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Foreword

Bicycles are extremely popular with policymakers at home and abroad at present.

Encouraging bicycle use is regarded as an effective solution to accessibility

problems and risks to health. Cycling (or more cycling) also makes a substantial

contribution towards meeting sustainability targets. Furthermore, the many

users are increasingly seeing the bicycle as a sustainable, healthy and reliable

means of transport. This is evident from (for example) the persistently healthy

volumes of bicycle sales (with the electric bicycle being particularly noteworthy)

and the growth of bicycle use.

Nevertheless, people will only start using their bicycles more if the cycle infra-

structure is in good order. Connections for cyclists have to be attractive and

ensure their personal safety. Detours and delays must be kept to a minimum.

Thus rendering careful planning of cycle networks and a solid design of facilities

essential. Moreover, roads and paths for cyclists must be comfortable and safe

for traffic. In all weather conditions. Consequently, in addition to a maintenance

programme for road management, attention needs to be given to such matters

as winter maintenance.

CROW has been publishing handbooks containing practical knowledge on

cycle facilities since as far back as the early 1990s. It is partly down to these

publications that cycling and cycle policy are still high on the agenda. Time

and again, this ongoing attention to bicycles, as well as the additional interest

in them in recent years, gives rise to new developments in terms of bicycles.

Which explains why it became necessary to thoroughly revise the Design Manual

for Bicycle Traffic from 2006.

The present, revised edition includes ‘new topics’, such as bicycle highways,

forgiving cycle paths and roundabouts for cyclists (primarily referred to as the

Zwolle roundabout). Furthermore, trusted measures and facilities are subjected

to scrutiny again, sometimes with surprising results. Consider in this regard

cycle lanes or bollards barring car traffic from cycle paths.

Just like its predecessor from 2006, this edition of the Design Manual for Bicycle

Traffic is not a recipe book either; what it does present is a wide array of arguments,

empirical data, ideas and tips which will assist the designer in affording the bicycle

a full place in the traffic and transport system. As the title suggests, the content

focuses on design aspects of bicycle traffic: cycle facilities. However, as no

facilities are created without policy, the present Design Manual devotes ample

attention to policy aspects of bicycle traffic. This also supersedes the Policy

Manual for Bicycle Traffic (Beleidswijzer fietsverkeer) from the Dutch Bicycle

Council (Fietsberaad).
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The development of bicycle traffic

This chapter briefly considers the importance

and history of the bicycle, before proceeding to

discuss government policy vis-a-vis bicycle traf-

fic. The significance of bicycles (including elec-

tric ones) for mobility, health and recreation will

then be examined.

1.1 Theimportance of the bicycle

The bicycle is indispensable in the Netherlands

when it comes to mobility, quality of life and

health [1]. The HEAT model developed by the

World Health Organization [2] makes it possible

to estimate the health benefits of bicycle use in

the Netherlands at some 3% of gross domestic

product (GDP) [3]. These benefits alone are

many times more than the c. 0.5 billion euros

per annum spent on bicycle traffic by the Dutch

authorities collectively [4]. The positive effects

of cycling on such things as the accessibility of

urban centres should be added to this.
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Moreover, it turns out that thanks to the preva-

lence of bicycle use in the Netherlands average

life expectancy is around six months longer and

absence due to illness is lower than in EU coun-

tries where there is less cycling [5]. That said,

cyclists are at greater risk than car drivers of

being seriously injured in a traffic accident, and

what is more, they do inhale a higher quantity of

polluted air, but the positive effects on their

health of the extra exercise amply make up for

these things [6].

The overall benefits of bicycle use are consider-

able. This is due to the fact that the bicycle, in

terms of both requisite space and budget, ena-

bles good mobility without adversely affecting

urban quality of life. The economic significance

of bicycle traffic is evident from (for example)

the sizeable proportion of cyclists responsible

for retail sales in inner cities [7].



1.2 Thehistory of the bicycle

When the bicycle was introduced at the end of

the nineteenth century, the requisite network of

connections was already in place in the form of

roads, cart tracks and dikes. The main barriers

comprised rivers, streams and other Wwelte

courses. Numerous foot passenger ferries

helped to overcome these barriers.

From a technical perspective, the bicycle was

pretty much fully developed around 1900. Dun-

lop’s pneumatic tyre (1888) was the latest revolu-

tionary improvement to the conventional bicycle.

The surfacing on roads and paths (or, as Wee

often the case, the lack thereof) was still an issue.

The first cycle paths — frequently created by peo-

ple on their own initiative — were primarily .

geared towards improving comfort for cyclists.
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The advent of the motor car changed a lot of

things. Although in absolute terms the number

of cars was initially unpromising (in 1930 there

were 67,000 passenger cars and 2.5 million

bicycles in the Netherlands), the arrival of the

car entailed a huge change for the network of

roads. The velocity and mass of the different

road users suddenly started to vary considera-

bly, which manifested itself in a sharp increase

in the number of accidents. In order to improve

road safety, cyclists and cars were separated

with increasing frequency.

Nevertheless, cycle paths were also created to

enable unhindered flow of motorized traffic.

Management of bicycle traffic was merely abaut

improving the traffic situation and was primarily

geared towards avoiding conflicts with cars. It

would be misrepresentative to refer to the

approach as an integrated one.

During the postwar reconstruction of the Neth-

erlands, the bicycle played a central role in

mobility. It was not until the second half of the

1960s that for the first time more kilometres

were being covered by car than were being cov

ered by bicycle. The rapid growth of car hethie

in the 1970s led to an extremely high (by today’s

standards) number of road accident victims. In

combination with the energy crisis and the bur-

geoning environmental problems, this drew an

increasing amount of attention to the bicycle. In

1975, this development culminated in the foun-

dation of a nationwide interest group for

cyclists. Nowadays it is called the Fietsersbond

(or Dutch Cyclists’ Union in English).

Revolutionary demonstration projects in The

Hague and Tilburg — which demonstrated the

importance of directness, comfort and reduced

delay at traffic lights — revealed that good cycle

facilities serve more purposes than just road

safety. A demonstration project in Delft showed

that a network approach bolsters the competi-
tive power of the bicycle considerably com-
pared to other modes of transport.

It also emerged that in situations with a high
degree of bicycle use, neglecting this position
results in loss of the bicycle share in the modal
split. In other words, lasting policy attention to
bicycles is necessary.

1.3. The bicycle and government
policy

1993 saw the publication of the first design
manual for bicycle traffic, entitled "Tekenen voor
de fiets’ (‘Sign up for the Bike’) [8]. This argued
for a properly designed bicycle infrastructure to
be created by means of an integrated approach.
The aforementioned design manual was an
important product of the ‘Dutch Bicycle Master
Plan’, which in turn constituted an elaboration
of the second ‘Dutch Transport Structure Plan’
(SVV2).

The objective of the Master Plan was to increase
bicycle use by means of encouraging people to
use their cars less (for instance),

In the more businesslike approach of the ‘Dutch
Policy Document on Mobility’ [9] the objectives
are divorced from the ideology of the SVV2, but
bicycle use remains as important as ever. None-
theless, a clear, overarching policy is still lacking.
At the same time, it has emerged in recent years
that the bicycle has the potential to play a signifi-
Cant role in new areas of policy and an even more
significant role in existing areas. Consider in this
regard reachability, road safety, quality of life/spa-
tial quality, health, air quality and economy.

During the 1980s there was growing awareness
that without the bicycle the mobility system
would grind to a halt. And that conversely more
Cycling would result in more space in inner cities.
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The Dutch Bicycle Master Plan resulted in
change in this regard. Its aim was to give the
bicycle policy a boost ona nationwide scale.
Subsequently, a great deal of money was
invested, particularly in bicycle parking facilities
at railway stations, from the ‘Make Way for the
Bike’ programme. In recent years, government
policy on bicycles has been more geared

towards developing bicycle highways around
urban nodes.

The road safety policy is enshrined in the ‘Stra-
tegic Traffic Safety Plan 2008-2020’ [10]. Within
this, bicycle safety is cited as an area for atten-
tion. The plan is based on the ‘Sustainable Traf-
fic Safety’ philosophy, which is extremely
important for preventing accidents between
cyclists and motor vehicles.

A new emphasis is the effort to prevent cycling
accidents not involving a motor vehicle, which
usually only involve a single bicycle (no collision
with other road users). In excess of three quar-
ters of seriously injured cyclists turn out to have
been involved in an accident in which no motor
vehicle was involved. From the perspective of
the Strategic Traffic Safety Plan, knowledge has
been amassed on these accidents in recent
years. The present publication makes this

knowledge usable by highway authorities.
They will be able to use the information for such
purposes as formulating a ‘Local Cycling Safety

Impetus’ [14].

The Association of Netherlands Municipalities
(VNG) and the Minister for Infrastructure and
the Environment have agreed that each local
authority will develop such a local approach.
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Figure 1-1. Development in the proportion (in %) of car drivers and cyclists respectively in all journeys, 1991-2013 [20]

1.4 Therole of the bicycle

The bicycle fulfils an important role in mobility.

Figure 1-1 shows that for many years Now around

26% of all journeys made in the Netherlands have

been by bicycle. Despite the short distance

entailed by the average journey by bicycle, the

annual kilometrage of cyclists is on a par with that

of train travellers (14.5 billion kilometres travelled

by bicycle compared to 177 billion kilometres

travelled by train in 2013). In recent years there

has beena sharp increase in bicycle use, particu-

larly in the major cities, though it would appear

that bicycle use is declining in the countryside.

Table 1-1. Development in the proportion (in %) of

bicycles in all journeys for each distance category in

the Netherlands, 2010-2013

Year Oto25km 2.5to5km 5to7.5km over7.5km

2010 35.9% 34.1% 219% 5.9%

201 39.1% 37.2% 22.6% 712%
2012 38.7% 37.2% 25.0% 5.9%

2sS«369% BKC“ AMT
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Bicycles play a significant role primarily over

shorter distances. In structural terms, the bicy-

cle use proportion for the total number of jour-

neys up to 2.5 km and between 2.5and 5.0 km

is around 37% (see table 1-1).

For all ages and reasons

Throughout the Netherlands people of all ages

and income levels and with all sorts of reason for

travelling choose to do so by bicycle. To illustrate

this point, some data on reasons for travelling

has been included below (see figure 1-2). At 44%,

the bicycle share is exceptionally high for the

reason ‘education’. One explanation for this is

that children often have no other option than to

walk or cycle. Pupils in secondary education in

particular go to school by bicycle. Primary

schools are often within walking distance. Inci-

dentally, the reason ‘education’ only encom-
passes a small proportion (10%) of all journeys

made in the Netherlands. For the reasons that

constitute much more of a decisive factor for

overall traffic the bicycle use proportion still

approximates to the general average: from 22.0%

for ‘work/work-related visit’ to 29% for ‘shopping’.

@ other

@ on foot

® public transport

car

mw bicycle

Fi oi‘igure 1-2. Relative proportion of reasons for journey (in %) and the role of the bicycle for each reason, 2013 [20]

Development of number of bicycles

The number of bicycles in the Netherlands has

grown from around 18.0 million in 2004 to

around 22.3 million in 2013 (see table 1-2).

Assuming a total population of 16.8 million

inhabitants in 2013, it may be asserted that the

average inhabitant has 1.3 bicycles.

ibe 1-2. Development of the overall number of

bicycles in the Netherlands, 2004-2013 [12]

Year Approx. no. Year Approx. no.

of bicycles of bicycles

in millions in millions

2004 18.0 2009 19.0

2005 18.0 2000 2002~*é«<C«:*W

2006 180 2011 208

2007 18.0 2012 223

2008 18.0 2013 223 7
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Bicycles and health

Over the past decade lack of exercise has hada

considerable impact on human health. The

consequences are manifest in such phenom-

ena as obesity, adult-onset diabetes mellitus,

cancer, cardiovascular disease and depression.

It has also become clear that it is much easier

for people who do not exercise enough to get

active by cycling than it is for them to get active

by joining a sports club. For people who are

overweight, cycling is an ideal way of fitting

regular exercise into daily routines. For the

elderly, a bicycle with pedal-assist functionality

presents a good solution for keeping active. To

be sure, the effect of cycling on weight is scant,

but the affects on the other pathologies are

considerable, being not only preventive but

also, to a certain extent, curative. The positive

effects of cycling on health are certainly ten

times as much as the sum of negative effects of

13



cycling. Nevertheless, this insight has still not

been adequately incorporated into policy plans.

Cyclists are concerned about exhaust gas emis-

sions. And with good reason, as the physical

activity in which they are engaged forces

cyclists to inhale deeply, breathing in the air pol-

lution. In this regard, it is the extremely small

particulate matter in particular, the so-called

ultrafine particles, causing considerable harm,

both to the lungs and to the heart and blood

vessels. The latter is due to the particles being

so small that they penetrate deep into the lungs

and end up in the circulatory system [13]. The

ultrafine particles stem pretty much exclusively

from vehicles’ combustion engines. They

spread over distances of between 1 and around

10 metres, depending on a number of factors.

Separating cycle and car routes (‘disentwining’)

can immediately contribute significantly to lim-

iting the burden on cyclists [6].

The economic importance of the bicycle

Recently, recognition of the economic impor-

tance of cycling and cyclists (‘bikeconomics’) has

been growing. The production, sale and mainte-

nance of bicycles create jobs. The importance of

bicycles to customers is far more significant than

retailers estimate [14]. Increased free time has led

to tremendous growth in recreational cycling.

Cycling and the country’s bicycle infrastructure

are one of the attractions that bring tourists to

the Netherlands.

The electric bicycle

14,051,000 new bicycles were sold in 2014. 21%

of these were e-bikes. Figure 1-3 reveals a fall-

ing trend in the number of bicycles sold since

2007, but a continuing increase in the number

(and particularly the proportion) of e-bikes sold.

In 2015, some 5% of the Dutch population had

an electric bicycle; at the tail end of 2007 this

14 Design Manual for Bicycle Traffic

figure was still at 3% [15]. Of those aged 60+,

about 10% now own an e-bike [16].

Around 1.3 billion kilometres were covered on

e-bikes in 2012. This equates to around 9% of

the total number of kilometres covered by any

type of bicycle. In 2012, those aged 60+ cov-

ered nigh on one quarter of the kilometres they

cycled on an e-bike. In the case of e-bike kilo-

metres it is primarily about new mobility (38%).

Furthermore, they are replacing their usual

bicycle kilometres (34%) and car kilometres

(18%). Within the compass of commuter traffic

these latter two percentages are slightly lower

(33% and 16% respectively).

Sharp growth in bicycle traffic in cities

Volumes of bicycle traffic in Dutch cities appear

to be increasing. For example, bicycle traffic

jams and congested bicycle parking facilities in

cities such as Amsterdam and Utrecht are

increasingly common topics raised in social

debates.

incidentally, there are considerable differences

in spatial distribution of bicycle traffic, even

within cities. Here, growing bicycle use is often

concentrated in certain locations, on certain

routes and at certain times. Thus bicycle use in

Amsterdam increased by at least 40% over the

past decade, albeit chiefly in the historic centre

and neighbouring districts. The sharpest growth

occurred on the most important routes, par-

ticularly those to and from railway station

areas [17].

The increasing volume of bicycle traffic in urban

areas is not found in nationwide statistics. As

stated earlier, the proportion of bicycles in over-

all mobility has been at around 26% for decades.

Meaning that for quite some time one in four

journeys made by inhabitants of the Nether-

(x 1,000)
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Figure 1-3. Numbers of new bicycles and e-bikes sold, 2004-2014 [12]

Increasing range e-bikes

Irrespective of their age, e-bike users cover an

average of 31 kilometres a week, which equates

to more than one and a half times as much as

the average cyclist. The rise of the electric

bicycle presents opportunities to further

enhance the role of the bicycle and to safe-

guard quality of life. Thanks to pedal-assist

functionality, the bicycle is becoming an

increasingly obvious choice of transport for

larger distances too.

Market research shows that the average dis-

tance cycled using an electric bicycle has risen

from 6.3 to 9.8 kilometres [15]. The range of

the (electric) bicycle is being enhanced as well

due to improvements to the quality of the net-

work, e.g. by creating bicycle highways. These

will enable a 20% increase in overall bicycle

traffic in urban regions. Consequently, the

e-bike could become an increasingly impor-

ot mode of transport in regional mobility -

Primarily in urban regions, where lots of day-

to-day destinations are accessible by means of

high-quality cycle infrastructure.

However, the e-bike could even make a signifi-

cant contribution towards quality of life and

accessibility beyond urban areas. Particularly in

areas of shrinkage, where accessibility of facili-

ties to those without a car is low when public

transport is infrequent.

The S-Pedelec is an electric bicycle also offer-

ing pedal-assist functionality over 25 km/h.

Thus enabling speeds of around 45 km/h to be

achieved with this mode of transport, assum-

ing the user pedals briskly. After extensive

research, the Ministry of Infrastructure and the

Environment decided to classify the S-Pedelec

as a moped in the eyes of the law. What this

means is that users are required to wear hel-

mets, hold a moped licence and satisfy all

other rules and requirements applicable to

mopeds. All the same, the S-Pedelec presents

good opportunities for further enhancing the

range for active and (relatively) clean modes of

transport.

Chapter 1 - The development of bicycle traffic



lands has been by bicycle. Recent research car-

ried out by the University of Amsterdam [17] has

homed in on various spatial environments and

social groups. It revealed that there are signifi-

cant variations within the otherwise constant

nationwide figures: in some places bicycle use

is booming, whereas elsewhere there is stabili-

zation or even a decrease in bicycle use. Fur-

thermore, it turns out that growth and decline

within such environments are concentrated

among certain social groups.

Hence bicycle use emerges as being partly

determined by spatial and social circumstances.

This gives policymakers ‘dials to turn’ in order

to influence the conditions for bicycle use.

Figure 1-4 shows the changes in bicycle use

according to degree of urbanization. Among

those inhabitants in the ‘non-urban’ category

(slightly less than one fifth of the population)

bicycle use has fallen, whereas it has remained

constant or risen in other groups [18].

The sharp growth in bicycle use in (parts of) cit-

ies is leading to (for example) [19]:

= a significant shortage of bicycle parking facili-

ties, particularly at railway stations, in shopping

areas and in nightlife areas. Even the spatial

quality of public space is being affected by

large numbers of bicycles that have been

dumped in bicycle parking facilities;

= congested cycle paths, causing displacement

of vulnerable groups of cyclists (the elderly

and children);

= anincrease in the number of cycling accidents

involving a single cyclist and no other road user;

= atense relationship with road traffic (which often

has to give way to cyclists and/or take a detour);

= bicycle traffic jams, particularly at traffic lights.

Decrease in bicycle use in the countryside

The fact that residents in rural areas are cycling

less is predominantly due to a decline in the

population: fewer people equals less mobility.

In some peripheral areas it would appear that

4.000.000

3.500.000

3.000.000 el
eS a

2.500.000

2.000.000

1500.00 — very highly urbanized
1.000.000 — highly urbanized

— moderately urbanized

300.000 — less urbanized

0) — not urbanized

ZSSRRZRSERLERR RRR RRR

Figure 1-4. Numbers of journeys by bicycle per day for five types of area witha different degree of urbanization
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the scaling up of facilities and the attendant

impoverishment play a role. Countryside resi-

dents who have to cover greater and greater dis-

tances in order to meet their day-to-day needs

(consider in this regard supermarket, school,

cash machine) are often forced to choose to

travel by car. Incidentally, recreational cycling in

the countryside is on the up, for reasons that

include the rise of the electric bicycle. Hence

the decrease in bicycle use among countryside

residents does not mean that the volumes on

cycle paths outside of the city have waned.

Recreational cycling

Aside from day-to-day, functional journeys, the

bicycle also plays a significant role in recrea-

tional activities. Research carried out by Statis-

tics Netherlands (CBS) reveals that the Dutch

population cycled in excess of 14.5 billion kilo-

metres in 2013 [20], or an average of about

820 kilometres per person.

Thus giving the bicycle a share of 7.3% in the

total number of kilometres travelled, measured

according to distance covered. In 2007, 52% of

the Dutch population (more than 8.5 million

People) went on recreational bicycle rides of a
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minimum of 1 hour. In total, 205 million recrea-

tional bicycle rides were taken that year, with

this figure encompassing both recreational

bicycle rides (just cycling around, day trips and

suchlike) and bicycle rides to a recreational des-

tination (beach, sports ground and suchlike).

The Dutch Travel Survey (OViN) is primarily

geared towards measuring journeys from A to B

and not so much towards bicycle trips (‘from A to

A). Maas & Schepers [21] have produced an esti-

mate of the scale of bicycle traffic for recreational

purposes. To this end, they combined data from

the Mobility Survey of the Netherlands (MON)

with that from the Dutch Recreation Day Trips

Survey carried out by Statistics Netherlands until a

few years ago (incidentally, the latter source is

blighted by under-reporting too, but this is much

smaller for recreational traffic than in the MON).

The results show that roughly one fifth of all kilo-

metres cycled are ridden for recreational pur-

poses and that this proportion is higher among

the elderly than it is among young people. In the

elderly the figure is in excess of one third of all

kilometres cycled. According to the OVIN, the

number of kilometres cycled for recreational pur-

poses was just 10% between 2010 and 2013.

Hence this is a considerable underestimate of

both the mobility and the importance of recrea-

tional bicycle traffic for such things as restaurants

and cafés in rural areas.

The rise of the electric bicycle is occasioning a

further increase in recreational bicycle trips in

terms of number and length [15]. Recreational

cycling is something people do first and fore-

most for fun, though often for health reasons too.

In order to be able to go on bicycle trips, good

cycle facilities and an attractive environment are

necessary. If these things can be found close to

home, then this bolsters quality of life and there-

fore the quality of the residential environment.
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Cycle-friendly design

This publication describes all steps to arrive at a

cycle-friendly infrastructure, from the policy

proposal to promote cycling to the physical

implementation of measures. Cycle infrastruc-

ture is taken to mean all technical facilities

intended for cyclists.

Traffic handbooks provide guidelines for

designing cycle infrastructure. Which is useful,

but they also have the following drawbacks:

= They provide examples and/or templates

which encourage their use without reflection.

= They strive towards integration with require-

ments set by other modes of transport, which

results in compromises being made at an early

stage.
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In order to avoid these drawbacks, the present

publication aims to encourage designers to

heed the following recommendations during

every assignment and at each stage of the pro-

cess:

= Put yourself in the shoes of the cyclist as

future user of the design, also taking into

account vulnerable groups of cyclists, such as

children and the elderly.

= Ensure that facilities fulfil the policy objectives

so that they support the policy.

= Devote attention to the (spatial planning) inte-

gration of cycle facilities in the surrounding

area.

= See to it that the function, design and use of

infrastructure are in equilibrium.
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This way of working will force the designer to

reflect on and formulate the consequences of

the choices inherent in his design.

2.1 Policy as foundation

In order to be able to achieve cycle-friendly

infrastructure, technical (design) skills are

required. But that is not enough. Countless

interests in scarce resources are in conflict with

one another on the long road from policy to

implementation. The interests of the bicycle are

best served by adopting a systematic approach.

This means that, in order to achieve a cycle-

friendly infrastructure, skills in relation to public

administration and economics are needed, as is

being alert to the financial reality.
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significant extent this is due to the fact that

cyclists do not cause much problems themselves,

only entering the picture if problems surrounding

other road users have to be resolved. Further-

more, cycle policy in itself is relatively uncontro-

versial. Another factor is that people choose to

use bicycles for a myriad of (largely positive) rea-

sons. For them, cycling is something pleasant: it

is quick, healthy, flexible, good for the environ-

ment, fun, normal and reliable. For these reasons,

permanent policy attention should be self-evi-

dent. Furthermore, it turns out to be a success

factor for achieving cycle policy [1].

In general, it holds that local traffic and transport

policy is anchored in the traffic and transport

policy of a regional or provincial authority,

which in turn is anchored in national policy. The

same goes for cycle policy. Nevertheless, in

addition to this administrative and policy-related

harmonization, ‘harmonization on the street’ is

necessary. The vast majority of cycle links are

local links, which must be developed and if need

be resolved at local scale. This includes many

links that go beyond municipal boundaries. Thus

necessitating harmonization in terms of policy

and measures between local authorities.

Cycle-friendly infrastructure should preferably

be developed from the perspective of an inte-

grated traffic and transport plan. Only then will

it be possible to weigh up the interests of differ-

ent modalities properly and use the various

modes of transport in situations that best do

justice to them. Design philosophies such as

‘reversed design order’ and ‘design for all’ can

go a long way towards anchoring cycling inter-

ests in general traffic policy. These approaches

do not entail first designing the infrastructure

for motorized traffic and then ‘shoehorning’ the

bicycle into it, but instead doing things the other

way round.

Although it is not possible to offer a blueprint for

the policy process, in general it is possible to dis-

tinguish six phases. Keep in mind that these steps

present a simplification of the actual state of

affairs. In practice it turns out that the design pro-

cess has a markedly cyclical character and that

each of the phases described is actually a subpro-

cess. Within a phase, procedures are run through

iteratively. Moreover, it can be necessary to revert

to a previous phase of the policy process.

