastructure of good quality
leads to a higher share of bicycle traffic in thedal split and it is hence a
prerequisite if the bicycle is to strengthen i@tiss as an important part of the traffic
system. According to the Dutdbesign manual for bicycle traffiglCROW, 2007) the
requirements for a bicycle-friendly infrastructucan be expressed in terms of
cohesion, directness, safety, comfort and attract#gs. These five main aspects
should influence the design of any bicycle netwadnnection and facility and are
generally considered equally important. Below isri@f description of these aspects
followed by applications of importance on road e and intersections on
Skanegatan.

Requirements on cohesion are connected to the rededh complete and

comprehensive bicycle infrastructure in order tkenthe bicycle a feasible option as
a mode of transport. The network has to provideneotions between various
important points of departure and destinations,taemake it possible for people to
use the bicycle as a part of their everyday lifa, least when commuting to and from
work. In order to fully utilize the network it ids® important that it is integrated with
other modes of transport, e.g. that it offers catines to major transport nodes.
Factors that also concerns cohesion include cemsigtof quality throughout the

network, the ease of finding the way and that teevork offers the possibility to

choose a suitable route.

Directness in the bicycle network and hence theetinag times are important factors
in terms of competitiveness compared to the camhigh degree of directness is
achieved by providing cyclists routes that are imsct as possible and by keeping
detours to a minimum. If it is faster and more cament than going by car many
motorists will consider using the bicycle for shoips. Detour distances, delays and
traffic flow speed are criteria possible to useider to set values on directness.

Cyclists are vulnerable road users since they stherdraffic space with motorized
traffic that has significantly higher speed andy&armass. They lack the protective
devices that benefit car drivers, such as a cagstrtion, airbags and a crumple
zone. The safety of the individual cyclist can tmpioved by the use of a helmet and
a bicycle in good condition, but from a design pafview this inherent vulnerability
is not possible to influence. However, the condsion which cyclists travel are a
matter of design and one of the main issues isitonmeze the encounters with fast
motorized traffic by means of separation in spacénoe. This safety requirement is
well supported by accident figures. Other importanihciples for a high degree of
safety include reducing speed at potential conflaihts and avoiding obstacles at the
side of the road. The guidelines used locally ineBérg (TPU) states that if the
safety requirements are met, the share of cyeligtsncrease.

Comfort is a requirement connected to criteria pe@ement smoothness, inclines, the
chance of stopping when cycling and nuisance froaffi¢t and weather. Since

bicycles do not have a suspension system as sopltést as a car it is extra important
to provide an even and smooth pavement for cycliste required physical effort

from the cyclist is closely related to comfort; egsive exertion from e.g. steep
inclines but also irregularity of the exertion, .enhen repeated stopping and starting,
makes cycling less comfortable. The degree of megmsaand delay caused by
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insufficiencies and shortcomings in the bicyclaasfructure hence decides the level
of comfort.

Even though attractiveness might be hard to desanibmeasure it still should play an
important role when designing bicycle infrastruetlVhen deciding whether to go by
bicycle or not and what route to take, differendtéas are valued differently by each
individual, which makes cycling behavior somewhiffiallt to predict. Perception is
a key issue that comprises psychological factoate® to the attractiveness of the
bicycle infrastructure. Social safety is a partelyl important aspect since it has been
shown to have a significant influence on the decigb use the bicycle, not least in
the evening and at night.

4.1 Aspects of requirements applicable on Skanegatan

The aspects of requirements for a bicycle-friendfyastructure presented above are
here applied on road sections and intersections.

4.1.1 Road sections

When designing road sections for bicycle traffie thost important aspect to consider
is the function it is to serve, both in terms afymle and other traffic. The function is
to a certain extent governed by the policies adbptad since the concerned stretch
along Skanegatan is part of the main bicycle nehit@should have priority compared
to other stretches in terms of good standard aralladiity according to the
comprehensive plan of Goteborg, adopted by theaatyncil in February 2009. The
road sections in the main bicycle network shouldeh@a uniform design and
signposting and they should be given priority ine of traffic safety and social
safety measures such as lighting (Goteborgs S@9a).

