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The accessibility of transportation systems plays a major part in determining whether
persons with disabilities can participate as active members of a society. Improving
accessibility requires an understanding of the issues faced by persons with disabilities
and a means to measure the impact of improvements.
The first goal of this thesis is to identify the challenges persons with reduced mobility
face when travelling on a tramway system. The second goal is to propose improvements
to the indicators used to measure the level of access of a tramway system. The third
goal is to propose solutions to the identified issues.
The work investigated these questions through a case study of the tramway system in
Helsinki, Finland. The central challenges to accessibility in the tramway system were
identified through semi-structured interviews and a passenger survey.
Stop placement, layout and equipment were found to have a major impact on accessibility.
Regular snowfall and freezing temperatures were found to present additional challenges
compared to tramway systems in more temperate climates.
Vehicles with low-floor entry were found to be much more accessible than older high-
floored vehicles. However, usability issues in the folding ramps installed in newer vehicle
models present challenges to persons who use a wheelchair or a walker. A survey
was conducted among tram drivers to investigate the use practices of these boarding
assistance systems.
The work proposes a set of indicators to measure and classify the accessibility of both
stops and vehicles respectively, based on a literature review of best practices. The
work also discusses some accessibility improvements for stops and vehicles, taking into
account the constraints set by the climate of Helsinki. A more thorough assessment of
potential stop improvements requires more detailed data than is currently available.

Keywords: Persons with reduced mobility, accessibility, tramways, trams, stops,
boarding-assistance systems
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Liikennevälineiden esteettömyydellä on suuri merkitys sille, voiko vammainen henkilö
osallistua yhteiskunnan toimintaan sen aktiivisina jäsenenä. Esteettömyyden kehittämi-
nen edellyttää ymmärrystä vammaisten liikenteessä kohtaamista haasteista, sekä tapaa
mitata eri parannustoimenpiteiden vaikutusta.
Tällä diplomityön ensimmäinen tavoite on tunnistaa liikkumisesteisten henkilöiden
raitioliikenteessä kohtaamat haasteet. Toinen tavoite on esittää kehitysehdotuksia
raitioliikenteen esteetömyyden seuraamiseen käytettyihin mittareihin. Kolmas tavoite
on esittää ratkaisuja havaittuihin haasteisiin.
Työssä tutkittiin näitä aiheita Helsingin raitioteitä käsittelevän tapaustutkimuksen
kautta. Liikkumisesteisten raitioliikenteessä kokemien haasteiden kartoittamiseksi tehtiin
teemahaastatteluita ja toteutettiin verkkokysely matkustajille.
Pysäkkien sijainnin, mitoituksen ja varustelun havaittiin vaikuttavan merkittävästi
esteettömyyteen. Säännöllisen lumisateen ja pakkasten havaittiin aiheuttavan erityisiä
haasteita lauhkeamman ilmaston raitioliikenteeseen verrattuna.
Matalalattiaisten ajoneuvojen todettiin olevan vanhempia, korkealattiaisia ajoneuvoja
merkittävästi esteettömämpiä. Uudempiin raitiovaunuihin asennettujen oviluiskien
käytettävyys tuottaa edelleen haasteita pyörätuolilla tai rollaattorin kanssa liikkuvalle.
Luiskien käytön käytäntöjä tutkittiin raitiovaunukuljettajille suunnatussa kyselyssä.
Työssä esitetään kirjallisuustutkimuksen avulla määritelyihin parhaisiin käytäntöihin
perustuvat mittaristot pysäkkien ja raitiovaunujen esteettömyyden mittaamista ja luo-
kittelua varten. Työssä myös esitetään joitakin Helsingin olosuhteisiin sopivia kehity-
sehdotuksia pysäkkien ja raitiovaunujen esteettömyyteen. Kattavammat selvitykset
pysäkkeihin kohdistuvista toimenpiteistä edellyttävät tarkempaa dataa.
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Transportsystemens tillgänglighet har ett stort inflytande på huruvida handikappade
personer kan agera som aktiva medlemmar av samhället. Att förbättra tillgängligheten
kräver en förståelse av de utmaninger som handikappade personer utsätts för, samt ett
redskap för att mäta påverkan av åtgärder.
Första målet för denna avhandling var att kartlägga de problem personer med nedsatt
rörelseförmåga råkar ut för när de reser med spårvagn. Det andra målet var att före-
slå förbättringar till indikatorerna som används för att mäta tillgänglighetsnivån på
spårvägarna. Tredje målet var att föreslå lösningar till de utmaningar som identifierats.
Detta arbete undersöker dessa frågor genom en falstudie av spårvägarna i Helsing-
fors. De centrala utmaningarna fastställdes med hjälp av tematiska intervjuer och en
passagerarenkät.
Det framgick att hållplatsernas placering, dimansionering och utrustning hade ett stort
inflytande på tillgängligheten. Det framgick också att regelbunden snö och frost ställer
särskillda utmaningar jämfört med spårvägar i tempererade klimat.
Spårvagnar med lågt golv visade sig vara långt mer tillgängliga än äldre spårvagnar med
högt golv. Brukbarheten av de utfällbara ramper som monterts i nyare låggolvsspårvagnar
är dock ett problem för personer som rör sig med hjälp av en rullstol eller rollator. En
förarenkät utredde hur dessa instigningshälpmedel används i praktiken.
Detta arbete framställer en grupp av indikatorer för att mäta och klassifiera tillgänglighe-
ten av hållplatser och rullande materiel, baserat på en litteraturstudie av rådande bästa
praxis. Arbetet diskuterar också några möjliga tillgänglighetsanpassningar för hållplatser
och rullande materiel. Dessa anpassningar iakttar Helsingfors klimatförhållanden. En
mer ingående utvärdering av tillgänglighetsanpassinger kräver mer detaljerad data än
står till hands.

Nyckelord: Personer med nedsatt förelseförmåga, tillgänglighet, spårvägar, spårvagnar,
hållplatser, hjälpsystem för instigning
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1 Introduction

The possibility to travel freely is among the most fundamental freedoms in a modern
society. However, our transportation system does not offer everyone equal opportunities to
travel. Persons with disabilities are especially vulnerable to exclusion from transportation
by physical obstacles and discriminating operation practices.

This thesis provides a case study of the infrastructure, vehicle fleet and operating practices
of the Helsinki tram network, maintained and operated by Helsinki City Transport
(Helsingin Kaupungin Liikennelaitos, henceforth HKL) in order to:

– identify physical barriers and operating practices that particularly encumber persons
with reduced mobility travelling on the tram network.

– devise indicators that measure accessibility in a concise manner.

– suggest accessibility solutions appropriate for tramways and light rail systems in
cold climates.

Due to the author’s lack of background in cognitive and medical sciences, the scope of
this thesis is limited to issues related to persons with reduced mobility. Other kinds of
disabilities, such as sensory or cognitive impairments, will however be considered when
proposing solutions to observed problems, as the needs of persons with different kinds of
disabilities may occasionally be in conflict with each other.

The solutions presented in this thesis are aimed at tram networks in cold climates, where
snowfall, ice formation, large seasonal temperature changes and winter maintenance
considerations constrain the range of applicable infrastructure, vehicle and operating
solutions to accessibility issues.

Section 2 provides a background for the thesis, Section 3 accounts for the research
material and methods used, Section 4 presents the findings, followed by a discussion
on potential solutions in section 5. The thesis ends with section 6, which presents the
conclusions drawn from the thesis.

This thesis was commissioned by HKL and written at Sito Oy.
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2 Background

This section will begin with an overview of the theoretical frameworks in transport
accessibility research, followed by an overview of international and national policy imple-
mentations of these principles. We will conclude this section with a summary of relevant
research on accessibility practices and technologies.

2.1 Theoretical frameworks

Disability as a complex, multidimensional and contested phenomenon that almost everyone
will experience over the course of their life, either personally or through relatives and
friends. Over recent decades, the interpretation of disability has shifted from an individual,
medical perspective, focused on specific impairments, to a social model that acknowledges
that disability arises from the interaction of impaired humans and the physical and social
barriers they encounter.(World Health Organization 2011, pp. 3–4)

The World Health Organization (2011, p. 3) states that this paradigm shift has since
the 1970s changed the practice of providing for persons with disabilities. Instead of
providing specific services and solutions that end up segregating persons with disabilities
from their communities, there has been a shift towards more integrative solutions that
aim to mitigate the environmental conditions that discriminate against persons with
impairments.

The role of transportation in social exclusion has been investigated by scholars at least
since the 1960s. Examples of such studies will not be discussed at length here. An
overview of studies concerning transport disadvantage can be found in (Pereira, Schwanen,
and Banister 2016).

Pereira, Schwanen, and Banister (2016, pp. 2–7) also identify five major theories of
justice underpinning studies done on the link between transport disadvantage, social
exclusion and equity in transportation:

Utilitarian theories of justice aim to maximize net aggregate utility of the population
without regard to distribution. Because of this, utilitarian theories of justice do
not easily lend themselves to discussions on equity in transportation, but they are
nevertheless influential in the field of transportation, as the discipline of cost–benefit
analysis is largely based on utilitarian principles.

Libertarian theories of justice assume that solutions arising from free-market interactions
between consenting individuals are the most fair. Due to the monopolistic nature and
unchosen differences in bargaining power between individuals and public transport
operators, theories of justice based on libertarian principles are also ill-suited as a
framework for discussions on equity and justice in transportation.

Intuitonist theories of justice are context-dependent and agnostic with regard to the
moral justifications applied to individual cases. Although they are in practice the
most common philosophical frameworks applied in the field of transport policy,
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intuitionist approaches do not give clear guidance on how to address conflicting
principles, e.g. between formal equality and differing capabilities, which easily leads
to inconsistent, ad-hoc solutions.

Rawlsian egalitarianism, developed in the mid 1970s, espouses a respect for the basic
rights of individuals, arguing that liberties may be exercised insofar as they do not
detract from the liberties of others. In this framework, inequalities are permitted
only if they improve the material prospects of those worst off.

Capability Approach methodology, developed in the late 1980s and early 1990s, ex-
pands on Rawlsian principles, focusing on inequalities of opportunity rather than
material inequalities. Pereira, Schwanen, and Banister (2016) associates this shift
of focus with a shift of focus from mobility, the ability to travel, to a focus on
accessibility, the opportunity to access various activities.

Pereira, Schwanen, and Banister (2016) conclude that Rawlsian egalitarianist principles
and the Capability approach are currently the best suited framework for discussions on
transport disadvantage and equity.

Kotan (2010) argues that agency is the primary goal of the capability approach. This
emphasis on agency links the capability approach to a set of design principles known as
Universal design, defined by Øvstedal et al. (2010, p. 54) as:

the design of products and environments to be usable by all people, the
greatest extent possible, without the need for adaptation or specialized design.
The intention of universal design is to simplify life for everyone by making
products, communications, and the built environment more usable by as
many people as possible at little or no extra cost. Universal design benefits
people of all ages and abilities.

Iwarsson and Ståhl (2003) identify universal design as a means to achieve accessibility
and usability. They define accessibility as a measure of how well the demands set by a
service or good match the capabilities of an individual. It is a prerequisite for usability,
which further considers how well an accessible service matches the activities of the user.

This definition of accessibility differs from the established vocabulary of transportation
research, which refers to accessibility as “the measure of the capacity of a location to be
reached by, or to reach different locations.”(Rodrigue, Comtois, and Slack 2017).

Iwarsson and Ståhl (2003) position accessibility as something that can be measured
objectively against a set of norms or standards, while usability refers to a subjective
evaluation of how well a service or good fits the activities and objectives of the user.
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2.2 Disability policy

Although Iwarsson and Ståhl (2003) argue that accessibility can be measured objectively,
they are quick to note that the norms and standards such evaluations rely on are subject to
changes as societal ambitions develop. This section provides an overview of developments
in transport accessibility policy both internationally and in Finland.

2.2.1 International policy developments

The need to establish minimum standards of access to transport services necessitated the
establishment of disability policies. The European Conference of Ministers of Transport
(1999) surveyed the regulatory frameworks of 26 countries (Austria, Belgium, Canada,
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland,
Italy, Japan, Lithuania, the Netherlands, Norway, Poland, Portugal, Romania, Spain,
Sweden, Switzerland, Turkey, the United Kingdom and the United States) to establish
what legislation existed to improve access to transport for persons with reduced mobility.
They found that although some countries had passed legislation concerning the subject
in the late 1970s and 1980s, a vast majority of the statutes dated no further back than
the 1990s.

The Americans with Disabilities Act of 1990 can be considered a landmark act, as it
was unprecedented in its level of detail and comprehensiveness, setting an international
benchmark for accessibility regulation.

The intensive development of accessibility policy during the late 1990s and early 2000s
culminated in the adoption of the Convention on the Rights of Persons with Disabilities.
The purpose of the CRPD is to “to promote, protect and ensure the full and equal
enjoyment of all human rights and fundamental freedoms by all persons with disabilities,
and to promote respect for their inherent dignity.” To this end, article 20 of the CRPD
establishes that:

States Parties shall take effective measures to ensure personal mobility with
the greatest possible independence for persons with disabilities, including by:

a) Facilitating the personal mobility of persons with disabilities in the
manner and at the time of their choice, and at affordable cost;

b) Facilitating access by persons with disabilities to quality mobility aids,
devices, assistive technologies and forms of live assistance and interme-
diaries, including by making them available at affordable cost;

c) Providing training in mobility skills to persons with disabilities and to
specialist staff working with persons with disabilities;

d) Encouraging entities that produce mobility aids, devices and assistive
technologies to take into account all aspects of mobility for persons
with disabilities.
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Finland signed the treaty 30.3.2007 and ratified the convention the 11.5.2016. (United
Nations 2017)

2.2.2 National policy developments

There is no national regulation regarding access to tram traffic in Finland. Tram traffic
has since 1972 been exclusive to Helsinki (Nummelin 2001, p. 79). The issue has thus
been considered local. Regulations regarding access to trams are subject only to general
legislation and regulation regarding the accessibility of transport.

Finnish law does not contain a specific act on the rights of disabilities, but these are
instead covered by the Non-Discrimination act enacted in 2004 and amended in 2014.

In Finland, the first statutes regarding access provisions for persons with disabilities in
the built environment were enacted in the The Finnish Building Regulations, part F1 of
1978. These regulations were amended in 1985. These regulations were only applicable
to the interior of buildings where public services were located. The The Finnish Building
Regulations, part F1 of 1997 expanded the jurisdiction of this law to select commercial
buildings and the amendment of 2004 further expanded this to all public and commercial
buildings.

The Land Use and Building Act, s. 5 and 177(e) and Land Use and Building Decree, s.
53 of 1999 extended requirements for access provisions to land use planning and the
design of outdoor areas.

Somerpalo (2015) provides and overview of Finnish legislation, regulations and guidelines
concerning access to transportation for persons with disabilities. Most of this regulation
concerns road and railroad transportation, leaving tramways and subways exempt to most
regulation.

2.2.3 Local policy developments

The city of Helsinki adopted an accessibility strategy in 2000, which led to the establishing
of the Helsinki for all -project (Tirri and Tujula 2011, p. 94). The results of the project
will be discussed in further detail in Section 2.3.2. The project also led to the adoption
of an accessibility plan and the adoption of accessibility guidelines (Helsinki City Public
Works dept. 2005, p.4) (Helsinki kaikille-project 2011). The targets set for both public
transport operations in general and tram transport in particular were fairly general, they
provided a robust mandate for accessibility improvements. However, the original goal of
the strategy, to make Helsinki entirely accessible by 2011, proved too ambitious (Helsinki
kaikille-project 2011, s. 2). The policy goals were updated in the Helsinki city disability
policy report (Lampinen 2011).
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2.3 Accessibility practice

While some of the previously presented policies offer very specific guidance on how to
achieve accessibility, the policies that mostly stated goals sparked interest in how to
achieve accessibility in practice. This section with give an overview of practical studies
related to accessibility, with a focus on accessibility for persons with reduced mobility.