Figure 2-1 presents a schematic depiction of the

policy process as outlined by Hoogerwerf and

Herweijer [2]. Steps I-IV from the left-hand cir-

cle are described on the following pages. In the

case of step II, the underlying steps 1-8 from the

right-hand circle are also examined.

—_
VI Policy evaluation

V Compliance
and enforcement

WV Policy poner III Policymaking

| Setting the agenda

Step 2

Analysing the Step 3

problem situation Analysing causes and
effects of the problem

situation

é Step 1
commencement Step 4

Formulating

an ultimate

II Policy preparation

Step 5

Considering policy tools

and their effects

Step 8

Formulating the

draft policy Step 6

document reparing the
Sten? policy

Weighing up implementation
costs and benefits

Figure 2-1. Approach to the policy process according to Hoogerwerf and Herweijer [2]
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| Setting the agenda

Government policy can be regarded as a

response to a societal issue. During the agen-

da-setting phase such an issue will be brought

to the attention of policymakers and politicians.

To a significant extent, the options for dealing

with a topic (problem) in terms of cycling are

determined by the prevailing ‘cycle climate’, or

the positive (or otherwise) attitude towards

bicycles on the part of policymakers, politicians

and officials (see also the box ‘Cycle culture’).

‘Cycle culture’

In itself, drawing up a plan for cycle policy

provides no hard and fast guarantees for a

good cycle climate in a municipality.

Nevertheless, experience in the Netherlands

and abroad does show that ongoing and

structural attention to cyclists in traffic plan-

ning will pay dividends in the long run. Devel-

oping a broad-based ‘cycle culture’ within a

government organization (both politically

and administratively) is frequently more

important than the financial resources. Such

a culture evolves from an interplay of govern-

ment (politicians and officials), users (resi-

dents and visitors) and social organizations.

Il Policy preparation

The policy preparation (and policy formulation)

phase entails plans being developed.

This process features a number of steps. The

most important of these are specified below in

relation to the planning for cycle policy.

1 Commencement

2 Problem analysis

3 Problem cause and effect analysis

4 Formulating an ultimate objective

5 Considering policy tools and their effects
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6 Preparing the policy implementation

7 Cost-benefit analysis

8 Formulating the draft policy document

Step 1: Commencement

This step entails objectives being formulated. It

is often the case that a project organization is

set up too. Objectives are quantified to the full-

est extent possible. Abstract objectives are

expressed in the form of verifiable standards as

best they can be. Additionally, how the policy to

be developed relates to existing policy and to

the policy of higher authorities — such as pro-

vincial authorities, the government and the

European Union - can also be scrutinized.

Steps 2 and 3: Problem analysis and problem

cause and effects analysis

In essence, a problem is the difference between

the desired situation and the current situation

(or a future situation). Problem analysis gener-

ates insight into the current situation, the

desired situation and relationship between the

two. When drawing up cycle policy, the basis of

this comparison frequently comprises a net-

work analysis and a bottleneck analysis. It is

extremely important for the cycling aspect to

be charted in ‘general’ traffic policy too; when

ascertaining the quality of road surfacing, for

instance, cycle paths must be inspected as well

For the purposes of establishing the current situ-

ation, transport links for existing and potential

cyclists are analysed and the most commonly

used routes in the network are identified. To fig-

ure all this out, an understanding of the pattern

of cyclists’ origins and destinations is required.

Based on a network analysis, new connections

are selected that to a significant extent will limit

detours, reduce the number of encounters with

car traffic and foster a cohesive structure for the

network.

A bottleneck analysis is used to test the quality

of the roads and cycle paths on which cyclists

are allowed to ride against the programme of

requirements. The more important the connec-

tion within the main structure, the higher the

quality must be (or become) in terms of finish.

Once all bottlenecks have been inventoried,

they are ordered according to urgency, ena-

bling solutions to be sought out for the most

serious bottlenecks first.

During this phase of the design process it is also

possible to look for optimal and perhaps even

alternative routes. For example, there is little

point in improving a shortcut if a slightly longer

parallel route has the capacity to offer a greater

degree of quality. Any routing through car-free

shopping areas will be discussed during this

phase of the planning process too.
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Steps 4 and 5: Formulating an ultimate objective

and considering policy tools and their effects

Once it has been established what the bottle-

necks are and what improvements are neces-

sary, the objective of the policy and the choice

of measures can be finalized. With a view to the

subsequent evaluation of the policy's effects, it

is important during this step to make the ulti-

mate objective as measurable as possible.

Once it has been established what the bottle-

necks and the objectives are, the focus shifts to

the policy tools to achieve these objectives.

Important questions in this regard are:

= What improvements are required to achieve

the quality formulated in the programme of

requirements?

= What facilities will this entail?

The answers could include the following (the

following measures will be fleshed out in chap-

ters 4-8):

= constructing segregated cycle paths;

= adjusting signal control;

= reducing the volume of motorized traffic ona

route;

= reducing the number of parking spaces for

cars ona route;

= constructing a flyover;

= reducing the speed of motorized traffic;

= constructing cycle lanes;

= reprofiling;

= modifying a junction

(e.g. turning it into a roundabout);

= improving a crossing;

= improving the road surface;

= constructing bicycle parking facilities;

= resurfacing a bicycle connection

(asphalting).
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Steps 6 and 7: Preparing the policy

implementation and cost-benefit analysis

When preparing the policy implementation,

consideration is given to who will be imple-

menting the policy and how this is to be done.

The desired measures are implemented in order

of priority, with costs and benefits (the efficacy)

playing a role. After the programme of facilities

has been drawn up, an estimate is made of the

total costs of implementing this.

In the case of sizeable investments in mobility in

particular, the question as to whether the plans

are ‘worth all the money’ is an important one.

Are solutions that will have more of an effect

possible? Or perhaps cost less? Or both? In

order to answer these questions, a (social)

cost-benefit analysis (CBA) is required. In this

regard, the so-called ‘Wikken en Wegen’ tool,

developed by CROW-KpvVV and available to

consult at www.wikken-wegen.nl, can be useful

for the purposes of weighing up the pros and

cons. For a wide array of issues pertaining to

mobility, this will enable better, more efficient
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and at any rate more thoroughly substantiated

decisions to be made.

The measures can subsequently be financed

from a variety of sources. It may be possible to

include a proportion of the measures under

‘regular maintenance’. If improvements fall

within the compass of regional or provincial

policy, then it will be possible to obtain a contri-

bution from the Provincial Fund. Costs of infra-

structure to and in new areas can (or preferably:

must) be included in the estimate of the costs

and revenues of developing those areas. Other

measures will have to be included as ‘new pol-

icy’ in the periodic budget cycles that each and

every highway authority has to deal with. It is

precisely at that juncture that the value of run-

ning through the above steps and having a plan

as a foundation will become evident.

Step 8: Formulating the draft policy document

The agreed policy is set down in writing ina

draft policy document. This could be a com-

plete cycle policy plan, but it could also be an

elaboration of one or more aspects from one

(e.g. an elaboration of fiscal measures to incen-

tivize the cycle policy). In practice the draft pol-

icy document will vary from an official memo-

randum to a comprehensive policy document.

Ill Policy decision

This phase entails decisions being made on the

plans that were fleshed out during the policy

preparation phase. The plans could be accepted

in full, in part or in amended form. Policy deci-

sion/decision-making comes down to taking

action and earmarking resources. The policy

decision phase is tripartite, entailing: securing

support, reaching agreement and actually

deciding (these three activities are closely inter-

related and are not always done in a set order).

IV Policy implementation

This phase sees the set policy measures being

implemented. As a result, the social effect of

the policy becomes appreciable (or more

appreciable).

V Compliance and enforcement

Compliance and enforcement are essential

components of the policy cycle. The govern-

ment has a variety of tools to ensure compli-

ance with policy. These include legal remedies

(enforcement of traffic regulations by enforce-

ment officers), communication (campaigns),

economic tools (subsidies) and technical

resources [3].

VI Assessment of policy

Assessment of policy focuses on the content of

the policy, on the processes worked through

and on the intended effects. A key question cen-

tres on the extent to which the objectives have

been fulfilled. It is also possible for a new situa-

tion, which has arisen as a result of the policy

being operated, to be tested against the (chang-
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ing or changed) current situation:

is the solution chosen at that juncture still the

right one? Policy plans should preferably be sub-

jected to an evaluation after five to eight years.

Alert to signals

The quality of a cycle network is indicated by the

scores for the five main requirements (see sec-

tion 2.4). Concentrations of accidents provide a

clear signal that function, design and use are not

in equilibrium with one another. Nevertheless, it

is necessary to also be alert to other signals that

the cycle network might not be functioning

optimally. Consider in this regard the fact that

only a small proportion of cycling accidents are

recorded. Furthermore, it could also be that

mobility is being suppressed. For example, it is

possible that some (vulnerable) users are avoid-

ing a route because they perceive it as being

excessively dangerous. The upshot of this could

be (for example) that elderly people are staying

at home because they do not feel like they can

cope with the pace of contemporary (bicycle)

traffic. Children are taken to school by car ‘for

safety reasons’. And due to the reduced personal

safety during the evening, some people are not

keen on travelling by bicycle.

The actual behaviour of cyclists could deviate

from the behaviour that the designer had in

mind when envisioning his design. The follow-

ing signals could point to this being the case.

= Cyclists are dismounting, even though they

have right of way. Other forms of informal

behaviour in terms of right of way belong in

this category.

= Alot of cyclists are riding through a red light,

because they perceive waiting to be pointless

in the relevant situation.

= Segregated cycle paths are not being used

much because another route is quicker, hand-

ier or more attractive.
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Finally, there could be near misses. These con-

flicts can be recorded by means of conflict

observation techniques. Research shows that

near misses amassed in this way can be a good

predictor of accidents actually happening [4].

Comfort and discomfort can be measured

objectively when it comes to the quality of the

road surface. Other forms of discomfort can

enter the picture by looking at near misses. Ask-

ing cyclists where things are less than optimal is

another possibility. Their answers will (con-

sciously or otherwise) indicate the limits of their

physical and mental capacities. For a designer

of cycle facilities, user complaints provide valu-

able information on perception of comfort.
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2.2 Cycle-friendly infrastructure

Cycle-friendly infrastructure is indispensable if

the bicycle is to retain its full place in the traffic

system and if this place is to be further rein-

forced. In other words, infrastructure that ena-

bles direct, comfortable journeys by bicycle ina

safe and attractive (traffic) environment. Only

then will it be possible to compete with the car.

Various studies have demonstrated that good

cycle infrastructure results in a higher bicycle

share in the modal split [5, 6, 7].

Achieving a high proportion of bicycle use by

means of a good-quality network requires per-

severance and ongoing policy attention. This is

evident from an analysis of the cities with the

highest level of bicycle use in the Nether-

lands [8] as well as from research abroad [9].

2.3. Thecyclist asa measure for the

design

Cycling is physically and mentally demanding.

Furthermore, controlling a bicycle requires

motor skills to manoeuvre and keep one’s bal-

ance. In children who are still learning to ride a

bicycle, the effort these things demand can

come at the expense of their attention to sur-

rounding traffic [10].

Physical exertion is needed to get a bicycle mov-

ing and to maintain the momentum. This exer-

tion means that cycling is a salubrious activity.

Nevertheless, the strain should not become

excessive (and unpleasant). Steep inclines,

though also having to ride over poor surfaces for

several minutes (for example), can place an

excessive strain on cyclists’ physical capabilities.
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Mental and perceptual competence is essential

for operating a bicycle safely in traffic. Particu-

larly in complex traffic situations, such as turn-

ing left at a right-of-way junction or in busy traf-

fic, mental resilience is a point for attention in

the design. Mental effort is required for the pur-

poses of steering the bicycle, keeping balance

and holding course too.

Furthermore, the interaction with other traffic

takes a lot of concentration. The less time there

is to notice things, e.g. due to a short visibility

range or high speeds, the more mental stress is

experienced. This increases the probability of

information being missed or misjudged. The

need to combine tasks is another factor

increasing mental stress. Consider in this regard

focusing on bumps to avoid hitting them with

or



the bicycle’s wheels and at the same time trying

to concentrate on intersecting motorized traffic

emerging from a side street. Moreover, cyclists

must ensure that they are sufficiently visible to

other road users and that they are noticed on

time. For example, it is important for cyclists to

avoid ending up in the blind spot of motorized

traffic as much as possible [11, 12].

Conversely, it goes without saying that cyclists

need to be capable of noticing other road users

and that they must be able to see and follow the

road alignment in all conditions [13, 14]. It is

imperative that the road alignment, the edge of

the roadway and any unevenness and obstacles

are readily visible to the cyclist.
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ties [15]. Sustainable Traffic Safety originally

focused on the role of motorized traffic as a

source of danger. Consequently, the same

function was assigned to cyclists and pedestri-

ans, namely that of residential. It has recently

been acknowledged that this approach omitted

to consider the flow function of the bicycle [16].

Indeed, a road with a residential function for

motorized traffic (residential road) could have a

significant flow function for bicycle traffic. Bicy-

cle streets show that such a combination can

work well.

The starting point for designing cycle facilities

within the compass of Sustainable Traffic Safety

is ‘Design for All’. Cyclists have few standard

characteristics. On the contrary, cyclists in the

Netherlands are a variegated bunch, in terms of

age, sex, physical fitness and reasons for travel-

ling.

In some circumstances, rapid commuting is

central to the design (e.g. with regard to design

speed). Often it will be vulnerable groups, such

as older cyclists or children, who will determine

the boundaries. Older cyclists have limited

physical fitness, one result of which is that

requirements are set in terms of permissible

gradient or crossing time. Children are small,

inexperienced and sometimes rash. Which is

why limits must be set in terms of such things as

the height of road signs, discipline at red lights

and the complexity of junctions.

Simplifying tasks is something that contributes

to fostering a (permanently) safe traffic system

as well. Minimizing the probability of mistakes

being made and making the infrastructure as

‘forgiving’ as possible — in case mistakes are

made anyway — will considerably improve road

safety and bolster cycling comfort. To a signifi-

cant extent, the philosophy underlying the cate-

gorization of roads within the compass of Sus-

tainable Traffic Safety is based on these

principles [17].

Research has shown that comfort (or improving

comfort), in addition to perception and environ-

mental factors, is an important precondition for

fostering bicycle use [18]. Discomfort, or the

extent to which comfort is lacking, is strongly

related to ‘subjective perception’ and ‘subjective

risk’. Complaints about traffic situations arise

whenever a critical level of stress is reached

between the requirements set by the situation

(the stressor) on the one hand and the personal

Options in terms of satisfying those require-

ments [19]. The harder it is for the road user to

be able to satisfy the requirements, the sooner

the critical level is reached. Stress can be

Caused by such factors as lack of experience

and overconfidence (young people), undevel-

Oped capabilities (children) or diminished capa-

bilities (the elderly). If the stress level increases,

then so too does the probability of mistakes

being made.
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Characteristics of cycling

It goes without saying that the designer of a

cycle-friendly infrastructure must be au fait with

the technical possibilities and limitations of

cyclist and bicycle. He will know that cycling

has anumber of more or less paradoxical char-

acteristics. Thus muscular strength serves as a

natural speed limiter, whilst at the same time a

certain degree of momentum is indispensable

to maintain stability. In addition, the bicycle is

vulnerable on the one hand and nimble and

extremely flexible in traffic on the other. Fur-

thermore, the bicycle is classed as and consid-

ered to be slow traffic, even though it is actually

one of the quickest modes of transport in the
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Table 2-1. Characteristics of bicycle, cyclist and cycling

r Bicycles are powered by muscular strength

For that reason, energy losses are kept to a minimum in a cycle-friendly road design. This is only very slightly applicable in the case of

the electric bicycle, as the capacity of the auxiliary motor is much greater than that of the cyclist. That said, the electric bicycle is never

of decisive importance when it comes to designing cycle infrastructure.

Nn Using a bicycle is a balancing act

Toa large extent, the road safety issues that the bicycle presents relate to its instability. At low speeds in particular (and when standing

still) the bicycle is unstable and quick to topple. Crosswinds, slipstream and turbulence caused by lorries, bumps in the road surface

and compelled low speeds determine its stability and therefore the requisite room for manoeuvre.

w The bicycle does not have a crumple zone

The cyclist’s vulnerability is more than evident from accident figures. Nonetheless, the highway authority can have significant influ-

ence on this. For example, it can give the cyclist a ‘spatial crumple zone’, allowing for emergency manoeuvres. Indeed, by ‘actively

steering’, a cyclist can balance along a strip measuring 0.20 m in width, but this is entirely inadequate to the task of enabling comforta-

ble cycling. When a door is swinging open, extra room on the cycle lane could save a life. This vulnerability also means that cycle traffic

cannot be mixed with rapidly moving cars and busy lorry traffic

The bicycle has very little suspension| >
For that reason an even road surface is necessary to satisfy the requirements in terms of cycle-friendliness (an uneven road surface is.

perhaps not as much trouble to bicycles with suspension, but even then it will require extra energy).

bi The cyclist is riding in the open air

This has disadvantages, though it has some advantages too. Shelter from wind and rain will eliminate some of the disadvantages. The

advantages must be maintained in the design. Consequently, it will be necessary to devote attention to the attractiveness of the envi-

ronment in which the cyclist is riding

6. — Cycling isa social activity

What this means is that cyclists should be able to ride two abreast. This particularly applies on paths where a large volume of recrea-

tional cyclists can be expected. Furthermore, the possibility of cycling alongside one another enables parents to supervise their chil-

dren safely.

N People are the point of departure

The number of tasks that a road user is capable of performing and their complexity are not limitless. The probability of mistakes being

made increases if the design does not dovetail with the expectations of road users. The designer must respect these limits, and whilst

doing so take into consideration slow (less experienced and less capable) cyclists and quick cyclists.

approach is also appropriate when designing

cycle facilities. The cyclist may be regarded as

one of the customers within the overall traffic

and transport system. His wishes may be

regarded as quality aspects for the infrastruc-

ture. The task of the designer is to take these

things into consideration as best he can when

creating facilities.

city. Table 2-1 lists a number of characteristics

of bicycle, cyclist and cycling.

Quality aspects

When designing roads for motorized traffic, the

properties and limitations of the vehicle and its

driver are recognized points of departure. Com-

fort and safety go hand in hand. Such an
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Taking into consideration the technical and

physical characteristics of bicycle and cyclist,

the following quality aspects are important

when it comes to achieving a cycle-friendly

infrastructure:

= Provide space to be able to swerve (even the

verge is important), cycling side by side and

cornering safely.

= Minimize the resistance cyclists experience

when cycling.

= Take cyclists’ limits of physical and mental

strain into account (optimize mental stress).

= Take cyclists’ vulnerability into account.

= Take cyclists’ perception into account.

= Devote attention to the spatial planning inte-

gration of cycle infrastructure in the surround-

ing area.

= Ensure a comprehensive, comprehensible

cycle infrastructure.

Do also bear in mind that cycling has significant

added value in social and economic terms. This

could have a decisive effect in a cost-benefit

analysis.

Primary requirements for decision-making

When preparing a design the interests of cyclists

set out above must be weighed up against the

interests of other road users and a variety of

functions. Ata highly abstract level there are

three criteria on which a design can be assessed,

namely efficacy, efficiency and fairness [20].

Efficacy

Efficacy is determined by the answer to the

question: to what extent does the design do

what it is required to do? When it comes to traf-

fic designs, it is possible in principle to measure

in terms of quantities like traffic capacity, emis-

sions, safety and sustainability. For many stand-

ard designs, knowledge is available in hand-

books, including the present Design Manual.
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Efficiency

A design's efficiency is determined by balancing

its answer to the efficacy question with the

costs in a broad sense. In the event of equal effi-

cacy, the least expensive (more efficient) design

will be given preference.

Fairness

It is possible for a policy measure to score well

in terms of the criteria efficacy and efficiency

and yet not be in the interests of a particular

group of road users. Supposing (for example) a

measure were to entail elderly people no longer

being able to cycle. Many people would find this

unfair. Despite its efficacy and the efficiency,

such a measure would be unacceptable. Look-

ing at the ‘unfairness’ of decision-making

improves public consultation and therefore the

(democratic) decision-making. Van Wee has

submitted a proposal to chart the criterion fair-

ness better and to operationalize it; to this end,

see the box ‘Fairness Fairness’ [20].

2.4 Main requirements cycle-friendly

infrastructure

The fundamental principles and wishes

described in section 2.3 can be transformed

into five main requirements that cycle-friendly

infrastructure must satisfy:

= Cohesion

The cycle infrastructure forms a cohesive

whole and links all origins and destinations

that cyclists may have.

= Directness

The cycle infrastructure always offers the

cyclist as direct a route as possible (detours

kept to a minimum).

= Attractiveness

The cycle infrastructure has been designed

and fitted in with its surroundings in such a

way that it is appealing or attractive.
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Fairness Checklist

In his paper ‘Ethiek en KBA: naar een checklist voor het meenemen van ethische consequenties

van potentiéle beleidsopties' (‘Ethics and CBA: towards a checklist for the consideration of ethical

consequences of potential policy options’) [20], Bert van Wee presents the following Fairness

Checklist.

What is the problem or the challenge?

What are the possible options?

Who are the winners and losers?

Are there any specific trade-offs?OANA NAWNHE Is there any ‘closed partiality’?

Are there any additional values at issue?a (=)

And if so: what, for whom and in what way?

11 Are there any duties or obligations?

12 Are there any additional ethical considerations?

13 Isadecision even necessary?

What are the important advantages and disadvantages of these options?

Can losers be compensated and will this actually be done too?

Are there any ‘irreplaceable’ things / irreversible effects?

Will an outcome have to be maximized or not?

The paper — a contribution to the Colloquium Transport Planning Research (Colloquium Vervoer-

splanologisch Speurwerk) in 2013 — explains these questions and possible answers in more detail.

= Safety

The cycle infrastructure guarantees the road

safety and health (minimum exposure to

harmful substances) of cyclists and other road

users.

= Comfort

The cycle infrastructure ensures that cyclists

experience minimal nuisance (vibrations, extra

exertion due to height differences, trouble from

other traffic) and delay (stops).

In general it holds that if the minimum level

cannot (or can no longer) be met for one (or

more) of the five main requirements, then the

infrastructure will need to be modified. The

main requirements have been formulated
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generically in this chapter. Chapters 4, 5 and 6

flesh out the requirements for networks, road

sections and junctions respectively.

Main requirement cohesion

The network of bicycle connections must form a

cohesive whole offering links between all origins

and destinations that cyclists may have. In other

words, cohesion is about the possibility of get-

ting somewhere by bicycle. In this regard, inte-
gration with other modes of transport is impor-

tant (linked journeys). Elements playing a role in

this regard include door-to-door completeness,

wayfinding, consistency in terms of quality, free-

dom in terms of route choice and barriers. The

latter — in the form of large-scale infrastructure

such as motorways, railways and waterways —

presents a direct threat to the growth of bicycle

use. The Dutch Environment and Planning Act,

which is scheduled to come into effect from

2018, is intended to control these.

Main requirement directness

Directness means that the cyclist is always

offered a route that is as direct as possible and

that detours are kept to a minimum. Due to the

fact that the bicycle is propelled by muscle

power, limiting detour distances is extremely

important. If journey time by bicycle exceeds

journey time by car, then many people will con-

sider this a significant reason to abandon their

bicycles and go by car instead [5]. On the other

hand, many motorists seem to be willing to use

their bicycles for short rides when this is quicker
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and handier. All factors influencing journey time

have been brought together under the main

requirement directness. Possible criteria in this

respect include traffic flow speed, delay and

detour distance.

Main requirement attractiveness

A myriad of factors influence the attractiveness

of a cycle facility, and therefore cycling behav-

iour. These could have an exceedingly different

weighting for each individual when it comes to

deciding whether or not to take the bicycle, as

well as when it comes to choice of cycle route.

It is even the case that certain aspects of cycling

are deemed positive by one person and yet

negative by another. Nevertheless, there are

also all kinds of factors that on average enhance

the attractiveness of a route to cyclists.
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Research into routes’ attractiveness points to

the fact that, in general, cyclists can appreciate

greenery, water, open spaces and aesthetically

appealing architecture, whereas exhaust fumes,

congestion and subjective risk have a detrimen-

tal effect on a route’s attractiveness [21].

Attractiveness partly pertains to the cycle infra-

structure itself. Positive examples include an

even road surface, well-designed junctions and

clear signage. Furthermore, the attractiveness is

also determined by the integration of the infra-

structure into its environment. Apart from the

spatial quality (nature, architecture), the attrac-

tiveness is affected by the presence of the right

(urban) functions; consider in this regard recre-

ational and shopping facilities (for example) [22].

Trouble from motorized traffic (smell and noise,

physical proximity) has a detrimental effect on

attractiveness. Bicycle use can be made more

attractive at network level by disentwining bicy-

cle traffic and car traffic.