Factors that are essential in the process of detergthe layout include the intensity
of the bicycle traffic and the intensity and spedédhe motorized traffic. Although
these values can differ significantly on a certstiretch, it is not a problem in itself
since the important thing is that every road sectieeets the requirements set for it.
Continuity and recognisability of the route is, lewer, an essential aspect.

All requirements for a bicycle-friendly infrastruce that are applicable on road
sections are possible to express in terms of diesst safety, comfort and
attractiveness, although many quality preferences oot be related to one
requirement only. The aspects of these requirentbatsare applicable on the road
sections along Skanegatan are presented below.s$#Jni¢herwise stated the
presentation is based @esign manual for bicycle traffilCROW, 2007).

Directnessin distance and time

In order to achieve a good degree of directness drucial to avoid unnecessary
bending and winding of road sections. On cyclekisao city center environments,
such as Skanegatan, this is not a major probleme ghey often follow the street and
are practically straight. Limited crossing possil@s at roads with heavy traffic can,
however, imply a derogation in the directness afoanection. This problem can
partly be solved by allowing two-way traffic on dégctracks along such roads,
reducing the need for cyclists to cross the road.itl@ other hand, directness is not
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only a matter of geometry, but also time. Directnestime is related to the average
speed and the opportunity to keep riding without anterruptions or decelerations.
Delays caused by this should not exceed 15%.

Dutch guidelines suggest a design speed of 30 kon/foad sections on cycle routes
and main cycle routes, i.e. cycle routes with derisity of more than 500 bicycles per
day, which means that it should be possible to aidéhis speed in normal conditions.
Swedish guidelines have similar suggestions an8&&tn/h as a design speed for the
main bicycle network. It is, however, questionaiblsuch a speed is possible to keep
on the concerned road sections along Skanegatdm pndtsent design. The design
speed sets requirements on the road section irs tefmidth, the view of the road and

the traffic flow speed. Particularly the width dfet road sections is of importance
because if it is too narrow, cyclists are forcedise a lower speed. Minimizing delays
for cyclists at intersections is a major issueeinrts of directness in time; this is dealt
with in Section 4.1.2.

Separation

Separation between traffic types is a requirementcase of significant speed
differences in order to provide a safe traffic @amment for cyclists. As a general
rule according to both Dutch and Swedish guidelingsycle traffic should be
separated from motorized traffic if the speed edse80 km/h due to the limited
ability of a human to withstand the violence fronaedicle collision at greater speed.
The degree of separation is of great importanaefalsthe experienced safety, but the
disadvantage of this increased safety is that stgclmight underestimate risks at
intersections and also keep a higher speed wheragpng intersections. A cycle
track is the safest solution from a separation tpofrview; the risk of accidents is
lowered, the traffic nuisance from e.g. noise axkaest fumes can be reduced and
the negative influence from parked vehicles is d&di According to TPU the bicycle
infrastructure in the main network should be sejgarérom motorized traffic as much
as possible. In cases where separation is notlppessi alternative solution can be to
reduce the speed difference, i.e. to lower thedspéenotorized traffic.

The separation between cyclists and pedestriardses an important factor in the

design of a cycle track. A clear separation whedists and pedestrians do not have
to intrude on each others designated areas isatidsirOn major bicycle stretches in
the city center TPU suggests a slightly elevatestpfath separated from the cycle
track with low a curb, which has to be designeduch a way that it does not pose a
safety risk. In the normal case cycle tracks amutpaths are only separated by a
difference in paving.