2.3.1 International accessibility practice in transport and urban design

The demand for general guidance on universal design and accessibility prompted the
International Standards Office and International Electrotechnical Commission to release
the Guidelines for standards developers to address the needs of older persons and persons
with disabilities (2001). This was followed by guidelines for the application of the standard
(International Standards Office 2014a).

Reviews of accessibility measures by e.g. Naniopoulos (1999), E. Steinfeld (2001), and
Zając (2016) show recurring themes, promoting the accessible provision of information,
navigation aids and PRM access measures at stops, station and terminals and vehicles.

Similar reviews were published by the European Conference of Ministers of Transport
(ECMT). The successive titles of the publications by the ECMT reflect a developing
terminology, with Improving transport for people with mobility handicaps(1999) using the
term "handicap", now considered outdated and pejorative. The subsequent title Improving
Access to Public Transport (2004) does away with outdated terms. The influence of
universal design principles are already evident in Improving Transport Accessibility for All
(2006).

Iwarsson and Ståhl (2003) criticised existing norms and guidelines for being too heavily
based on subjective assesments in lieu of a basis in anthropometric research. Øvstedal
(2009) cites Oxley (2002) as an exception to this pattern, which is likely one of the
reasons for the great influence of this work on later guidelines, such as Venter et al.
(2004) and Mitchell (2010).

Early studies by the European commission focused on the accessibility of bus systems
European Commission and Directorate-General Transport (1995) and heavy rail systems
European Commission (1999) many of these findings are valid is the context or tramways.

The Strategy guide to enable and promote the use of fixed-route transit by people with
disabilities by Thatcher et al. (2013) discusses accessibility practice in a broader context,
from formulating policy to implementation, operation and communication.

2.3.2 National and local accessibility practice in transport and urban design

The Helsinki for all -project prompted a number of studies on the accessibility of outdoors
environments. The The SuRaKu project was established to establish consistent practices
for the design of urban outdoors environments both within and between Finnish cities.
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The project was carried out 2003–2004 as a collaboration between a coalition of six Finnish
cities, (Espoo, Helsinki, Joensuu, Tampere, Turku and Vantaa) the Ministry of Social
Affairs and Health, The Research Institute for Health Care Facilities (Sotera) at Helsinki
University of Technology, The Finnish Association of People with Physical Disabilities,
Finnish Federation of the Visually Impaired, Kuuloliitto (the Finnish Association of Hearing
Impaired Persons) and The Finnish Association for the Welfare of Older People (Tirri
and Tujula 2011; The SuRaKu project 2005)

The guidelines were were expanded in 2006 and updated in 2008. The current guidelines
cover:

1. Street crossings and walkways

2. Pedestrian streets and squares

3. Changes of level

4. Park paths and resting spots

5. Playgrounds

6. Stop areas

7. Temporary traffic arrangements

The SuRaKu -project was succeeded by the Elsatuote -project, which developed accessibility-
compliant outdoor building products in collaboration with Finnish concrete and stone-
cutting companies, in the period 2005–2007 (Sito Oy 2007). This was followed by the
development of a framework for assessing the accessibility of the built envionment by the
ESKEH -project (Ruskovaara and Invalidiliitto 2009).

The Building Information Foundation RTS has also published guidelines on accessible
construction (Rakennustietosäätiö 2007). The previously listed efforts both contributed
to the guidelines on bus stop design published by the Finnish Local Transport Union
(Suomen Paikallisliikenneliitto ry 2008).

2.3.3 Accessibility practice on tramways

The development of the low-floor light rail vehicle can be considered the most important
step forward with regards to accessibility on tramways. While conventional light rail
vehicles typically require a passenger to climb several steps to reach the floor height of the
vehicle (typically between 830–1050 mm above TOR), low-floor vehicles offer single-step
or level entry from low platforms.

The earliest known low-floor light-rail vehicle started operation in as early as 1914 in
Nüremberg, Germany (Nummelin 2001, ch. 4). However, the beginning of the era of
low-floor light rail vehicles is usually dated in the mid-1980s (Zebarth 1995; Vuchic 1996;
Nummelin 2001; Menétrieux and Heyrman 2007; Heino 2014).
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The benefits of universal design principles are evident in low-floor vehicles. Although the
greatest benefactors of such vehicle designs are persons with severe physical disabilities,
less dramatic but nevertheless significant convenience benefits are enjoyed by all passengers
in the form of swifter entry and shorter dwell times (Daamen, Lee, and Wiggenraad
2008; Radosavlijević, Rüger, and Mirković 2010; Fujiyama, Thoreau, and Tyler 2014;
Holloway et al. 2016). These improvements can be measured and valued using common
cost–benefit-analysis methodology (Karekla, Fujiyama, and Tyler 2011; Fearnley, Flügel,
and Ramjerdi 2011; Odeck, Hagen, and Fearnley 2010).

Although low-floor tram and light rail vehicles have enjoyed considerable success, they
bring on a new set of challenges relative to conventional tram vehicles:

– Many designs rely on independent wheel structures or fixed trucks to do away with
the vertical space requirements imposed by pivoting bogies, which results in high
stresses on the vehicle chassis, wheels and track (Heino 2014, ch. 3).

– The lack of torsional flexibility in may designs with suspended sections increases
the risk of derailment due to wheel unloading (American Public Transportation
Association 2013, s. 3.2.3)

– Low-floor light rail vehicles are also often heavier and noisier than conventional
light rail vehicles (Nummelin 2001, ch. 4).

– Wheel wells protruding into the passenger compartment can also restrict the width
of aisles. (American Public Transportation Association 2013, s. 1.4.3.2).

– Designs with many articulations have been criticised for offering little usable interior
space relative to their length (Heino 2014).

Compatibility with stop infrastructure remains an issue both on tramways and railways,
which has prompted the development of various boarding assistance systems. A general
taxonomy of rail vehicle boarding assistance systems (BAS) based of findings by Lewalski
(1995),European Commission (1999, s. 4), Dejeammes (2000), European Commission
(1999, pp. 85–109), Department for Transport (2005, pp.58-80), Nash and Rodlauer
(2008), Rüger, Tauschitz, and Petutschnig (2010), Simić, Milković, et al. (2010), Simić,
Rüger, and Milković (2011), Devadoss, Sanjar Ahmad, and Dharmodharn (2012), Tong,
Delmonte, and Visvikis (2012, pp. 14–29) and Davenport (2016) is presented in Table 1.
Illustrations of selected boarding assistance systems can be found in Figure 1 and Figure 2.



10

(a) Sliding ramp (b) Folding bridging plate

Figure 1: Examples of various boarding assistance devices.
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(a) Movable ramp
(b) Sliding bridging
plate (c) Stowed ramp

(d) Vehicle-based lift

(e) Wall-mounted vehicle-based ramp

(f) Platform-based lift

Figure 2: Further examples of various boarding assistance devices.
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Table 1: Taxonomy of boarding assistance systems

Base Mobility Operation Model Gap
type
aff.a

Platform Fixed None Platform hump V
Rubber gap filler H

Automatic Platform extender H
Mobile Manual Movable ramp V,H

Semi-Automatic Platform-based lift V,H
Vehicle Fixed None Rubber gap filler H

Manual Folding ramp V,H
Semi-Automatic Vehicle-based lift V,H

Sliding bridging plate H
Sliding ramp V,H

Automatic Sliding bridging plate H
Folding bridging plate V,H
Kneeling vehicle V

Mobile Stowed ramp V,H
aV = Vertical, H = Horizontal
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3 Research material and methods

This section presents the research methods and materials used in this thesis. Section 3.1
elaborates on the research questions and methods, while Section 3.2 presents the research
material.

3.1 Research questions and methods

The aim of this thesis is to describe the access issues persons with reduced mobility may
face when travelling on tramways in cold climates, to propose solutions to the issues
encountered and propose a method to measure the level of access of a tramway system.

These questions are examined in a case study of the infrastructure, vehicle fleet and
operating practices of the Helsinki tramways, maintained and operated by Helsinki
City Transport (Helsingin Kaupungin Liikennelaitos, henceforth HKL). The findings
are compared and contrasted with examples from literature to allow us to compare
and contrast the current policies and practices adopted by HKL with those of similar
organisations as well as empirical research.

An inductive research approach to exploring the issues encountered by persons with
reduced mobility was chosen in order to avoid introducing bias due to pre-conceived
hypotheses. Semi-structured interviews were chosen as the main research method for
this exploratory phase in order to allow the subjects to describe the issues encountered in
their own words.

Four of these fact-finding interviews were conducted. Although the initial goal was to
’snowball’ the interviews to reach a more representative sample, this proved infeasible
within the time constraints of the work.

In addition to being laborious, the interviews also presented a sampling issue. Because
disability exists on a spectrum, identifying persons with relevant experiences can be
difficult, particularly if these persons choses not to not associate themselves with e.g. an
advocacy organisation. This makes it difficult for an external observer to identify them
as a person with relevant experience. An anonymous online questionnaire for passengers
with reduced mobility was thus conducted 16.3.2017-24.3.2017.

The choice to conduct the questionnaire online does introduce a sample bias, as it
excludes persons who do not use the Internet actively. This has likely led to a sample
that skews disproportionately younger than the general population. Alternative methods
for soliciting participants, e.g. classified ads in newspapers, were considered, but ruled
out due to the monetary and time costs associated with carrying out a mail survey.

Answers were solicited online via HKL social media channels, disability advocacy organi-
zations and the online discussion group Lisää kaupunkia Helsinkiin. The latter was used
to solicit answers because of prior discussions on the topics of this thesis, initiated by
Siika-aho (2016) and Sillgrén (2017).
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The online questionnaire was available in Finnish, Swedish and English. It was loosely
based on a questionnaire employed by Verma, Hätönen, and Aro (2010b), but extensively
modified to fit the structure and focus of this study. Respondents were queried on the
how their mobility was affected, their use of assistive devices, challenges to mobility
encountered in different situations and evaluations of the tram vehicles used by HKL.
The results of the questionnaire are discussed in Section 4.

Three expert interviews were conducted with the HKL staff to understand the source
of the issues discovered in the exploratory phase and to discuss potential solutions.
These interviews were conducted as semi-structured interviews similar to the exploratory
interviews to allow the interviewees to bring up their own perspectives and ideas regarding
the topic. In addition to these interviews, HKL staff were consulted by e-mail on specific
topics.

An anonymous questionnaire for drivers was also devised to gain better insight into the
drivers’ perceptions of their role in assisting passengers with reduced mobility during trips,
as several of the interviewe persons raised questions regarding the use of the boarding
assistance device installed in some of the vehicle series. The results of the questionnaire
are discussed in Section 4.6.4.

This survey was conducted 15.3.2017–5.4.2017. The questionnaire was available in
Finnish and Swedish both on-line and as paper forms in driver breakrooms.

Additionally, the author participated as an observer on a test drive of the MLNRV III tram
model, that was organised as a part of the development process of the next generation
of HKL vehicles on 14.3.2017, a study trip to Stockholm 25.4.2017.

3.2 Case study material

This section provides an overview of the material gathered for use in this work.

3.2.1 Fact-finding interviews

The four fact-finding interviews were conducted as semi-structured interviews. Interviewees
with relevant knowledge were identified among the members of the Helsinki City Advisory
Committee on Accessibility and representatives of the Threshold Association, a national
advocacy organization for the rights of persons with disabilities.

The persons interviewed were:

Accessibility ombudsman Pirjo Tujula, from the Helsinki City Public Works Depart-
ment

Disability ombudsman Reija Lampinen, from the Helsinki City Department of Social
Services and Health Care

Executive manager Kalle Könkkölä from the Threshold Association
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Development coordinator Tuomas Tuure, from the Threshold Association

The interviewees were presented the following questions:

1. Which factors make it cumbersome or impossible for a person with reduced mobility
to travel on the Helsinki tram network?

2. Do you have an idea of the source of the issues mentioned?

3. What measures should be taken to improve the accessibility of the tramway system?

4. Has the accessibility of the tramway system improved or declined in recent years?

5. Has accessibility received due attention in tramway development efforts?

6. Do any other viewpoints regarding the accessibility of the tramways come to mind?

The accessibility issues identified in the interviews proved most convenient to organize by
the segment of the travel chain they occurred:

– Preparing a trip

– Access to up-to-date stop accessibility information

– Access to stops

– Access to stops in winter conditions

– Obstacle-free paths to stops

– Slope gradients

– Waiting and moving around at stops

– The dimensions of stops

– Longitudinal and transversal gradients

– Obstacles in stop platform areas

– Boarding and exiting vehicles

– Level differences and gaps between vehicles and the stop platform

– The height of combined bus stops

– The usability of boarding assistance systems

– The role of drivers when using the boarding assistance systems

– The role of personal assistants when using the boarding assistance systems

– On board a vehicle

– The layout of vehicle interiors

– Solutions for securing assistive devices

– The usability of the ticketing devices
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– Measuring accessibility

The themes identified in these interviews formed the basis for Section 4 and were used to
structure the passenger survey.

3.2.2 Passenger survey

The passenger survey was composed of four parts. The first part contained questions
about the respondent, to give a context to the answers. The questions were formulated
to be as general as possible to ensure the anonymity of the answers:

– The age of the respondent

– The gender of the respondent

– Female

– Male

– Other

– Prefer not to disclose

– How often do you travel by tram?

– Daily

– A few times a week

– A few times a month

– Every 1-4 months

– A few times a year

– More seldom than once a year

– I do not travel by tram

– Does any of the following impact your mobility?

– Limb coordination issues

– Low muscle strength

– Balance issues

– Joint stiffness or pain

– Lowered stamina

– Short stature or short limbs

– Other, please specify

– Do you use any of the following assistive devices when travelling?
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– Power wheelchair

– Manual wheelchair

– Walker

– Crutch(es)

– Walking cane

– Walking poles

– Other, please specify

The second part was intended to get an overview of various concerns related to travelling
by tram, as well as their prevalence. The questions, with the available answers were:

– Have you experienced apprehension towards travelling by tram due to any of the
following?

– It is difficult to plan your trip

– Travel times are unreliable

– I might get lost on the way

– I have to rely on other people on the way

– I draw negative attention from others

– I experience harassment during the trip

– Travelling by tram is too exhausting

– I might get stuck or stranded on the way

– I might get into an accident

The third part of the questionnaire asked the participants about the issues they had
encountered in various segments of the travel chain:

– Have you experienced any of these barriers or obstacles to travel in the following
locations or situations?

– Around stops

– High thresholds

– Obstacles on the route

– Deep snow or slippery surfaces

– Other, please specify

– On stops

– Obstacle blocking the route
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– Too narrow stops

– Too steeply inclined stops

– Rough platform surface

– Deep snow or slippery surfaces

– Other, please specify

– Entering or exiting a tram

– Large gaps between the tram and the stop platform

– Doors closing too quickly

– Driver couldn’t open the access ramp

– There were poles, railings or other obstacles on the stop in front of the
access ramp

– Driver ignored request for assistance

– Other, please specify

– In the tram

– I couldn’t use the card reader device

– I couldn’t reach buttons in the tram

– I couldn’t get a seat or a spot for my assistive device

– I couldn’t secure my assistive device during the trip

– I couldn’t hold on to anything

– Other, please specify

The participants were also asked to rate the following statements on a 5-item Likert type
scale, with a sixth option indicating no opinion for each of the four tram models in use:

– It is easy to enter this tram model

– It is easy to move inside this tram model

– It is safe to travel with this tram model

– It is comfortable to travel with this tram model

– It is easy to exit this tram model

Participants were also solicited open text answers to the following questions:

– What is good about this tram model?