Attractiveness is also connected to personal

safety. Here, this refers to the extent to which

cyclists perceive their route and its surround-

ings to be safe. Research shows that personal

safety has a considerable impact on bicycle use,

particularly during evening hours. This is dealt

with in more detail in chapter 7.

Main requirement safety

The main requirement safety is about the cycle

infrastructure guaranteeing cyclists’ health and

road safety. It is permissible to require of good

cycle infrastructure, in whatever way, that

(assuming normal usage) it does not cause acci-

dents, helps to prevent accidents and — if an

accident nevertheless occurs — the chances of

serious injury are limited. Consider in this regard

use of edge markings, creating smooth transi-

tions onto the verge and limiting the number of
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bollards along cycle routes (for example). The

requirement that cycle infrastructure must be

safe for cyclists is not as trivial as it sounds: two

thirds of all serious accidents involving cyclists

involve a single cyclist, and half of these cycling

accidents involving a single cyclist turn out to

be related to the infrastructure [23].

Accident figures show that preventing conflicts

with motor vehicles which could result in seri-

ous injury is another factor that continues to be

as important as ever. For that reason it is essen-

tial for (cycle) infrastructure to be designed in

such a way that the probability of collisions

(particularly with motorized traffic) is minimized

and the severity of unforeseen injury is miti-

gated. The speed differential between the par-

ties involved in the collision is a dominant factor

for both of these aims.

Cycling is associated with different health

aspects. On average, people are living longer

and staying healthy for longer thanks to bicycle

use. The positive effects of cycling on health,

particularly due to the additional physical exer-

cise, are around ten times greater than the neg-

ative effects [24]. Of the negative effects on

health, exposure to emissions (especially ultraf-

ine particulate matter) is at least as harmful as

the unsafe traffic situations. Which is why itis

increasingly being argued that all effects of traf-

fic on cyclists’ safety need to be considered, i.e.

not just road safety, but also traffic health [25].

Furthermore, groups other than cyclists must

be considered too. If (short) car journeys are

made by bicycle instead, then fellow road users

will be less exposed to the risks presented by

motor vehicle emissions.

The most significant observation for the

designer is that any design leading to more

cycling and less motorized traffic (car or public

transport) will be contributing to a better (on

average) level of health among the populace.

The second observation is that it is not only

unsafe traffic situations that have to be mini-

mized but also exposure to emissions. By taking

cyclists’ exposure to harmful emissions into

consideration in the design, the health benefits

of bicycle use can be further enhanced.

One thing that the above implies is that cycling

right next to busier (distributor) roads will lead

to a greater impact on health than cycling on

quiet (residential)

roads [26]. This is due to the fact that the concen-

tration of ultrafine particles is directly linked to the

presence of combustion engines. By plotting

cycle routes through residential areas instead of

along busy roads (disentwining), cyclists’ expo-

sure to exhaust fumes will be reduced. Siting

cycle paths some distance from the main car-

riageway will also reduce exposure, because it

increases the distance to the source [27].

Figure 2-2 shows the effect on health of the

components exercise, diminished road safety

and air pollution. Note that of these three fac-

tors diminished road safety has the least effect.

Safety is important at a variety of levels and can

be influenced in various ways. The require-

ments that have been formulated within the

compass of a sustainably safe traffic system can

serve as a guideline. As far as the bicycle is con-

cerned, this pertains to the following points for

attention [16]:

= adapting the infrastructure in residential areas

to cyclists;

= adapting the organization of distributor roads

to cyclists;

= ensuring proper ride quality (even smooth sur-

facing) and shelter;

TM ensuring adequate, skid-resistant road surface,

free of bumps that could make it more unsafe;

= avoiding obstacles on and alongside the car-

riageway and ensuring a safe verge;

= only permitting the mixing of bicycles and

motor vehicles where speed differentials are

minimal and the volume of car traffic is low;

= minimizing points of conflict between motor-

ized traffic and bicycle traffic;

exercise

nsafety onjroads
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Figure 2-2. The effects on health (life expectancy in days) of cycling, divided into various components

[24, adapted by Theo Zeegers]
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= separating different types of users on the basis

of speed, size, mass and manoeuvrability;

= ensuring a recognizable road alignment;

= ensuring recognizable cycle facilities;

= arranging infrastructure such that one’s own

behaviour in traffic and that of others are pre-

dictable (this can be done by making deliber-

ate choices in terms of road surface, road

alignment, street furniture and environment);

= making infrastructure ‘forgiving’;

= making journeys as short as possible;

= having shortest and safest route coincide;

= limiting the number of traffic solutions and

designing these unambiguously;

= avoiding conflicts with oncoming traffic;

= avoiding conflicts with intersecting and cross-

ing traffic;

= avoiding situations in which cyclists have to

search to find their way;

= reducing speeds at potential points of conflict;

= avoiding concentrations of ultrafine particu-

late matter;

= constructing cycle paths sufficiently wide to
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path);

= creating good, guiding facilities to encourage

cyclists to stay on course (and not stray from

the cycle path or stray onto the wrong half of

the cycle path unnecessarily);

= creating verges that can be cycled onto and

off of (thereby creating room for error correc-

tion on the part of the cyclist).

Main requirement comfort

The main requirement comfort encompasses

factors pertaining to nuisance and delay,

caused by bottlenecks and/or shortcomings in

the cycle infrastructure, demanding extra physi-

cal exertion on the part of the cyclist as a result.

This main requirement stems from the knowl-

edge that it is not just high levels of stress but

also irregular stress (repeatedly having to stop

and start again) that detract from the pleasure of

cycling. Vibration and steep inclines also take

some of the pleasure out of cycling. Criteria

playing a role in comfort include how even the

surfacing is, how sloped the route is, the

chances of stopping and discomfort caused by

weather and traffic.

2.5 Integrated designing

The positive effects of cycling go beyond mobil-

ity and sustainability. The bicycle is the cleanest

and quietest mode of transport. In proportion to

other infrastructural measures, cycling is an

inexpensive way of driving down CO, emissions

and safeguarding accessibility. Cyclists live

longer, have lower rates of absence from work

and arrive at work more refreshed and ener-

gized. In general, investments in cycle infra-

structure are cheaper than investments for

motorized traffic and public transport. Moreo-

ver, cycle-friendly cities are rated higher in

terms of quality of life. A good cycle climate is

increasingly becoming an important considera-

tion for young, well-educated people and for

companies when it comes to them choosing to

establish themselves somewhere [28].

Hence there is tremendous potential for bicycles.

Not only for efficient and inexpensive transport,

but also for boosting health, sustainability and

quality of life of a city, town or region as well as

the chances of people or businesses wishing to

settle there. The bicycle is a potential catalyst for

improving the living environment as a whole.

In order to make the most of the added value

that cycling presents for the various aspects of

(urban) life, an integrated approach is required.

Designing cycle infrastructure means working

onan accessible, sustainable, healthy, habitable

and attractive living environment. Consequently,

cycle infrastructure is inextricable from its spatial

Planning and social context. Cycle infrastructure
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is directly correlated with spatial planning and

urban development: the mix of functions, the

(short) distances to facilities, job opportunities

and residential areas, as well as the demograph-

ics, have a significant effect on bicycle use and

vice versa. In addition to the questions as to

where cycle infrastructure (new or otherwise) is

to be created and how it will be fitted into its

environment, it is also important to consider for

whom the cycle infrastructure is intended, and

how and why cyclists will be using it.

Hence creating cycle infrastructure is not just a

traffic planning task; it is also a spatial planning

and social task. It is about working on cycle

facilities in integrated fashion, taking the spe-

cific local situation into consideration. This is

why the design process must also involve crite-

ria pertaining to the infrastructure’s relationship

with its surroundings, such as the spatial inte-

gration and cyclists’ perception of it, as well as

with the added value of cycling in social and

economic terms. As a minimum, the design's

integrated approach entails the following:

= The cycle infrastructure has been designed

carefully and has been integrated into the

spatial planning context, ensuring that the

cycle facility forms a whole with its immediate

surroundings.

= The cycle infrastructure provides the cyclist

(and others too, such as local residents) with a

positive experience. This is not just about the

organization and the aesthetic qualities of the

cycle route itself, but also about perception of

surrounding area.

= The cycle infrastructure generates added

value for the surrounding area in the social

and economic sphere. When constructing a

cycle route, consideration is given to the

wishes of users and local residents as well as

the relationship with amenities, such as shops,

schools or nurseries [22].
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Ideally, the cycle infrastructure will not exist in a

vacuum, instead being designed in such a way

that it is connected with its environment — as

part of the city’s public space, or as part of the

landscape. A cycle infrastructure designed in

integrated fashion will unite the (traffic) function

with the spatial quality and the economic and

social potential of cycling. This will enable cycle

facilities to go beyond their primary traffic func-

tion and have a structuring, enriching effect on

their environment in its entirety.
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Designing cycle infrastructure encompasses

three spatial planning levels, namely those of

network, connections and facilities. Specific

design problems are germane at each level. The

task for the designer at all times is to strike a bal-

ance between function (functional require-

ments), design and use.

Prior to a designer commencing work ona

design, he will have to carefully examine what

the functional requirements are for both the

cycle facility and the surrounding area. The

designer must ask himself (for example)

whether the matter at hand pertains toa

high-quality, fast main connection or a cycling

shortcut as a missing link at local level.

The requirements set by the surrounding area

are also important influencing factors for a

good design. A different type of cycle path will

be constructed through a vulnerable nature

reserve than through a highly urbanized setting.

During this phase of the design process it is

imperative to seek to harmonize things with

designers from other disciplines, such as land-

scape architects and planning designers. Only

once the landscape or planning function of the

environment and the traffic planning function of

the facility have been properly fine-tuned to

one another will there be an integrated design.

Basic characteristics have been formulated for

the purposes of designing both junctions and

road sections [29, 30]. These basic characteris-

tics serve as a point of departure. Based on the

requirements set by the surrounding area, the

design is further refined. Incidentally, for the

purposes of a solitary cycle path the basic char-

acteristics offer little to go on; in such cases, the

facilities in chapter 5, ‘Road sections’, can serve

as a point of departure.

Due to space claims made by other parties, it

will not always be possible to achieve the design

desired on the basis of function and use.

Cycling interests will then be in competition

with other interests. This dilemma crops up in

the case of spatial planning conflicts between

networks for different modes of transport, for

instance. In such a situation, it is imperative to

first examine how significant the other interests

are. It is important to team up with the designer

Of facilities for public transport or motorized

traffic and look at how functional such things as

the requisite space, the priority procedures or

the priority at traffic light control systems are for

the other mode of transport. The results of this

will need to lead to an adjustment to the original

design.
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If the design fits the function adequately, then

the use will be in line with expectations. The

cyclist will exhibit the desired (traffic) behaviour

organically. The use (or expected use) can be

studied. Depending on the phase in the plan-

ning process (preparation or evaluation), this

study will be based on calculation (future situa-

tion) or empirical observation (current situation).

A design's quality is determined by the extent to

which it satisfies the five main requirements for

cycle-friendly infrastructure and the require-

ments set by the surrounding area. The main

requirements comprise the criteria for evalua-

tion of the design. It should be clear that opti-

mum harmonization will only be possible within

the compass of an iterative process. The three

‘dials’ of function, design and use must be

tweaked repeatedly to obtain an optimum

design. If function, design and use are not in

proper equilibrium, then there are three options

for restoring equilibrium:

= adapt the design;

= influence use/behaviour;

= adjust the functional requirements (and there-

fore the quality).

Design

The most self-evident starting point for modify-

ing a design is to look for an alternative design

that dovetails with the functional requirements

and use. However, it turns out in practice that

external factors can also influence the equilib-

rium being sought between function, design

and use. In such cases, consultation with part-

ners in the field of landscape design and plan-

ning are apt. The pages on facilities in part two

of this publication describe alternative organi-

zational forms.
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Use

If the interests of the external factors are suffi-

cient to warrant not implementing the design of

the cycle infrastructure in accordance with the

guidelines from this Design Manual, then it will

have to be examined whether the use of the

facility can be influenced. It goes without saying

that the use of facilities for other modes of

transport can also be influenced. If (for exam-

ple) the speed and volume of motorized traffic

makes it desirable to construct cycle paths, but

there is no space for these, then reducing the

volume of car traffic and/or reducing their

speed are obvious alternatives. Furthermore,

the cyclical nature of the design process makes

it possible to revert to the design for connec-

tions in the event of problems at the level of

facilities. Developing an alternative, high-quality

connection (for example) enables use of the

‘problem connection’ to be minimized.
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Function

Adjusting the objectives may be considered as a

last resort. What this means in practice is that

the facility is implemented with a lower level of

ambition than is desirable based on the pro-

gramme of requirements. Hence it is about

finding compromises in terms of the cycle-

friendly nature of the facility. Designers and pol-

icymakers will (nave to) realize that by no means

all facilities will be able to fulfil all functions that

are desirable. Adjusting the function is the final

option. It will not be used until all alternatives

have been explored and the change of function

has been properly justified.
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Basic data

3.1 Bicycle dimensions

Bicycles come in all shapes and sizes. When

designing cycle facilities, therefore, it is unrea-

sonable to assume average dimensions, as

doing so will make the probability of a facility

not sufficing for a substantial proportion of

bicycles too high. The statutory requirements

present a better framework. A two-wheeled

bicycle is allowed to be no more than 0.75 m

wide (with or without luggage). The maximum

width for a light moped (‘snorfiets’) is 1.00 m

(not including mirrors) and for moped (‘bromfi-

ets’) 1.10 m. The width of tricycles is allowed to

be no more than 1.50 m. No statutory require-

ments have been set in terms of bicycle length,

though mopeds are not permitted to exceed

4.00 min length and 2.00 m in height.

When designing cycle facilities (including bicy-

cle parking facilities), the dimensions from table

3-1 can be adhered to. These are derived from

CROW publication 279 ‘Karakteristieken van

voertuigen en mensen’ (‘Characteristics of vehi-

cles and people’) [1]. They reveal that the length

Table 3-1. Characteristics of the of the design bicycle [1]

standard bicycle *)

length (m) 195

width (m) 0.64 **)

handlebar height (m) 123

Seat height (m) 0.90

number of axles 2

number of wheels 2

Wheel base (m) 111

Wheel diameter (m) 0.72

‘mass (kg) 20

*) The characteristics specified also apply to bicycles with pedal-assist.

4) The statutory maximum width (in the Netherlands) is 0.75 m

The only difference is that the mass of the latter varies from 25 to 30 kg.
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123m
0.90 m

195m ~ ~
|

Side view standard bicycle

Figure 3-1. Dimensions of the design bicycle

of the ‘design bicycle’ is 1.95 m; incidentally,

1.80 m serves well as a starting point in practice.

The length of children’s bicycles in particular

can vary considerably from the benchmark

vehicle.

The height of the standard bicycle is determined

by the position of the handlebars. As a rule,

these are between 1.00 and 1.20 m off the

ground. Apart from when bicycles are being

parked in two-storey bicycle parking facilities,

their height is usually not particularly relevant.

More important is the height of the bicycle

including its rider; on this, the reader is referred

to section 3.3, ‘Clearance’.

The dimensions presented in table 3-1 have

been based on the design bicycle. What this

means is that a small group of unusual bicycles

(such as bicycles with trailers, cargo bikes and

suchlike) have not been taken into considera-

tion. The designer should at all times ask himself

whether the design bicycle will suffice or

whether bicycles with anomalous characteris-

tics will need to be factored into the equation.

In this respect, routes to schools merit extra

attention, for instance. For the exact dimensions

of specific bicycles please see [1].
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3.2 (Design) speed, accelerating and

braking

Cyclists are always having to overcome two

forces, namely the rolling resistance and the air

resistance, as well as gravity when cycling up

slopes. Rolling resistance is predominantly

determined by the tyres and the road surface.

Air resistance is dependent on the form (stream-

lining) of the bicycle, including its rider, and the

wind speed and direction. The gravity compo-

nent will be discussed in more detail in section

3.5, ‘Inclines’.

When designing cycle facilities it is essential for

no convergence or direct contiguity of critical

design elements to arise. Inclines (both upward

and downward), sharp bends, poor road sur-

faces, wind-sensitive locations and lateral con-

flicts are examples in this regard. Where una-

voidable, such elements must be spread out as

much as possible.
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Resistance

Bicycles are propelled by their riders’ muscular

strength. Nevertheless, the power that a cyclist

can produce is limited. Any additional resistance

must be compensated by extra physical exer-

tion. If this extra physical exertion is not forth-

coming, then the consequence of this will be

decreased velocity. For that reason it is impor-

tant for potential energetic losses to be mini-

mized in a cycle-friendly design.

The primary factors causing energy loss are:

= friction caused by bearings and chain;

= rolling resistance, determined by tyre pressure

and tyre width as well as by the quality of the

road surface;

= air resistance, determined by the cyclist’s

velocity;

= headwind component, determined by

meteorological conditions;

= gradient.

To a significant extent, these factors collectively

determine the total energy loss experienced by

the cyclist (a tailwind will, of course, provide the

cyclist with some of the requisite energy).

If a bicycle is well maintained, then the friction

factor will only make up a fraction (1 to 1.5%) of

the total resistance. Naturally, the road designer

has no influence on this. However, the extent to

which the other factors play a role is (partly)

dependent on the road design. Meaning that

the road designer has considerable influence on

the effort cyclists will be required to make.

Figure 3-2 presents the resistances in relation to

velocity [2]. It will be self-evident that resistance

caused by gravity is only relevant where there

are differences in height. The energy consumed

when cycling up a slope is partly recovered

when cycling down a slope.

Rolling resistance and losses due to vibration

are primarily caused by the quality of the road

surface and any bumps in it. In the case of a

well-inflated tyre on an even road surface, the

rolling resistance will be 0.06 N/kg, whereas on

a poor road surface it could be many times this

From the scant literature in this field it can be

inferred that evenness and joints have an effect

and that skid resistance (i.e. how rough the sur-

face is) and texture have less effect on rolling

resistance. The latter two properties do matter

for the purposes of stability, and therefore for

cyclists’ safety.

Air resistance is chiefly dependent on velocity

and only starts to play a serious role at speeds in

excess of around 20 km/h. By contrast, a head-

wind (from straight ahead or diagonal) is already

a significant resistance factor at low velocities,

increasing as wind speed increases as well as in

proportion with the cyclist’s velocity. Unlike

yachtsmen, cyclists cannot benefit from cross-
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Figure 3-2. External power to be produced by cyclist for different resistance components [2]
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winds. Crosswinds produce friction for cyclists,

which is experienced as resistance, partly due to

the unfavourable aerodynamic form of bicycle

plus rider. In the case of significant turbulence,

e.g. between buildings, the variable wind

strength will cause additional inconvenience for

the cyclist because he will constantly find him-

self being slowed down and then have to accel-

erate again. The subjective perception of wind

also plays a role. A test in which a wind screen

was installed received negative feedback from

cyclists — despite a considerable reduction in

wind nuisance — because they could still feel

wind and perceived this in a negative light [3].

Options for the designer

Road designers and highway authorities can

influence cyclists’ energy loss to a significant

extent. The objective must be to minimize

unnecessary energy loss.

There are myriad ways of doing so. One impor-

tant point of departure must be to minimize the

number of times that cyclists are required to

stop. A single stop takes up as much energy as

cycling 75-100 metres (depending on speed).

For each stop, be this due to a red traffic light or

another traffic-related cause, the kinetic energy

built up by human effort is wasted. This subse-

quently has to be built up again during accelera-

tion by overcoming resistance due to friction

and mass inertia.

Speed

A pedalling rate of around 70 revolutions per

minute will produce a ‘normal’ cycling speed of

15-23 km/h, depending on the characteristics of

bicycle and cyclist as well as the prevailing con-

ditions. For the purposes of the Bicycle Bal-

ance [4] study a cruising speed of 18 km/h was

adopted. Sports cyclists achieving speeds of

30 km/h are acommon sight on cycle paths.

This is also the speed limit for mopeds on cycle/
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moped paths in built-up areas. Consequently, a

design speed of 30 km/h is recommended for

normal situations. One point for attention is

speed on inclines. Cyclists going down a slope

can reach speeds of around 35 km/h.

On cycle/moped paths outside of built-up areas,

a design speed of 40 km/h is recommended

(this is also the maximum speed for moped

users). In the case of a design with an exces-

sively low design speed (e.g. tight bends or

restricted view), it is possible that

cyclists come off the road or fail to notice

oncoming traffic on time.

The speed a cyclist will choose is dependent on

the duration of the stress, the resistance he has

to overcome and the reason for the journey.

Hence in a headwind on a commute he will

more readily accept a higher degree of stress

(people want to get to work on time) than he

would on a recreational trip.

Accelerating and braking

For acceleration from a state of inertia one may

assume a value of 0.8 to 1.2 m/s*. Deceleration

depends on a variety of factors, but one may

assume around 1.5 m/s? (comfortable) to

roughly 2.6 m/s? (emergency stop).

Design task

As stated earlier, propulsion by muscle power

means that energy losses should be kept toa

minimum in a cycle-friendly road design. Not all

energy losses occurring during cycling can be

influenced by the designer and highway author-

ity, but rolling resistance can be. After all, this is

largely determined by (the evenness of) the

road surface. In order to minimize energy losses,

preference is given to even, smooth surfacing,

such as asphalt or concrete.

Other significant measures that a designer can

take to prevent (unnecessary) energy loss for

cyclists include:

TM preventing or minimizing height differences;

= preventing unnecessary stops and starts;

= providing shelter from wind nuisance;

= anticipating possible katabatic winds.

3.3 Stability, deviation and clearance

(Two-wheeled) bicycles are unstable in the

absence of appropriate action on the part of the

rider. When standing still and at low speed, they

fall over. It is only once they reach a moderate

speed that they remain upright [5, 6]. The pre-

cise value depends on the construction, but for

anormal city bike is around 15 km/h. The rider

can keep the bicycle balanced by steering into

the direction of fall. In this way the points of

contact with the road will be under the centre of

gravity of the bicycle plus rider, ensuring the

combination remains upright.
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caused by lorries, gusts of wind (including as a

consequence of high buildings), bumps in the

road surface, slipperiness (ice, snow, wet leaves)

and compelled low speeds will interfere with

balance and increase the amount of room for

manoeuvre required.

As stated, a speed of around 15 km/h is neces-

sary to be able to cycle stably without excessive

effort. If the speed declines, then as a rule the

bicycle will become unstable, as a result of

which the swaying motion will increase. This

phenomenon occurs in such situations as

accelerating from a state of inertia, navigating

tight bends and cycling up slopes.

In the case of a velocity in excess of 15 km/h,

the rider will find it easy to maintain balance

with gentle steering movements. This equilib-

rium can be disturbed by external factors such

as wind and an uneven road surface. What this

means for the designer is that he will have to

endeavour to protect cyclists from freight traffic

passing them nearby, to shield them from gusts

of wind and to ensure an even road surface.
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One factor that ruins balance is slipperiness [7].

Slipperiness causes cyclists to fall because

steering in the direction of fall no longer works:

the wheels’ points of contact no longer return

to the centre of gravity when steering into the

skid. The cyclist loses grip. A sufficiently skid-re-

sistant road surface (and front and rear tyres

with sufficient tread) are a prerequisite for

cyclists’ stability.

Deviation

When seeking to maintain their balance, or con-

stantly correcting the (threat of) imbalance,

even those cyclists who pedal most vigorously

always have a gentle swaying motion. This phe-

nomenon is termed deviation. The swerving

that characterizes deviation depends not only

on velocity but also on age and experience,

physical capabilities, disturbances in the road

surface (such as potholes and transitions

between different road surfaces) and cross-

winds. Crosswinds mainly disturb cyclists’ bal-

ance when there are significant differences in

wind strength (e.g. when in the proximity of

large buildings). Slipstreams, too, caused by
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large vehicles driving right alongside cyclists,

can exacerbate cyclists’ swaying motion.

As far as the deviation is concerned, the

designer can take the user's characteristics into

consideration. At normal cycling speeds in nor-

mal conditions, the lateral deviation is around

0.20 m. Anomalous data may apply to specific

groups, however.

For example, young, inexperienced cyclists and

the elderly often have a greater difference in

steering than average, for a variety of reasons.

Additionally, in situations where cyclists are

forced to cycle more slowly than 15 km/h, more

free space is required to maintain balance. This

is the case at (for example) traffic lights, where

cyclists have to accelerate from a state of inertia,

and on upward inclines. In such situations, the

requisite lane width due to the deviation can be

as much as 0.80 m. A relatively large width is

also needed for stopping and dismounting

Although the sideways swerving during the devi-

ation is generally small and the requisite space

for this could in theory be ‘subtracted’ from the

clearance (vertical) 2500
min. 1000

250 (safety distance compared to

passing or overtaking cyclists)

; obstacle distance (inc. weave) compared to:
5 a - square edge lower than 50 mm

to t+ - square edge higher than 50 mm

700 - fixed objects (railings, bollards, lamp
posts, traffic signs, trees, etc.)