Design manual for bicycle traffioffers an option diagram for road sections inside
built-up area, which based on road category, spéadotorized traffic and bicycle
network category provides guidelines on what bieyekility (cycle track, cycle lane
etc.) to choose on a given road section. Accortintipe diagram a bicycle intensity
of 500-2500/day in combination with Skanegatan @pedategorized as a district
access road with a maximum speed of 50 km/h the apgsopriate bicycle facility is
a separate cycle track. This is also the caseerptbsent design. Swedish guidelines
for separation are based on the speed and intefsityptorized traffic and state that a
cycle track gives a good quality (the highest duajrading of three possible levels)
for a 50 km/h road. However, the layout of the eyithck has to meet a number of
requirements.
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Dimensions

A cycle track with a sufficient width allows safagsages, enough room for evasive
maneuvers if necessary, appropriate margins inestsfo other traffic and it also
helps preventing delays connected to capacity.gthéelines regarding the width of
the cycle track take into consideration the rushrhotensity of bicycles and whether
it is a one-way or two-way track. According to Dutguidelines a one-way cycle
track is often preferable, but if there is not egiospace for a cycle track on each side
of the road and if a two-way cycle track can hetpvpnting crossing movements
allowing cycle traffic in both directions on theaby track can be a feasible solution.
These conditions apply for the concerned stretohcalSkanegatan, which makes a
two-way track advisable.

In a bicycle count conducted on Skanegatan inukk hour in the morning and in the
afternoon on April 12, 2010 the rush hour intensity two directions was
142 bicycles/hour at the time. This is by no mearssatistically reliable figure but it
still gives an indication on the traffic volumesutdoh guidelines recommend a track
width of 2.50 to 3.00 m for rush hour intensitids0-150 in two directions. Swedish
national guidelines (VGU) set a standard width ofelist to 0.75 m and also provide
design values for dimensions required between afjdcent to cyclists in two
different margin classes. If the current layouttaf cycle track along Skanegatan was
designed according to margin class A, which mehas ¢yclists and pedestrians do
not have to adjust to each other, it should havaddh of 2.75 m. Margin class B
requires that cyclists and pedestrians adjust ¢b ether to some degree; if designed
according to margin class B a total cycle tracktvidf 2.00 m is said to be sufficient.
The guidelines used locally in Goteborg (TPU) bg thaffic and public transport
authority are partly based on VGU and seeks to ideoprinciples for a uniform
approach in the design of bicycle infrastructurecdrding to TPU two-way bicycle
tracks in Goteborg should have a width of minimu®02m, but normally 2.50 m in
central parts and 2.30 m elsewhere. The currerdulagpf the cycle track along
Skanegatan has a width of 2.00-2.55 m.

4.1.2 Intersections

Serious traffic accidents involving cyclists arearmajority of the cases caused by
collisions with cars. This is why the design ofeirstections in the bicycle network is
essential for the safety of cyclists. The aim oérgvintersection must be that it is
comprehensible to all road users, so that misutalesigs and accidents can be
avoided. A key issue in achieving this is to miraeithe number of conflict points,
which however can be in contradistinction with ethequirements such as a proper
traffic flow. This can in turn put demands on thember of lanes and the traffic
situation might no longer be sufficiently compresies without some regulation of
traffic by means of traffic lights. The speed ot tharious road users is also an
important factor at intersections since the speedhe critical parameter for the
outcome of an accident. Of the five main requiretmern bicycle infrastructure
directness, safety and comfort are applicable tersections.

Directness in time is important in general, buteesally at intersections in routes that
are used by many cyclists, which often is the daséhe main bicycle network.
Preventing delays is a key issue that can be aethiby giving cyclists right of way
where possible, which also is the policy in Gotgbaccording to local guidelines. In
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cases where this is not possible the risk of wgitihintersections can be minimized
by using traffic lights with remote detection oretbycle tracks. When traffic lights
are used the cycle time of the traffic light regiola is subject to requirements,
especially in terms of maximum waiting time for bgts.