– What is bad about this tram model?
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The survey ended with an open-text question asking for “Other observations or closing
thoughts”

3.2.3 Expert interviews

Three persons were interviewed in a semi-structured fashion because of their expertise in
a particular subfield of tramways relevant to the topic.

Building engineer Mikko Metsola from HKL was consulted on stop construction and stop
measurements. Because of a recorder malfunction, there is no transcript of this interview
and it should be treated as an unstructured interview.

Head of the Rolling Stock Division Ollipekka Heikkilä from HKL was interviewed on the
following topics:

– The state of accessibility in the current rolling stock.

– How HKL has arrived to the current accessibility solutions.

– What are the main challenges to accessibility.

– What measures can be taken to improve the accessibility of rolling stock in the
future.

Head of driver training Jonne Kuusniemi from HKL was interviewed on the following
topics:

– The structure of driver training.

– How accessibility is addressed in driver training.

– What are the main challenges to accessibility from a driver’s perspective.

– What measures can be taken to improve the accessibility of tramways.

Valuable expert information was also gained from the interviews with Accessibility om-
budsman Pirjo Tujula and Disability ombudsman Reija Lampinen. Valuable information
was also gained through personal communications with Accessibility Coordinators Mervi
Vatanen and Teija Visa from HSL, Planning Engineer Tuomo Tukiainen from HKL, Rolling
Stock Engineer Teemu Niippa from HKL.

3.2.4 Driver survey

The purpose of the driver survey was to gather information about the use of the boarding
assistance systems and challenges faced by the drivers. The first part asked some
background questions:

– How long have you been driving a tram

– Less than a year
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– 1–2 years

– 2–5 years

– More than 5 years

– Do you know how to use the access ramp in the Artic and middle-well trams?

– Yes

– No

– Unsure

The second part was used to gain an insight of how frequently the boarding assistance
systems were used and to determine possible sources of error for the deployment request
button. The questions included:

– How many times has someone pressed the ramp unlocking request button over the
past week? (Numeric answer)

– How do you determine whether the ramp unlocking request button has been pressed
for a legitimate reason? (Open text answer)

– How large is the share of legitimate ramp unlocking requests out of the total?
(Answer on 1–100% scale, in 5% increments)

– What is the main source of unjustified or unintentional ramp unlocking requests?
(Multiple choice, answers)

– Hitting the button accidentally, e.g. with a bag

– Confusing the button for e.g. the door delay button

– Mischief

– Don’t know

– Other, please specify

– How do you infer whether a passenger needs assistance with deploying the ramp?
(Open text answer.)

– How often have you opened and closed the ramp during the past six months?
(Numeric answer.)

– Have you encountered any problems with opening or closing the ramp? Open text
answer?

– Closing thought and comments. (Open text answer.)
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3.2.5 Additional sources

The author was given access to the results of HKL’s internal accessibility audit, a total
of 4 passenger complaints regarding PRM access to trams received over the period
1.1.2016–2.3.2017 and stop measurement tables (Karjalainen 2014). A database dump
from the Helsinki Region Transport (2016a) was also used to screen stops suitable for
illustrations. However, the contents of this database dump turned out to be unsuitable
for more in-depth analysis, as some of the data was out of date. This issue is discussed
in further detail in Section 4.8.

The literary sources in this thesis are mainly written in English, Finnish and the Scan-
dinavian languages. The dearth of sources in German and French primarily reflects the
author’s limited skills in these languages, despite important contributions to accessible
light rail transportation have been made in these language areas (Zebarth 1995, pp. 7–10;
Nummelin 2001, ch. 10.2–10.3; Menétrieux and Heyrman 2007; Johansson 2010).
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4 Findings

This section will present the findings of the study. Section 4.1 discusses the context of
the case study, Section 4.2 the results of the passenger survey, Section 4.3 covers the
phase of planning a trip.

4.1 Case context

4.1.1 Vehicles

HKL currently operates four different tram vehicle models. Until 1998 all rolling stock
was high-floored, consisting mainly of NRV I type vehicles (Figure 3). Entering these
vehicles requires climbing two steps. The decision to switch to low-floor vehicles was
made in 1993 (Helsinki City Public Works dept. 2005).
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Figure 3: Profile and floor layout of NRV I, adapted from Helsinki City Transport (n.d.)

The first low-floor vehicles added to the fleet were the MLRV ’Variotram’ vehicles, which
were manufactured by ABB Daimler-Benz Transportation (Figure 4). These vehicles
offered the first opportunity for low-floor entry on the Helsinki tramways, but they have
suffered from durability issues stemming from an incompatibility with the technically
demanding track geometry of the Helsinki tramway network (Heino 2014, pp. 35-37).
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Figure 4: Profile and floor layout of MLRV, adapted from Helsinki City Transport (1997)

The MLNRV I and II series vehicles, seen in Figure 5, are refurbished NRV I vehicles
with a low-floor segment added between the high-floored front and rear segments of the
original vehicle. The design was based on vehicles used in Norrköping, Sweden (Heino
2014, p. 41). These vehicles were commissioned as a stop-gap solution, pending the
acquisition of low-floored vehicles suited for the track geometry in Helsinki.

The MLNRV III series (Figure 6) is a custom design built to HKL specifications. Various
disability advocacy groups and the accessibility advisory committee were involved in the
design of the vehicle (Heino 2014, pp. 47–57; Tujula 2016). In order to improve seating
arrangements, the MLNRV III series is 10 cm wider than the previous vehicle models
(Heino 2014, p. 91). On a straight track section, this results in a 5 cm reduction in the
horizontal gap between the platform and the vehicle, compared to MLRV vehicles.
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Figure 5: Profile and floor layout of MLNRV I/II, adapted from Helsinki City Transport
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Figure 6: Profile and floor layout of MLNRV III, adapted from Transtech (2012)

The number of vehicles for each type of rolling stock and some parameters related to
accessibility are listed in table Table 2.
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Table 2: List of vehicles used in regular traffic

Tram type Vehicles Low-floor
(% of
Length)

Level
entry
doors /
Total
Doors

Width (m) Date of
manufac-
ture

NRV I 28 0 0/4 2.3 1973-1975
MLRV 40 100 4/4 2.3 1998-2004
MLNRV I 10 16 1/5 2.3 2005a

MLNRV II 42 16 1/5 2.3 2006-2010a

MLNRV III 27b 100 5/5 2.4 2013-
aRefurbished NRV with low-floor middle section added between front and rear sections
bA total of 40 MLNRV III vehicles have been ordered, of which 27 have been delivered by 26.5.2017
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4.1.2 Stops

There are 282 stops in on the Helsinki tram network. 156 of these stops are island
stops in the centre of the street, while the remaining 126 are connected to the sidewalk
(Karjalainen 2014). Figure 7 presents a map of the stops.

0 1 2 km

Figure 7: Map of stops (OpenStreetMap contributors 2017; Helsinki Region Transport
2016a).
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4.2 Passenger survey results

The passenger survey garnered a total of 59 responses. Of the respondents, 21 were
female, 36 male and 2 preferred not to state their gender. The ages and genders of the
respondents are presented in Figure 8. As expected, the sample skews much younger
than the general population. Male respondents are also overrepresented in the sample.
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Figure 8: Distribution of the age and gender of respondents.

Most of the respondents travelled fairly frequently by tram. Trip frequencies can be seen
in Table 3.

Table 3: Responses to question "How often do you travel by tram?"

Category Count
Daily 12
A few times a week 18
A few times a month 18
Every 1-4 months 4
A few times a year 3
More seldom than once a year 4

The impairments and assistive devices reported by respondents are summarised in Table 4.
The most common impairments among respondents affected muscle strength, balance or
joint movement. It is important to keep in mind that respondents could report several
impairments and use of several assistive devices, so the row and column totals of Table 4
do not add up to the total number of respondents, 59.
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The assistive devices queried were:

Walkers (Figure 9a) allow the user to lean on the device for support. Because the
user needs support from the walker, they cannot be expected to lift it or pull it
backwards. Walkers have swivelling front wheels to ease turning, which can lead to
poor directional stability on inclined surfaces.

Manual wheelchairs (Figure 9b) are operated by using the upper limbs to rotate the
rear wheels. Manual wheelchairs are sensitive to transversal gradients, but users
can counteract them by applying differential torque to the wheels at an energy
cost (Brubaker, McLaurin, and McClay 1986; Hashizume, Kitagawa, et al. 2013).
Experienced users with enough upper-body strength and coordination can perform
a wheelie, i.e. apply enough torque to the rear wheels to lift the front wheels in
the air, to clear thresholds.

Powered wheelchairs (Figure 9c) are wheelchairs outfitted with electric motors and a
battery. A powered wheelchair weighs 150–200 kg (Rakennustieto 2011, p.3), so
bystanders or staff usually cannot help the user clear obstacles by tilting or lifting
the device.

Walking canes (Figure 9d) are used for to redistribute weight off a weak or injured leg
or for stability. Gently sloped steps are safer than ramps for for persons using canes
(Rakennustieto 2011).

Crutches (Figure 9e) are used to redistribute weight off a weak or injured leg. As with
canes, gently sloped steps are prefered over ramps (Rakennustieto 2011).

Nordic walking poles are sports equipment resembling skiing poles. Although not
developed as a assistive device, they are used by some persons for support when
walking.
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(a) Walker (b) Manual wheelchair (c) Powered wheelchair

(d) Walking cane (e) Crutches (f) White cane

Figure 9: Common assistive devices.

In addition to the assistive devices listed in the questionnaire, respondents reported using
some of the following assistive devices.

White canes (Figure 9f) are used by visually impaired persons to scan surfaces ahead
for obstacles, level changes and tactile markings.

Guide dogs are used by visually impaired persons to guide them outdoors.

Mobility scooters are large outdoors assistive devices used by persons with reduced
mobility.

Prams are used to transport young children.
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Table 4: Reported impairments and use of assistive devices.

Reported impairment Po
we

rw
he
elc

ha
ir

M
an
ua
lw

he
elc

ha
ir

W
al
ke
r

Cr
ut
ch
(e
s)

W
al
ki
ng

ca
ne

W
al
ki
ng

po
les

W
hi
te

ca
ne

Pr
am

Gu
id
e
do

g

M
ob

ilit
y
sc
oo

te
r

No
ne

Limb coordination issues 1 2 0 1 2 0 0 0 0 1 1
Low muscle strength 7 7 0 0 0 0 0 0 0 0 2
Balance issues 1 3 0 2 1 0 0 0 0 1 4
Joint stiffness or pain 0 2 0 0 1 0 2 0 0 0 6
Lowered stamina 2 3 1 1 2 0 0 0 0 0 0
Short stature or short
limbs

2 1 0 0 0 0 0 0 0 0 0

Paraplegia 0 2 0 0 0 0 0 0 0 0 0
Hemiplegia 1 0 0 0 0 0 0 0 0 0 0
Vision impairment 0 0 0 0 0 0 7 0 1 0 1
Hearing impairment 0 0 0 0 0 0 0 0 0 0 1
None 0 1 0 0 0 0 0 1 0 0 18

Although the questionnaire was aimed at passengers with reduced mobility, it garnered
nine responses from passengers who reported sensory impairments. These responses will
be discussed to the extent that they deal with the design and maintenance of the built
environment and vehicles, while insights regarding information systems will be left for
later studies.

As can be seen from Table 4, a total of 18 persons who reported neither any impairment
or the use of any mobility responded to the questionnaire. Although unexpected, this is
fortunate, as it allows us to compare and contrast the experiences of passengers who
report an impairment with those who report none (Figure 10).

Having to rely on other people during the trip is the primary reason for apprehension for
of persons with an impairment that affects mobility or vision. These results are similar
to those reported by Verma, Hätönen, and Aro (2010a). The findings highlight the
importance of the concepts of dignity and agency in discussing accessibility. Indeed the
first among the eight general principles listed in Convention on the Rights of Persons
with Disabilities (2007, Art. 3) is the:

Respect for inherent dignity, individual autonomy including the freedom to
make one’s own choices, and independence of persons;

It is important to note that apprehension towards the use of a mode of transport due
to solutions that do not enable autonomy and dignity can persist even in the absence
of verbal abuse, angry stares or overt discrimination. The fact that about 15 % of the
respondents with reduced mobility reported experiencing harassment or drawing negative
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Visual
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’Have you experienced apprehension towards
travelling by tram due to any of the following?’

n=59

Figure 10: Reasons for apprehension towards travelling by tram by impairment type. (NB:
categories not mutually exclusive.)

attention is, however, a cause for concern.

The risk of getting stuck, exhausted or involved in an accident appear to be specific
to persons with reduced mobility. The concern of getting stuck was particularly preva-
lent among wheelchair users, with 47 % of wheelchair users citing this as a cause for
apprehension.

As can be expected, persons who identified as having impaired vision reported concerns
about getting lost on the way significantly more often than other passenger groups. The
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proportion of respondents citing this concern was much higher than reported by Verma,
Hätönen, and Aro (2010a), which most likely reflects the fact that their study also covered
heavy rail terminals, which offer more extensive auditory and tactile navigation cues than
tram stops.

Persons with impaired vision or mobility reported difficulties with planning trips more
often than those who reported no impairments. Potential reasons for this are discussed
in the following section.

4.3 Preparing a trip

Helsinki Region Transport (HSL) has since 2001 offered a route finding service called the
Journey Planner. The service interface was overhauled in February 2017.

The previous version of the service did not take stop parameters into account when
recommending routes, so passengers with reduced mobility had to inspect detailed stop
information to judge whether they could use the stop or not. The updated service does
take stop information into account when recommending routes for persons utilizing
wheelchairs, avoiding stops that are not accessible.

However, due to a mismatch in stop evaluation and measurement criteria, discussed in
greater detail in Section 4.8, the stop accessibility parameter table in the HSL JORE
database is no longer up to date. Hence the new Journey Planner will avoid some routes
that are in fact accessible.

4.4 Access to and from stops

The Helsinki tram network features stops on the sidewalk, on sidewalk extensions and
island platforms in the street. There are no longer any stops that require passengers to
exit the tram into the roadway on the network.

The most common obstacles encountered around tram stop was snow and slippery
surfaces, with high thresholds or level differences coming in second Figure 11. Different
kinds of obstacles were also frequently encountered by persons with reduced mobility or
vision. Out the four responses in the category "Other" it was not possible to determine
the nature of the obstacle or barrier for two responses, one cited the lack of navigation
aids for visually impaired persons and one cited traffic signals as an obstacle.

Sidewalk platforms are maintained either by the Helsinki City Public Works Department
or the adjoining property, depending on the city district (City of Helsinki 2017). The city
executive board has announced that the city will assume responsibility of all sidewalk
maintenance by 2020 in order to reduce the variations in sidewalk winter maintenance
quality (City of Helsinki 2012).

Island platforms are maintained by HKL and their winter maintenance will be discussed
at length in Section 4.5. Access to and from an island stop requires crossing the roadway
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Figure 11: Barriers or obstacles to travel encountered around stops.

and can be obstructed or encumbered in winter conditions by snow ruts in the roadway
and snow mounds at the edge of the sidewalk, created by snow ploughing, as seen in
Figure 12.

Figure 12: Crosswalks may be obstructed by snow mounds.

A passenger using a wheelchair or walker needs a certain amount of space to turn approx.
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90◦ at the end of the stop. Section 8.15 of SFS-ISO 7176-52011, which determines
the minimum width needed to turn 90◦ between two equally wide paths, replicates this
situation reasonably well. International Standards Office (2014b) found that typical values
for required widths for occupant mass group II (50–125 kg) range from 900–980 mm,
with recommended maximum values of 990–1100 mm.