1000 ~ closed wall

Figure 3-3. Clearance for bicycle with rider (measurements in mm) [8]

vehicle path, this is undesirable in practice. After

all, following a narrow lane requires a great deal

of mental effort. In busy traffic this distracts from

the task of driving, thereby reducing attention to

other traffic. In the case of recreational cycling, a

great deal of effort expended to follow a narrow

lane will generally reduce the fun of cycling.

Clearance

Aside from the deviation, consideration must be

given to fear of obstacles. In the case of green

verges and low kerbs, a clearance of 0.25m

should be maintained, whereas in the case of

higher kerbs a clearance of 0.50 m should be

maintained. The combination of clearance and

the deviation produces a minimum carriageway

width of 0.75 m.
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The lane width of the deviation affects the clear-

ance: this is the space (width) that the designer

has to take into account in his designs. The

clearance is determined by the actual width

required for the cyclist plus rider and necessary

margins, particularly those for deviation and

fear of obstacles. These margins can overlap.

For instance, a sufficiently large clearance could

also cover the margin required due to deviation

— see figure 3-3.

Naturally the various margins for each situation

(road section, junction, incline) must be harmo-

nized. The designer should also take into con-

sideration the fact that the clearance in bends is

more than the clearance on straight sections,

particularly at higher speeds. Although research
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data is not available for this point, taking an extra

width of approximately 0.50 m into account in

bends is advisable, depending on velocity.

Due to the fact that cycling is not just about

getting from A to B but can also be a relaxing

and social activity, one general starting point for

a design is that cyclists must be able to ride two

abreast. Furthermore, froma road safety point

of view it holds that parents must be able to ride

alongside children. This has to be factored into

the equation when calculating space for cyclists.

3.4 Bends and view

Horizontal bends

Bends are necessary to connect road sections

with one another smoothly. The radius of a

curve affects the speed at which a cyclist can

ride in that location. The minimum radius of the

curve (the horizontal radius) will depend on the

nature of the cycle path.

The lower limit for curve radii is 5.00 m (see fig-

ure 3-4); in the case of smaller values the

cycling speed will fall below 12 km/h and the

cyclist will have to exert more effort to remain

upright. The higher the design speed, the bigger

the radius will have to be.

Research has revealed the connection between

radius and cycling velocity shown in figure 3-4.

Based on this figure it is possible to assert that:

= bicycle connections forming part of the basic

network ought to have a radius of > 10 m, fine-

tuned to a design speed of 20 km/h;

= cycle routes and main cycle routes ought to

have a radius of > 20 m, fine-tuned to a design

speed of 30 km/h.

Table 3-2. Route, design speed and radius

Route Design speed Minimum radius

Lower limit 12 km/h 5m

Basic network 20 km/h 10m

(Main) cycleroute — 30km/h 20m

ze 40= ra

2 30 - _—
Q stabilit

ba Si moderate | good

10 =

5 10 15 20 25

Figure 3-4. Relationship between radius and cycling speed [9]

curve radius (m)
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In the case of long, downward slopes, some

cyclists can achieve speeds of around 40 km/h.

Due to the fact that cyclists cycling at high

speed in bends are not in an upright position but

are slightly leaning into the curve, bends where

this situation could arise will need to offer

around 0.5 m extra width.

Cyclists’ sight distance

In order to be able to participate in traffic safely,

it is imperative first that the road alignment,

obstacles, other road users and other critical

elements are amply visible. Furthermore, it is

necessary for cyclists to be able to see these ele-

ments properly, even if they are riding at higher

speeds. Poor visibility and inadequate sight dis-

tance increase the probability of single-vehicle
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bicycle accidents and collisions [10,11]. For the

aspect ‘sight distance’ a distinction can be made

between sight distance in motion, stopping sight

distance and visibility splay.

Sight distance in motion

A cyclist must have an adequate view of the

road section, cycle path or junction in front of

him from a satisfactory distance in order to be

able to cycle safely and comfortably. For the

purposes of calculating a comfortable sight dis-

tance in motion, the distance covered in 8-10

seconds can be taken as a starting point; the

minimum required sight distance in motion is

the distance covered in 4-5 seconds.

Stopping sight distance

Secondly, consideration must be given to stop-

ping sight distance. This pertains to the distance

covered during a braking manoeuvre. This

manoeuvre encompasses the reaction time and

time for the subsequent action of braking. Ata

speed of 30 km/h the stopping sight distance is

40 m; at 20 km/h it is 21 m (assuming 2 s reac-
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tion time and deceleration of 1.5 m/s?). Stop-

ping sight distance is particularly important at

junctions. Based on the values in table 3-3, the

designer will be able to calculate how much

unobstructed view a cyclist will need to come

to a complete halt if a vehicle is approaching.

Table 3-3. Sight distance in motion and stopping sight

distance for cyclists

Main cycle network Basic structure

(design speed 30 km/h) (design speed 20 km/h)

Sight dis- 35-42m 22-30m

tance in

motion

(minimum)

Stopping 40m 21m

sight distance

(minimum)

Visibility splay

Visibility splay is important at junctions and

connections. In order to be able to cross a road

safely, cyclists have to have an adequate view of

the traffic on the road to be crossed.

They must also be in a position to estimate the

distance and speed of this traffic. The requisite

visibility splay is calculated from 1m away from

the edge of the main carriageway, i.e. from the

point at which the cyclist is positioned approxi-

mately. Visibility splay is determined by:

= the approach speed of the intersecting traffic;

= the time that the cyclist needs to cross safely;

= the recoil time (safety margin).

The time a cyclist needs to cross the road froma

state of inertia (second factor) will depend on

the distance to be crossed and the physical

attributes of the cyclist. The elderly and young

children require more time than cyclists in good

shape.

Table 3-4 presents a few guide values for visibil-

ity splay for the average cyclist. These assume

acceleration of no more than 0.8 m/s?, a reac-

tion time of around 1s and a maximum speed

during crossing of about 10 km/h (= 2.8 m/s).

Due to the fact that visibility splay relates to

cyclists wishing to cross the road from a state of

inertia (or near enough), the distance does not

depend on the function level of the bicycle con-

nection. The recoil time (third factor) depends

on the approach speed of the intersecting traf-

fic and varies from 1s at 30 km/h to 5 sat

80 km/h.

Table 3-4. Requisite visibility splay (m) for various crossing lengths and various approach speeds on the part of

intersecting car traffic (vg.)

Requisite visibility splay (m)

crossing length(m) crossing time (s) 30 km/h 50 km/h 70 km/h 80 km/h

40 42 45 100 180 205

5.0 45 45 105 185 210

60 49 50 110 190 220

7.0 5.1 50 115 200 225

8.0 535: 55 120 205 235
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Sight distances

In practice, the requisite sight distances are not

always achievable. Where this is the case, con-

sideration must be given in the design to com-

pensatory measures that will serve to reduce

the speed of the cyclist and/or intersecting traf-

fic. Putting additional warnings in place could

also form part of the solution.

3.5 Inclines

Upward inclines

Upward inclines require extra effort on the part

of the cyclist and for that reason, from the per-

spective of a cycle-friendly infrastructure, they

must be prevented to the fullest extent possible.

Obviously this is not always possible, however.

In the Netherlands, inclines are mostly artificial

and are associated with viaducts, bridges or

tunnels. In such cases there is a clear connec-

tion between the height to be overcome and

the gradient. The steeper the incline, the more

effort a cyclist will be required to produce in

order to overcome gravity. Over a short period

of time the human body is capable of more

exertion per unit of time than it is over a long

period of time. This means that if a slope is
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steep but short, the level difference can usually

be overcome, with a bit more effort but without

much trouble. If the extra exertion needs to be

kept up over a longer period of time, then the

same gradient will be much more tiring.

In addition to the level difference to be over-

come and the cyclist’s fitness, the wind is

another decisive factor when it comes to that

cyclist's comfort (or discomfort) riding up a

slope. It will be self-evident that cyclists will

have to work harder if there is a lot of wind nui-

sance. See figure 3-5 for the recommended

gradients in different wind conditions. This

pools data from three previously published sets

of guidelines.

Downward inclines

One point for attention in the case of downward

inclines is the speed of the descending cyclist,

with this potentially rising to 35 to 40 km/hon

longer inclines in particular. For that reason,

there must be ample clearance at the bottom.

There must be no junction, sharp bend or

obstacle right at the bottom of a slope. Hairpin

bends in the middle of a descending slope are

also risky. They can cause single-vehicle bicycle

accidents and, on bidirectional cycle paths,

accidents involving multiple bicycles [12].

Determining the gradient

In places where inclines are unavoidable, the

immediate question pertains to how steep they

may be from the perspective of bicycle traffic.

Nevertheless, setting an absolute upper limit or

establishing a single, ideal gradient is unrealistic

as many factors affect comfort (or perception

thereof) on a slope. For example, there are

many different types of cyclist, including in

terms of age, sex and physical and mental capa-

bilities. Furthermore, there are many types of

bicycle (city bike, racer, cargo bike, mountain
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bike, electric bike), with characteristics such as

weight, rolling resistance, gears and pedal-as-

sist functionality playing a role. Aside from user

and bicycle, the surroundings and conditions

also play a role; consider in this regard factors

such as temperature, wind, sight lines, safety

and atmosphere (green, urban, industrial). As

stated, the myriad variables make it difficult to

provide unequivocal rules for how steep a slope

should be.

Gradient :

It is, however, possible to make recommenda-

tions for steepness in combination with the

length of an incline, or the severity of the

slope [8]. The longer and steeper a slope, the

more trouble cyclists have with it. In this respect,

the average gradient has greater significance

than the length of the incline. The severity ofa

slope (S) experienced by a cyclist can be calcu-

lated as the square of the (average) gradient

times the length of the incline or, to put it

another way, the level difference squared

divided by the length: S = (H/L)? x L = H?/L.

Table 3-5 shows how this formula works out

based on a few sample variables. This reveals

that (for example):

= if the level difference is doubled and at the

same time the gradient is halved (cf. lines Land

3), then the severity remains the same. The

length of the incline will then be four times (22)

as long;

= if the level difference stays the same and the

gradient is doubled (cf. lines 2 and 3), then the

severity will also be doubled. The length of the

incline will then be halved.

Table 3-5. Examples of height, length, gradient and

severity of slopes

H(m) L(m) % S(m)

2500 31 8.0 0.200

5,00 20 2= 20100

50. +125 ~C*é<C«S 0.200

Recommendation

Given a level difference H, the factor severity

can be used to make a recommendation for the

length and the gradient of an incline. This will

result in target values pertaining to the average

cyclist, middle-aged, in normal conditions (situ-

ation involving average wind nuisance). In situa-

tions involving less wind nuisance (tunnels/

underpasses), steeper inclines can be chosen.

Conversely, in situations involving considerable

wind nuisance (bridges in open landscapes),

preference is given to inclines that are less steep.

It goes without saying that the latter can also be

chosen to boost comfort in the case of normal

or little wind nuisance. Figure 3-5 provides an

impression of the target values (the central line)

and the bandwidths.

Average gradient (%)
less wind nuisance/

4 Ta
target values in normal

3 conditions

more wind nuisance,

2 —more comfort

less comfort

1

0
0 i 2 8 4

Figure 3-5. Bandwidths for gradients [8]
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Height differential (m)

The following constitutes an explanatory note

to figure 3-5:

= Lower limit. Delimitation of the bandwidth

‘more wind nuisance / more comfort’ is based

on S$ = 0.0333, with a maximum of 6.67% and a

minimum of 1.25%. Even smaller gradients

would not be worthwhile, serving as a ‘false

flat’.

- Parget values. Starting point is S = 0.075 result-
ing in L = H2/S = H2/0.075. In this regard, a

maximum of 7.5% and a minimum of 1.75%

apply.

Upper limit. Delimitation of the bandwidth ‘less

wind nuisance / less comfort’ is based on $ =

0.200, with a maximum of 10.0%.

) : der to calculate the requisite length of an

pe. the level difference in centimetres can

ided by the average gradient in percent.
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If a less comfortable gradient is chosen, then

this could mean certain users being excluded.

Consider in this regard such groups as the

elderly, children, parents with child and/or

shopping. It could force them to dismount or

choose a different route.

Course of the incline

Aside from the average gradient, the course of

the incline plays a role. Hence an upward slope

might be a little steeper at the start than it is fur-

ther up. The idea here is that the speed of a

cyclist's approach will enable him to proceed up

the first part of the slope faster due to momen-

tum (‘free height’). A descending gradient will

ensure a constant cycling speed and effort

overall.

Where level differences of in excess of 5m have

to be traversed, then the recommendation is to
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Wind nuisance

Wind can be a disruptive factor on flat ground

and particularly on upward inclines. Extra

measures to limit this effect could be neces-

sary. It is not without reason that the Nether-

lands has had wind screens consisting of

trees since time immemorial. In relation to

bicycle traffic, one point requiring considera-

tion at all times will be whether the costs of a

customized wind screen can be justified com-

pared to the benefit conferred on users. Cur-

rent projects show that wind screens provide

indisputable protection, though also, or espe-

cially, that wind is a tricky topic to understand.

Although there is often a clear prevailing wind

direction, it is far from being the case that the

wind is always blowing from that direction

only. Furthermore, it turns out that theoretical

benefits differ somewhat to the benefits per-

ceived by the user. This is partly due to the

fact that a lot of people think that a semi-

open structure does not work, even though

research shows that such structures do

indeed minimize disruption to the (cycle) cli-

mate. Moreover, cyclists are also inconven-

ienced by crosswinds (drifting) and particu-

larly from variable wind (gusts), which have an

adverse effect on their stability.

interrupt the incline with a plateau around 25m

in length. Such an interruption should be con-

sidered from level differences as low as around

3m. This will enable the cyclist to catch his

breath and build up speed again.

3.6 Patterns in bicycle use

Bicycle use varies over the days of the week and

hours of the day. Figure 3-6 provides insight

into the variations in volume of traffic. Friday

turns out to be the least busy working day. Far

less cycling is done on weekend days than on

working days.

The most reliable method of ascertaining

cycling intensities is to count over a number of

24-hour periods. This approach is expressly rec-

ommended in order to acquire a full under-

standing of bicycle traffic on busy routes. In

18%

16%

14%

12%

10%

8%

6%

4%

2%

0%

Ss VY SS
wyS & &

WS OS we
x 3 g é
s c SF

Figure 3-6. Weekly pattern of intensities of bicycle traffic within the built environment
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3.7 Fellow users of cycle facilities

Apart from ‘normal’ cyclists, other types of

cyclist and road users can be reliant upon cycle

facilities for the purposes of their journey. Some

brief details of the main groups are provided

below.

Cargo bikes and bicycle trailers

In principle, the same rules apply to cargo bikes

e to other bicycles. What is different, however,

is the stipulation that users of bicycles with ,
More than two wheels (including cargo bikes)

and bicycles with trailers which, including load

Breed 0.75 m in width are allowed to use the ,
Carriageway; the same thing applies in situa-

tions where a mandatory cycle path is present.
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Skateboards, rollerblades, roller skates, scooters

and go-carts

The Dutch Road Traffic and Traffic Signals Regu-

lations 1990 (RVV) stipulates that people travel-

ling with the aid of objects that are not vehicles

are to use cycle paths, cycle/moped paths,

pavements or footpaths. They are to use the

carriageway where the aforementioned facili-

ties are lacking. Skaters and similar road users

are therefore entitled to choose whether they

will use footpaths or cycle paths (if both are

present). Where there is no pavement or foot-

path, skaters will have to use cycle paths or

cycle/moped paths. Skaters coming from the

right do not have right of way over drivers com-

ing from the left. If, in structural terms, a lot of

skaters are using a cycle path and it turns out

that there are regular conflicts between cyclists

and skaters, then the recommendation would

be to widen the cycle path, thereby reducing

the chances of them getting in each other's way.

The group skaters is taken to include rollerblad-

ers, roller skaters and people with a scooter,

go-cart or skateboard.
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Light mopeds

As far as their place on the road is concerned,

light mopeds (v,,,, = 25 km/h) are ona par with

cyclists. The provisions of the RVV 1990 per-

taining to bicycles and cyclists also apply to

light mopeds and their riders. Nevertheless, the

advisory cycle path is off limits to light mopeds

with a combustion engine that is in operation.

What this means is that electric light mopeds

are entitled to use advisory cycle paths. The

same goes for situations in which underplates

feature the bicycle symbol (e.g. in partial one-

way traffic and in pedestrianized areas where

bicycles are permitted), i.e. only electric light

mopeds are permitted there.
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rules regarding motor vehicles and drivers and

passengers of motor vehicles apply in part to

motorized quadricycles and drivers and passen-

gers of motorized quadricycles. This means that,

in contrast to riders of ‘normal’ mopeds, drivers

of motorized quadricycles are required to

adhere to the rules set for drivers of passenger

cars in the RVV 1990. In other words: motorized

quadricycles use the carriageway (and not the

cycle path or cycle/moped path) and are not

allowed to park on cycle paths or pave-

ments [14, 15].

Cars for wheelchair users/mobility scooter

Pursuant to Article 7 of the RVV 1990, drivers of

these vehicles are entirely free to choose where

to drive. They are allowed to use pavements,

footpaths, cycle paths, cycle/moped paths or

roads. However, if the road has a cycle lane,

then they must use it.

Horse riders

Horse riders are considered drivers within the

meaning of the RVV 1990. Their place on the

road is the bridle path. If there is no bridle path,

then they are to use verges or the road. In view

of the fact that the carriageway is defined as ‘any

section of roadway intended for moving vehicles

with the exception of cycle paths and cycle/

moped paths’, they are not entitled to use cycle

paths. In practice, however, riders do tend to use

cycle paths frequently. In situations where this is

occurring a lot (e.g. within the vicinity of a riding

school), the recommendation would be to cre-

ate a bridle path. After all, riders and their horses

are potential hazards and causes of discomfort

to riders and vice versa, with a lot of horses

reacting unpredictably to cyclists.
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Design of the cycle network

4.1 The basis of any design

The most abstract and at the same time most

essential activity entailed in the design of cycle-

friendly infrastructure is developing a cycle net-

work. The cycle network is an important policy

tool. After all, to a significant extent its quality

determines the quality of an area’s ‘cycle cli-

mate’. Moreover, it holds that a proper design

for a junction or road section can only be pro-

duced once the designer is aware of the func-

Figure 4-1. Example of a cycle network

tion of the relevant junction or road section

within the overall cycle network and within the

structure of the other modalities. In that sense,

the network constitutes the basis of any design.

It goes without saying that a network is more

than an aggregate of lines on a map. Coherent

policy should also have been formulated, speci-

fying what is meant by ‘cycle network’ status

and what requirements in terms of quality are

related to this.
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Avariety of reasons for updating the existing

cycle network are possible, e.g. new cycle pol-

icy, new policy for traffic in general, new urban

planning projects (such as anew connection or

district) or restructuring of existing areas. Even

bicycle innovation could be a reason, if this

means that this mode of transport is used differ-

ently and that the new use has to be supported

by a suitable network. Naturally, complaints and

cues from the population could lead to scrutiny

of the cycle network.

In numerous towns and cities cycle networks

have ensured that the cycle infrastructure has

been brought up to the desired level of quality

step by step over the decades. An increasingly

comprehensive network of good cycle routes is

an important reason for the growth in bicycle

traffic.

4.2 Levels in quality

The power of the bicycle lies in its flexibility,

speed and convenience. These benefits can

only be made the most of if as many roads,

streets and paths as possible are suitable for
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bicycles. It is advisable to distinguish between

various levels of quality. Higher levels entail

higher standards in terms of quality due to the

greater importance of the function within the

network. In that regard, a parallel can be drawn

with the categorization of roads for motorized

traffic. There too a distinction is made, based on

network quality, between three functions, with

the degree of quality of traffic flow having to be

higher the higher the function is.

Within the compass of the present Design Man-

ual, the following three levels are distinguished

for cycle infrastructure:

= Basic structure

In built-up areas this pertains to the residential

connections at neighbourhood level, broadly

corresponding in practice to each path and

each street usable by cyclists; outside of

built-up areas it relates to the network of

roads and paths that ensure rural areas are

connected. Cyclists must be offered the basic

quality on these routes.

m Main cycle network

In built-up areas this pertains to the connec-

tions at district level which ensure that all dis-

tricts and neighbourhoods and important

functions are connected (‘distributor paths’);

outside of built-up areas it relates to the con-

nections between centres, villages, towns and

important functions. These routes must offer

cyclists maximum quality and (in busy loca-

tions and on busy stretches) the calculations

need to factor in a high volume of cyclists.

= Bicycle highways

These are regional main cycle routes with a

high-quality finish to enable efficient, com-

fortable cycling for those cyclists covering

longer distances (up to around 30 km) at a fast

pace. In effect, motorways for cyclists. Bicycle

highways are intended to help travel by bicy-

cle compete with travel by car in terms of

journey time. In that respect they are built on

relevant stretches and do not necessarily need

to form a coherent network.
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Collectively, these three levels constitute the

overall cycle network. The lower-ranking sub-

networks function as ramifications of the high-

er-ranking networks. It is not the case that each

level in and of itself is required to form a defini-

tive or coherent network. Practical experience

shows that the basic structure is primarily about

the physical presence of connections, by way of

regular streets and paths. These residential con-

nections constitute a kind of cross-beam. Opti-

mization of this basic structure consists in

improving and building shortcuts and surfacing

tracks in the grass and suchlike - in short, imple-

menting measures that are tricky to plan.

4.3. Requirements for the main cycle

network
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4.3.1. Cohesion

Cohesion is the most elementary requirement

for amain cycle network. It means that all

branches are (readily) accessible by means of

proper interconnection. This applies not only to

road sections in the cycle network but also to

significant destinations, such as public transport

stations.

Cohesion and grid size

Anetwork's cohesion is largely determined by

the combination of grid size and interconnec-

tion. The grid size is the distance between

(more or less) parallel connections in a network.

The extent of interconnection is determined by

the number of interchange points (junctions)

between the network's branches.

The greater the grid size and smaller the inter-

connection, the lower the cohesion. On the

other hand, it would be impracticable (and

undesirable) to create a very small grid size and

a plethora of nodes. After all, cyclists would

have to pass junctions constantly. Consequently,

it is advisable to find an optimum scale in terms

of grid size and interconnection for the main

cycle network.

The secret of a good main cycle network is to

ensure it facilitates a high volume of cycle route

kilometres using a limited number of connec-

tions and nodes. If around 70% of the cycle

route kilometres can be covered through the

main cycle network, it may be inferred from this

that the network is fulfilling transport needs.

Targeted investment in the main cycle network

is desirable to enable a high standard of quality

to be offered in this regard. Thus ensuring that

the attractiveness is maintained for cyclists

(including new cyclists).

A simplified indicator for the extent of cohesion

within the built environment is the grid size of
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the main cycle network. A grid size of 300-

500 mis usually assumed within built-up areas.

Outside of built-up areas the cycle network has

to primarily ensure the most important bicycle

connections between regional centres, schools,

industrial estates and public transport stops. In

practice, this often boils down to a grid size of

1,000-1,500 m.

Cohesion with networks of other modalities

In addition to the internal cohesion of a cycle

network, cohesion with the networks for car,

public transport and pedestrians also plays a

role. With regard to the car network, it is impor-

tant for park-and-ride facilities and car pool

sites to be accessible by bicycle.

Harmonization with the public transport net-

work (railway stations, transfer points and bus

stops) is relevant as the bicycle fulfils an impor-

tant role as a preliminary means of transport for

the purposes of (main) journeys by public trans-

port. For example, 40% of rail passengers inthe

Netherlands get to the station by bicycle.

Whether or not the main cycle routes pass

through the same streets as the main routes for

car and public transport is something that

depends on the location and calls for careful

consideration. There are potential benefits of

having main routes for different modalities

coincide, such as cyclists sharing the priority

afforded to public transport at traffic lights;

there are potential disadvantages too, however,

such as lack of space, reduced road safety,

exposure to emissions and nuisance.

Proper harmonization with the pedestrian net-

work is particularly applicable to urban centres

and pedestrianized zones. Cyclists must be able

to approach these areas where they are at their

least dense and preferably be able to use them

(see also 5.6.3). Incidentally, main connections

of the cycle network will only be sited in pedes-

trianized areas if there is specific space for

cyclists here, thereby keeping the extent of con-

flict with pedestrians to a minimum.

4.3.2 Directness

Two components are important for the require-

ment directness, namely directness in terms of

distance and directness in terms of time. In prin-

ciple, due to the fact that the cyclist is ‘his own

engine’, his preference will be the shortest route.

In urban areas in particular, however, many

cyclists will be considering journey time as well.

Routes with right of way and without traffic

lights will generally be quicker.

Incidentally, journey time is a relative term. If the

cyclist is able to have routes that are as direct as

possible and the car driver has to take a detour,

then travelling by bicycle will be quicker than

Chapter 4 - Design of the cycle network

travelling by car, thereby often rendering it the

most attractive mode of transport. Direct routes

for cyclists, with car traffic having to take the

long route, are achievable by:

= using traffic bollards (enabling cyclists to pass

a barrier but not cars);

= creating a one-way traffic situation for cars;

= creating passages and bridges for exclusively

slow-moving traffic.