Safety is considered the most important requirenretite design of an intersection.
A roundabout is, however, a safer solution thanmaersection with traffic lights,
which often are installed in order to facilitateetHow of motorized traffic. Since
motorized traffic generally constitute the domingtitraffic flows in intersections,
traffic lights are often designed with cars in migdudies have, however, shown that
cyclists as a rule have to wait for long periodsmany cases unnecessarily, since
there are measures to shorten waiting times fotistyc Research made in the
Netherlands show that green light times for motatizraffic at intersections in many
cases are set unnecessarily long. Shorter cyckstare beneficial for cyclists and in
many cases it was also proven possible to shdnigycle time, improving the flow
of bicycle as well as other traffic.

Studies have shown that waiting for traffic ligihksone of the main sources of delay
for cyclist, especially in larger cities. Importdntbear in mind is also that cyclists are
more sensitive than motorists to energy lossesdasuwbmfort associated with braking
and accelerating at an intersection. The waitimgetiand the chance of stop are
important factors when evaluating the directneskgeneral bicycle-friendliness of a
traffic control system. The average waiting timeoistained by multiplying the
probability of stop by the average waiting timestopping. Reducing the probability
of stop and the red-light time are measures thatbeaused to minimize the average
waiting time. According to Dutch guidelines an ag® waiting time of 15 seconds or
less is considered good, whereas more than 20 dect®negarded poor.

4.2 Requirements from focus groups

A related master’s thesis work (Koorp & Perssonl®Ohas been carried out in
parallel to this thesis, investigating the needslifierent groups of cyclists. Through
discussions in focus groups, various thoughts leen obtained on what is good in
the current bicycle infrastructure, what can berwwpd and what could be changed if
you were allowed to envision with no restraintsthis section, the results from the
focus group interviews considered applicable in gheposal for the new design of
Skanegatan are presented. The aim is to take thg@a@ns into consideration as
much as possible when compiling the proposal femigw design.

Safety is an aspect often discussed in the focospgmterviews. It is important to
feel safe when cycling in order for people to cdesithe bicycle as an attractive
mode of transport. This applies for a cycle rolge@aavhole, but safety is particularly
important at intersections. Good visibility and l®speed of motorized traffic are
essential in the design of an intersection and reor@gulations and traffic signal
configurations in order to avoid misunderstandings. the focus groups, the
separation of various types of traffic is considereery important between
intersections. Good lighting is also important gdne whole cycle route.

Other views include continuity of the cycle tragiood road markings and road signs
clearly showing where cyclists and pedestrianssapposed to be. In order to enable
continuous cycling without unnecessary stops, higheority for cyclists at
intersections is proposed, e.g. that a so calleskig wave’ follows cyclists between
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signal regulated intersections. Green wave meatdle intervals between the green
times in the intersections are adjusted to the dsdethe cyclists in order for the
traffic light to switch to green before the cydisarrive. A high quality, smooth
pavement is also an important factor from a conortt of view.

In terms of facilities along the cycle track, sexinicycle parking is mentioned as
being most important; good possibilities to segureick your bicycle should be
provided at the start point as well as the destinalt is also important that it is easy
to find the way, good signposting with clear destimn and distance information is
desirable. Access to bicycle pumping stationsse alfactor facilitating for cyclists.
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5 Proposal for reconstruction of Skanegatan

As presented in the introduction, the aim of thissis is to create a visionary bicycle-
friendly design of Skanegatan, which is presentettis chapter. The design is partly
inspired by the Dutcibesign manual for bicycle traffiglCROW, 2007), mainly in
terms of widths, but also regarding directnesssemaration. The design is also based
on the requirements from the focus groups menticzaatier. Different ideas have
been discussed in order to present the proposald=zred the most appropriate.