Rakennustietosäätiö (2007, s. 3.1) on the other hand recommends that the combined
width of two crossing paths should not be less than 2300 mm, and neither path should be
narrower than 900 mm. Some island platform exits are narrower than this (see Figure 13).

Exits are tapered in order to accommodate a sufficient turning radius for the tram tracks
without having to set the stop further back from the curve. This solution also renders
the angle between the crosswalk and the kerb oblique, which is disorienting for persons
who rely mainly on tactile navigation cues.

(a) The southern exit of Hauhon puisto (H
0318) tapers to a width less than 860 mm. (b) Compacted snow next to dropped kerb .

Figure 13: Access issues at platform ends.

The platform end that forms an interface between a cross-walk and an island platform
is lowered to at a height of 4 cm above the road level (Figure 14). The kerb stone is
chamfered at the platform ends to enable passengers using wheelchairs or walkers access
to the stop (as seen in Figure 14a). However, a chamfered kerb stone is a hazard for
blind persons, who rely on level differences between the stop platform and the roadway
to determine where the roadway begins. During winter the dropped kerb is particularly
hard to tell apart from the roadway due to compacted snow. Figure 13b

The standard design therefore also mandates a 1.5–2 m wide section, where the kerbstones
facing a level crossing present a steeper chamfer (as seen in Figure 14b), which allows
blind persons navigating with the help of a white cane to recognize the edge of the
roadway. However, the standard design permits the omission of a section with such
steeper kerbstones if the platform–sidewalk interface is shorter than 4 m.

The previous standard design mandated an access area 6 cm above the roadway (Helsinki
City Public Works dept. 1994). The construction of the kerb at stops constructed
according to these standard designs vary. Some feature dropped kerbs along the entire
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Figure 14: Kerbstones facing crosswalks.

width of the crosswalk. Two examples of particularly poor solutions are presented in
Figure 17.

Figure 15: The northern exit offers visu-
ally impaired persons no navigation cues
whatsoever.

Figure 16: The southern exit is inaccessible
to persons using wheelchairs or walkers.

Figure 17: Poorly designed platform ends at the stop Sturenkatu (H 0655).

Obstacles blocking routes may include mounds of snow, A-stands, illegally parked cars or
signposts, such as the one placed in the middle of the access slope in Figure 15.
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4.5 Waiting and moving around at stops

Challenges with waiting or moving around at stops are most commonly caused by a lack
of space, obstacles, snow and ice on the platform and steep longitudinal and transversal
gradients (Figure 18).
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Figure 18: Barriers or obstacles to travel encountered around stops.

A lack of waiting spaces can occur either because the street cross-section cannot accom-
modate a stop at least 150 cm wide, as seen in Figure 19a or because there are obstacles
on the platform, such as utility cabinets and poles or street trees, as in Figure 19b.
Stops that lack space can prevent passengers from safely passing each other in crowded
conditions and offer little clearance from passing vehicles.

HKL currently uses three standard stop designs, A, B and D. The front support of the
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(a) Stop H0281 (Käpylänaukio) is barely wide
enough to accomodate a litter bin

(b) Stop H0280 (Kimmontie) is narrowed
down considerably by street trees.

Figure 19: Narrow or obstructed stops.

deeper A shelter extends 160 cm from the rear of the stop, while the front supports of
the narrow B shelter extend 110 cm from the rear of the stop. When the wider A shelter
model is used in locations that do not offer sufficient depth from the kerb, the shelter
itself can also present an obstacle, as seen in Figure 20. Type D is a variant of the two
former that lacks billboards.

In addition to these, a third design, dubbed C, has been installed in approx. 20 locations
during the mid-90s. This shelter type lacks side walls for protection against wind and rain,
as seen in Figure 20b The type C shelter is not currently available for new installations as
the type has not been granted a type certification by the Building Control Department of
the City of Helsinki. (Kanerva, Gruzdaitis, and Suhonen 2017, s. 2.2)

(a) Stop H0442 (Eiran Sairaala) is narrowed
down considerably by a model A shelter.

(b) Stop H0320 (Vallilan varikko) is equiped
with a model C shelter.

Figure 20: Different stop shelter models.

Design engineer Tuomo Tukiainen from HKL was consulted on stop maintenance practices
at HKL (personal communication 10.3.2017). Platforms are cleared of snow using a
wheel loader equipped with a snow plough Figure 22a. Island platforms are cleared of
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snow from the trackway, as the equipment is usually too large to fit entirely on the
platform. Areas behind obstacles are thus out of reach for snow clearing equipment, as
seen in Figure 22b. This can considerably reduce the effective width of a stop during
snowy winters. Tukiainen notes that street trees require particular attention, as they can
be damaged by ploughing Figure 21a. The root protection grates also require frequent
maintenance during summer because they tend to trap small litter (Figure 21b). There
are trees on the platform area at a total of 20 stops.

Tukiainen noted that while the equipment used to clear snow is “somewhat oversized”
for winter maintenance, the front loaders must be reasonably large to allow HKL to use
them at construction sites outside the winter season.

(a) Extra care must be taken in removing
snow around trees to avoid damaging them.

(b) The root protection grates tend to trap
litter, such as cigarette butts.

Figure 21: Challenges of street trees relative to other obstacles.

(a) Stops are usually cleared partially from the
trackway because of the size of the equipment.
(Tuomo Tukiainen / HKL)

(b) The space between the street trees and
back railing on stop H0280 (Kimmontie) can-
not be cleared of snow.

Figure 22: Areas beyond the reach of snow clearing equipment.

Anti-slip treatment is performed during winter by spreading gravel out of a rotary dispenser
from the back of a pick-up truck. If ice or packed snow forms on the platform, it can
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also be roughened with a harrow attached to an excavator. These pieces of equipment
are less affected by obstacles.

During the spring street sweepers are used to gather gritting material. The gritting
material is gathered with water jets and collected by brush vehicles. The same vehicles
are used to keep the platform areas clear of branches, litter and leaves during summer
and autumn. Like the front loaders used to clear snow, street sweeping machines often
cannot fit behind obstacles and any material to be collected must first be sprayed to a
spot it can be collected from.

Lampinen (2017) noted that steeply inclined stops are an issue particularly for passengers
who use wheeled assistive devices. Steep gradients are particularly hazardous if the stop
platform is inclined towards the road.

The maximum longitudinal gradient of a stop is dependent on the gradient of the street
section it is located in, as demonstrated in Figure 23. The transversal gradient of a stop
depends on the cross-section of the stop. The standard design mandates a transversal
gradient of 2 % to ensure a large enough drainage gradient (Helsinki City Public Works
dept. 2015a). Particularly on sidewalk stops, gradients may be higher to match the
threshold heights of adjoining buildings.

Figure 23: Stop H0453 (Kansallisarkisto) is located on an incline, giving it a maximum
gradient of 10.3%.

Tujula (2016) also noted that the standard designs mandate guard rails if the stop is on
a traffic island, the end of a stop is not an access path, or there is a bicycle path or level
difference greater than 16 cm behind the stop platform. Stops that lack the required
railings, as in figure 24, pose a risk not only to persons with reduced mobility, who must
take more care than usual moving on the platform, but also to visually impaired persons,
who risk falls and injuries due to the lack of navigation cues.
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(a) The southern end of stop H0140 (Tilkka)
ends with a drop into the roadway.

(b) Stop H0445 (Perämiehenkatu) lacks a
back railing despite a 19 cm high drop behind
the platform.

Figure 24: Stops lacking railings.
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4.6 Boarding and leaving vehicles

Gaps and level differences between platforms and vehicles were the most frequently
mentioned issue during interviews and frequently cited as the most significant barrier to
the tram network. Doors closing on passengers were also a frequently cited issue.

The participants of the passenger survey also reported issues related to the use of the
boarding assistance ramp on board. These were primarily encountered by persons using
wheelchairs Figure 25.
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Figure 25: Barriers or obstacles to travel encountered when boarding or exiting vehicles.

As can be seen from Figure 26, the perceived ease of entry depended strongly on the share
of low floor-areas in a tram as well as whether the participant reported an impairment.
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Figure 26: Reported ease of entering HKL vehicle models.
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As expected, the high-floored NRV I tram model received low marks from all passenger
groups, with 60% of persons with reduced mobility giving it the lowest mark. The entirely
low-floor MLRV vehicle series compares favourably to the partially low-floor MLNRV
I/II series, with the MLNRV III receiving the most favourable ratings from all passenger
groups.

The high incidence of the option “No opinion” among persons with a visual impairment
is likely caused by the fact that the descriptions of the tram models in the online
questionnaire were fairly short and were not tested for screen reader compatibility.

Comparing Figure 26 and Figure 27, there appears to be no difference between the reported
ease of entering and exiting for the low-floored tram models (MLRV and MLNRV III),
but the partially and completely high-floored models (NRV I and MLNRV I/II) received
better ratings for the ease of exiting from persons with reduced mobility.

This was a surprise, because it was expected that the steep stairs would have posed a
challenge to persons with reduced mobility particularly when exiting the tram. On the
other hand, persons with impaired vision appear to find it more difficult to exit than to
enter a high-floored tram, as expected.
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Figure 27: Reported ease of exiting HKL vehicle models.
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4.6.1 Kerb position and clearance

The stop platform design standard designs (Helsinki City Public Works dept. 2015b;
Helsinki City Public Works dept. 2015c) place the kerb at a platform at a height of
270 mm and a horizontal distance of 750 mm from the top of the rail. A histogram
of measured average vertical and horizontal kerb distances (n=280) at platforms are
presented in Figure 28 (Karjalainen 2014).1.
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Figure 28: Distribution of the horizontal and vertical distances from top of rail to kerb.

The mean vertical distance from the top of the rail to the top of the kerb is 26.6 cm and
the standard deviation is 2.9 cm. The distribution is negatively skewed with a long but
thin left-side tail of stops less than 24 cm ATR, as can be seen in Figure 28a. This tail
consists mainly of stops located in cramped spaces that cannot accommodate the slopes
required by higher platforms, as depicted in Figure 29.

The large number of stops in the range 24–26 cm is likely due to stops that are shared
between bus and tram traffic, as depicted in Figure 30. Tujula (2016) and Tuure and
Könkkölä (2016) cited shared stops as major issues, as these stops cannot be built to
the mandated height of 27 cm. Due to the lower floor height, buses pulling up to a
full-height kerb would risk damage to the side and wheels.

The mean horizontal distance from the top of the rail to the kerb is 77.0 cm with a
standard deviation of 4.4 cm. The distribution is positively skewed, with the right-side

1Stop H0212 Salmisaari was excluded from the data set due to an obvious measurement error. The
stop in question is not currently in use due to route changes.
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Figure 29: The kerb at stop H0440(Kapteeninkatu) is only 18.5 cm ATR. Note the
garage doors flanking the stop on both sides, preventing further elevation of the platform.

(a) Tram at shared stop (b) Bus at shared stop.

Figure 30: Stop H0654 (Sturenkatu) is shared by both tram and bus lines.

tail in Figure 28b mainly caused by structure gauge extensions necessitated by track
geometry.

The track gauge of the Helsinki tram network is 1000 mm, resulting in a 500 mm distance
from the rails to the track centerline. Stops thus have a 1250 mm structure gauge
measured from the track centerline on straight sections.

Guided vehicles, such as trams, allow more precise control of the horizontal gap between
the platform and the stop platform than unguided vehicles, such as trams, where human
factors limit how close to the platform an unguided vehicle can be stopped. In rail
vehicles, this accuracy is limited by the extent of lateral movement a wheelset is afforded
to allow it to negotiate curves. This lateral sway as well as the roll of a suspended vehicle
necessitates a structural gauge that is somewhat larger than the vehicle loading gauge.

Of all vehicles operated on the Helsinki tram network, the MLNRV III vehicles have the
largest loading gauge, 1200 mm from the track centerline on straight track sections. This
results in a default 50 mm gap between the vehicle door and the platform. Since the
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NRV, MLRV and MLNRV I & II series are 100 mm narrower than the MLNRV III series
(see Table 2), they have a 100 mm platform gap on straight track sections.

On curved track sections the loading gauge and structural gauges must be widened to
accommodate the swept envelope traced by the vehicle body as it travels along a curved
path. If a stop is located in a curve, the wider structure gauge necessitates the placement
of the kerb further away from the centerline than on straight sections. The practical
implications of this are dependent on the radius and orientation of the curve.

Since the current trams on the Helsinki tram network are unidirectional, with exits only to
the right, doors located between the wheelsets are brought closer to the platform at stops
in clockwise curves, whereas doors located on the overhangs are further away from the
platform than on straight sections. In counter-clockwise curves the situation is reversed,
bringing the doors located between wheelsets further way from the kerb, whereas doors
located on the overhangs are brought closer to the kerb.

Only the MLRV vehicles have a PRM accessible door located on an overhang. In the
MLNRV I and II vehicles the middle door is the designated PRM–accessible door as it is
the only one located on a low-floor section. In the MLNRV III and the widest doors are
likewise located between the wheelsets. In all vehicles doors located on the overhangs
may fall outside of the raised section of the platform at stops with short platforms.
Consequently, stops located on counter-clockwise curves (as depicted in Figure 31) are
particularly difficult to enter for passengers using wheelchairs or walkers.

Figure 31: Stop H0313 (Sörnäinen (M)) is located in a counter-clockwise turn, resulting
in a wide platform gap.

4.6.2 Vehicle entry height

The height of the door sill in low-floor vehicles used on the Helsinki tram network are
listed in Table 5.
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Table 5: Nominal door sill heights of low-floor vehicles used on the Helsinki tram network.

Vehicle type Door sill height (mm)
MLRV 325
MLNRV I & II 360
MLNRV III 360

The actual entry height is, however, subject to variations due to wheel wear and passenger
load. The cause and range of variations in vehicle floor height for the MLNRV III series
is listed in Table 6.

Table 6: Factors affecting entry height.

Factor Range (mm)
Compression of secondary suspension under passenger load -40–0
Compression of primary suspension under passenger load -20–0
Wheel wear -30–0
Canting -20–20a

aAlthough the Helsinki tram network does not employ track cant, canting may occur due to settling or
frost heave of the track foundations.

Unlike many other railborne vehicles used in the Helsinki region, such as the M100, M200
and M300 series metro vehicles (Vanhatalo 2012) and the Sm5 commuter EMUs, the
secondary suspension of the tram vehicles is purely mechanical, rather than pneumatic.

A mechanical suspension was chosen even for the MLNRV III series because a mechanical
suspension solution less bulky than a pneumatic solution and more reliable due to the
simpler construction. As a consequence of this design choice, the ride height of the trams
is not adjustable, so unlike the heavy rail vehicles used in the Helsinki region, trams
cannot compensate for wheel wear and varying passenger loads.

The actual entry height of a vehicle thus varies between 360–260mm from the top of
the rail, depending on passenger load, wheel wear and track condition (Heikkilä 2017).
The entry threshold height may vary between -10 and +90 mm, even at stops built to
standard.

It is noteworthy that the platform design standard and vehicle heights are coordinated
so that the difference between vehicle entry height and platform height is allowed a
much larger positive value than a negative value. This principle is likely adapted from
German and Austrian regulations regarding tramway, subway and light rail operations.
In contrast, American and British accessibility regulations permit door heights below
platform level. Allowed horizontal and vertical level differences in selected jurisdictions
are listed in Table 7.

The values in the German Verordnung über den Bau und Betrieb der Straßenbahn and
Austrian Straßenbahnverordnung are not definitions of level entry and only specify the
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Table 7: Allowed horizontal and vertical vehicle–platform height differences in various
regulatory frameworks.