Furthermore, giving priority to cyclists within

the compass of a traffic light control system can

bolster the competitive position of the bicycle.

The stated forms of directness can be applied

not only to individual journeys but also to a

complete network. In such a case, the average

detour factor (see box), the average time lost

and the average journey time ratio of bicycle

versus Car are calculated.
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Directness in terms of distance

In principle, a detour factor pertains to a specific

link (route). Directness in terms of distance is

primarily relevant in the capacity of network

size, i.e. the extent to which a network (taken to

mean an aggregate of routes and connections)

makes it possible to take as direct a route as

possible from origin to destination. A network

value can be obtained if the detour factor is cal-

culated for a large number of randomly selected

links (e.g. between the most important origins

and destinations in a network) and these values

are subsequently plotted against those links as

the crow flies. The ‘cloud of points’ thus

obtained will enable a regression line to be

drawn which can be regarded as a network

characteristic. Incidentally, the average detour

factor (calculated over all links) is also a charac-

teristic of the network's quality.

Directness in terms of time

Apart from being related to distance, directness

in terms of time is down to the extent to which

connections guarantee smooth flow of traffic.

Detour factor

The detour factor is the ratio between the

shortest distance along the road and the dis-

tance as the crow flies. The significance of the

detour factor is related to the distance of the

journey. In the case of along distance, a high

detour factor has greater severity than it would

in the case of a short distance, because then

the absolute detour distance would be consid-

erable.

For a perfectly rectangular pattern of streets

(‘Manhattan’), the average detour factor can be

calculated exactly, coming to 1.27 for every

distance. A well-designed main cycle network,

however, must offer more direct connections,

therefore having to score better (i.e. lower)

than 1.27. Perfectly rectangular road networks

(grids) are a rare occurrence in the Netherlands.

Consequently, to ensure a well-designed main

cycle network in the built environment a target

value of 1.2 must be used for the average

detour factor across the network. For kilo-

metres beyond the main cycle network the

average detour factor is allowed to be 1.3 to 1.4.

In the case of a well-used main cycle network

this will produce an overall detour factor of at

most 1.26.

In practice, the average detour factor turns out

to dip with the distance as the crow flies. For

that reason, the recommendation is to adjust

the specified standard for journeys within

built-up areas with a distance as the crow flies

of 1km or more (assuming a grid size of 500 m

and network usage of 70%). Such a standard is

ambitious, but proves to be feasible in prac-

tice [1].

Outside of built-up areas the average detour

factor is markedly dependent on the type of

landscape. In the case of sandy soils, for

instance, where a lot of direct connections are

possible, a detour factor of 1.2 turns out to be

possible. This figure is considerably higher in

polder landscapes, this being due to the many

watercourses, far from all of which can be

bridged. At a distance of 2-10 km, such detour

factors prove to be no longer dependent on

the distance as the crow flies. In more chal-

lenging surroundings, such as old polder land-

scapes, a guideline value of 1.25 can be

adhered to for the main cycle network's detour

factor [1].
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It is important for cyclists at route level to be

able to pass through with as little disruption as

possible (or with minimal waiting time). What is

known is that the lion's share (85%) of time lost

by a cyclist in a built-up area is caused by traffic

lights. Reducing the number of traffic lights (or

poorly set traffic lights) and improving right of

way are measures to bolster directness in time

At uncontrolled junctions where cyclists have to

give way to passing motorized traffic, the wait-

ing time can be driven down considerably by

installing a refuge island.

4.3.3 Safety

Safety can be described as the absence of phys-

ical or psychological danger or the threat

thereof. In relation to cycle traffic it pertains to

the following aspects: road safety, personal

safety and (traffic) health. Personal safety will be

discussed under the main requirement ‘Attrac-

tiveness’ (see 4.3.5).

Road safety

The following requirements apply at network

level as far as road safety for cyclists is con-

cerned:

= Avoiding conflicts with intersecting traffic

Every encounter with an intersecting traffic

flow is a potential conflict. The risk entailed in

those encounters depends on the volume, the

velocity and the mass of the intersecting traffic,

as well as the complexity of the junction.

When defining the main cycle network, efforts

must be made to minimize the adverse effects

of this aggregate of factors. When defining

routes for the network, preference will be

given to routes with as few junctions as possi-

ble that feature car traffic; junctions with

heavy, high-speed traffic flows are to be

avoided to the fullest extent possible. Inciden-

tally, it is safer on balance to cross a busy junc-
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tion once than it is to cross a quiet one twice if

in that regard the total volume of car traffic

being crossed is the same. The converse is

also true: it is safer to increase the volume of

bicycle traffic than to split it up. Both insights

are the consequence of the universal law of

safety in numbers [2].

Segregating vehicle types

Cyclists and motor vehicles have different fea-

tures and characteristics. The greater the dif-

ferences in speeds, the more benefit there is

from segregating cyclists from motor vehicles

and enabling them to use separate or inde-

pendent cycle facilities. Given that most colli-

sions occur at junctions, the segregation of

vehicle types is not a measure that should be

restricted to road sections.

Reducing speed at points of conflict

In places where the cycle network intersects

with networks of other types of traffic, speed

differences between these are minimized. The

speed of the slowest mode of transport (usu-

ally the bicycles) is taken as the point of depar-

ture in this respect.

Ensuring recognizable road categories

Recognizability is chiefly of importance in

connection with the use of specific facilities. In

that regard, it is a requirement that pertains

more to road sections and junctions than it

does to networks. All facilities should be

recognizable as such to all road users. Conti-

nuity of solutions, particularly on distributor

roads, is anetwork property, however.

Ensuring uniform traffic situations

At network level, uniformity in traffic situations

can primarily be fostered by using characteris-

tic solutions for each road type. In principle,

then, cyclists do have right of way when riding

on roundabouts in built-up areas and do not

have right of way when riding on roundabouts

outside of built-up areas.
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Disentwining bolsters health and safety

It is often desirable to allow different modal-

ities to converge. Nevertheless, it can be

desirable between junctions to actually dis-

entwine the infrastructure for different

modalities. Not every route is equally impor-

tant for each modality. Each modality sets

different requirements of its environment.

Disentwining can enhance road safety and

limit exposure to exhaust fumes and noise

nuisance. Incidentally, there are also routes

that are important for every modality. Con-

sider in this regard (for example) paths that

are the only ones in the wider area to over-

come a barrier (water, railway line, motor-

way) by such means as bridges, viaducts,

tunnels with approach ramps and exit ramps.

It is often difficult to disentwine infrastruc-

ture for different modalities on such paths.

(Traffic) health

The following requirements apply at network

level as far as (traffic) health for cyclists is con-

cerned:

= Ensuring minimal pollution due to emissions

and noise

This means minimizing the extent to which

cycle routes are sited alongside busy roads,

siting segregated cycle paths some distance

from car traffic, keeping traffic with combus-

tion engines away from bicycle connections

and creating stacking spaces for bicycles in

front of waiting motorized traffic.

= Ensuring minimal physiological stress

This entails avoiding steep slopes on cycle routes

(for example). Another factor to be avoided is

protracted medium-intensity or high-intensity

vibration (e.g. due to block paving).

= Ensuring minimal stress level

What this means in particular is that segregated

cycle paths are available alongside busy roads.
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4.3.4 Comfort

Aside from the requirements in terms of cohe-

sion, directness and safety, a network must also

satisfy the requirements of comfort and attrac-

tiveness. Although these requirements are

sometimes regarded as less important, percep-

tion and convenience cannot be underesti-

mated. Cyclists also wish to enjoy cycling. All

the more so in the case of recreational cyclists,

as well as ‘new’ cyclists, such as commuters

who previously travelled by car.

Comfort at network level pertains to the degree

to which the aggregate of connections can be

used comfortably by the cyclist. In this regard,

minimal nuisance, being easy to find and being

comprehensible are three important elements.

However, having an even road surface that is

enjoyable to ride on and limiting the amount of

turning off are factors that will bolster comfort.

The following requirements apply at network

level as far as comfort for cyclists is concerned:

= Avoiding traffic nuisance

Avoiding traffic nuisance (insufficient space,

excessive noise) is an important condition for

comfortable use of the infrastructure. The

health aspect comes into play here too: emis-

sions caused by motorized vehicles can lead

to health problems, in both the short and long

terms. Consequently, when constructing a

cycle network, combining bicycle connec-

tions with busy flows of motorized traffic (lon-

gitudinally, transversely) must be avoided as

muchas possible.

= Avoiding or limiting stops

Each and every stop causes discomfort. The

energy required to build up momentum after

each stop is comparable to cycling 75-100 m

(depending on velocity). Limiting the number

of stops will therefore enhance comfort. The

number of stops is not the same criterion as

time lost by waiting (see directness). It is pref-

erable to have one stop with a longer waiting

time than two stops with half that waiting time,

for reasons of comfort (braking and accelerat-

ing one time fewer).

= Optimizing wayfinding

Cyclists need to be able to find their way

around.

At network level it is relevant for cities, towns,

villages, districts, facilities and amenities to be

included in a system of signage (including for

cyclists). Through routes with (for example) a

staggered junction can be made easy to find

by means of continuous paving and markings.

Alternative routes can also be indicated.

= Comprehensibility

It is imperative that a network be comprehen-

sible to its users. The use of ‘natural’ landmarks

helps in this respect.
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It used to be that routes would run between

villages from church steeple to steeple. In that

regard, the steeple constituted a natural sign-

post. Landmarks in a network enable the

cyclist to form a mental map of the surround-

ing area, bolstering the network's comfort (as

well as its attractiveness). Taking the other

main requirements into consideration, a

designer can endeavour to plot a route in such

a way that it passes recognizable, striking and

attractive urban design and landscape ele-

ments.
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periness caused by fallen leaves and winter

precipitation must be prevented, or otherwise

remedied as swiftly as possible, particularly on

main cycle routes. The road alignment and

any edging alongside the surfacing must be

readily visible.

= Limiting the amount of turning off

Turning off at junctions inevitably results in

braking and accelerating and therefore to dis-

comfort. Hence a network in which cyclists

can predominantly keep cycling straight on

over junctions and do not have to keep turning

off to reach their destination is a more com-

fortable one.

4.3.5 Attractiveness

What makes a cycle climate attractive is subjec-

tive. In general, however, it holds that personal

safety and an attractive environment are funda-

mental factors contributing to making cycling

enjoyable. At network level this means that utili-

tarian connections pass through lively areas, in

a varied environment, with a well-maintained

public space, and that the connections are lit as

much as possible. To an extent, other require-

ments apply for the purposes of recreational

connections - to this end please see section 4.6.

Personal safety

For a sense of personal safety it is important for

bicycle connections to ensure sufficient visibil-

ity of the surrounding area and of fellow road

users. ‘Tight corners’, shrubbery right alongside

the route and inadequate sight distance through

tunnels are undesirable. Eye contact with fellow

road users and the presence of homes can con-

tribute to personal safety. Furthermore, bicycle

connections must be adequately lit. Where it is

not feasible to have the most direct route (in the

evening and at night) satisfy all stated require-

ments, an alternative route should be available

which is conducive to users’ personal safety.
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4.4 Establishing main cycle network

The main cycle network encompasses the con-

nections that are desirable from the perspective

of functional considerations. This pertains to

reasons for travelling such as home, work, edu-

cation, shopping and socially or culturally moti-

vated visits. For the purposes of putting

together a main cycle network, the so-called

adapted grid method can be used. This entails

looking at the most important cycle links. Three

steps can be distinguished in this regard,

namely:

= charting the most important areas in terms of

cyclists’ origins and destinations and the links

between these (step 1);

= converting desire lines into routes (step 2);

= confronting the routes with the infrastructure

for other modes of transport (step 3).

44.1 Determining origin and destinations

and links

The first thing done during this step is to chart

the most important origins and destinations.

The size of the study area plays a decisive role in

this regard. At provincial level, ahub can be

regarded as a single origin, whereas for the net-

work within that hub neighbourhoods and dis-

tricts are considered to be separate origins.

Origin areas are usually connected residential

areas, railway stations and parking facilities with

a function for incoming commuters (who will be

continuing their journey by bicycle), locations

where regional routes enter the area and (major)

camping sites. The level of scale for which the

cycle network is being prepared is central when

it comes to the question of whether or nota

certain origin or destination is to be included.

Destinations are all those functions, buildings,

activities and facilities that attract (lots of)

cyclists, such as:

= shopping areas and town and city (or district)

centres;

= buildings (including government buildings)

with an important public function;

= schools and universities;

TM sports facilities: swimming pools, sports

grounds, recreational areas and activity centres;

= focal points for jobs, e.g. larger companies or

industrial estates;

= important public transport hubs (stations for

trains, bus, tram, underground);

= points of connection with the surrounding

regional or provincial cycle network and the

recreational cycle network;

= activities that are not of an everyday nature,

but that are capable of attracting a lot of

cyclists, such as market, theatre, cinema,

church, event, catering establishments, night-

life areas.
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Special attention must be given to the edges of

the sphere of activity being considered. Net-

work links to connections outside of the sphere

of activity should be marked as a destination on

the edge of the network.

Usually there will already be a cycle network

there. In such cases, it is important to check

whether any major changes have occurred in

terms of residence, employment, education or

recreation since the most recent cycle plan was

drawn up. It is also important to establish

whether such developments can be expected

within the next five to ten years. If this is the

case, then the new origins and destinations will

have to be added to the cycle network; if sub-

stantial (future) changes are not anticipated,

then step 1 from the step plan can be skipped.

Once origins and destinations have been ascer-

tained at the right level of scale, the links

between them are established. Desire lines are

used to indicate the (ideal) links between origins

and destinations. Desire lines constitute an

abstract representation of the journey pattern,

without taking spatial structure or the available

network into account. Due to the multiplicity of

links (primarily in an urban environment) it is

possible to combine desire lines adjacent to one

another (see figure 4-2).

For a large city the desire lines can first be set at

the macro level (entire city), with the centre,

subcentres and destinations for the entire area

being interconnected. Next, this can be fleshed

out in more detail at the micro level (district/

neighbourhood). It is important to achieve good

interconnection between the different levels of

scale and the surrounding areas (e.g. neigh-

bouring municipalities).
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underpass

{we important residential area

Figure 4-2. Examples of desire lines between destinations

Within a cycle network it can be desirable to dis-

tinguish levels of quality, for such reasons as

making improvements to the cycle network

more targeted. This will give rise to a hierarchy

within the network. If this distinction is desirable,

then step Lis run through again to determine

what specific links are involved.

4.4.2 Transforming desire lines into routes

This step sees the links between origins and

destinations specified in the desire lines being

transformed into possible routes. In this respect,

maximum use is made of existing infrastructure.

Often several routes are possible between an

origin and a destination; in principle, the most

direct route will be given preference in such

cases. That shortest route will then be tested

against the set route criteria. If the route does

not satisfy these, but there are options in terms

of making improvements, then the route will be

included in the network and the process can

72 Design Manual for Bicycle Traffic

move on to the next step, which entails con-

frontation with the network of other modes of

transport.

If a route does not satisfy the criteria and there

are no options to improve the

route, then the next best route will be sought.

One criteria in this respect is that the distance of

the second choice is not permitted to be signifi-

cantly longer than the first choice.

Sometimes it is not possible to project a desired

line between an origin and a destination on an

existing connection in the network, or this will

only be possible by means of aconnection with

a high detour factor. In such cases, anew con-

nection will have to be considered for the rele-

vant link, particularly if it has a function fora

large group of cyclists.
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Figure 4-3. Relationship between the number of serious casualties in cyclists and the number of busy junctions

(within the built environment)

44.3 Confrontation with other modes of

transport

Once the routes have been determined and

interconnected, they are confronted with the

networks for other modes of transport. In par-

ticular, this pertains to the network of distributor

roads and flow roads for motorized traffic and

to the network of (connecting) public transport.

Criteria playing a role in the assessment of these

kinds of point of conflict include:

= the function (or intended function) of the con-

nections;

= the extent to which bottlenecks can be reme-

died, therefore achieving an improvement in

quality for the cycle network;

= the consequences of the decision to not

implement the desired facility or to do so ata

lesser standard of quality.

In practice, it turns out that relatively little atten-

tion is given to the confrontation between the
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cycle network and the networks for other modes

of transport. Nevertheless, to a significant extent

it is precisely this confrontation that determines

the cycle network's quality and safety, which is

why it must not be overlooked. On average, the

casualty risk for cyclists turns out to be consider-

ably higher in municipalities where cyclists are

riding along busy distributor roads more often,

and/or have to cross these more often, than they

are in municipalities where that is not the case.

Figure 4-3 shows that in cities with relatively few

junctions the casualty rates for cyclists are rela-

tively lower than in cities with a large number of

busy junctions [3]. Consequently, proper harmo-

nization between the networks for motorized

and bicycle traffic constitutes an important tool

for enhancing cyclists’ safety.

At network level, disentwining routes for bicycle

traffic and car traffic is a possibility. The situation

for bicycles can be optimized if there are major
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residential areas being built with a limited number

of arterial roads, preferably with a peripheral loca-

tion, with the cycle routes being fed through

those residential areas as far as possible. This can

be done with a diffuse network of distributor

roads for motorized traffic (and, therefore, large

residential areas) and with a dense, high-quality

cycle network that makes routes through residen-

tial areas more attractive. Such a structure entails

cars going more round the outside and cyclists

going more through the inside. Thereby reducing

cyclists’ exposure to fast-moving motorized traffic.

This limits both the quantity of exhaust fumes

being inhaled and the probability of serious acci-

dents involving cars and bicycles. In the ideal situ-

ation within built-up areas, there will be a dis-

entwined alternative for cyclists for any

connection in the car network, making the cycle

network twice as intricate as the car network [4, 5].

444 Doing away with (and preventing) barriers

When checking a network in terms of cohesion

and integration, it is also advisable to test it in

terms of severance.

Physical barriers

The number of physical barriers for cyclists has

been on the increase in recent years. This is

down to such factors as:

= the construction of ring roads around cities;

= the implementation of major infrastructural

works;

= the upgrading of distributor roads and regional

flow roads (reduction in the number of junc-

tions);

= doing away with ferry connections;

= erecting barriers at level crossings.

Barriers are also being removed, due to such fac-

tors as the construction of bridges, new ferry ser-

vices, new passageways and the restructuring of

industrial estates resulting in cycle routes being
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created. In the case of major infrastructural work,

itis always important to investigate whether cycle

and pedestrian connections will be jeopardized

as a result and whether there are any opportuni-

ties to ‘include’ cyclists in the work to be done.

Other barriers

In addition to physical barriers, there are visual

and psychological barriers. Examples include

industrial estates and motorways. In the case of

a motorway, the physical barrier is formed by

the embankment; the psychological barrier,

however, is many times bigger and consists of

the zone in which the road is perceived to bea

nuisance. In the case of motorways this could

be due to noise, which is readily audible from a

considerable distance, though also to ‘legibility’

of the environment and orientation being ren-

dered trickier for cyclists. Central areas and

pedestrianized zones can also present a barrier

to cyclists. For this particular form of barrier,

please see section 5.6.3.

Doing away with barriers

Within the design of the cycle network it is

advisable to take the various barriers men-

tioned into consideration. When testing the

networks, large barriers (arterial roads, railway

lines, waterways and canals, rivers and such-

like) are often taken as a given (and an immuta-

ble one at that), presumably because doing

away with them would require considerable

effort (and financial resources). Nevertheless, it

is certainly worthwhile looking at the specifics

of the matter. CROW publication 299 ‘Bar-

riérewerking van lijninfrastructuur’ (‘Severance

of Line Infrastructure’) [6] provides an assess-

ment framework for this with specific criteria.

Incidentally, doing away with barriers is not just

important for utilitarian networks; it can also be

important to remove barriers for recreational

routes, e.g. by means of tunnels. Such solutions

are not the exclusive preserve of utilitarian

facilities!

Measures

Various measures are possible to prevent barri-

ers being sited or to remove existing barriers. As
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aminimum, the following options must be con-

sidered.

= Restoring connections interrupted by the con-

struction of new infrastructure. The costs of

this should be included in the budget for the

new infrastructure project.

= Performing an integrated safety analysis prior

to erecting barriers at a level crossing. A safety

analysis must not be restricted to individual

level crossings (see also the fifth item in the

following list).

= Linking facilities for cyclists (and pedestrians)

to construction work for trains, cars or ship-

ping. Examples include ‘attaching’ bicycle

bridges to railway bridges, widening flood-

gates to enable a (cycle) path to be created

over the top, and creating new bicycle con-

nections under viaducts.

= Joint use of ecological connecting passages,

such as ecoducts and wildlife tunnels. The

defragmentation of the countryside by build-

ing wildlife corridors between nature reserves

also presents opportunities for bicycle traffic.

It is possible for ecoducts and wildlife pas-

sages to be used by cyclists as well. Joint use

is often possible without problems, because

the wildlife primarily passes through at night.

= Creating small-scale shortcuts and links for

cyclists and pedestrians.

= Creating simple cable ferries that people can

operate themselves.

It will not always be possible to prevent or do

away with barriers. In such cases, the problem

must be mitigated to the fullest extent possible.

To this end, the following measures are appro-

priate:

= Creating large residential areas. This will limit

the number of arterial roads, thereby minimiz-

ing the number of barriers to be crossed.

= Creating good crossing facilities (refuge island,

roundabout).
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= Creating grade-separated crossings (bridges,

tunnels) over or under line barriers (roads,

waterways, canals, railway lines and suchlike).

Please see chapter 6 for an elaboration.

= Opening up parallel roads and paths (existing

or to be constructed) along waterways, dikes

and railway lines to slow-moving traffic.

Although parallel facilities do not cross the rel-

evant barrier, this measure can sometimes

shorten the detour distance.

= Settling for partial barriers for motorized traffic

at a level crossing at which barriers are to be

erected. After all, casualties on level crossings

are mainly the occupants of motor vehicles.

The level crossing could be converted for

exclusive use by cyclists, pedestrians and rid-

ers. The same goes for bridges. This measure

is particularly cost-effective.

= Making pedestrianized areas accessible to

cyclists. A few shortcuts could suffice in this

regard.

= Making private land accessible to cyclists (and

any pedestrians and other slow-moving traffic).

4.5 Bicycle highways

4.5.1. Whatisa bicycle highway?

A bicycle highway is a regional main cycle route

with a high-quality finish geared towards facili-

tating journeys by bicycle over longer distances

(between 5 and around 30 kilometres). Bicycle

highways are of a higher standard of quality and

a different phenomenon to the through routes

and connecting routes in the regional network.

They can be built from scratch, but it is also pos-

sible to upgrade existing cycle routes to create

them.
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Bicycle highways were being experimented with

as early as the 1970s, e.g. in Tilburg and The

Hague. Whereas these bicycle highways were

primarily created in urban areas, current bicycle

highways are constructed between the most

important locations in a region (cities, hubs,

large facilities, places of work and suchlike).

Hence bicycle highways function at a regional

level of scale. They run ‘from gateway to gate-

way’ or into the city.

The approach to bicycle highways is different

and less sectoral than it used to be. When con-

structing new bicycle highways it turned out

that more is required than simply application of

the maximum quality guidelines. Lessons have

been learned in recent years with regard to both

more cyclists wanted:

extra width

use

FE as
distance ————_——__———_»

longer distances wanted: more speed, less delay,
lower probability of having to stop

Figure 4-4. The greater the use (or anticipated use) and

length of a bicycle highway, the higher the ambition

level in terms of quality required

the design and the process and communication.

A bicycle highway spanning a significant dis-

tance calls for extra ambition in terms of

(design) speed and delay prevention. A bicycle

highway that will (or potentially will) be heavily

used needs to be wider. Incidentally, the five

main requirements for cycle-friendly infrastruc-

ture (cohesion, directness, attractiveness, safety

and comfort) also form the basis of swift cycle

infrastructure (see figure 4-4).

4.5.2 Bicycle highways at network level

Bicycle highways function within a network, in

conjunction with both the existing cycle infra-

structure and other modes of transport. The

importance of a network approach for bicycles,

with government subsidies, has been demon-

strated in Delft. There, a cycle route plan was

developed in which the network perspective

was key. It emerged that a dense, cohesive net-

work of cycle facilities encourages bicycle use.

Basic structure

Figure 4-5. Pyramid of a functional, hierarchically struc-

tured cycle network
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Bicycle highways play a role in terms of various

aspects of a cycle network:

= as part of the overall cycle network;

= in conjunction with the origins and destina-

tions;

= in conjunction with public transport struc-

tures;

= in conjunction with car networks.

Bicycle highways as part of the cycle network

Network quality for bicycles must be in good

order. A bicycle highway functions within the

aggregate of an hierarchically structured cycle

network. The bicycle highway constitutes the

main artery in the aggregate of urban connec-

tions and in the dense system of other connec-

tions. A bicycle highway is the point of the pyra-

mid in a functional, hierarchically structured

cycle network (see figure 4-5).