The main idea in the design has been to createninoous, safe and comfortable
cycle track, fulfilling the requirements set by Qi as well as foreign handbooks.
This idea has resulted in a 3.0 m wide two-way e€ywhck separated from the
walking area by a 20 cm wide and 5 cm high curlestdrhe width of the track
ensures a good availability that also will be sudiint for an increased future bicycle
traffic. The curbstone is low enough to be easityssable, but still apparent enough
not to be passed by mistake. The cycle track wWib @e clearly marked with a
centerline on all road sections and there will bexied bicycle symbols and arrows
on the pavement. This makes it easier for cyctstsnow which side to cycle on and
it also makes pedestrians more aware of the crabd.t

To clear the way for the new 3.0 m wide cycle tradiferent solutions have been
applied at different stretches. In some placesmg@eas have been changed and in
some places the walking area has been affectetheAmovie theatre Bergakungen
the proposal is to cut one of the lanes in ordegit®@ more space to cyclists and
pedestrians but also to create a more enjoyabfigctemvironment. Other measures
taken to improve the surroundings include plantiegs between the cycle track and
the road but also installing new lighting along #teetch in order to make the area
safer and more attractive.

Along The Swedish Exhibition & Congress Centre dmaw cycle track has been
proposed where Massans gata is today. This isitjgest change on the stretch, but it
is also the stretch where a reconstruction is reéa most. The cycle track has been
straightened at some places in order to increasawailability for cyclists, but it also
improves the continuity of the cycle track.

In order to increase the safety, the traffic sigregulation in the intersection at
Valhallagatan has been proposed to be changeddid awnflicts between turning
vehicles and cyclists going straight on. The bieyclossings are proposed to be
painted blue to make motorists more aware of thesing.

All figures in this section can be seen in AppeneNAll.

5.1 Part A: The Swedish Exhibition & Congress Centre

Today the northbound cycle route at The Swedishin & Congress Centre runs
in mixed traffic on M&ssans gata, while the southfgbcycle track runs on a separate
narrow strip in the mall between Méassans gata &d@h&jatan (Figure 5.1). None of
these solutions is satisfying. To direct cyclist®imixed traffic always increases the
risk of conflicts with motorized traffic. It alss ia disadvantage for cyclists in terms of
availability when cars are parking along the sti@eslowing down considerably at
the speed bumps on the stretch. Although the Gitgdieborg claims that all streets
in Goteborg with cycle routes in mixed traffic haavspeed limit of 30 km/h, there are
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no signs stating this, which means that the spamail for Skanegatan (50 km/h)
applies for Massans gata too. (Goteborgs Stad,)2009

Some people have also been observed using Masaanaga shortcut to bypass the
traffic and also avoid one of the traffic lights &kanegatan. Motorists taking this
shortcut, often at high speed, are a great riglyttists. The fact that the southbound
cycle track runs on a refuge — in some places tloedrack is only 0.8 m wide —
makes it impossible to pass other cyclists. Thetp@aith outside The Swedish
Exhibition & Congress Centre is currently 4.3 m &uid

Cars also have to cross the southbound cycle waek entering and exiting Massans
gata. In these places the cycle track is paved weidhbricks or placed after a speed
bump in order to make drivers aware of the crossing

Since the stretch passing The Swedish Exhibitio@dhgress Centre is part of the
main bicycle network, the cycle tracks given thghleist priority in Goéteborg, it is

quite surprising that there are such deficiencieshie design. A change of the
situation for cyclists is considered necessaryrdiepto make cycling more attractive
and a proposal for a new design has been developed.

1200.0mf
19450.0mm

3300.0mm

3300.0mm
-

-

Figure 5.1 3D model showing the current layout leé tycle route at The Swedish
Exhibition & Congress Centre.

The proposal in order to solve the mentioned problés to replace Massans gata and
build a 3.0 m wide two-way cycle track. The progadso includes a widening of the
footpath from 4.3 m to 5.0 m (Figure 5.2). The eyttack and the footpath are
separated by a 20cm wide and 5cm high curbstdhées separation prevents
pedestrians from entering the cycle track by mestabut is easily crossable for
cyclists as well as pedestrians. The low heighthef separation also eliminates the
risk that the cyclists’ pedals hit the curbstone.