Jurisdiction Regulation Horizontal
gap (mm)

Vertical
gap (mm)

United States ADA, s.38(D)(73(d)) 76.2a ±15.9b

United Kingdom RVAR, s.1(1)(2) 75 ±50
Australia DSAPT, p. 8(1) 40 ±12
Germany BOStrab, s. 4(31)(6-7) <250 >0
Austria StrabVO, s. 4(30)(8-9) <250 >0
Stockholm County RiTill, s. 3.2.1 0–60 0–45

bValid for new vehicles. For retrofitted vehicles the corresponding value is±101.6 mm.
bValid for new systems. For new vehicles at existing stops the corresponding value is±38.1 mm and for
retrofitted vehicles under 50% passenger load±50.8mm.

required position of the door step for any kind of vehicle. Thus their scope is comparable
to the EC regulation Commission Regulation (EU) No 1300/2014 of 18 November 2014
on the technical specifications for interoperability relating to accessibility of the Union’s
rail system for persons with disabilities and persons with reduced mobility, annex. 1 s.
4.2.2.11.1. regarding heavy rail.

The regulations in the Americans with Disabilities Act, Australian Disability Standards for
Accessible Public Transport and British The Rail Vehicle Accessibility (Non-Interoperable
Rail System) Regulations can on the other hand be understood as legal definitions of
level entry in their respective jurisdictions, similar to the Commission Regulation (EU)
No 1300/2014 of 18 November 2014 on the technical specifications for interoperability
relating to accessibility of the Union’s rail system for persons with disabilities and persons
with reduced mobility, annex. 1 s. 2.3 regarding heavy rail. This definition is identical
to the one found in The Rail Vehicle Accessibility (Non-Interoperable Rail System)
Regulations.

In France, Comité de Liaison pour l’Accessibilité des transports et du cadre bâti (2003)
has issued a recommendation that the maximum horizontal and vertical level differences
between tram door sills and platforms should not exceed 20 mm. This is in line with results
from experiements done by Daamen, Boer, and Kloe (2008), Rentzsch et al. (2008),
and Hashizume, Yoneda, et al. (2009), which suggest that Australian and American
regulatory definitions of level access are more consistent with real-life performance than
their European counterparts. Daamen, Boer, and Kloe (2008) and Hashizume, Yoneda,
et al. (2009) concluded that a combination of a 20 mm vertical level difference and 50
mm horizontal gap can be crossed by almost anyone, while Rentzsch et al. (2008) simply
note that a 40% of wheelchair users cannot cross a gap that is 50 mm in both width and
height.
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4.6.3 Closing Doors

The doors on a tram open if a door button is pressed and close automatically after a 4 s
time delay in the photoelectric detector beam is not interrupted for 4 s. The doors also
have load sensors that arrest closing if a person or object is stuck between them. The
height of the doors sensors in the different tram models are listed in Table 8.

Table 8: Height of door sensors from floor.

Model Height from floor (mm)
NRV I 630
MLNRV I/II high-floor doors 630
MLNRV I/II low-floor door 550
MLRV 580
MLNRV III 500

These heights all meet the 300–700 mm height requirement for sensors intended to detect
the access and egress of passengers, but do not comply with the 100–400 mm height
requirement for sensors intended to detect prams, set by the European Committee for
Standardization (2015, anx. J).

The driver can override the door controls to hold them open. Visually impaired passengers
and other passengers in need of staff assistance are instructed to use the first door, if
possible, as this is the easiest for drivers to monitor.

There are also door delay buttons located at the two first doors in the MLRV vehicle, at
the second door in a MLNRV III and NRV I vehicles and at the third door in MLNRV
I and II vehicles. These buttons extend the closing delay to 20 s. They are identified
by a pram icon (Figure 32), which might give rise to misunderstandings regarding the
intended user group of the buttons.

(a) MLNRV I, II, III, MLRV (b) NRV I

Figure 32: Door delay buttons used on the outside of different vehicle models.
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(a) MLNRV III (b) NRV I, MLRV, MLNRV I and II

Figure 33: Door delay buttons on the inside of a vehicle.

Inexperienced passengers may also find the buttons difficult to locate because of visual
noise introduced by advertisement decals on the vehicle doors (Figure 34).

(a) Door without advertisement decal. (b) Door with advertisement decal.

Figure 34: Doors on MLRV vehicle with and without ad decals.

4.6.4 Boarding assistance systems

The MLNRV I, II and III series of vehicles have been equipped with a folding ramp
(Figure 35) to bridge the horizontal gap and vertical threshold between the stop platform
and the vehicle.

A number of PRM passengers interviewed expressed dissatisfaction with the provided
ramp. Points of discontent included:

– Operating the ramp requires external assistance, placing passengers using wheelchairs
or walkers at the mercy of strangers.
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(a) Folding ramp deployed from a MLNRV III
vehicle.

(b) Passenger exiting the MLNRV III vehicle
using the access ramp.

Figure 35: Access ramp in a MLNRV III series vehicle.

– The ramp is complicated to operate and not all drivers remember the correct
deployment and stowing procedure.

– Deploying the ramp and folding it back in extends the dwell time at a stop, which
is likely to frustrate co-passengers.

– Not all stops offer sufficient space to manoeuvre onto or off the 1 m long ramp,
once deployed.

– Some stops are so low that the ramp is not safe to use.

The ramp is 0.8 m wide and 1 m long. The length is a compromise between stop width
and the traversable level difference. The ramp is locked by default to prevent vandalism
and accidental deployment while the vehicle is moving. It can be unlocked remotely from
the driver’s cabin or using a key.

Tuure and Könkkölä (2016) attested that many passengers using wheelchairs or walkers
avoid using the ramp altogether for fear of delaying traffic, which would lead their
co-passengers into considering disabled passengers a nuisance:

A minute is pretty much the limit, longer than that, other passengers will
become hostile to persons with disabilities using public transport.

This aversion has also been noted by city officials (Lampinen 2017; Kuusniemi 2017).

A survey was conducted among drivers to investigate how drivers experienced using
the ramp. Of the surveyed drivers, 96% reported being proficient in using the ramp
(Figure 36).
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Figure 36: Respondents by driver career length and ramp use proficiency.

The reported number of ramp unlocking requests per week confirms that ramp use is
fairly rare. Over half of the drivers who participated in the survey reported receiving less
than three ramp unlocking request per week (Figure 37).
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Figure 37: Cumulative count of respondents by ramp unlocking requests received over
the last week.

The surveyed drivers were asked to describe how they determine whether a ramp request
is legitimate or not. Most reported that they scan for persons using assistive devices
when arriving at stops. Most drivers reported looking out for wheelchair users, while only
two out of 50 mentioned persons using walkers.

Exit requests are evaluated by keeping track of whether a passenger with reduced mobility
has entered the vehicle. The latter can fail if drivers change vehicles mid-route and the
leaving driver fails to inform the incoming driver of a passenger with reduced mobility on
board.

A vast majority of the surveyed drivers estimate that the number of justified ramp
unlocking requests is extremely low relative to the number of request received Figure 38.
Because the rates are self-reported, they might not be entirely reliable. However, it is
clear that the ramp request system ’cries wolf’ more often than is desirable.
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Figure 38: Histogram of drivers by their estimate for the share of unjustified ramp
requests.

The driver may need to exit the driver’s cabin to assist the passenger. The surveyed
drivers reported varying assistance policies. A majority of the surveyed drivers would let
personal assistants deploy the ramp, if present (Figure 39).
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Figure 39: Number of surveyed drivers by assistance policy.

Kuusniemi (2017) noted that drivers must secure the conductor’s satchel before leaving
the cabin. The satchel contains cash float for tickets purchases from the driver. The
driver can secure the satchel by:

– Taking the satchel with themselves for the trip out of the cabin.

– Stowing the satchel in a locker in the driver’s cabin

– In the MLNRV III series vehicles, by locking the door to the driver’s cabin.

Drivers bear full personal responsibility for the cash float. The risk of theft may explain a
reluctance to leave the driver’s cabin at a stop.

The ramp model in the MLNRV I and II -series vehicles requires that both of the ramp
halves are placed behind a metal lip (Figure 40a). An incorrectly stowed ramp (Figure 40b)
may prove difficult to open because the latch pin is inserted into the lock in an angle that
is approximately 8–10◦ off the intended one. If the ramp is stowed incorrectly using force,
the latch pin may become bent so that the lock can no longer engage in the correct
position. The ramps in the MLNRV III series vehicles are a more recent model that no
longer features a lip.
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(a) Ramp stowed correctly. (b) Ramp stowed incorrectly.

Figure 40: Two ways of stowing the access ramp in MLNRV I and II vehicles.

The ramp is equipped with an interlock that prevents the doors from closing when the
ramp lock is disengaged. However, there is no indicator for this in the driver’s instrument
panel (Figure 41), so diagnosing the issue can prove difficult if a driver has not encountered
this issue before, leading to considerable delays. A vast majority of the surveyed drivers
reported that they had deployed the ramp only a few times or not at all over the past
year (Figure 42).

(a) MLNRV II instrument panel (b) MLNRV III instrument panel

Figure 41: Different instrument panels in vehicles.

Ramp requests may also go unnoticed, because the illuminated ramp request button in
the right hand panel is coloured orange, like most other device status indicators. It may
thus go unnoticed at a glance.
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Figure 42: Number of surveyed drivers by how many times they have deployed the ramp
over the past 6 months.

Drivers were also polled on what they judged was the main reason behind unjustified
ramp requests. A vast majority considered confusion between different buttons in the
vestibule area (Figure 44) the most likely reason (Figure 43).

Particularly the ramp request (Figure 45a) and door delay buttons (Figure 45b) are
difficult to distinguish from each other, as they are only differentiated by the raised
markings on the buttons. Both buttons open the doors, which may serve to reinforce a
pattern of false requests.

Another explanation for the low use rate of the access ramp may be the positioning of
the ramp request button. Because it is located close to the door on the inside of the
vehicle, as seen in Figure 44, it is outside the reach zone of passengers in wheelchairs, as
defined by e.g. the Commission of the European Union (2014).

A test drive with representatives from the Finnish threshold society 14.3.2017 also revealed
that location of the ramp request button is apt to extend dwell times at stops, particularly
during rush hour. In crowded conditions, passengers intending to place a ramp request
must wait for other passengers exiting and entering the vehicle to clear the doors. The
ramp request can thus only placed once other passengers are on board and ready to leave
the stop.

The location was chosen to reduce the likelihood of false alarms caused by inattentive
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Figure 43: Main estimated reason for unjustified ramp requests.

passengers pressing the request button, which was deemed likely if it were installed on
the outside of the door(Heikkilä 2017). The current position does however make it hard
for persons in wheelchairs to travel without an assistant or help from co-passengers.
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Figure 44: Buttons in the vestibule area. The labelled buttons include a door opening
button (1), two door delay buttons (2,5) the ramp request button (3) and a stop request
button (4).

(a) Door delay button (b) Ramp request button

Figure 45: Easily confused buttons in the MLNRV III vestibule.
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4.7 On board vehicles

The main challenges, as seen in Figure 46, during the ride were related to finding a handle
or railing to hold on during the ride and using the card reader. Persons with reduced
mobility also encountered challenges with securing an assistive devices and reaching
pushbuttons in the passenger cabin. The responses to the category “other” cited sudden
braking, inebriated passengers and passenger luggage as a challenge. The two latter were
specific to line number 9, whose other terminus is the ferry terminal in the West harbour.

I couldn’t hold
on to anything

I couldn’t use
the card reader

device

I couldn’t
get a seat

or a spot for
my assistive

device

I couldn’t
reach buttons
in the tram

I couldn’t
secure my
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device during
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Other, please
specify
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Type of impairment
reported

Mobility
impairment
(n=33)

None (n=20)
Visual
impairment
(n=9)

Barriers or obstacles to travel
encountered in the tram

n=59

Figure 46: Barriers or obstacles to travel encountered inside vehicles.

The participants of the passenger survey were asked to rate the ease of moving inside the
tram models used by HKL on a 5-step Likert-type scale, with 1 representing disagreement
and 5 agreement. It was also possible to declare no opinion.
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The responses (Figure 47) suggest that circulation is easiest within low-floor vehicles
and poorest in the high-floor NRV I. The results of the questionnaire are somewhat of a
paradox, as the NRV I has the widest aisles of all HKL vehicles, while the MLNRV III
has the narrowest (Figure 48). Survey participants were solicited open-text comments on
the good and the bad for each vehicle. Two comments explicitly criticize the NRV I for
being cramped while, one comment criticizes MLNRV I/II -series for being cramped.

There are a number of possible explanations for this. One participant noted in an open-
text comment that the doorways of the MLNRV I/II -series are often crowded. This
might suggest that the layout of the vestibules and the ease of exiting have a greater
impact on circulation than aisle width. Another is that wider aisles encourage passengers
to stand in the aisles. A third contributing factor may be that users who cannot use the
NRV I trams may have chosen to give the NRV low scores across the board rather than
declaring no opinion on the ease of movement inside the vehicle.

Passengers were also asked to rate the comfort and perceived safety when travelling with
various HKL tram models. The results are summarised in Figure 49.

The partially and entirely low-floored vehicles received much higher ratings on comfort
than the high-floor NRV I (Figure 49). The MLNRV III series in particular received
excellent ratings.

Survey participants were solicited open-text comments on the good and the bad for each
vehicle. The ride comfort and of the MLNRV III received six positive remarks and four
participants commented on the low interior noise, in contrast to the MLRV series, which
received seven negative remarks for poor ride comfort and eight for high interior noise
levels.
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Figure 47: Reported ease of moving inside various HKL vehicle models.
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Figure 49: Travel comfort ratings various HKL vehicle models.
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68

Especially passengers with impaired balance need handles to hold on while moving from
the door to a seat and vice versa. This requirement is at times at odds with the needs of
passengers who use wheeled assistive devices, as they need open spaces to be able to
turn around.

Three survey participants criticized the seating layout of the MLNRV III series vehicles.
Out of the fixed 74 seats in the vehicle, 64 are placed on raised pedestals above the bogie
wheel wells (Figure 51a). These raise a majority of the seats too high for persons who
cannot climb a step e.g. due to balance issues, arthritis or injured limbs. The pedestals
are however a necessary consequence of the low-floor design (Heikkilä 2017; American
Public Transportation Association 2013, s. 1.5). There are 14 tip-up seats (Figure 52a)
in addition to the 10 floor-mounted fixed seats (Figure 51b), but these are only possible
to use if the passenger can bend over to fold them down.

(a) Seats on pedestal (b) Ramp request button

Figure 51: Seats at different heights in the MLNRV III vehicle.

The tip-up seats in the MLNRV III vehicles also feature loops a wheelchair can be secured
to during travel. The topic of restraints elicits mixed responses; a complaint sent to
HKL reproaches the lack of restraint mechanisms to secure a wheelchair, while other
passengers find them cumbersome and avoid using them altogether (Tuure and Könkkölä
2016). The MLNRV III was not equipped with belt restraints such as those found in the
MLRV series (Figure 52b) due to low use rates and high maintenance costs (Heikkilä
2017).

The restraint loops in the MLNRV III vehicles are hard to spot when the seats are folded
up. The video guide to the access features of the tram (Helsinki City Transport 2015)
does mention them, but does not demonstrate them visually, so many passengers may be
unaware of their existence. The video guide is also currently only available in Finnish.

Approximately 25 % of persons with reduced mobility and 22 % of visually impaired
participants reported issues with using the card reader. Two different travel card readers
are currently installed in trams. The HSL fare system is based on regions and the travel
card can be loaded with a season pass or cash, which is used to pay single journeys. A
valid season pass for is validated in either model by simply holding the card up to the
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(a) Tip-up seat with restraint loop. (b) Restraint belt in the MLRV vehicle.

Figure 52: Different types of restraints in vehicles.

reader. However, the models differ in operation when purchasing single tickets.