As such, a bicycle highway should be recogniz-

able and fit logically into the system of other

bicycle connections. It is the main connection

in the network, the highest order within a func-

tional hierarchy. A bicycle highway does not

exist ina vacuum, but is properly linked up to

bicycle connections of a lower order.

Bicycle highways in conjunction with origins

and destinations

A bicycle highway not only fits in with the net-

work of other cycle links but also constitutes a

logical connection between significant origins

and destinations in an area. These could be

office parks, educational facilities, hospitals,

city/town centres and residential areas. In that

respect, a bicycle highway does not have to

open up all significant facilities directly, and can

do so indirectly instead.
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In practice, the bicycle hignway is not used in its

entirety for many journeys, but does constitute

a pleasant portion of the overall journey. In

many supralocal journeys (spanning longer dis-

tances) the bicycle highway ensures a consider-

able reduction in journey time and improved

attractiveness.

Bicycle highways and public transport

structures

When designing bicycle highways, it is advisable

to give as much consideration as possible to the

existing public transport structures. A bicycle

highway can enhance a railway station's catch-

ment area. Districts and hubs that are situated

further away will be put within cycling distance

of the station. This could be at the expense of

enabling public transport or smaller railway sta-

tions. Harmonization with station areas is

essential: after all, a station area is an important

origin/destination for many cyclists.

Bicycle highways and car networks

Bicycle highways and car networks present a

challenging combination. Bicycle highways

should preferably not be sited alongside main

routes for motorized traffic, due to air pollution

and noise pollution. Separating the networks for

bicycles and motorized traffic will also boost

road safety and the perception factor. One

important task is to disentwine the bicycle high-

ways. The bicycle street presents a good solu-

tion in this respect: look for low-traffic streets

for the cycle route and give bicycles primacy

there (see figure 4-6).

One requirement for a bicycle highway, how-

ever, is straightness of the route, and it is also

important to ensure it is recognizable and easy

to find. A winding route through a maze-like

neighbourhood will not provide the requisite

quality for a bicycle highway. One tried-and-
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Figure 4-6. Giving cyclists primacy in a low-traffic street

will enable motorized traffic and bicycle traffic to be

disentwined on an arterial road.

tested concept is to reserve a number of old

radians of the city for cyclists (and local motor-

ized traffic) by combining motorized traffic ata

limited number of local roads. The historic radi-

ans often follow the shortest route to the city

centre, are recognizable within the urban struc-

ture and have had functions on them for many

years that enhance cycle-friendliness (but that

often make it difficult to genuinely restrict

motorized traffic).

Disentwining and combining routes

Disentwining is not always a success. Further-

more, in some situations combining motorized

traffic and bicycle traffic adds value. This is the

case where the motorized traffic route is well lit,

for example. Thereby increasing cyclists’ per-

sonal safety. There is also a certain degree of

social control with slow-moving traffic in the

evening hours. Lending combined routes a

greater degree of personal safety during eve-

nings as well.

Outside of built-up areas there are opportuni-

ties to create bicycle highways that do not run

alongside motorways by combining them with

other linear infrastructure, such as railway lines

and canals. Disentwined bicycle connections

have also been created on former railway lines

or tramlines. An example of this is the

36 km-long Baronnenlijn between Apeldoorn

and Hattem. Further examples can be found in

such places as the Achterhoek and Langstraat

regions of the Netherlands, in the provinces of

Gelderland and North Brabant respectively.

4.5.3 Route selection bicycle highways

The route for a bicycle highway should connect

cyclists’ most significant origins and destinations

as directly as possible. Directness means mini-

mizing detours. Directness is determined by fac-

tors such as traffic flow speed, delay and detour

distance; they influence the cyclist's journey

time. The detour factor for a journey using a

bicycle highway should be smaller than 1.1.

The basic choice: one or more routes

A high-quality bicycle highway can be assumed

when projecting routes. When it comes to the

availability of parallel routes, a ladder structure

can also be utilized (see figure 4-7). Construct-

ing such a structure in the case of bicycle high-

ways enhances the possibilities for use of the

route. A ladder structure combines (for exam-

ple) a fast, attractive daytime route through a

quiet area with a fast, direct route or witha

route with attractive facilities. The ladder struc-
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Route

via Elst

Route via

Huissen

Bemmel

Figure 4-7. Ladder structure

ture thereby improves the robustness of the

system. If one of the routes is not available or

unsuitable at that juncture (too dark, too much

headwind), then there will be an alternative.

Route selection in outline

The route selection is important at a higher level

as well. The following considerations play a role

when selecting a route:

= how straight the route is;

= connection with regional destinations;

= estimated potential for use;

= feasibility of the organizational requirements

(can the bicycle highway have ‘universal right

of way’, for example?).
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For further information, please see CROW pub-

lication 340 ‘Inspiratieboek snelle fiets-

routes’ [7].

45.4 Mainrequirements fora bicycle highway

The same five main requirements are set for

bicycle highways as for the overall cycle net

work. However, the interpretation of them dif-

fers. The ambition to tempt people to cycle

longer distances will, in terms of some aspects,

result in a different, ‘stricter’ interpretation of

the requirements. This section examines the

application of the main requirements to bicycle

highways. Further information can be found in

the ‘Inspiratieboek snelle fietsroutes' [7].
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Cohesion

Bicycle highways form the backbone of the

regional cycle network. They are embedded

within the overall utilitarian and recreational

network and constitute the highest level therein.

Within a corridor between two cities, several

bicycle highways or supplementary routes wit a

higher value in terms of recreation or perception

can form a ladder structure of bicycle connections.

The bicycle highway can also play a role in

spatial integration. Hence it can:

= contribute to the qualify of life of a town or

city with surrounding area as a binding and

structuring element;

= improve the accessibility of (small) hubs and

facilities (at both city and town/recreational

level);

= improve the accessibility of green zones

between cities.

Bicycle highways thereby function at both a

utilitarian and a recreational level as city-coun-

try connections. They bolster the accessibility

of economic centres for all modalities (more

journeys by bicycle means fewer journeys by

car and less chance of a traffic jam).

Directness

The bicycle highway provides a direct connec-

tion between the primary origins and destina-

tions at regional scale. In addition, the bicycle

highway serves as many functions as possible

‘en route’, without losing its function as a

long-distance connection.

Attractiveness

The bicycle highway has been fitted into its

environment in an attractive way to ensure that

both its users and residents in the surrounding

areas experience the added value it presents

and perceive the route to be a positive thing.

Route selection, design and organization of the

cycle route ensure personal safety in all circum-

stances.

Safety

The bicycle highway offers cyclists the option of

travelling more or less unimpeded. The course

and design of the route must minimize conflicts

with other road users. Moreover, the route must

give rise to as few single conflicts as possible

(coming off the road, hitting obstacles, skid-

ding). To this end, the cycle route must provide

a sufficiently skid-resistant road surface with no

bumps. In addition, the cycle route must pres-

ent sufficient ride quality (i.e. in good condition)
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and be shielded from poor weather conditions.

Cyclists should experience as little nuisance as

possible from fellow users of the route (overtak-

ing, differences in speed, differences in width).

Alongside the route an obstacle-free zone must

ensure that it is sufficiently forgiving in the event

of cyclists coming off the surfacing. When

approaching junctions and bends there should

be an adequate view of oncoming traffic. This

particularly applies to intersecting traffic, which

in principle must always give way to the users of

the bicycle highway.

Comfort

Bicycle highways are sufficiently wide to enable

safe, smooth overtaking and they satisfy the

highest quality requirements in terms of even-

ness and skid resistance of the surfacing. There

is maximum traffic flow on road sections and at

junctions, ensuring that even fast cyclists do not

experience any delay.
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Table 4-1, Requirements for bicycle highways

Ambition (x) scale level of the requirement Minimum level

Cohesion Wayfinding / recognizability Recognizable as a cycle route (B): at least Recognizable as a cycle route
two continuously recognizable elements —_(or bicycle highway) (B)

Route is self-explanatory (B) Destination findable (B)

Provided with nationwide F numbering (B)

Consistency in terms of quality _ Clarity in terms of materials {B) and dimensions (B)

Freedom to choose route Minimum of two different fully fledged Agood, quick route

routes due to different surroundings (B)

Directness Traffic flow speed Design speed 30 km/h (A) Route speed: minimum 25 km/h ‘from
gateway to gateway’

Delay No delay (B)

Detour factor <11(B) <1.2(B)

Attractiveness Attractiveness, perception Surroundings made attractive: variety in terms of landscape and urban setting, greenery
and water, sight lines, landmarks, social environment, reasons to interrupt the journey,

information (B)

Route not presenting any nuisance to surrounding area (A)

Personal safety Allroute alternatives pleasant in all Aroute that ensures personal safety as

circumstances (B): a minimum (B)

lighting

distance to plants

social control

Safety Encounters with motorized Completely car-free (A) < 500 PCU/24-hour period (A)

traffic At speed > 30 km/h grade-separated (A)

At speed > 50 km/h grade-

separated (A)

‘Forgivingness’ of cycle path Separation directions of travel Sufficient width for overtaking and

Joining traffic and exiting passing vehicles approaching from

Obstacle-free opposite direction

Obstacle-free

Comfort Surfacing Asphalt or concrete (A) Even and skid-resistant (A)

Inclines 5 <0.333*) (A) 5 <0.750*) (A)

Opportunity to stop No stops (B) Max 0.4 stops/km (B)

Wind nuisance Measures in wind-sensitive places (A)
Hideaways (A)

Traffic nuisance No nuisance (noise, smell, air quality) from A low-traffic alternative as a

passing motorized traffic (A) minimum (B)

, a

Compensatory measures

Add route signs, signposting, route symbols

Extra spatial quality: greenery, lighting, street furniture, etc.

Indicate slower alternative route

Restrict lower speed to logical places, compensate elsewhere

Faster where possible, slower where necessary

Measures in VRI

Crossing in stages

Organized as bicycle street

Speed restriction, roundabouts

Extra width at junctions

Limit alternatives to logical places

Interruptions in long inclines

+) The S value can be applied as follows:

S=h’/lwhere

[= length of the incline in metres;

h=level difference in metres.
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Summary consequences of requirements

Table 4-1 summarizes what the aforementioned

requirements entail in concrete terms. For each

requirement the ambition level is outlined

(‘what would you want ideally?’); in addition to

this, the minimum level is presented along with

the accompanying compensatory measures. In

this regard, a distinction has been introduced

between road sections and junctions (A) and

route (B).

4.6 Recreational cycle network

4.6.1 Cycling as a form of recreation

Recreational cycling is a collective term fora

variety of forms of cycling. In this respect, a dis-

tinction can be made between touring bicycles

(setting out from home ona longer ride), racing

bikes (racing in a group or alone against the

clock) and mountain bikes or ATBs (sports

cycling over unpaved paths in particular). Where

the term recreational cyclist is used in this

Design Manual, this denotes those using touring

bicycles, unless otherwise specified.
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Research has been carried out into when tour-

ing riders cycle and for how long [8]. The figures

pertain to 2013.

= Half of all people in the Netherlands wentona

cycling trip for pleasure. Equating to in excess

of 8 million citizens.

= Citizens of the Netherlands wentona total of
497 million recreational cycling trips of one

hour or longer.

= The average cycling trip lasted 2.5 hours. 55%
of the recreational cycling trips lasted more

than 2 hours.

= The average distance covered ona recrea-

tional cycling trip was 20.6 kilometres. 53% of

the recreational cycling trips covered less than

20 kilometres.

= Weekend days are the most popular fora rec-

reational cycling trip, with 22% of the cycling

trips being done ona Sunday and 19%ona

Saturday.

= Inexcess of one quarter (26%) of cycling day

trips use nodal routes. That makes More than

51 million cycling day trips involving the use of

nodal routes.

= The longer the day trip, the more frequent

cyclists’ use of nodal routes is. In the case of
short trips, USE of nodes is relatively scant

(13%). In the case of day trips of between 20

and 50 km, this percentage rises to 34% and to

A1% in the case of day trips exceeding 50 kmin

length.

The recreational cyclist’s profile has also been

studied [9]:

= Around half (49%) of recreational day trip

cyclists are 55 years or older. In comparison

with their share inthe population of the Neth-

erlands (30%), this group is markedly overrep~

resented.

= 40% of the day trips are made by people
cycling with their partner. In 36% of the day

trips the cyclist is riding alone.
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= Amongst users of nodal routes for day trips,

there isa relatively high proportion of people

aged 55-64 (28%) and 65+ (31%).

= What is striking is thata relatively small propor-

tion of residents of the Netherlands from the

lowest social class (CD) engage in recreational

cycling day trips (45% compared to the nation-

wide figure of 50%), but that those WNO do

cycle tend to do so with a greater degree of

frequency that the average resident of the

Netherlands. Cyclists from this lowest social
class USE signposted routes relatively more

when on cycling day trips.

Sports cyclists

Whereas the average cyclist covers approxi-
mately 900 kma year, sports cyclists cover in

excess of 3,000 kmin that time. According to

the Dutch Tour cycling Union (NTFU). 6% of the

population aged 18* regularly do cycling as a

sport. In 2014 the union joined forces with Bike

MOTION Benelux and GfK to carry out research

into the scale of the sports cycling market in the

Netherlands {10}.

The research reveals that there are 815,000

sports cyclists in the Netherlands. This pertains

to people aged 18 years or over who state that

they take partin cycling races, mountain biking

or touring 12 times a year or more. Relatively

speaking, the province of North Holland has the

fewest sports cyclists and the province of North

Brabant has the most. 41% cycle 2,500 km or

more onan annual basis and, on average, sports
cyclists cover 3,157 kma year. Of the sports

cyclists, 77% are focused on cycling races, 43%

on mountain biking and 45% on other sports
cycling pursuits. The overlap (the total exceeds

100%) is due to the fact that a proportion of

cyclists practise multiple forms of cycling. Thus

21% do both cycling races and mountain biking.

There is some slight growth, corresponding to

the increase in the population and an increase

in participating in sports. Around 60% of sports

cyclists are primarily motivated by performance

and exertion, whilst the other 40% are more

interested in relaxation and the enjoyment

factor.

4.6.2 Typesof routes

There are lots of cycle routes registered in some

shape or form for which signposting may or

may not be possible (11. To start with, the Neth-

erlands has a clear cycle route structure of

national cycle routes (NC routes: 4,500 km) for

trips spanning several days, as well as regional

cycle route networks (node networks) for

cyclists on day trips. As at 2015, these networks
have a combined length of over 31,000 km.

National cycle routes

{ %
LF,

routes

In addition to this, there are countless cycling

tours of between 20 and 50 km, often based on

a theme (‘Heath Route’, ‘Sturdy Dikes Route’) 
or

ona certain activity (‘Tracks & Snacks, ‘Ferry-

go-round’). They can be identified by their hex-

agonal signs, for instance. The node system is

superseding a proportion of these cycling tours

step by step. Many themed routes, whether or

not these are based on nodes, are being pro-

moted on the Internet or in brochures.

Nodal routes

bx)

@2

Figure 4-8. Representation of the network of national cycle routes in the Netherlands (left) and of the many node networks
(2015)
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= nigh on 8,000 nodes (places where a cyclist

can choose where to continue his route);

= 1 nationwide responsibility for the system

vested in the Fietsplatform (the Dutch organi-

zation for recreational cycling);

= 1 nationwide reporting system: www.bord-

jeweg.nl;

1 digital origin (including route planner): www.

nederlandfietsland.nl.

Cyclists choose the shortest route from home

(through town or city) to get to outlying areas

[13]. This upholds the need to create direct

cycling connections from residential areas to

rural areas (shortcuts, farm paths, little bridges)

and to maintain such connections that are

already in existence. In that regard, the policy of

ProRail (national railways authority in the Neth-

erlands) to close small level crossings to all traf-

fic constitutes a serious threat to recreational

cyclists (as well as to the utilitarian cyclist using

these connections). It would be advisable to
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look more often and more pointedly at whether

such level crossings can be preserved for bicy-

cle traffic.

From home to recreational route

The majority of recreational cyclists vary their

outbound and inbound routes. Over three quar-

ters of them work out their route to rural areas

off the top of their heads. The most important

factors determining the route through the city

to rural areas are:

= the maintenance condition of the connec-

tions;

= the probability of delays on the route, with

traffic lights in particular playing a role;

= the road safety: segregated cycle paths and

quiet roads are preferred.

It is not always possible or appealing for resi-

dents of conurbations to get straight from their

own residential area to rural areas. If rural areas

cannot be reached within 5 km, then attractive

supplementary links in the cycle network will be

necessary. After all, it turns out that recreational

cyclists are not willing to travel more than

around 5 km asa ‘bridge’ to rural areas [14].

Intensive use of space in the Netherlands has

resulted in the outskirts of urban areas being

difficult to penetrate, particularly on the periph-

ery of cities and conurbations [15]. For example,

roads/motorways, railway connections and

waterways constitute an impediment to a close

relationship between city and rural areas. The

same goes for ‘grey areas’ such as industrial

estates. Large-scale infrastructure and diffuse

peripheral urban areas have made significant

encroachments upon areas used by those

engaging in walking or cycling for recreational

purposes. The problem of the disintegration of

recreational networks is a considerable one.

If the outskirts of urban areas are difficult to

penetrate, this can give residents the sense of

being trapped in the city. Thus infusing the liv-

ing environment with a degree of claustropho-

bia, to the detriment of the city’s quality of life.

Nevertheless, it is rare for those who wish to

take part in such recreational activities to take

action that would do away with a barrier. At

most, they grumble about lack of connections

in places where these could have been of a bet-

ter standard of quality.

In order to restore the relationship between city

and rural areas and dispel city dwellers feeling

of being ‘trapped’, opening up the outskirts of

cities is necessary. Heading out from home ora

place of work for a stroll or a recreational trip in

rural areas must be made more appealing. At

network level this means doing away with barri-

ers by connecting low-traffic roads and paths

within the city to the low-traffic network of

roads and paths in rural areas.
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4.6.3 Additional requirements for the

recreational network

The requirements set for infrastructure for rec-

reational cyclists do not differ significantly from

those set for utilitarian cycle infrastructure. Both

are used by both types of cyclist. However, what

is important is that the main requirements be

assessed differently. The publication ‘Zicht op

Nederland Fietsland' [16] presents five factors

that make the Netherlands a great cycling

nation. Based on these, the following condi-

tions can be postulated for a good recreational

cycle network:

TM surroundings: a cycling trip should be an

experience;

= accessibility: a wide range of paths and roads;

= product development: supplementary prod-

ucts (routes, signage and suchlike);

= supplementary facilities: catering establish-

ments and places to stay overnight;

= marketing: information (campaigns and

events) and promotion (publications, route

planners, signage for cyclists, GPS).

It turns out that what cyclists take to be most

important ona recreational cycling trip is a

quiet (traffic) environment. Furthermore, the

quality of the surroundings plays a significant

role. Translated into the main requirements,

therefore, attractiveness and comfort are of pri-

mary importance, along with road safety of

course. In this respect, the routes for recrea-

tional use are distinct from the routes for utili-

tarian use; in the case of the latter, cohesion and

directness constitute the most important net-

work requirements.

Incidentally, peace and quiet, falling under the

requirement attractiveness, are predominantly

criteria for rural areas, away from built-up areas.

Recreational routes can combine well with utili-

tarian routes, particularly in the vicinity of towns
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and cities, even if this is purely to lead the recre-

ational cyclist to rural areas quickly and safely. It

must be stressed, incidentally, that cycling toa

swimming poolor leisure centre outside of

built-up areas cannot be regarded as recrea-

tional cycling. Connections to important recre-

ational facilities must definitely satisfy the

requirements in terms of directness.

Attractiveness

Recreational cyclists attach a great deal of

importance to peace and quiet. For that reason,

recreational networks maximize use of roads

closed to motorized traffic or with limited car

traffic volume (a maximum of around

1,000 PCU/24-hour period).
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Furthermore, recreational cyclists enjoy riding

on idyllic country roads. Hence minimum use is

made of roads with lots of markings, signage

and suchlike; 60 km/h roads designed in a man-

ner that respects the landscape are the most

suitable ones for recreational cyclists outside of

the built environment, in addition to roads and

paths closed to motorized traffic, of course.

Comfort

As with utilitarian bicycle connections, the

requirement of an even road surface applies.

Due to the fact that usage is usually lower than

it is on utilitarian paths, the maintenance level is

sometimes lower too. If the condition of the

surfacing becomes unsatisfactory, then this will

not be justified. It is important for the highway

authority to realize that unpaved or semi-sur-

faced cycle paths, particularly those in farmland

areas, could become overgrown within a few

years’ time and therefore require intensive

maintenance.

In contrast to utilitarian cyclists, recreational

cyclists need an interim stop with a certain

degree of regularity, even if this is purely

because they are covering greater distances.

For that reason, resting places are incorporated

into the network. A logical place for these is at

the points in the network where choices are

made. However, resting places are needed

beyond those points as well. A distance of

around 5 km should serve as a precept. Prefer-

ence should be given to siting such points in

places where the surrounding area is aestheti-

cally appealing and tranquil. When developing

the network, it will also be possible to take this

need into account by plotting a route past the

occasional catering establishment.

It is often assumed incorrectly that recreational

cycle paths are allowed to be narrower than util-

itarian cycle paths. Recreational cyclists more

commonly ride two abreast or with family or in

a group. Having infrastructure enable cyclists to

ride alongside one another is something that

Chapter 4 - Design of the cycle network

befits cycle-friendly policy. Deviating from this

requirement should only be permissible on

paths where the surrounding area makes it nec-

essary to do so. If the route runs through an

area of important natural value, then this could

give grounds to keep the width of the road sur-

face as wide as possible; incidentally, a mini-

mum of 1.50 m applies at all times.

Many recreational cyclists do their trips ‘off the

top of their heads’. However, their range can be

increased considerably by introducing good

directional signage. Moreover, unique points

(such as country estates, woodland and recrea-

tional areas) can be signposted, thereby offering

cyclists the most direct route too. It is also pos-

sible that introducing signposting will allow the

‘discovery’ of routes that users would otherwise

never have cycled on without signposting.

Safety

With regard to safety, the same requirements

are set for recreational cycle paths as for the

other cycle paths (road sections and junctions).

A particular point for attention is controlling

speed in places where recreational cyclists are

confronted with motorized traffic. Lighting is

less important to recreational cyclists than it is

to utilitarian cyclists, because recreational trips

are mainly done during daylight hours.
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Road sections

The cycle network comprises a cohesive aggre-

gate of bicycle connections. Bicycle connec-

tions consist of a succession of road sections

and junctions. Due to the fact that the types of

problem relevant on road sections differ to

those at junctions, road sections and junctions

will be dealt with in two separate chapters. The

present chapter examines the design of road

sections. Junctions will be dealt with in chapter 6.

Connecting road sections to junctions is

another matter that will be looked at.

The present chapter will start with the design

decisions vis-a-vis the organization of road

sections. In this regard, it is imperative to strike

a balance between function, design and use

(section 5.1). Subsequently, attention is devoted

to the general requirements that may or must be

set for a road section (section 5.2). Sections 5.3,

5.4, 5.5 and 5.6 examine solitary cycle paths and

cycle/moped paths, combinations of bicycle

traffic and motorized traffic in and outside of

built-up areas and unique situations respectively.

Chapter 5 — Road sections

V66, 67

From the perspective of this chapter, the type of

visual material presented here will refer to rele-

vant design sheets. These sheets are included in

Part two of this publication. A design sheet sys-

tematically presents the most important infor-

mation ona facility (function, application,

implementation, dimensions and more).

5.1 Function, design and use

Thinking about facilities for cyclists on road sec-

tions is a process that starts with examining the

position of the road section in the hierarchy: in

the basic structure, in the main cycle network or

in a bicycle highway. The road categorization

for motorized traffic is also important.
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requirements constitute the evaluation criteria

for the design. It will only be possible to achieve

the right balance by working through an iterative

process. The three ‘dials’ of function, design

and use must be tweaked repeatedly to obtain

an optimum design. If these three aspects are

not in proper equilibrium, then there are three

options for restoring equilibrium:

= adapt the design;

= influence use/behaviour;

= adjust the functional requirements (and there-

fore the quality).

5.2 Requirements for a road section

One basic function of a road section for bicycle

traffic is to provide connection. Other functions

can include opening up adjacent sections of

land and enabling residential activities. If the

quality of the connecting function is related to

the main requirements for cycle-friendly infra-

structure, then directness, safety and comfort in

particular will be important at road section level.

Furthermore, residential quality is important at

road section level, which is why the main

requirement attractiveness also plays a role.

5.2.1 Directness

Adistinction is made between directness in terms

of distance and directness in terms of time.

Directness in terms of distance

Aroad section running from A to B should offer

cyclists as direct a connection as possible, ide-

ally forming a straight line between two inter-

change points. This is not always what isseenin

practice, but deviations from the ideal line are

usually limited. Hence at road section level

there is not much point in talking about detour

distances: Incidentally, the more important the

connecting function of a road section is, the

more detrimental the effects of bendiness in the
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road become. For that reason the fundamental

principle must be that important, utilitarian

bicycle connections are not diverted around

each and every obstruction (such as a fuel sta-

tion), but run straight on to the fullest extent

possible.