The parking spaces and loading zones along Maggdasare in the proposal located
along Skanegatan instead. With this solution pepplding in these parking places
have to walk across the cycle track to reach tlogpfih closest to the building, but
this is considered a minor problem compared toatheantages of the new wide two-
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way cycle track. Parallel parking along Skanegaarot regarded as a problem, since
the same solution is applied at the opposite didlesostreet.

The wide refuge between the new parking placestadcew cycle track gives, in
addition to space for more secure bicycle parkexks, more space for opening car
doors without the risk of an accident with a cyclis

The Swedish Exhibition & Congress Centre also kas dates for major deliveries,
which must be available also after the reconstoactSince the use of these gates is
very limited (approximately 50 deliveries per year¥uitable solution is to construct
passages for delivery trucks to cross the refuge the new cycle track along
Skanegatan.

19450.0mm

3300.0mm

Figure 5.2 3D model showing the proposed layouhefcycle track at The Swedish
Exhibition & Congress Centre.

5.2 Part B: The intersection at Valhallagatan

The intersection at Valhallagatan is rather langgd @omplicated, but since the cycle
track passes on the east side of it, cyclists arg affected by a part of the
intersection. Just south of the intersection,2l4& m wide cycle track makes a small
bend and it crosses the street parallel to thegbede crossing (Figure 5.3). On the
north side of the intersection, the cycle track esalt sharp turn to the left and then to
the right before continuing north along Skanegaffmam here the cycle track is 2.1 m
wide. The separation between cyclists and pedastoaly consists of a difference in
paving material.
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Figure 5.3 3D model showing the current layouthaf intersection at Valhallagatan.

The part of the intersection affecting cyclistxisrently regulated by a traffic signal
with two phases. In the first phase, traffic al@®ifnegatan (including cyclists) and
traffic turning right onto Valhallagatan from Sk&aean have green light, whereas
traffic coming from Valhallagatan has red light.thee second phase, traffic coming
from Valhallagatan and traffic turning right ontoaMallagatan from Skanegatan
(additional two-light turn signal) has green ligi@ther traffic along Skanegatan
(including cyclists) have red light (Figure 5.4).t Aight, the traffic signal
automatically switches to green along Skanegatan.

This signal configuration causes conflicts betwegtlists crossing Valhallagatan and
motorists turning right from Skanegatan. Howeveis tonfiguration makes the green
light time for cyclists relatively high, but it ctilbe improved further and the safety
in the intersection could be increased.

—

AH AH

Phase 1 Phase 2 Phase 1

N

\ 4
A\ 4

Figure 5.4 Current signal configuration. Phase lorthbound traffic and traffic

turning right on Skanegatan as well as bicycleftcain both directions have green
light. Phase 2: traffic turning right on Skanegatand traffic on Valhallagatan have
green light.
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The proposal is to let the 3.0 m wide two-way cytrieck continue also on this

stretch. It is straightened in order to avoid tleadjust south of the intersection. Due
to the straightening, the cycle track is locateghsly more to the west, which makes
the sharp turn north of the intersection a bit genirhis re-localization of the cycle

track means that the stop line for traffic turnirnght from Skanegatan has to be
drawn back a bit.

The shape of the walking area north of the intdiseds also changed slightly outside
Burgardens gymnasium in order to make it easiercfmlists to pass. To make

motorists aware of that they cross a cycle trauok hicycle crossings are painted blue.
This is a method used in several cities in Eurapg. (Copenhagen) and it is also
recommended by Svenska cykelséllskapet (SwedishicBicAssociation) (Svenska

cykelsallskapet, 2010).

Figure 5.5 3D model showing the proposed layout tbé intersection at
Valhallagatan.