The older model requires holding the card up to the reader and pressing the button for
the desired zone to purchase a single ticket. This model requires some force to operate
the buttons, which can be a challenge to passengers with low strength or joint pain.

The newer model is based on a touch screen and requires the passenger to select the
zone, optionally add additional persons to the ticket, confirm the purchase and hold up
the ticket to the reader. Lampinen (2017) criticized this model for the lack of tactile
feedback and sensitivity to accidental operation, both of which which make the reader
difficult to use for persons with impaired vision or poor motor coordination.

The height of the card readers, approximately 1 m above the floor, is within the reach
zone of a person sitting in a wheelchair (United Nations, Division for Social Policy and
Development, Department of Economic and Social Affairs 2003). It can, however, be
too high for a person of short stature. The slight upward angle of the card reader face
compounds this problem.

(a) Old card reader (b) New card reader

Figure 53: Card readers in HKL vehicles.
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4.8 Access indicators

The accessibility of tram transport by HKL is currently measured using the indicators
listed in Table 9. (Tujula 2013)

Table 9: Access indicators.

Indicator Unit
Low-floor vehicles Share of all vehicles in traffic
Low-floor vehicles in rush hour traffic Share of all vehicles in traffic
Accessible stops Number of stops
Raised stops Share of all stops
Availability of stop data in usable geospatial form yes or no

Stop access is compared to design parameters given in the stop standard designs (Helsinki
City Public Works dept. 2015a; Helsinki City Public Works dept. 2015c; Helsinki City
Public Works dept. 2015b). The parameters currently measured from stops are presented
in Table 10 (Karjalainen 2014)

Table 10: HKL Requirements for access.

Parameter Accessible
stops

Stop platform length (m) ≥30
Stop platform width (m) ≥2.60
Slope lengths at stop ends (m) ≥5
Stop kerb vertical distance above TOR (cm) 27
Stop kerb horizontal distance from TOR (cm) 75

Helsinki Region Transport (HSL) classifies stops into three accessibility classes, accessible,
raised and not accessible, based on the criteria listed in Table 11. It is a simplified version
of the previous 4-step classification used by HSL 2006–2010, (personal communication
with Teija Visa 24.2.2017, Tirri and Tujula (2011, pp. 59–62)).

The only parameter in common between Table 10 and Table 11 is the height of the
stop kerb. Because of this data mismatch, the accessibility information table in the HSL
public transport registry database (JOukkoliikenneREkisteri, JORE) database has not
been updated since 2009–2010. The accessibility table contains more parameters than
listed above, owing the an earlier classification (Tirri and Tujula 2011, pp. 59–62). A list
of the parameters stored in the database can be found in Appendix A. Regular database
dumps are available for the public through the HSL developer portal.
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Table 11: HSL Requirements for access.

Parameter Accessible
stops

Raised
stops

Distance from kerb to objects (m) ≥1.5 –
Height from roadway (cm) 25–30 25–30
Longitudinal gradient (%) ≤5 –
Transversal gradient (%) ≤3 –
White contrast strip at platform edge Yes –
Bench Yes –
Lighting Yes –
Shelter Yes –
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5 Discussion

This section discusses various proposed solutions to the issues identified in Section 4. The
discussion begins with a discussion on measuring accessibility and moves on to discuss
infrastructure and rolling stock solutions. These proposed solutions are structured so
that solutions pertaining to each component of the tramway network (stops, vehicles)
are discussed together.

5.1 Access Indicators

Øderud, Øvstedal, and Azalde (2011, s. 2.2) defines an indicator as:

a simplified expression of complex phenomena and relationships, presenting
a relationship between the indicator and basic (quantitative or qualitative)
data. Individual indicators are designed to translate complex information in
a concise and easily understood manner in order to represent a particular
phenomenon, chosen between several measurable units because they are
representative of the situation to be described.

Indicators are used to distil large amounts of information into a form the enables insight
and discussion and understanding of the phenomenon. They may be qualitative or
quantitative and can be estimated as well as measured.(Øderud, Øvstedal, and Azalde
2011, s. 2.2)

Statens Forvaltningstjeneste, Informasjonsforvaltning (2005, s. 4.4) lists the following as
criteria for good indicators:

Clarity and brevity: indicators should give a user quick means to determine what the
status of a value is compared to targets.

Help prioritize: indicators should concentrate on central issues, with a priority on long-
term goals.

Policy goals: indicators should reflect ambitious policy goals.

International commensurability: indicators should lend themselves to comparisons
across jurisdictions.

Basis in solid data: indicators should be based on reliable and uncontroversial data.

Scale relevance: indicators should be relevant on the scale of reference used.

Sensitivity: indicators should be sensitive to relatively small changes.

Analysis and Scenarios: indicators should lend themselves to the evaluation of various
scenarios and alternatives.

Øderud, Øvstedal, and Azalde (2011, s. 2.2.1) defines indicators as a layer of abstraction
that builds on top of processed data, which in turn builds upon raw data. Indicator
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systems are defined as a set of indicators aimed to provide an assesment of the full
domain of the phenomenon or a major subset of it. Indices are defined as a further
abstraction of indicator data, which further distil information.

They further distinguish between

Impact indicators, which measure external influences on an organization.

Policy indicators, which answer what the organization is doing to reach their goals.

Performance indicators, which answer how well the organization performing its tasks
relative to set goals.

Outcome indicators, which answer what the effects outside an organization are.

The questions of scale relevance and indicator types are highly relevant to developing
access indicators for operators and infrastructure managers. There has been great
interest in indicators that describe the accessibility (used here in the manner customary
to transportation research, rtaher than disability research) provided by a transportation
services rather than accessibility of transport services in themselves (see e.g. Church and
Marston (2003) and Kamruzzaman et al. (2016).

However, such accessibility indicators are better suited to measure the performance of a
transport agency than the performance of a transport operator, rolling stock company or
infrastructure manager in public transportation, because a public transport agency has
the power to plan and schedule routes, which are a major determinant of accessibility.

Recent work on transport accessibility indicators includesNordic disability council (2009),
Øderud, Øvstedal, and Azalde (2011), and Thatcher et al. (2013, App. D1). The out of
these, indicator set proposed by Nordic disability council (2009) is the most suitable for
the context of Helsinki. It recommends the following indicators2.

1. The share of information systems with accessible information for use during planning
of a journey

2. The share of the stops and terminals with accessible information

3. The share of the vehicles with accessible information

4. The share of the stops and terminals that are accessible to everybody

5. The share of the vehicles that are accessible to everybody

As passenger information systems are outside the scope of this thesis, we will not cover
the three first indicators in detail. The remaining two indicators are similar to those used
by HKL to measure the accessibility of the tram network.

The main issue with these indicators is that they are currently based on classifications that
are ambiguously defined. Access information is also not transferable between operators
and agencies because HKL and HSL currently use different definitions for access. Our
aim is thus to define classification schemes for the physical access to stops and vehicles

2This recount corrects some translation errors in the English summary of the original document.
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that are unambiguously defined, measure relevant parameters and support sharing data
between agencies.

5.1.1 Proposed stop accessibility indicator system

This section discusses the general rationale for the proposed stop indicator system.

The current classifications used by HKL and HSL treat access as a binary phenomena,
which is not a useful way of describing access in light of the non-binary nature of
disability. We thus propose a more fine-grained classification, largely based on the
four-tier classification scheme used by HSL prior to 2010, presented in Table 12(Tirri
and Tujula 2011, pp. 59–62). This classification was replaced by the simplified scheme
presented in in Table 11, because it was considered too complicated to be informative
for passengers (personal communication with Teija Visa, 24.2.2017), but with some
modifications and extensions it is well suited to describe the state of access in tram traffic
to decision makers.

Table 12: Former HSL stop access classification scheme.

Parameter Class 1 Class 2 Class 3 Class 4
Distance from kerb to objects (m) ≥1.5 ≥1.5 ≥1.2 <1.2
Height from roadway (cm) 25–30 25–30 25–20 <20
Longitudinal gradient (%) ≤3 ≤5 ≤8 >8
Transversal gradient (%) ≤2 ≤3 ≤5 >5
White contrast strip at platform edge Yes No No No
Bench Yes No No No
Lighting Yes No No No
Shelter Yes No No No

The proposed classification will consist of classes A–D.

Class A is defined as a target level for new stops. The stops shall be dimensioned and
designed so that using them does not require undue effort.

Class B is an acceptable level for existing stops.

Class C a passable level over the short term. It consists of stops that present some
accessibility issues to persons with reduced mobility

Class D represents stops that present severe accessibility issues to persons with reduced
mobility.

5.1.2 Proposed stop accessibility indicators

This section discusses the individual indicators that constitute the stop accessibility
indicator system.
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Vertical distance from kerb to TOR The lower limit for the kerb height Figure 54
in each class is derived from the maximum allowable gradient of the entry ramp. Recom-
mendations from literature are summarized in Table 13.

hk

Figure 54: Vertical distance from kerb to TOR.

Table 13: Recommended and maximum vehicle ramp gradients in various sources.

Gradient (%)
Source Type Rec. Max.
101 U.S.C (1990, s.38(D)(83(5))) Statute 8.3 16.7 a

European Commission and Directorate-
General Transport (1995, s. 4.5)

Best pract. 13 18

European Commission (1999) Best pract. 13 -
Attorney General (2002, s. 6.4) Statute 7.1 12.5
Venter et al. (2004, s. 11) Best pract. 8 -
European Conference of Ministers of Trans-
port (2006, s. 3.4.1)

Best pract. 9 17

Mitchell (2010, s. 4.4) Best pract. 8 -
Simić, Milković, et al. (2010, s.2.2.2.1) Best pract. 8 17
European Committee for Standardization
(2013, s. 5.1.7)

Standard - 18

Commission of the European Union (2014,
s. 5.3.2.9)

Statute - 18

aVaries with height of level difference.

When calculating the height difference between the door step and the ramp end, the
transversal gradient of the platform must be taken into account. The access ramp extends
1 m from the vehicle, which means that the end of the ramp is approximately 2 cm lower
than the kerbstone at stops built with a 2 % gradient sloping away from the track, as
required by the standard design (Helsinki City Public Works dept. 2015a).

Many sources recommend a maximum ramp gradient of 8%. International Standards
Office (2014a, s. 9.3.3.2) states that wheelchairs may roll backwards on gradients greater
than 8%. Sanford, Story, and Jones (1997) notes:
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However, despite acceptable performance in ascending steeper inclines, data
from this as well as previous studies (van der Voordt, 1981;Walter, 1971)
suggest that people who use wheelchairs fear tipping over backwards on
slopes greater than 1:12.

1:12 corresponds to a gradient of 8.3%. However, this would result in a lower kerb height
limit of 30 cm, which would pose problems for exiting a crowded tram, as the kerb could
be up to 4 cm higher than the tram door sill. Because of this practical consideration
we suggest a lower class limit of 26 cm for class A. This results in a maximum slope
gradient of 12 % from the maximum vehicle doorstep height of 360 mm above TOR.
class B is based on the current classification used by HSL (Helsinki Region Transport
2016b), resulting in a maximum gradient of 13%.

A height of 360 mm above TOR can, however be considered a corner case, as it requires
that the vehicle is both empty and running on unworn wheels. However, further research
is needed to establish how vehicle height above TOR is distributed temporally to allow
us to establish what is the probability that the ramp gradient is lower than 8 % at any
given time.

The lower boundary for class C is determined by the steepest angle that can be safely
descended. Simić, Milković, et al. (2010, s.2.2.2.1) states that gradients steeper than
17% are a hazard because wheelchair leg supports may scrape the ground at the end
of the ramp, causing the chair to tip over or throwing the passenger out of the seat.
SFS-ISO 7176-5, s. 3.19 includes critical angles that result in ground contact between
parts in front of, behind and between the wheels in the definition of the ramp transition
angle. The International Standards Office (2014b, p. 6.11) recommends ramp transition
angles of 8◦ for ramps designed for manual wheelchairs and 10◦ for ramps designed for
powered wheelchairs designed for indoor and outdoor use. These correspond to gradient
differences of 14.1% and 17.6%. We recommend a lower limit of 22 cm, resulting in a
nominal 13% gradient, because sidewalk stops may have a 2-3% gradient towards the
track for drainage, resulting in a larger angle difference than apparent by level differences
alone. The resulting angle is suitable for powered wheelchairs, but users of manual
wheelchairs should request a spotter.

The upper height limits are determined by the maximum allowable step up from a vehicle
riding at 27 cm above TOR. Class A stops offer a maximum threshold of 2 cm, as
recommended by Daamen, Boer, and Kloe (2008), Rentzsch et al. (2008), and Hashizume,
Yoneda, et al. (2009). The limits of class B are based on the current classification used
by HSL (Helsinki Region Transport 2016b), while the upper limit of class C was selected
to offer a maximum threshold of 5 cm, as recommended by Office of Rail and Road
(2010, s.1(1)(2)) and Commission of the European Union (2014, s. 2.3).

Horizontal distance from kerb to TOR We propose an upper limit of 77 cm for the
horizontal distance from kerb to TOR Figure 55 for class A. This presents a maximum
horizontal platform gap of 7 cm for 2.4 m wide rolling stock at a stop located on a
straight track section. This is slightly less than the limit mandated by RVAR, s.1(1)(2)
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Table 14: Current kerb clearances in the proposed classification.

Class
Parameter A B C D Unknown
Kerb height from TOR (cm) 26–29 25–30 22–32 <22 -
Kerb distance from TOR (cm) <77 <78 <80 >80 -
Number of compliant stops 154 28 54 44 3

and Commission of the European Union (2014, s. 2.3). The platform gap resulting from
the proposed 78 cm distance for from kerb to TOR for class B is correspondingly slightly
above these recommendations. A proposed upper limit of 80 cm between classes C and
D offers a 10 cm wide horizontal gap on a straight track, but since stops where this
distance is necessary are likely to be located in curves, the resulting gap depends on the
track geometry.

dk

Figure 55: Vertical distance from kerb to TOR.

The vertical and horizontal distance for the kerb to TOR are presented in Figure 55. The
number of stops in each class can be found in Table 14.

Stop platform width The minimum platform width limit for each class is derived from
the space required to turn onto or off the extended access ramp, the width of the passing
space in front of a type B1 stop shelter and the turning circle of a wheelchair.

Helsinki City Public Works dept. (2015a) defines the width of a raised stop as the
horizontal distance from the trackside kerbstone to the back kerbstone, as seen in
Figure 56. To calculate the effective width from this number, a 21 cm offset from the
back kerbstone to the inside of the railing must be subtracted.

Estimates on the space required to execute a 90◦ turn vary. E. O. Steinfeld (1979) reports
that a turn into a 32" (813 mm) wide opening can be performed from a corridor 42"
(1067 mm) wide, while Rakennustieto (2006) defines the required space according to
Equation (1)

a+ b ≤ 2300mm (1)
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w

Figure 56: Platform width.

Where a and b are the widths of the crossing paths. Given that the access ramp is 800
mm wide, the turning space must be 1.5 m wide to accommodate a 90◦turn. Given
that the ramp extends 1 m from the vehicle, the resulting minimum width is thus
1.50m + 0.95 + 0.21 = 2.66m ≈ 2.7m, taking into account a 5 cm horizontal gap
between the stop and the vehicle.

The International Standards Office (2014a, p. 5.17.2) found that a typical powered
wheelchair intended for outdoor use requires a depth of 1.7 m to enter a 0.8 m wide
opening, while a typical manual wheelchair requires 1.09 m. This would give a depth of
1.70m+ 0.95 + 0.21 = 2.86m ≈ 2.9m.

We propose using the more conservative estimate obtained from International Standards
Office (2014a, p. 5.17.2) as a basis for class A. The limit for class B is 2.6 m as defined
by Helsinki City Public Works dept. (2015a), while a width of 2.3 m based on the
recommendations by E. O. Steinfeld (1979) and International Standards Office (2014a,
p. 5.17.2) is suitable for class C stops.