One particular point for attention in this regard

is the barriers that are difficult for cyclists to

cross. Where the options for crossing are lim-

ited, this can have an adverse effect on the

directness of a connection. This can lead to

cycling against traffic and improper crossing.

Permitting bidirectional traffic on cycle paths

along these kinds of barrier can sometimes

contribute to remedying this problem. None-

theless, do consider that it could also result in

new complications (see 5.4.5 and 5.5.5).

Directness in terms of time

Aside from directness in terms of distance,

directness in terms of time is also important,

particularly directness in terms of time as per-

ceived by cyclists. A great many cyclists per-

ceive a route through an attractive setting to be

quicker than a shorter route through an unat-

tractive setting.

When designing, it is desirable for consideration

to be given at road function level to the function

of the road section for bicycle (and moped) traf-

fic and the accompanying design speed. One of

the implications of this is that the road section

facility must satisfy requirements in terms of

width, sight distance in motion and traffic flow

speed. The latter aspect will particularly have

consequences for the curve radii to be used.

Sufficient width is important on busier cycle

paths to enable comfortable, safe overtaking.

Poor surfacing or block paving will result in

considerably lower crossing speeds and there-

fore in loss of time.

Chapter 5 — Road sections

5.2.2 Safety

Road safety is extremely important on road sec-

tions because the vast majority of single-vehicle

bicycle accidents occur here [1]. In addition, a

limited proportion of accidents involving a bicy-

cle and a motor vehicle occur on road sections.

Consequently, requirements are set to prevent

both single-vehicle bicycle accidents and con-

flicts with other road users.

Preventing single-vehicle bicycle accidents

Hospital records show that 60% of all cyclists

seriously injured in a road accident are victims

of a single-vehicle bicycle accident. Beyond this,

a large number of cyclists are treated in acci-

dent and emergency departments and then

sent home; these accidents are not recorded.

Children and parents are involved in such acci-

dents more than average.

Half of single-vehicle bicycle accidents have

one or more factors related to infrastructure as

their cause [2]. The road designer can imple-

ment the following measures to minimize the

probability of single-vehicle bicycle accidents

on road sections.

Preventing coming off the road

Cyclists coming off the road is something that

must be prevented. To this end, requirements

are set in terms of width, road surface, sight dis-

tance in motion, curve radii and visibility. The

horizontal and vertical route should be suffi-

ciently straight that they satisfy the sight dis-

tance in motion requirements appropriate to

the function as well as to the road section's

design speed. The curve radii to be used must

also dovetail with the design speed. Verge acci-

dents are particularly prominent outside of

built-up areas. Making edge lines necessary on

utilitarian cycle paths.

93



Creating ‘forgiving’, obstacle-free verges

Bumping into kerbs or armadillos (cycle lane

delineators) and falling onto verges must be

prevented. Hitting kerbs and wheel stops is dan-

gerous and it would be best to leave these out

of the design. Low, sloping edging is oftena

good alternative. In locations with increased risk,

e.g. due to the presence of kerbs, the situation

can be improved by using a row of white paving

bricks or different types of surfacing on either

side. It is also important for the verges to be for-

giving; they should not feature any obstacles

and should dovetail with the surfacing without

any level difference. This will enable cyclists

straying from the path to correct their course.

Vv64

Within the compass of the ‘forgiving cycle path’

project [3] experiments were done with verge

surfacing strips made of concrete and artificial

turf with widths from 0.40-0.50 m. The results

were positive in the main. It is important for it to
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be possible for cyclists to ride onto and over

these strips. The results for the concrete variant

were slightly better, though the artificial turf

variants are more attractive from the perspec-

tive of landscape integration. Verge surfacing

strips are universally worthwhile, though par-

ticularly in locations where the cycle path isa

little on the narrow side and widening it is not a

viable option. They offer cyclists a safe swerving

zone.

Preventing slips and falls

Cyclists can slip due to snow and ice and due

to slippery materials on the road surface.

On average, one week of wintry conditions in

the Netherlands produces 1,000 extra patients

in accident and emergency departments. Good

measures combating slipperiness in winter are

spreading grit or salt and brushing and/or

ploughing snow. It is also advisable to sweep

leaves and suchlike throughout the rest of the

year. Sand and grit should be cleaned up after

work.

Manhole covers, drain covers and markings can

also cause falls, especially in bends when the

road surface is wet. The use of prefab concrete

slabs in places where cyclists are riding is

strongly discouraged. The metal edges can be

slippery, besides which the plates often subside,

creating differences in height. Cyclists crossing

tram rails is something that must be avoided to

the fullest extent possible. If this is unavoidable,

then the rails must intersect cycle paths/lanes at

right angles as far as possible.

Bumps and potholes in the surface can cause

cyclists to veer and lose balance. This problem

can be prevented by such measures as using

asphalt or concrete surfacing and by fine-tuning

the dimensions of the surfacing and the foun-

dation (the sub-base) to expected peak loads.

The chances of adverse effects by tree roots

and moles’ burrows can be minimized by har-

monizing road surface and plants and by

choosing the right foundations or introducing

protective structures such as root barriers. Fur-

ther information on the combination of road

surface and trees can be found in CROW publi-

cation 280, ‘Combineren van onder- en boven-

grondse infrastructuur en bomen’ [4].

Plants and civil engineering design of the road

structure are often responsibilities vested in

other parties/departments. In order to be able

to ensure a good-quality road surface, it is

important for these parties to join forces to har-

monize the design (see also chapter 7, particu-

larly 7.1 and 7.2).

Preventing collisions with obstacles

Obstacles and narrowing of the road often

result in single-vehicle bicycle accidents, par-

ticularly among older cyclists. Many of these

Collisions are preventable by only using obsta-

cles (including bollards - see below) where this
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is strictly necessary. For the purposes of slowing

motorized traffic, solutions that do not entail

obstacles can be chosen, e.g. installing a speed

bump rather than narrowing the road. Another

important factor is the degree to which obsta-

cles are predictable and conspicuous. Conse-

quently, aside from the correct finish, introduc-

tory ribline and adequate illumination are

necessary.

v7

Bollards are being used on and around road

sections for bicycle traffic on a large scale, par-

ticularly to prevent unwanted use of the bicycle

connections by motorized traffic.

A significant disadvantage of bollards is that

they cause a considerable number of serious

and sometimes even fatal single-vehicle bicycle

accidents. Each year, hundreds of cyclists are

admitted to hospital due to collisions with bol-

lards. Often these are elderly cyclists. Hence the

costs to society of a simple bollard can mount

up considerably. Incidentally, it is not just bol-

lards in the middle of the cycle path that can

cause collisions - bollards at the edge of cycle

paths or on verges are just as culpable. Colli-

sions with bollards are a relatively common

occurrence in the dark.

Other gripes about bollards are that they are a

permanent source of discomfort to cyclists and

that they potentially impede maintenance vehi-

cles, winter service vehicles and emergency

services vehicles (unless they are easy to

remove). In turn, this can indirectly result in

more discomfort and more falls due to insuffi-

cient cleaning or winter maintenance.

In view of the many disadvantages, a designer

should make a point of asking himself whether

bollards are truly necessary; from a safety per-
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spective, alternative solutions are always prefer-

able. If bollards are used anyway, then they

must be sited in such a way that the risk of acci-

dents is minimized, i.e. notin cyclists’ trajectory,

clearly visible, well lit, and introduced by the

appropriate ribline (5). Flexible (self-righting)

bollards are preferred due to how forgiving

they are.

If bollards need to be easily removable, then

retractable (telescopic) and removable varieties

can be considered. The use of hinged (folding)

bollards is greatly discouraged (these are unsafe

in their folded state).

Ensuring a safe succession of elements in the

lateral profile

It is important for road section elements to be

combined correctly in the lateral profile and that

they follow on from one another safely. Balance

problems may arise if upward inclines and

bends are combined. On downward inclines

bends could be too tight for the speed at which

cyclists are travelling. If bends appear unexpect-

edly at the end of a descent, and cyclists are not

able to anticipate these as a result, then their

speed may be too high to corner safely.

Preventing conflicts with other road users

Cyclists are a vulnerable group of road users ina

traffic system dominated by motorized traffic.

The majority of those cyclists involved in acci-

dents are involved in accidents with a motorized

vehicle. The following measures are possible on

road sections to foster cyclists’ road safety.

Avoiding conflicts with oncoming traffic

In the case of conflict with oncoming traffic

(head-on collisions), there is a high probability

of serious consequences. When designing road

sections on which bidirectional traffic is permit-

ted, therefore, sufficient attention to width, sight
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distance in motion, guidance and any carriage-

way separation. This is important on road sec-

tions with mixed traffic, as well as on cycle paths

in particular. An overly narrow cycle/moped

path with (ample) bidirectional traffic is unsafe,

especially when also used by fast cyclists, such

as those engaged in racing and those with ped-

al-assist functionality, and/or mopeds and light

mopeds. (Tight) bends with poor sight distance

on (narrow) cycle paths can also lead to

head-on collisions.

Avoiding conflicts with traffic approaching from

the rear

Fortunately, conflict between cyclists and

motorized traffic approaching from the rear is

rare in the Netherlands. The probability of this

can be minimized by making clear choices at

road section level for either a tight profile (no

overtaking) or a wide profile (allowing overtak-

ing); the interjacent critical profile should be

avoided (see also 5.4.4). For cycle/moped paths

it holds that conflict arising as a result of over-

taking can be prevented by ensuring sufficient

width. The higher the volumes, the more width

Segregating vehicle types

The lower the number of encounters between

cyclists and other road users, the lower the

probability of an accident occurring. By com-

bining car traffic on a diffuse main road network

on the one hand and creating large residential

areas on the other, the probability of encounters

is reduced. Moreover, a dense cycle network

ensures journey times that are competitive with

those for cars. New, logical and disentwined

routes can also be created by tackling missing

links. If these run alongside busy roads for

motorized traffic less, then cyclists will be less

exposed to emissions and noise pollution.

Where there is a significant difference in speed,

it is preferable to avoid having cyclists and

motor vehicles use the same traffic space, with

the motto in such cases being: segregate. If

segregation in the cross section is not possible

or desirable, then speed differences must be

minimized.

Segregating traffic types is also advisable in the

case of significant differences in mass. Segrega-

tion of cyclists and other types of traffic (e.g.

buses or agricultural vehicles) has the potential

to result in more objective and subjective safety

and a higher level of comfort.

Ensuring recognizability and lack of ambiguity

Recognizability and lack of ambiguity in what-

ever form are important requirements in a sus-

tainably safe traffic system. The more important

the function of a road and/or cycle path and the

greater the speed of the traffic, the more impor-

tant these requirements are (after all, higher

speed means less time to react and therefore a

higher probability of errors being made).

Recognizability at road section level is primarily

germane to the design of the cycle facility. Each
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and every specific facility should be recogniza-

ble as such to all road users, making it predicta-

ble for everyone how the road section is to be

used and what behaviour is expected of the var-

ious groups of road user.

Lack of ambiguity in traffic situations is another

factor ensuring that road users know what is

expected of them. Lack of ambiguity is more

important when it comes to the application of

rules, signage, markings and design principles

than it is when it comes to an actual design;

after all, local conditions mean that it is virtually

never the case that designs are identical. Never-

theless, the underlying principles and facilities

used can be identical.

5.2.3. Comfort

The following requirements are set for road sec-

tions with a view to fostering comfort.

Preventing loss of time

Depending on the function that a road section

is fulfilling within the cycle network, require-

ments are set in terms of the design speed. A

good design will ensure that under normal con-

ditions cyclists are not forced to ride more

slowly than the design speed. This sets require-

ments in terms of the radius and width of facili-

ties. A cycle facility or carriageway must be suf-

ficiently wide that it does not cause any delay, or

only causes occasional delays. There will also

be as few obstacles (such as bollards) on the

carriageway as possible. Not only are these dan-

gerous, they also considerably limit capacity.

Avoiding bendiness

Bendiness is avoided as much as possible on

road sections forming part of the main cycle

network. Cyclists must be able to ride on these

kinds of route without being hampered by tight

bends, having to swerve awkwardly or move at
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Table 5-1. Summary of the main requirements for road sections

Main requirement Important here Explanation

Directness Directness in terms of dis- Avoiding unnecessary bends and twists in road sections
tance

Directness in terms of time _ Thisis due to the average speed and the rate of flow. Indicators for this are the average

speed ona road section and the delay (forced slow driving). For road sections in the main

cycle network, the design speed is 30 km/h in built-up areas and 40 km/h outside of

built-up areas; for road sections in the basic structure itis 20 km/h.

Safety Probability of accidents and Avoiding conflicts with oncoming traffic.

severity of accidents/injury Avoiding conflicts with traffic approaching from the rear.

Segregating types of traffic.

Reducing speed at points of conflict.

Ensuring recognizable road categories.

Ensuring uniform traffic situations.

Preventing coming off the road.

Use ‘forgiving’ obstacle-free verges and kerbs.

Preventing slips and falls.

Preventing collisions with obstacles.

Ensuring a safe succession of elements in the lateral profile.

Comfort Preventing loss of time Under normal circumstances cyclists can ride at the intended design speed on road sections.

Flow Road sections are sufficiently wide.

Curve radii take the design speed appropriate to the function into account.

Extreme bendiness is prevented.

Evenness Road sections satisfy the requirements in terms of evenness.

Discomfort due to gradients Maximum gradients are not exceeded.

Traffic nuisance Cyclists do not experience any nuisance from other traffic. In busy situations with a large

amount of emissions and noise, efforts are made to create a separate route for bicycles.

Weather nuisance Nuisance caused by wind and rain is minimized.

Attractiveness Personal safety Road sections satisfy requirements in terms of personal safety: there is lighting present,

local residents can monitor things, road users have a good view of the surroundings and

the public space is well maintained. For further information see section 7.5.

Traffic nuisance Aroute’s attractiveness can necessitate separation of cyclists and other traffic.

right angles. At the same time it holds that, from

the perspective of attractiveness, dead straight

connections are not ideal. Gentle bends can

have a positive effect on perception of aroute.

Where tight bends cannot be prevented due to

cyclists leaning into the turn, then the bend

must be widened by up to 0.50 m.
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Ensuring an even road surface

The surfacing on the road section should satisfy

the requirements in terms of evenness. This

applies to both the surfacing itself and the

transitions between different surfaces.

Minimizing discomfort due to gradients

Maximum gradients are not exceeded (see sec-

tion 3.5). In addition, the number of inclines per

unit of length are limited; from the perspective

of comfort, having a variety of successive slopes

is undesirable (even where these satisfy the

desired gradients individually)

Minimizing traffic nuisance

When designing a road section for cyclists, the

probability of nuisance caused by motorized

traffic is minimized. If volumes of car traffic are

high, then preference is given to a segregated

route for bicycle traffic, not just from the per-

spective of road safety but also due to comfort.

This will also limit nuisance due to noise and

exhaust fumes.

Minimizing weather nuisance

It is possible to protect cyclists from wind and

rain to a limited extent. To this end, road sec-

tions can be sheltered by means of plants,

buildings or specific screen structures (wind

screens). Combating katabatic winds where

high buildings are present is increasingly a point

for attention

5.2.4 Attractiveness

The main requirement attractiveness is about

cyclists’ perception. Hence assessing the attrac-

tiveness of a road section for cyclists is by defi-

nition a highly subjective affair. Moreover, far

more than is the case for a road section itself,

the quality of the surroundings determine how a

specific connection is perceived; an ostensibly

ideal route (low-traffic, amply wide, even

asphalt, right of way) can be unattractive if it

passes through a dodgy area.

At road section level, the designer will have little

influence on the setting. Personal safety can be

improved, however, by ensuring a clear situa-
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tion, e.g. by only using low plants and sufficient

sight distance onto and off of the route. Good

lighting is also important. Furthermore, the

designer has influence over the extent to which

cyclists are able to enjoy cycling without being

impeded by other traffic. If cyclists are not trou-

bled by motorized traffic, then this contributes

to the attractiveness of a connection.

5.3. Solitary cycle paths and cycle/

moped paths

Vi

Cycle paths are identifiable by the sign ‘Verplicht

fietspad’ (‘Mandatory cycle path’) (G11, Appendix

1, RVV 1990) or the sign ‘Onverplicht fietspad’

(‘Advisory cycle path’) (G13). These signs are

repeated after each junction. Cycle/moped paths

are identifiable by the sign ‘Fiets-/bromfietspad’

(‘Cycle/moped path’) (G12a). Road sections that

resemble cycle paths but are not furnished with

the aforementioned signs are, in the eyes of the

law, not a cycle path or a cycle/moped path.
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V2, 3,16

Solitary or segregated cycle paths follow their

own route and are intended solely for cyclists

(cycle path) or cyclists and moped riders (cycle/

moped path). This could pertain to connections

through a park, a bicycle highway between dis-

tricts or a recreational route (for example). Soli-

tary paths are occasionally confused with seg-

regated paths. One significant difference is that

the latter are related to an adjacent road,

whereas this is not the case with solitary cycle

paths. Whether or not a cycle path belongs to

the road ina legal sense is something that will

depend on ‘how the streetscape appears to the

road users’. A rule of thumb is that a cycle path is

no longer part of a carriageway if the distance

between it and the carriageway exceeds 10 m.

In principle, solitary cycle facilities are intended

for bidirectional traffic. This places demands on

the width. The minimum width for recreational

cycle paths with an exceedingly low volume of

traffic is 1.50 m. A precondition in this regard is
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that the verges be ‘forgiving’: that they be free of

obstacles, that they can be ridden on and that

they have a minimal level difference between

verge/pavement and path surface. If mopeds

and/or light mopeds will be using the path, then

a minimum width of 2.0 m applies, even with

‘forgiving’ verges/pavements.

v5

In order to make clear that traffic can be

expected from the opposite direction, itis pref-

erable to use a centre line on solitary paths.

Joint use on the part of pedestrians

If there is no pavement, then pedestrians are

also entitled to use a cycle path. This is com-

mon in the case of solitary bicycle connections

through a park and outside of built-up areas.

When volumes are higher, such shared usage

can cause irritation. For reasons of comfort,

segregating cyclists and pedestrians is recom-

mended in such situations (e.g. by means of

markings and/or different-coloured surfacing),

but only if there is sufficient space available for

this. If segregation would result in two lanes that

are both too narrow for their target group, then

it would be better to avoid this.

Lighting desirable

One important point for attention in the case of

solitary paths is personal safety. Due to the fact

that the paths follow their own route which is

often beyond the sphere of influence of the

built environment, situations of diminished per-

sonal safety can be relatively quick to arise. This

can be improved by means of lighting. The rec-

ommendation to provide lighting particularly

applies to solitary paths in built-up areas that

form part of a network of (main) cycle routes.

New forms of lighting could be used outside of

built-up areas, e.g. lighting that automatically

comes on when a cyclist is passing and then

automatically switches off, or animal-friendly

lighting.

V5,6

In addition to lighting, lining and marking are

often necessary to enable cyclists to distinguish

verge and surfacing when it is dark.

Unlawful use on the part of other traffic

Solitary connections for bicycle traffic or for

bicycle and moped traffic (and perhaps pedes-

trians as well) could prove appealing to other

road users. Unlawful use of these paths must be

prevented, however. The most common means

of achieving this is to install one or more bol-

lards at the start of a road section for cyclists/

moped riders. This simple, inexpensive and

effective measure not only combats undesirable

use of bicycle connections, but can also effect a

change in traffic circulation to the benefit of the

safety and quality of life of a residential area.
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v7

Due to the benefits specified, bollards have

been in extremely widespread use on cycle

paths in the Netherlands in recent decades.

Siting bollards at the ends of a cycle path now

seems to be second nature, without considera-

tion being given to utility, necessity and design.

This misses the point of the bollard, as a surfeit

of bollards also entails significant disadvantages.

On this, see section 5.2.2 under ‘Preventing col-

lisions with obstacles’.

5.4 Bicycle traffic and motorized

traffic within built-up areas

5.4.1 Fundamental principles

Where both cyclists and motor vehicles are

using a road section, one crucial question cen-

tres on the most appropriate layout and maxi-

mum/safe speed for such a road section. The

functions of the road section for both cyclists

and motorized traffic are paramount.

If the road for motorized traffic is a distributor

road, then this will set different requirements for

the road design than if it is a residential road.

The same goes for the function of the road for

bicycle traffic:

different requirements are set for the cycle facil-

ities on a road section forming part of the main

cycle network than are set on a road section

forming part of the basic cycle structure. Hence

it is not just the function of the road section for

motorized traffic that is of decisive importance

within the compass of road section design con-

siderations.

General point of departure

The general point of departure is that specific

cycle facilities are required on road sections

with a flow function (or partial flow function) for
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motorized traffic (distributor roads). In principle,

no cycle facilities are necessary on road sec-

tions with a residential function (exclusively or

otherwise) for motorized traffic, for road safety

reasons; in such cases mixed traffic is accept-

able.

Nonetheless, nuances are possible and often

desirable within the compass of this general

point of departure. For instance, a road section

forming part of the main cycle network must

provide a greater degree of quality and comfort

than a road section only being used by a single

cyclist. For that reason, the designer will always

have to look at what will constitute the best

solution in a given situation, taking the actual

circumstances into consideration.

V3, 8, 12,13, 14,15

For each road section the question is what traf-

fic facilities are required to ensure that the situ-

ation cyclists find themselves in is safe and

pleasant. Table 5-2 presents a selection plan

for cycle facilities on road sections in built-up

areas. This plan provides initial guidance for

the decisions to be made for each road section.

The plan (table 5-2) enables both functional

road categories and traffic planning factors

(speed, volume of traffic) to be selected asa

starting point. Although a connection may

be assumed between the two, in practice it

emerges that this is not always the case.

The speed of motorized traffic in particular

is frequently an unreliable factor; it is common

for limits to be exceeded en masse [6].

Consequently, highway authorities should

either ensure that actual speed is in line with

the speed limit or take actual speed as their

point of departure, separately from the road's

function. It is important for the designer

to always focus on the actual or expected

situation and not just on the functional

category for motorized traffic.

Table 5-2. Selection plan for cycle facilities in the case of road sections in built-up areas

traffic (PCU/24-hour Unieyte 750 / (l

Road category Speed limit Volume of

motorized motorized

traffic (km/h)

period)

< 2,500

Residential road walking pace or 30 2,000-5,000

> 4,000

2x1 lane

Distributor road 2x2 trafficlanes Not relevant
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Cycle network category

Maincyclenetwork Bicycle highway

500-2,500/ —UIyjcycie > 2,000/

24-hour period)

Basic structure

bicycle

24-hour period) 24-hour period)

mixed traffic

or bicycle street

mixed traffic . :
mixed traffic

or cycle lane cycle path
orcycle lane

cycle lane (with right of way)

or cycle path

cycle path

cycle/moped pat
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The selection plan presented in table 5-2 is

based on three fundamental principles:

1 The most desirable situation for cyclists occu-

pies centre stage.

2 It is not just the specific cycle facility that is

important for a cycle-friendly infrastructure,

but also the entire traffic situation. For that

reason, the scope of the plan goes beyond the

cycle facility in itself.

3 It is often the case that various solutions, with

various characteristics, are possible in a given

situation. This fact finds expression in thresh-

old values that overlap one another.

The three fundamental principles just men-

tioned are explained below.
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always be feasible, however, even if it is often

the case that various solutions are possible. The

upshot of this is that in such cases the designer

will prepare a design that is less desirable from

the perspective of cyclists’ interests. Here, the

designer will endeavour to identify a better

solution by searching for alternative routes or

speeds, as a result of which there will be ‘room

for manoeuvre’ within the plan. After all, the

plan incorporates three variables that can be

influenced: bicycle traffic volume, motorized

traffic volume and motorized traffic speed. If

one of these factors is changed, then it may be

possible to continue working ‘from the per-

spective of a cell’ where the relevant facility is

feasible in a cycle-friendly way.

If both a cycle path and a cycle lane are feasible

options, then creating a cycle path will always

be preferable. After all, from the perspective of

road safety, exposure to exhaust fumes and

comfort, a cycle path has clear advantages over

acycle lane.

Fundamental principle 2: The entire traffic

situation is important

Cycle policy is not synonymous with creating

specific cycle facilities. Whether or not traffic

situations are safe and pleasant for cyclists is not

something that depends solely on the presence

and quality of facilities made for cyclists; to this

end, the entire traffic situation is important. Fur-

thermore, it is not always possible to fall back

on general points of departure. It is too easy to

state that mixing bicycle traffic with motorized

traffic is always possible where the speed of the

latter is low. Perhaps from a safety perspective it

is, but cyclists’ comfort might necessitate more.