To increase the safety in the intersection, a changthe signal configuration is
proposed. Safety would increase if traffic turnnight onto Valhallagatan was given
its own three-light turn signal instead of followirthe same signal as traffic along
Skanegatan. This means traffic is not allowed ts&rthe cycle track when cyclists
along Skanegatan have green light (Figure 5.6)chvivould decrease the risk of
collisions between cyclists and cars without affegthe green light time for cyclists,
since turning traffic only get green light at thange time as traffic coming from
Valhallagatan, when cyclists have red light anywlayorder for this solution to be
practicable it is important that the turning lasddng enough so that waiting cars do
not block the adjacent lane. This three-light twignal would follow the signal
regulating the traffic coming from Valhallagataro minimize the red light time for
cyclists these signals would only give green ligliten there are vehicles in these
lanes and they would immediately go back to refdthghen the vehicles have passed.
This requires detecting devices in the ground. (Karg, 2009)
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Figure 5.6 Proposed signal configuration. Phasendrthbound traffic on Skanegatan
and bicycle traffic in both directions have greéght. Phase 2: traffic turning right
on Skanegatan and traffic on Valhallagatan haveegright.

5.3 Part C: Burgardens gymnasium and movie theatre
Bergakungen

The stretch passing Burgardens gymnasium curresghgsists of a 3.35 m wide
footpath and a 2.1 m wide two-way cycle track withoentreline (Figure 5.7). The
separation between the cycle track and the footpath consists of a difference in
paving material, which often makes pedestrianshiseycle track. This is also due to
that there often are large numbers of pedestritose do the cycle track, since it
passes both a tram stop and a high school.

The cycle track is so narrow (only just over 2 nd&jithat it is difficult to pass other
cyclists, especially when encountering oncomindfitaThe 4.75 m wide road
running between the cycle track and the tram stogtmetain its current width in
order to allow passings in case of an emergency.

2200.0mm
12600.0mm =~

Figure 5.7 3D model showing the current layout lé tycle track at Burgardens
gymnasium.
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In order to solve the above mentioned problemsgh tegree of separation between
the cycle track and the footpath is proposed (Eigu8). As on the other stretches on
Skanegatan it should consist of a 20 cm wide andh %igh curbstone. The proposal
also implies a small change in the widths of thetgath, the cycle track and the mall.
From a continuity point of view it is important ththe cycle track along Skanegatan
has a constant width, which is why the cycle traldo in this case is proposed to be
3.0 m wide with a two-way configuration with ceritee. The cycle track will also be
provided with bicycle symbols and arrows in the graent in order to increase the
road users’ awareness of the cycle track and onhwdide to cycle.

The new width of the cycle track of 3.0 m makes fttpath slightly more narrow,
3.0 m, and the grass area becomes a bit smaltenyidith decreases from 2.2 m to
1.6 m. The road for motorized traffic is unchangkdthe grass area there will be
trees and also lighting for the road as well asciate track.

T ass0.0mm Y
12600.0mm 3000.0mm

3000.0mm

Figure 5.8 3D model showing the proposed layouthefcycle track at Burgardens
gymnasium.

At the movie theatre Bergakungen the proposal isutbone of the two lanes for
motorized traffic in order to give more space tdgwrians in connection to the movie
theatre. This will also provide more space for isgsland green areas.

5.4 Part D: The intersection at Hugo Levins vag

The traffic signal in this intersection runs ingbrphases; in the first one, traffic along
Skanegatan has green light, in the second onetrdffee crossing Skanegatan has
green light and in the third one the traffic tumpiteft from Skanegatan has green
light. In the latter two phases, cyclists on Skatag have red light.

It is difficult to make any changes to the traffegulation of the intersection, since all
three phases are needed for the intersection $afee To change the regulation to two
phases is not possible, since traffic turning ilefthat case might be stand stilled on
the tram tracks in the middle of Skanegatan.
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The proposal is to straighten the cycle track amidtgthe bicycle crossings blue. The
cycle track will also to be marked with bicycle dyofs.

5.5 Part E: Ullevi Stadium

At Ullevi Stadium, the approximately 2 m wide cyttack is at some parts separated
from the walking area by a row of trees (Figure) 59 spite of this many pedestrians
use the cycle track. Bicycle symbols to make ctbat it is a cycle track are only
painted on the pavement in each end of the steetdithere is no centerline.

On the other side of the row of trees there isst walking area extending all the way
to the stadium.