Table 15 presents values for the turning space required for a 360◦ turn in a wheelchair.
Space for a full turn is required when the passenger must turn around to look at a
timetable or route listing in a stop shelter.

Table 15: Recommended wheelchair turning circle diameters.

Turning circle (m)
Source Type Rec. Min.
European Commission (1999, s. 5.5.1) Best pract. 1.6 1.5
Ministry of the Environment (2004, s.2.1.1) Statute 1.5 1.3
Helsinki City Public Works dept. (2008) Standard 2.5 1.5
International Standards Office (2014a, s.
8.12.7.3)

Standard - 1.5

Stockholms läns landsting (2015) Standard - 1.5

Because there are no barriers at the kerb to safeguard against maneuvering errors, it is
prudent to treat the 300 mm width of the trackside kerbstone as a safety margin against
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falls onto the track. If we assume a turning circle of 1500 mm and further add a 400
mm distance from the back kerbstone to the back of a stop shelter (Helsinki City Public
Works dept. 2015a) and factor in the 50 mm width of the shelter supports, we arrive at
a minimum depth of 1500 + 400 + 300 + 50 = 2250. This value can be rounded up to
2.3 m.

Passing width The width of the platform also has an impact on passing widths around
obstacles (Figure 57). General recommendations for passing widths around short obstacles
are summarized in Table 16.

dd

do

Figure 57: Passing width.

Guidelines that specifically address the space between the kerb and a stop shelter are
listed in Table 17

The narrow B1 shelter model extends 110 cm from the back of the stop. We recommend
a distance greater than 1.2 m from shelter structures and other obstacles to the kerb, to
provide a 900 mm wide passage and 300 mm trackside kerb clearance. This results in a
minimum width of 2.3 m, which will be the lower boundary for class C.

Out of these requirements, the requirement for space in front of the access ramp is the
most stringent and forms the basis for classes A and B. The requirements for turning
space and passage width form the basis for class C minimum values. In class C, the stop
in itself is accessible, but sufficient space to enter an access ramp cannot be guaranteed
for all wheelchair models.
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Table 16: Recommended widths for clear passages.

Width of passage (m)
Source Type Rec. Min.
European Commission (1999, s. 5.5.1) Best pract. 1.2 0.9
Rakennustieto (2006) Guideline 1.8 0.9
Attorney General (2002, s. 2.4) Statute - 1.2
Helsinki City Public Works dept. (2008) Standard 1.2 0.9
Finnish Transport Agency (2009, s.
16.5.3.2)

Standard 2.5 0.8

United States Access Board (2010, s. 402) Statute 0.815 0.915
Rakennustieto (2011) Standard 1.2 0.9
International Standards Office (2014a, s.
8.12.7.9)

Standard 1.8 0.9

Table 17: Recommended widths for clear passages around stop structures.

Width of passage (m)
Source Type Rec. Min.
Venter et al. (2004, Pt 3. s. 7) Best pract. 1.3 0.9
Suomen Paikallisliikenneliitto ry (2008) Standard 1.5 0.9
Mitchell (2010, s. 5.1) Best pract. 1.3 1.0

Gradients The longitudinal and transversal gradients of the stop platforms and access
slopes are of particular interest to users or manual wheelchairs and walkers. The effects
of longitudinal gradients (Figure 58) are easily understood, but the effects of transversal
gradients are less well known (Rory A. Cooper et al. 2011).

Longitudinal gradients Recommendations for ramp gradients are summarized in
Table 19. Recommendations specific to platform gradients are summarized in Table 20.

It is noteworthy that Canale, Felici, and Ricce (1991) and Kim et al. (2010) recommend
steeper gradients based on controlled experiments than E. O. Steinfeld (1979) and

Table 18: Recommended platform width.

Class
Parameter A B C D
Required width (m) ≥2.9 ≥2.6 ≥2.3 <2.3
Turning space at end of ramp (m) ≥1.7 ≥1.4 1.1 <1.1
Passing space in front of shelter ≥1.8 ≥1.5 1.2 <1.2
Number of compliant stops 101 80 57 44
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Figure 58: Longitudinal gradients.

Table 19: Recommended and maximum longitudinal gradients for stop access slopes.

Gradient (%)
Source Type Rec. Max.
E. O. Steinfeld (1979, s. 6) Experiment 5 8.3
Canale, Felici, and Ricce (1991) Experiment 8 12
European Commission and Directorate-
General Transport (1995, s. 5.7)

Best pract. - 6

Sanford, Story, and Jones (1997) Experiment - 8.3
European Commission (1999, p. 4.5.5) Best pract. - 5
Venter et al. (2004, pp. 80-81) Best pract. 5 8
Finnish Transport Agency (2009, s.
16.4.3.2)

Standard 5 8

United States Access Board (2010, s. 405.2) Statute - 8.3
Mitchell (2010, s. 5.2) Best pract. 5 8
Kim et al. (2010) Experiment 10 16
Rakennustieto (2011) Guideline 5 8
Rail Safety and Standards Board (2014, s.
3.1.2)

Standard - 5

International Standards Office (2014a, s.
9.3.3.2)

Standard 5 8

Stockholms läns landsting (2015, s.3.1.10) Standard 5 8

Sanford, Story, and Jones (1997). The relevance of the experiment by Kim et al. (2010)
is disputable because this experiment was performed only on young, healthy individuals.
Canale, Felici, and Ricce (1991), on the other hand, conducted the experiment of
wheelchair-dependent individuals, as did E. O. Steinfeld (1979) and Sanford, Story, and
Jones (1997). The key issue is that the recommendations from this study were based on
a biased sample of the test subjects, as only test subjects who were already self-sufficient
outside their homes were taken into account.

Transversal gradients The literature on the effects of transversal gradients (Figure 59)
on individuals using wheeled assistive devices is much more limited than the literature on
the effects of longitudinal gradients. Research efforts undertaken by Brubaker, McLaurin,
and McClay (1986), Rory A. Cooper et al. (2011), and R. A. Cooper et al. (2012) have
unfortunately not resulted in conclusive recommendations. Recommended values are
presented in Table 21.
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Table 20: Recommended and maximum longitudinal gradients for stop platforms.

Gradient (%)
Source Type Rec. Max.
Helsinki City Public Works dept. (2008) Standard - 3
Suomen Paikallisliikenneliitto ry (2008) Standard - 4
United States Access Board (2010, s. 405) Statute - 5
Hansson et al. (2011) Guideline 2 3
Helsinki Region Transport (2016b) Standard - 5

tg

Figure 59: Transversal gradients.

Recommended gradients There appears to be a consensus on acceptable longitudinal
gradients for ramps, with 5% being the recommended value and 8% an acceptable value.
A review of the literature regarding gradients on platform areas does suggests 3 % as
a recommended gradient and 5 % as a maximum gradient. Our recommendations for
platform and access slope gradients are presented in Table 22.

Table 21: Recommended and maximum transversal gradients for stop platforms.

Gradient (%)
Source Type Rec. Max.
Kockelman, Zhao, and Blanchard-
Zimmerman (2001)

Experiment 4 10

Finnish Transport Agency (2009, s.
16.5.3.5)

Standard - 2.5

Helsinki City Public Works dept. (2008) Standard - 2
Suomen Paikallisliikenneliitto ry (2008) Standard 2 2.5
United States Access Board (2010, s. 405) Statute - 2.1
Rail Safety and Standards Board (2014, s.
11.1.3.3)

Standard - 2

Helsinki Region Transport (2016b) Standard - 2



84

Table 22: Proposed gradient limits for classes.

Class
Parameter A B C D
Access slope gradient (%) ≤5 ≤6 ≤8 >8
Longitudinal gradient on platform (%) ≤3 ≤4 ≤5 >5
Transversal gradient on platform (%) ≤2 ≤3 ≤4 >4

Dropped kerb at crosswalk The type of the dropped kerb is very important to persons
with severely impaired vision, who rely on tactile navigation cues (Tirri and Tujula 2011,
pp. 22-29). The standard design mandates a combination of a straight dropped kerb
as presented in Figure 60a, and a chamfered dropped kerb, as presented in Figure 60b,
at a sidewalk (Helsinki City Public Works dept. 2015a). However, the straight dropped
kerb can be omitted if the width of the crosswalk is less than 4 m. We propose the
combination of a straight (RK4) and chamfered (LR) kerbstone a criterion for class A
and B, while stops with a chamfered dropped kerb belong to class C. All other solutions
are classified into class D.

JK

Viistetty

reunatuki V300h+0.04+0.00
2 %

(a) Straight dropped kerb, type RK4

JK

+0.00+0.04 2 %

(b) Chamfered dropped kerb, type LR

Figure 60: Dropped kerb types next to crosswalk.

Valkoinen betonikivi
2x(138x138x80 mm)
Varoitusraita

Figure 61: Contrast stripe.

Contrast stripe A contrast stripe at the edge of the platform has been recommended
by European Commission (1999) and mandated by Helsinki City Public Works dept.
(2008), Suomen Paikallisliikenneliitto ry (2008), United States Access Board (2010, s.
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10.3.1 (8)), Commission of the European Union (2014, s. 4.2.1.12), Rail Safety and
Standards Board 2014, s. 11.2.3 and Stockholms läns landsting (2015, s. 3.4.2) to ensure
the safety of visually impaired persons. The provision of a warning stripe is considered
sufficient for a class A rating for this category, while the absence of a warning stripe leads
to a class D rating.

With the exception of Helsinki City Public Works dept. (2008), these standards also
mandate that the warning stripe must include a tactile element. This requirement has
been omitted in Helsinki owing to the poor durability of tactile markings under winter
maintenance Sito Oy (2007, s. 3.2.2), Renström (2012), and Lindroos (2014). Tactile
markings are thus only recommended for heated outdoor areas.

Guide stripe A guide stripe (Figure 62) as specified in Helsinki City Public Works
dept. (2015a) is a contrasting stripe across the platform that indicates the approximate
location of the first door of a vehicle stopping at the platform.

3x(90x90x90 mm) harmaa
Noppakivi
Opasteraita

RK4LR Luiska Palvelualue

Suojatie

Figure 62: Guide stripe, illustration adapted from Helsinki City Public Works dept.
(2015a).

Stop shelters In addition to offering protection from rain, wind chill and the heat of
direct sunlight, stop shelters provide seating and a fixture for lighting and information.
With the exception of the seat heights and dimensions, research on the dimensioning of
bus shelters is scarce. Most sources agree that shelters should allow the passenger a view
of approaching vehicles and that transparent surfaces should have contrast markings to
enable persons with poor vision to recognize them. The recommended extent of the stop
shelter roof, measured from the back wall, varies between sources. Some examples are
presented in Table 23.

Assuming that the narrower shelter models offer adequate protection from rain, little
difference can be made between alternative shelter models. Thus the provision of a
shelter of any model is proposed as a sufficient condition for a class A rating.

Lighting Lighting is required in accordance with SuRaKu 7 (Helsinki City Public Works
dept. 2008).
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Table 23: Recommended depth of shelters.

Shelter
depth
(m)

Source Type Rec.
Oxley (2002) Report 1.4
Helsinki City Public Works dept. (2008) Standard 1.5
Suomen Paikallisliikenneliitto ry (2008) Standard 1.5

Quantitative requirements for heavy rail platform areas can be found in the sources listed
in Table 24.

Table 24: Recommended and minimum illuminance requirements platforms and shelters.

Illuminance (lux)
Source Type Rec. Min.
European Commission (1999, s. 5.8) Best pract. 50 20
Finnish Transport Agency (2009, s.
16.5.3.5)

Standard 20 10

Proposed stop accessibility indicator set and classification The stop accessibility
classification along with class limit values is presented in Table 25. The classification is a
“worst of many”-classification, i.e. if a the worst parameter of a stop is classified D, then
the entire stop is a class D stop. Stops in classes A and B are counted as accessible.
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Table 25: Proposed stop access classification.

Class
Parameter A B C D
Distance from kerb to objects (m) ≥1.5 ≥1.2 ≥1.2 <1.2
Kerb height from TOR (cm) 26–29 25–30 22–32 <22
Kerb distance from TOR (cm) <77 <78 <80 >80
Platform width (m) ≥2.9 ≥2.6 ≥2.3 <2.3
Platform length (m) ≥32 ≥26 ≥22 <22
Longitudinal gradient on platform (%) ≤3 ≤4 ≤5 >5
Transversal gradient on platform (%) ≤2 ≤3 ≤4 >4
Access slope gradient (%) ≤5 ≤5 ≤8 >8
Dropped kerb at crosswalk LR+RK4 LR+RK4 LR Other
Contrast stripe Yes No
Guide stripe Yes No
Lighting Yes No
Shelter Yes No

5.1.3 Stop accessibility index

The previously defined classification allows us to classify stops so that the share of
accessible stops can be tracked. The classification is, however, not very sensitive to stop
improvements. A single non-compliant parameter can relegate a stop to class D even if
all other parameters comply with class A specifications.

The indicator system should not discourage accessibility improvements at stops where
improvements can be made, even if certain parameters are hard to improve to the desired
specification. Steep longitudinal platform gradients are a chief concern, as the gradient
of a stop depends on the vertical geometry of the track.

We thus propose a stop accessibility index to allow a more fine-grained tracking of
parameters. The index values corresponding to class limits can be found in Table 26.
The index value for parameter values between class limits are interpolated linearly from
the limit values. The accessibility index value for an entire stop is the average value of
parameter index values.

In order to better reflect the passengers’ experience of stop accessibility, the combined
accessibility index of all stops is calculated as a weighted average, where the stop index
values are weighted by the passenger counts for each stop according to Equation (5.1.3).

Astop =
∑n

k=1 AkCk∑n
k=1 Ck

(2)

Here Astop is the accessibility index for all stops, Ak the accessibility index for stop k of
n stops and Ck the passenger count for stop k of n stops.
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Table 26: Index values for class limits by stop parameter.

Class
Parameter A B C D
Distance from kerb to objects 100 80 1 0
Kerb height from TOR 100 80 1 0
Kerb distance from TOR 100 80 1 0
Platform width 100 80 1 0
Platform length 100 80 1 0
Longitudinal gradient on platform 100 80 1 0
Transversal gradient on platform 100 80 1 0
Access slope gradient 100 80 1 0
Dropped kerb at crosswalk 100 100 50 0
Contrast strip at platform edge 100 0
Guide strip 100 0
Lighting 100 0
Shelter 100 0
Bench 100 0
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5.1.4 Vehicle access indicators and indices

Current indicators monitor the share of low-floor vehicles, but these have no formal
definition and do not differentiate between partially and completely low-floored vehicles.
We propose a classification scheme that is an modified version of the scheme proposed
by Zebarth (1995). The classification is intended to be generalizable to all public
transportation vehicles. It starts from zero in order to be extensible, in case a need for
further classes arises.

Table 27: Vehicle classification and index values.

Class (%)
Parameter 0 1 2 3 4
Step in (cm) >10 10-0 10-0 10-0 2-0
Wheelchair spaces per every 100 per-
sons or fraction thereof of passenger
capacity

<1 ≥1 ≥1 ≥1 ≥1

Share of aisle length traversable with-
out rising steps (%)

0 1-30 31-80 80-100 100

Index value 0 50 80 90 100

The classification of HKL vehicles under the proposed scheme is presented in Table 28.

Table 28: Accessibility index of current HKL fleet.

Class Vehicle model
0 NRV I
1 MLNRV I/II
2 -
3 MLRV, MLNRV III
4 (MLRV II)

The accessibility index for all vehicles over a reference period is calculated according to
Equation (5.1.4).