1800,0mm =
2000,0mm ~ ™

3300,0mm
3300,0mm

-

Figure 5.9 3D model showing the current layouthaf tycle track at Ullevi Stadium.

If the cycle track was built further away from thead, there would be space for a
wider area between the cycle track and the boaraagalighting zone (Figure 5.10).
This extra space prevents car doors from beingexpéarto the cycle track, but it also
provides an area for people getting out of thers.c&his area is also proposed to be
used for street lighting of the road.

Also on this stretch, the cycle track is widened3t® m in order to provide good

availability and continuity along the entire stteBle cycle track is also painted with
bicycle symbols, arrows and centerline in ordemttke it clear to road users that it is
a cycle track and what side to cycle on. Cyclekraad signs will be put up along the
stretch.

On the stretch passing Ullevi stadium the cyclekris separated from the walking
area by a 2 m wide green area with trees. This ¢y@eparation is possible to cross,
but prevents pedestrians from entering the cyeektby mistake. Street lighting for
the road as well as the cycle track will be putrufhe green area.
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Figure 5.10 3D model showing the proposed layouthef cycle track at Ullevi
Stadium.
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6 Discussion and conclusions

The City of Goéteborg is said to be a bicycle-frigndity, where focus is put on
increasing the share of bicycle trips and lowerrthmber of injured and killed from
bicycle accidents. The work on traffic safety haer relatively successful and the
statistics on accidents show a decreasing trendieMer, the goal regarding the share
of bicycle traffic does not seem to be reachednretand there is doubt whether the
bicycle share is increasing at all. As been showedhis thesis, the bicycle
infrastructure is not satisfying at the moments thiso applies for the main bicycle
network, which is said to be the most prioritizecdyble routes. This is evident on the
bicycle route along Skanegatan (which is part @f mhain bicycle network) where
cyclists partly have to share the street with mpéar traffic, cycle on too narrow
tracks and constantly have to watch out for pedestron the cycle track. If the
bicycle traffic in G6teborg is to increase, thereut policy on bicycle infrastructure is
evidently not sufficient.

Several other Swedish cities have considerablydrnigitycle shares (25-35%), which
show that there is a great potential to increasebtbycle traffic also in Géteborg. To

comply with the goals to substantially increase thember of inhabitants and

workplaces in the city center of Goteborg a changeodes of transport is necessary.
Increased cycling is a feasible and sustainabl®woph this respect, but in order to

increase bicycle traffic a sufficient infrastruaus necessary.

By focusing on continuity, safety, comfort and attiveness a proposal for a new
bicycle-friendly design of Skanegatan has been dechpThe cycle track is 3.0 m
wide along the entire stretch and the risk of dotslbetween cyclists and pedestrians
is minimized by a clear separation. The safety AB® been increased in the
intersections since a changed traffic signal caméigon is proposed in one of the
intersections and by painting the bicycle crossifgee. The conditions for
pedestrians are also improved in the proposaledimey on many parts of the stretch
are given more space and do not have to worry abgdiists. In some places
constraints on motorized traffic has been appliedorder to reduce traffic on
Skanegatan and hence create a more attractive oemant for cyclists and
pedestrians.

The proposal is considered practicable and shouaisiths possible to reconstruct a
bicycle route by relatively small means and mak@ate attractive to go by bicycle.
If the ideas in the proposal had been taken intsickeration already in the planning
stage the extra cost would have been small.

If the principles used in the proposal for a newigie of Skanegatan were applied
throughout the city on the main and overall bicyoddwork the conditions for cyclists
would be improved considerably and going by bicywlzuld be more attractive. It
would also be a way for The City of Goteborg towhbat cycling is considered an
important and prioritized mode of transport, assisaid in the bicycle program of
1999. In 2012 a new bicycle program for Gotebortpibe presented and this would
be a great opportunity to take the bicycle poliog step further and really set a new,
more sustainable course for the future.
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Appendix VI — Part C: proposed layout
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