Avehicle =
∑n

k=1 AkRk∑n
k=1 Rk

(3)

The accessibility index Avehicle is obtained by multiplying the accessibility index Ak for
each vehicle by the number of route round-trips Rk the vehicle has performed over the
reference period. Thus vehicles undergoing maintenance or held in reserve do not count
towards the accessibility index.
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5.2 Stop improvements

This subsection presents solutions regarding stop placement, layout and design parameters
and practice.

5.2.1 Stop placement and design procedures

Most of the stops currently in use have been built according to the earlier standard design,
which specified a narrower minimum stop width and contained few details regarding the
crosswalk interfaces Helsinki City Public Works dept. 1994.

The current standard designs are much more detailed, but in some cases it may prove
necessary to deviate from the standard solutions due to constrains set by street cross-
sections or historical preservation goals. Establishing a procedure for consulting the city
disability ombudsman whenever zoning plans or street plans call for a deviation from the
tram stop standard design could prevent the most common oversights.

5.2.2 Removal of street trees from platforms

Altogether 23 stops have street trees growing on the platform. Additionally, trees growing
close to the platform may also preclude platform widening. Removing trees on or near
platforms requires the trees in question being removed in an official street plan, which
must be approved by the lay board responsible for urban planning matters.

5.2.3 Platform raising

Raising below-standard height-platforms to standard height would enable easier entry for
persons using assistive devices with wheels. Whether a stop can be raised depends among
other things on whether it is long enough to accommodate the length of the trams after
it has been raised. An exhaustive inventory of platform raising potential is outside the
scope of this thesis.

Platform humps are a potential solution for stops that are too short to be raised along
their entire length. Table 29 lists 11 stops that are too short to accommodate a full-length
stop and hard to extend due to adjoining track curves, driveways or intersections. A short
platform hump, i.e. a 7-15 m long raised section for the PRM-accessible door may be an
appropriate solution for these stops. Successfully operating such a platform hump would,
however, demands highly accurate braking at the stop.

Combined stops present a difficult challenge to accessibility. Combined bus and tram
stops do offer advantages in terms of space usage efficiency and ease of transfers (Somers
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Table 29: Short and shallow stops.

Code Name Type Platform
length (m)

Kerb height
(cm)

H 0431 Kauppatori Island 18.8 22.5
H 0414 Vyökatu Sidewalk 21.1 24.7
H 0436 Kaivopuisto Sidewalk 24.1 12.5
H 0440 Kapteeninkatu Sidewalk 27.2 10.8
H 0443 Eiran sairaala Sidewalk 24.2 18.2
H 0261 Brahenkatu Sidewalk 25.0 24.2
H 0442 Eiran sairaala Sidewalk 25.0 18.7
H 0429 Kauppatori Island 25.5 17.8
H 0602 Eläintarha Sidewalk 25.5 24.5
H 0707 Kirurgi Sidewalk 25.8 18.7
H 0704 Kolmikulma Sidewalk 15.3
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2006, s. 1). However, the differing floor heights of the two types of vehicles make
combined use of stop an obstacle to accessibility improvements.

One possible solution is to build the platform is two sections, one at full tram stop height
and another at sidewalk level (Johansson et al. 2009, p. 54). This solution does, however,
require occupy twice the length of a normal stop. Since a lack of space is usually the
primary reason for combined use, this solution is often not applicable.

Kerb stones that are notched at the top (Figure 63) to prevent contact between the bus
side and kerb stone have been developed in Germany (Johansson et al. 2009, p. 54).
These cannot, however, be recommended for use in Helsinki because of the difficulty of
keeping such a notch clear of snow and ice.

Figure 63: Notched kerbstone.

5.2.4 Platform shelters

The maintenance contracts for the current stop shelters will expire in two parts, the first
30.6.2017 and the second 30.6.2018. HKL has begun preparations for the tendering of
stop maintenance. The stop shelter contractor builds the shelters at their own expense
and is in return granted the right to sell advertisement space on the stops.(Kanerva,
Gruzdaitis, and Suhonen 2017)

The tendering of the stop shelters presents an opportunity to introduce a shelter model
without side walls, similar to the current type C shelter, for use at stops narrower than
2.3 m. A shelter model without side walls would provide less shelter from rain and wind
than shelter equipped with side walls, but such a situation is preferable to no shelter
at all, because the shelter offers a fixture for lighting and a seat in addition to offering
protection from the elements.

Oxley (2002, s. 9.3) and Venter et al. (2004, pp. 152-153) recommends the provision of
perch seats, as these are easier to get up from for persons with conditions affecting joint
mobility. Providing such seats alongside traditional seats is recommended, when the stop
shelter is large enough to accommodate two seat models.
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5.3 Vehicle improvements

We will first discuss potential improvements to existing vehicles, then assess potential
improvements in the new vehicles that are being procyured for the Jokeri line (Helsinki
City Transport board of directors 2016)

5.3.1 Existing vehicles

One of the main issues with the current vehicle fleet is the operation of the folding access
ramp. The most serious issue with the current wheelchair ramp installed in MLNRV I, II
and III vehicles is the error-prone deployment request process.

The request indicators have a poor signal-to-noise ratio, caused by passengers confusing
the request button with the door delay button or abusing to open the doors vehicle doors.
According to the classification presented byNorman (2013, ch.5), these can either be
classified as description similarity slips, where users apply a correct action to the wrong
object or a rule-based mistake, where people misinterpret the result of their actions.

Pressing the ramp request button when one intends to use the door delay button is likely
a description similarity slip, which arises from confusion between the correct and incorrect
actions due to their similarity. According to Norman (2013), such slips can be prevented
by making controls for different actions sufficiently different from each other.

This can be accomplished by changing the colour and shape of the ramp request buttons.
The colour of the housing should be changed from yellow to e.g. grey or blue to
differentiate it from other buttons in the tram vestibule. Currently all buttons in the
vestibule are also of similar shape and size; round in the MLNRV III series and square in
the MLNRV I and II series. Changing the button shapes around would provide another cue
that the ramp request button performs a different function than the door delay button.

Similarly, the colour of the request indicator switch in the driver cabin could be changed.
Currently the buttons in the MLNRV III are coloured as shown in Table 30.

At a stop, many orange buttons light up as doors open, potentially leading to another
description similarity slip, as an additional orange light lighting up may go unnoticed.
Adding a fifth colour, e.g. blue to indicate a request for assistance could make the request
easier to notice at a glance.

Rule-based mistakes, which arise from people misinterpreting the purpose of the ramp
request button, can be remedied by changing the actions resulting from pressing the
button. Pressing the button currently activates a notification sound both in the vestibule
and the driver’s cabin, and opens the door for 20 s. The last action is identical to the
action of the door delay button, which provides the passenger with false feedback of the
intended function of the button.

The notification sound in the vestibule does not dispel this notion either because it is
relatively quiet. Making the notification louder and disabling the door-opening function
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Table 30: Button colors and functions.

Colour Function
White Windshield wash
Orange Ramp request

Ramp unlock
Open doors
Close doors
Disable outside buttons
Disable door automation
Unlock doors
Door 1 open
Door 2 open
Door 3 open
Door 4 open
Door 5 open

Green [Tram] leaving
Door delay active, door 2
Door delay active, door 3

Red Parking brake engaged

would communicate more clearly that the ramp request button is not intended to open
doors.

The positioning of the ramp request button presents an additional design challenge.
Norman (2013, p. 203) recommends placing easily confused controls far away from each
other, but as noted in Section 4.6.4 the positioning of the ramp request button currently
places it outside the reach zone of passengers in wheelchairs. This effectively prevents
passengers in wheelchairs from travelling by tram on their own.

Bringing the button further into the vehicle would bring it closer to other buttons in
the vestibule, adding to the confusion between buttons and increasing the likelihood of
accidental actuation. Furthermore, a ramp request button can be considered equivalent
to call for aid devices specified in PRM–TSI, s. 4.2.2.2 and door controls, specified in
PRM–TSI, s. 5.3.2.1. Although neither of these statutes apply to light rail vehicles, they
can be treated as best practices.

PRM–TSI, s. 4.2.2.2 specifies:

The call for aid device shall not be placed within a narrow recess which
prevents immediate intentional palm operation but can be protected from
unintentional use.
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This requirement is further elaborated in European Railway Agency (2015a, s. 2.5.3) as

“Immediate intentional palm operation” is to be understood as a palm
operation which is done by a unique action from the user. “Immediate”
here has the meaning of “without previous operation” and not a meaning of
“within a time of x seconds”.

These requirements preclude a number of possible protections against accidental use,
such as lids, covers or double presses to confirm intent. However, the guideline does
not preclude the use of a protective shroud, as specified in e.g. ISO 13850:2015, s. 4.5.
Such a shroud should have a minimum internal diameter of 120 mm to fit a clenched
fist (SFS-EN 547-3 + A1) and comply with the test procedures specified in European
Railway Agency (2015b, s. 3).

Moving the ramp request button further inside the vehicle would require installing a ramp
request button on the outside of the vehicle. The ramp request button was originally
installed inside the vehicle to prevent inattentive passengers from placing false requests
when entering (Heikkilä 2017).

This problem can potentially be avoided by disabling the button while the doors are
closed. The current exterior buttons are surrounded by a lit ring to indicate whether
the button is active. Pressing the ramp request button while the doors are closed could
provide directions by making the lighted rings around the door opening and door delay
buttons blink, to indicate that they should be used instead.

Since there is not always enough space on a stop platform to manoeuvre around a crowd,
it is advisable to install ramp request buttons on both door leaves to avoid a situation
where a crowd at the door prevents a PRM passenger from reaching the ramp request
button.

5.3.2 New vehicles

Bidirectional rolling stock allow for more varied platform layouts. Having exits
on both sides does however constrain the interior layout of the vehicle, as the space
immediately opposite the door is no longer available for passengers using wheelchairs,
walkers or prams, unless the doors are staggered. Additionally, bidirectional rolling stock
renders reversing loops and stops located on them unnecessary.

Tilting Rolling Stock HKL has opted to acquire 29 bidirectional vehicles based on
the MLNRV III for the planned suburban Jokeri Light Rail Line. The order includes
a prototype equipped with a tilting mechanism in the middle segment, which allows
lowering the door sill to stop height. A prototype is slated to enter service in late 2018
or early 2019. (Helsinki City Transport board of directors 2016)

Whether a kneeling mechanism will be installed in the subsequent vehicles depends on
the performance of the prototype vehicle (City of Helsinki 2016).
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A major design choice is whether the tilting mechanism is intended to be used on request
or automatically. The feasibility of automatic operation depends chiefly on how long does
it takes to tilt the segment safely. The duration of the tilting procedure can be estimated
using using Equation (4).

t = sinθ · g
da/dtmax

≈ tanθ · g
da/dtmax

(4)

Where t is the time is seconds, θ is the tilt angle, g is acceleration due to gravity
(9.81ms−2) and da/dtmax is the maximum jerk in ms−3. Small angle approximation can
be applied for reasonable tilt angles, allowing us to use the slope gradient, tan θ.

The Finnish railway regulations recommend that jerk should not exceed 0.17–0.30
ms−3(Finnish Transport Agency 2010). The duration range for a 6% tilt would thus be
2.0–3.5 s.

While a kneeling mechanism can compensate for vertical level differences, it does not
address horizontal gaps. Hence it is appropriate to consider complementary boarding
assistance solutions as well.

Platform-based solutions can be ruled out, as there is seldom enough space to accommo-
date them. Sliding boarding assistance devices can also be ruled out as they interfere
with floor heating and cannot withstand the amount of gritting material that is carried
into the tram stuck on passengers’ shoes (Heikkilä 2017). Lifts can similarly be ruled
out due to their bulk. The main three remaining vehicle-based options are stowed ramps,
wall-mounted folding ramps, as in current vehicles, and folding bridge plates.

A wall mounted ramp requires mounting points similar to the one in MLNRV I, II and
III-series vehicles. A stowed ramp would be the technically simplest solution, but is
cumbersome to use regularly. A folding bridging plate offers the easiest operation for
both users and passengers, at the cost of the greatest mechanical complexity.
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6 Conclusions

This thesis had three goals. The first aim was to describe the access issues persons with
reduced mobility may face when travelling on light rail networks in cold climates. This
case study of the Helsinki tramway has helped shed light on the challenges faced by
passengers with reduced mobility when travelling by tram.

The second goal was to propose solutions to the issues encountered by persons with
reduced mobility. It is a pleasure to state that regarding stops, little remained to report,
that had not already been addressed by the recent stop design standards and the tramway
design guide. The multitude of challenges to accessibility that still persist on stops is,
however, a consequence of how recent these updates are.

The challenges persons with reduced mobility face when boarding, exiting and riding
the vehicles proved harder to quantify beyond the most basic provisions. Many of the
issues encountered were fundamentally matters of ergonomics and usability design. The
contributions of this thesis to the topic remain fairly general and leave considerable room
for further studies into the design of tramway vehicle layouts and equipment.

The third aim was to propose a method to measure the level of access of a light rail
network. A set of thirteen different indicators has been devised to classify and monitor the
accessibility of tram stops. A similar set of three indicators has been devised to classify
and monitor the accessibility of vehicles.

While the parameters related to stop gradients are readily generalizable to other contexts,
many of the other chosen values are unique to the specific context of the Helsinki tramway,
due to the rolling stock and the boarding assistance systems installed in the rolling stock.
Here the process of establishing the values, described in Section 5.1.2, is of greater
significance than the chosen values themselves.

Although the set of accessibility indicators is longer than desired at thirteen different
parameters, it is shorter than the set of 22 parameters collected by HSL in 2006–2008
(Tirri and Tujula 2011, pp. 59–62). The fact that issues pertaining to railings are so rare
that they could be omitted from this classification is an indication that progress has been
made in this area, as it makes no sense for an indicator to state the obvious. Hopefully
the proposed classification can be whittled down in the near future to a few parameters,
as the accessibility features it requires become common enough that listing them would
be stating the obvious.

The classification for vehicles is much more sparse, reflecting the difficulty of identifying
factors that contribute to accessibility and are readily expressed in a standardised quanti-
tative or qualitative format. The proposed classification does, however, provide a more
detailed vocabulary for discussing the accessibility of different types of public transport
vehicles than has been available thus far.
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The limited scope of this thesis is apparent when comparing it to the set of indicators
proposed by Øvstedal et al. (2010). They are divided into five major categories:

1. Policy and investment

2. Service operations and standards

3. Information and ticketing

4. Vehicles and built environment

5. Seamless travel

This thesis has only covered matters related to vehicles and the built environment and
has only covered a single transport operator. There is much room for further research
in how organizational practices, decision-making processes and relations between actors
shape the accessibility of the transport system. This work has hopefully provided tools
that can help integrate accessibility into the broader context of quality and operations
management.
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A Table of accessibility parameters stored in the
JORE database

Table A1 contains a listing of the columns for each stop node in the JORE database
accessibility table.

Table A1: Contents of JORE database accessibility table.

Parameter Unit
Maximum longitudinal slope %
Maximum transversal slope %
Minumum stop width m
Maximum stop width m
Shelter depth cm
Kerb height from adjoining roadway cm
Kerb height from adjoining walkway cm
Height of back railing from roadway cm
Height of back railing from platform cm
Height of lower back railing bar from platform cm
Bench height cm
Litter bin present/not present
Lighting lit/unlit
Warning stripe present/not present
Warning stripe of different material than platform
surface

yes/no

Waiting area separated from sidewalk yes/no
Barrier-free access to stop yes/no
Cycleway not segregated from platform area yes/no
Cycleway location behind/in front of/through stop
Stop type bus bay/bulb-out/in-line a

Accessible yes/no
Accessibility class 1–4 b

Notes Text notes
aOnly two latter valid for tram stops.
bObsolete classification scheme, see Table 12.
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