Which is why in the selection plan the general

points of departure of segregation and mixing

are nuanced in terms of components.
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Fundamental principle 3: More solutions,

overlapping boundaries

Various good solutions are possible for a given

situation; hard and fast limits for such things as

volumes of traffic cannot be offered. Hence the

overlap between various solution options inthe

selection plan (table 5-2). As a result, various

forms of solution are possible for various areas

of application. Incidentally, the plan is merely a

tool; the designer will have to produce a cus-

tomized solution based on the actual situation.

Road categorization and influencing factors

Two types of criteria are used in the selection

plan to distinguish traffic situations. First of all,

these are the influencing factors for which it is

known that they determine the bicycle-friendli-

ness of a traffic situation to a significant extent:

the speed and the volume of motorized traffic.

Secondly, there are the functional categories.

Fundamental to the plan is the distinction

between residential road and distributor road

for motorized traffic and basic structure, main

cycle network and bicycle highway for bicycles.

According to publication Basiskenmerken

Wegontwerp (‘Dutch Guidelines for Basic Road

Design’) [7] mixing traffic types is the starting

point on residential roads (in the case of minor

differences in speed, direction and mass) and

segregating traffic types is the starting pointon

distributor roads (in the case of major differ-

ences in speed and mass). As already touched

on, this is somewhat nuanced, and also chimes

with the observation that in the Netherlands

there are provisionally a lot of intermediate

forms in practice. These so-called grey roads

have characteristics of distributor roads when it

comes to their function in the network and use

by motorized traffic, and yet at the same time

they also have characteristics of residential

roads due to the adjacent buildings and facilities.
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In the case of these types of road with mixed

traffic or light forms of segregation, a lower,

safer speed is suggested [8].

V12, 13, 14

On residential roads with low car traffic volumes

and high bicycle traffic volumes, bicycle streets

are suggested on the main cycle network and

on bicycle highways. Bicycle streets have right

of way at junctions with residential streets. To

this end, a decision has been made to safeguard

traffic flow and comfort on the main cycle route,

thereby serving the flow function for bicycle

traffic.

5.4.2 Mixed traffic

v8

Aresidential road, which often takes the form of

a traditional residential street or a road with a

limited collection function in a residential area,

has a speed limit of 30 km/h. In the case of a

limited number of cyclists, motorized traffic vol-

umes of up to around 5,000 PCU/24-hour

period, block paving, and in particular also a

speed pattern appropriate to the road's function,

specific cycle facilities are not required. Inthe

case of low volumes of motorized traffic and

bicycle traffic, a tight profile is the starting point.

This contributes to the intended low speed, but

is not sufficient by definition; even in the case of

a tight profile additional speed-reducing meas-

ures can be necessary.

A tight profile means that a car has to stay

behind a bicycle when faced with oncoming

traffic (see also the text box ‘Dimensional seg-

ments and indicative use’). The higher the vol-

umes, the more irritation will be caused by

motorists on such a tight profile, ultimately

resulting in irresponsible overtaking manoeu-

Dimensional segments and indicative use

In order to put together a suitable profile, the

designer can use dimensional segments and

data on indicative use. Indicative use refers to

the indicative combination on a road section,

e.g. the combination of one car and two

cyclists. Dimensional segments provide the

dimensions required in the lateral profile for a

specific user. The accompanying table shows

the dimensional segments and the corre-

sponding width for residential roads.

The value of the dimensional segment

edge-bicycle represents the minimum distance

that a cyclist will want to keep from a kerb. Ifa

cyclists is passing parked cars on his right-hand

side, then the value for this dimensional seg-

ment will be around double this figure. Virtually

all motorized traffic will overtake the bicycle

traffic when the value of the dimensional seg-

ment bicycle-vehicle is 0.85 m or more [and

also when the space of the width of the vehicle

remains - check this]. If the dimensional seg-

ment bicycle-vehicle reduces, then drivers will

hesitate: some will overtake, some will hang

back behind the cyclist. This is then a critical

profile, creating a dangerous and undesirable

situation. Consequently, the remaining width

next to the cyclist must be restricted in such a

way that motorists continue to hang back

behind the cyclist.

The dimensional segment bicycle-vehicle is

larger than the dimensional segment vehi-

cle-vehicle. The reasons for this are that

cyclists are more vulnerable than motorists and

that bicycle traffic behaviour is less predictable

than motorized traffic behaviour. Motorists

take the weaving motion of cyclists into

account when overtaking. Incidentally, it turns

out in practice that cyclists steer to the right

(towards the pavement) when being overtaken.

If they were to refrain from doing so, then the

passing distance would be 0.30 m smaller on

average.

edge-bicycle bicycle-vehicle —vehicle-vehicle vehicle-edge

cyclist ats i lorry

roadway

Example of a lateral profile with dimensional segments

Dimensional segments and the corresponding width

profile, for residential roads (30 km/h)

Dimensional segment Requisite width

profile (m)

cyclist 2) 0.75

moped/light moped © 1.00

passenger car 2) 1.83

lorry #3) 2.60

cyclist - edge (kerb higher than 0.05 m)2*5) 0.125

cyclist - edge (kerb lower than 0.05m)25) 0.00

cyclist - parked vehicle ‘*4*5) 0.50

cyclist - cyclist (both in motion) 0.50

cyclist - vehicle in motion 1*4) 0.80

cyclist - vehicle in motion at 50 km/h##4) 1.00

vehicle - vehicle (both in motion) 24 0.30

vehicle in motion - kerb 2*4) 0.25

1) value established on the basis of research

2) value in line with ASVV

3) in this regard, buses are counted as lorries

4) vehicle is taken to mean: all motorized vehicles with a minimum

of three wheels

5) measured from the outside of the cyclist

6) including mirrors
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vres. A wide profile allowing for cyclists to be

overtaken even in the face of oncoming car

traffic will ensure that situations of doubt (to

overtake or not to overtake) are prevented.

If the volume of bicycle traffic is involved in the

considerations, then figure 5-1 can provide an

indication as to the area of application of a wide

or tight profile. Due to the fact that no clear

boundaries can be set between the various

solutions, the graph features a transition area;

within the compass of this, the designer will

have to ask himself which profile is most suita-

ble. If a wide profile is chosen, then the designer

will need to be prepared for the fact that this will

tempt motorized traffic to travel at higher

speeds. This will be more likely to necessitate

additional speed-reducing measures than

would be the case with a tight profile to safe-

guard cyclists’ comfort and safety.

Parking

In the case of mixed traffic, parking is a point for

attention. Parking is discouraged on the main

cycle network and alongside bicycle highways.

Parked vehicles are not only a hindrance to

cyclists, but they also present a hazard due to

opening doors and swerving manoeuvres as a

result of these. Moreover, parking manoeuvres

present further hazard and hindrance.

V10, 11

If parking is permitted, then this must be facili-

tated by means of a parking lane or lay-bys. This

will create a straight trajectory for bicycle traffic,

limiting the width of the vehicle path for moving

traffic and reducing the probability of cyclists

hitting a parked vehicle. In order to prevent

cyclists riding into an opening car door, a critical

reaction strip of at least 0.50 m is always rec-

ommended for a parking lane.
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Figure 5-1. Suggested solutions (indicative) for profile choice when mixing motorized traffic and bicycle traffic
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5.4.3 Bicycle streets

V12, 13, 14

The main cycle network often coincides with

main routes for motorized traffic. Primarily in

old cities, it is frequently the case that these are

the radial connections fulfilling an important

function for both bicycle traffic and car traffic.

However, it is also common for main cycle

routes and distributor roads for motorized traf-

fic not to coincide, or to be deliberately segre-

gated, because cycling on busy roads is neither

safe nor appealing for cyclists and can cause

extra delays. If this is the case, the main cycle

route will need to be segregated or plotted

along residential roads through the residential

area. In such cases, a specific type of main cycle

route enters the picture: the bicycle street.

Bicycle street is a functional concept. It is a resi-

dential road for motorized traffic that forms part

of the main cycle network or of a bicycle high-
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way, and which is identifiable as a bicycle street

due to its design and layout, but has a limited

volume of car traffic on it and that car traffic is

subordinate to the bicycle traffic [9]. Due to the

fact that this pertains to important cycle routes,

the numerical dominance of bicycle traffic is

more or less self-evident. As a minimum, the

extra quality afforded to the cycle route encom-

passes cyclists being given right of way. To be

sure, generally speaking introducing right of

way rules in residential areas is not permitted,

but legislators have made an exception for

(what are recognizable as) main cycle routes in

the implementation regulations of the Adminis-

trative Provisions (Road Traffic) Decree (Besluit

administratieve bepalingen inzake het wegver-

keer, or BABW).

A bicycle street can be organized in a variety of

ways. At any rate, the following is recom-

mended:

= minimizing hindrance due to parked vehicles;

= using smooth surfacing (preferably asphalt);

= where need be, creating some kind of traffic

island at points where choices need to be

made;

= suppressing through motorized traffic, e.g. by

arranging alternating one-way traffic for

motor vehicles.

Benefits of bicycle street

Bicycle streets present a variety of important

benefits:

= Less space

A bicycle street is accessible to car traffic and

takes up less space than a solitary cycle path

or a segregated cycle path alongside the main

carriageway. This makes it easier to integrate a

cycle route and makes it more cost-effective.

= Lower probability of single-vehicle bicycle

accidents

The combination with motorized traffic will
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mean that no (or fewer) car-suppressing

obstacles such as bollards will be needed and

it could be easier to create and maintain the

desired width and evenness for the surfacing.

This will reduce the probability of single-vehi-

cle bicycle accidents.

= Better accessibility

In contrast to full closure of a street or route to

motorized traffic, functions adjacent to or

behind a bicycle street can remain accessible

to motor vehicles. Moreover, parking spaces,

which are often in short supply, can be

retained.

= Better personal safety

A route through a residential area, with com-

bined use on the part of bicycles and cars,

provides a greater degree of personal safety

than a solitary path or a segregated cycle path

alongside an urban main road.

Volume of bicycle traffic

One important precondition to be able to des-

ignate a road section as a bicycle street is that

the bicycle traffic be genuinely dominant inthe

street scene. Such a dominant position for bicy-

cle traffic is amply in evidence if there are more

cyclists on a road section than motor vehicles. If

this requirement is not satisfied, even though

from a policy perspective there is a wish for

extra quality to be produced for cyclists’ sake,

then the highway authority can endeavour to

reduce the volume of car traffic so that the req-

uisite volume ratios are nevertheless fulfilled.

Aside from a relatively high proportion of

cyclists, a high number of cyclists in absolute

terms must also be using the road section in

order for it to be eligible to be designated a

bicycle street. Although local ratios play a role, a

road section can only be deemed a bicycle

street if at least 1,000 cyclists pass over it in

each 24-hour period [10].
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Volume of car traffic

Practical research [11] reveals that the domi-

nance of bicycle traffic can easily be achieved

without modifying the profile in the case of car

traffic volumes of up to 500 PCU/24-hour

period. In other words, main cycle routes in res-

idential streets pretty much exclusively used by

local traffic are naturally dominated by bicycle

traffic, irrespective of the volume of that bicycle

traffic. At volumes in excess of 500 PCU/24-

hour period, it is paramount that the volume of

bicycle traffic exceeds that of motorized traffic.

Based on experience with functioning bicycle

streets, it would appear accurate to assume as

limited a number of cars as possible, with a

maximum of 2,500 PCU/24-hour period.

If the volume of motorized traffic exceeds 2,500

PCU/24-hour period and there are no possibili-

ties of reducing this number, then another solu-

tion will have to be sought for the cycle route.

Consider in this regard a cycle path or an

entirely new route. That route will have to be

just as direct as the route initially intended.

5.44 Cycle lanes

V15, 16, 19, 54

Although it is preferable for segregated cycle

paths to be used alongside distributor roads,

cycle lanes are also an option on sections of

distributor roads with a speed limit of 50 km/h

and relatively low volumes of bicycle traffic.

Cycle lanes are also frequently used on residen-

tial roads and particularly on what are referred

to as ‘grey roads’ within the compass of Sustain-
able Traffic Safety (‘Duurzaam Veilig’) [7] which

form part of the main cycle network and have a

relatively high volume of car traffic on them.

Furthermore, cycle lanes can be used for the

purposes of marking main cycle routes through

quiet residential areas and on residential roads

outside of built-up areas with a speed limit of 30

or 60 km/h. This will accentuate the position of

bicycle traffic.

Agood cycle lane is characterized by:

= sufficient width;

= ared colour;

TM the bicycle symbol.

Cycle lane or cycle path?

Important aspects when deciding between

cycle lane and cycle path include:

= safety;

TM exposure to emissions;

TM available space.

Each of these aspects will be explained below.

Safety

Research from the 1980s [12] shows that

cycle paths alongside urban arterial roads are

safer for cyclists than cycle lanes. For every
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kilometre covered by bicycle, 50% fewer

accidents involving injury occurred on cycle

paths alongside sections of road than occurred

on cycle lanes. This pertains to collisions with

motorized traffic. Incidentally, the group cycle

lanes was somewhat variform in this study:

narrow and wide lanes, as well as advisory

cycle lanes, with and without parking at the

roadside, were conflated.

Furthermore, attention must be paid to the risk

of unilateral accidents. A striking number of uni-

lateral accidents are caused by cyclists hitting

kerbs and transitions between different types of

surface [1]. The edge of the surface or the tran-

sition between cycle path and carriageway

present an additional risk of unilateral accidents.

This applies all the more as the space for cyclists

gets tighter and the volume of cyclists increases.

For that reason, a good solution involving a

cycle path will take up more space than a good

solution involving a cycle lane.
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Exposure to emissions

Exposure to air pollution is another reason to

give cycle paths preference over cycle lanes.

Particularly if the cycle path is several metres

away from the carriageway, cyclists will be fur-

ther from the source of, and breathe in less of,

harmful exhaust fumes, which contain such

substances as nitrogen dioxide (NO) and ultraf-

ine particulate matter, including soot (13).

Available space

It has already been stated that on average a

solution involving cycle paths takes up more

space than a solution involving cycle lanes. If

less than 11.80 mis available for cyclists and

motor vehicles on a distributor road (without

parking), then it will not be possible to create

bilateral one-way cycle paths properly. This can

constitute a reason for choosing cycle lanes.
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Parking

Vi0, 11

Parking cars in spaces next to a cycle lane

increases the probability of accidents involving

serious or fatal injuries. These occur if cyclists

are forced to swerve to avoid a car or an open-

ing door and end up hitting a car on the vehicle

path for motor vehicles. For that reason, the

combination of cycle lane and parking spaces is

strongly discouraged on distributor roads. The

individual elements are already at odds with the

ideal distributor road and it is therefore impera-

tive that they are not used in combination.

Incidentally, this is a regular occurrence in prac-

tice. In such cases, it will be necessary to always

create a critical reaction strip 0.50 m wide

between parking space and cycle lane in order

to minimize the risks. Furthermore, reverse

parking at an angle is preferred, because this

entails less risk than parallel parking.

Limiting speed

Cyclists are vulnerable road users who are not

protected in the event of a collision with a

motor vehicle. For that reason, one functional

requirement for cycle facilities is that speeds are

reduced in conflict situations. The presence of

cyclists on the carriageway, even where cycle

lanes are available, results in potential conflict.

Consequently, the recommendation is to

reduce the speed limit from 50 km/h to 30 km/h

if cyclists are allowed on the carriageway. This

recommendation is even more pressing if park-

ing is permitted on or alongside the carriage-

way.

Cycle lane width

vis

The recommended widths for cycle lanes are

based on the fundamental premise that a cycle

lane should always be sufficiently wide to allow

a minimum of two cyclists riding abreast. This

can pertain to cyclists riding alongside one

another for companionship, an adult wishing to

ride alongside a child for safety, or a faster

cyclist wishing to overtake a slower cyclist.

Cyclists must be able to use the lane safely and

comfortably, without having the feeling of being

pursued by motor vehicles. The width of the

cycle lane must encourage passing motorists to

keep their distance from cyclists.

Research from CROW-Fietsberaad [22] reveals

that the width of the cycle lane exerts a great

deal of influence on the way in which motorists

pass cyclists (and thus on objective and subjec-

tive safety). Wider cycle lanes result in passing

distances that are greater on average. The num-

ber of instances of (excessively) tight passing

also declines significantly if the cycle lane is

wider: in the case of cycle lanes measuring

1.80 mand wider, these are nigh on non-exist-

ent, even on busy (or very busy) road sections.

On such cycle lanes it turns out that the major-

ity of cycling pairs ride with their wheels on the

lane. Unsurprisingly, surveys show that cyclists

appreciate wider lanes more than narrow ones,

particularly when cycling two or more abreast.

What the aforementioned fundamental premise

means in concrete terms is that a cycle lane

should preferably be 1.70 to 2.25 m wide,

depending on the available surface width.

These dimensions do not include markings. In

other words, this pertains to effective width. If

obstacles are located close to the cycle lane

(e.g. bollards within 0.50 m), then corrections

must be made for these by means of a wider

cycle lane.

In built-up areas, cycle lanes can be used on

roads with a wide central vehicle path, suitable
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for two passenger cars, or on roads with a nar-

row central vehicle path, suitable for a single

passenger car. Central vehicle paths where

there is doubt or two passenger cars can pass

one another must be avoided. For the purposes

of using cycle lanes, a minimum effective sur-

face width of 5.80 mis necessary. The remain-

der of this section presents detailed recom-

mendations for the layout of the cross section.

Advisory cycle lanes

It used to be common to see cycle lanes with-

out a bicycle symbol. These so-called advisory

cycle lanes do not have any legal status. Occa-

sionally less stringent recommendations are

applied to advisory cycle lanes than to cycle

lanes (including in terms of factors like width

and colour). Clear decisions are advised: either

go for a fully fledged cycle lane (with sufficient

width and markings), or create a fully mixed pro-

file.

Cycle lanes on distributor roads

On a distributor road with a speed limit of

50 km/h, cars and cyclists must be separated

from one another in line with Sustainable Traffic

Safety. Ideally, a segregated cycle path will be

used to this end, though cycle lanes are also

permissible. In such cases, the cycle lane will

have to genuinely delineate a discrete domain

for the cyclist. To this end, a continuous stripe

between the cycle lane and the main carriage-

way can be introduced.

The lanes for motorized traffic must be suffi-

ciently wide that cars and lorries do not have to

use the cycle lane (recommended lane width

2.90 m). The cycle lane should be sufficiently

wide to allow safe and comfortable flow of

bicycle traffic (including cyclists overtaking).

The recommended width for a cycle lane is

2.25 m; the minimum dimension is 1.70 m (not
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including markings). Where bicycle traffic vol-

umes are higher, more width will be required

and acycle path must be considered.

In order to encourage passing car and lorry traf-

fic to keep sufficient distance from cyclists, the

recommendation is to always maintain a space

of 0.50 m between cycle lane and driving lane.

If space is lacking, then ‘savings’ can be made (if

need be) on the widths of cycle lanes and driv-

ing lanes, but the intermediate space of 0.50 m

should continue to be fundamental.

On distributor roads (50 km/h), cycle lanes and

parking spaces should not be combined.

‘Grey roads’

Some distributor roads in built-up areas are too

narrow for cycle paths and accommodate too

much through traffic to be organized as residen-

tial roads. Sustainable Traffic Safety regards such

a combination of functions undesirable. In prac-

tice, however, it turns out that it is not always

possible to organize such grey roads in line with

Sustainable Traffic Safety in the short term. In

such situations, cycle lanes may be considered.

This does mean that motorists will occasionally

have to veer onto the cycle lane due to an

oncoming bus or lorry. And fast cyclists will

sometimes have to use the driving lane for such

things as overtaking a cargo bike. Then it is no

longer an exclusive domain. Hence these roads

will not be satisfying the essential requirement

of separating slow and fast traffic that applies to

distributor roads.

In order to emphasize the function for bicycle

traffic and to ensure that cars are not impelled

to drive too far over to the side of the road,

lanes for cyclists are still recommended.

Although their function differs, such lanes are

also just referred to as ‘cycle lanes’. Nonetheless,

the recommended width for cycle lanes in

these kinds of situation is 2.00 m, with a mini-

mum of 1.70 manda maximum of 2.25 m.

Acentre line is not desirable on grey roads. After

all, drivers of cars and lorries adhering to the

centre line would be keeping insufficient dis-

tance from cyclists on the cycle lane. In these

situations, therefore, a single, undivided driving

lane is available for motorists travelling in two

| > = 2 =P !
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Surfacing width: 1030 - 1180 cm

Figure 5-2. Profile A. Wide cycle lanes with sufficient gap between them and the lanes for car traffic
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directions. For the purposes of this lane's width,

the designer must make a clear choice: the lane

must be sufficiently wide either for a single car

or for two passenger cars alongside one another.

Driving lane widths of between 3.80 m and

4.80 m, where it is unclear whether the space is

intended for one car or two, are not permitted.

There are two ways in which the road layout can

show the intention where a motorist encounters

oncoming traffic.

1. Vehicle path for bidirectional traffic

Using profile B1 (figure 5-3) will enable most

oncoming vehicles to pass one another (at

moderate speeds), without having to resort to

use of the cycle lanes. The recommended lane

width is 5.50 m, with a minimum of 4.80 m. The

minimum width of the cycle lanes (not including

markings) is 1.70 m. The passing distance of

0.50 m from cyclists must be safeguarded at all

times.

170-225 cm 170-225 cm

Surfacing width: 840-1070 cm

Road markings: 10 cm

Figure 5-3. Profile B1. Cycle lanes and a central vehicle path suitable for two passenger cars
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1

& Central traffi ath 220-380 cm 170-220 cm

Surfacing width: 580-840 cm

Road markings: 10 cm

Figure 5-4. Profile B2. Cycle lanes anda central vehicle path suitable for a single passenger car

2. Vehicle path for one-way traffic

Using profile B2 (figure 5-4) will impel motorists

to deliberately veer onto the cycle lane when

encountering oncoming traffic. In this regard,

they must not impede the bicycle traffic. The

central vehicle path for car traffic may be no

more than 3.80 m wide. The speed limit is

30 km/h.

Residential roads

For reasons of safety, cycle lanes are unneces-

sary ona well-organized residential road in the

built environment. Which is why most residen-

tial roads do not have cycle lanes. Nevertheless,

there could be other reasons to still have (or

retain) cycle lanes. For example, designing a

main cycle route through a residential area; this

could be important for the purposes of creating

disentwined cycle routes. Such a use of cycle

lanes is not in conflict with the ‘Basiskenmerken

Wegontwerp’ (‘Dutch Guidelines for Basic Road

Design’) [7].
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For the purposes of width profiles, please see

the previous discussion of cycle lanes on dis-

tributor roads.

Cycle lanes are not created on residential roads

in built-up areas with an effective surface width

less than 5.80 m.

5.4.5 Cycle paths and cycle/moped paths

V1, 16, 17, 18,19

Cycle paths are the safest solution on distributor

road sections. Due to the fact that cyclists are

separated from motorized traffic, the probability

of (lateral) conflict between both groups is mini-

mal and cyclists are less exposed to exhaust

fumes. The design of cycle paths will depend on

the function (design speed) and the use (width).

Mopeds are not allowed on cycle paths (indi-

cated with a G11 sign), though they are allowed

on cycle/moped paths (G12a sign). In built-up

areas the use of cycle/moped paths is discour-

aged. Only on paths alongside main carriage-

ways with a speed limit of 70 km/h is also per-

mitting moped riders recommended.

Profile to be chosen and the accompanying widths of traffic lane and cycle lanes

If itis decided that cycle lanes are to be used,

then the following guidelines for lateral profile

layout and the corresponding widths shall

apply. First and foremost, the type of lateral

profile is chosen, depending on the effective

surface width: A, B1, B2 or C (the latter pertains

to the bicycle street - see 5.4.3). The accompa-

nying plans will produce an unequivocal

choice. Please note that on roads with a sur-

face narrower than 5.80 m, cycle lanes that

facilitate two cyclists riding abreast are nota

possibility. For that reason, cycle lanes are dis-

couraged on such narrow roads in built-up

areas.

It is assumed that the widths specified are actu-

ally available for traffic (including bicycle traf-

fic). If there are any obstacles on the verge near

the edge of the surfacing and/or parked cars

and there is no critical reaction strip (or the

critical reaction strip is not sufficiently wide),

then an extra distance will have to be added to

the width specified.

1.400

1200

1.000 —
800 | i =
600

oo
200

0

Total surfacing width (cm)
& B2 BL A

Profile to select

Dimensions in metres

0 2 4 6 8 40: 12
Access road mixed profile.

Up to c. 400 PCU/h

Bicycle street narrow. O

p toc. 200 PCU/h

Bicycle street wide.

Up to c. 400 PCU/h

Access road 30 km/h.

Up to c. 600 PCU/h

GREY 50 or 30 km/h.

Up toc. 1,000 PCU/h

Distributor road 50 km/h.

Up toc. 2,000 PCU/h

Two plans to determine choice of lateral profiles (maxi-

mum dimensions for each road category)

An alternative to a cycle path or a cycle/moped

path is the parallel residential road. One disad-

vantage of this solution compared to a cycle

path is that motorized traffic is also allowed ona

service road, both in motion and stationary

(parked). This is unfavourable for bicycle (or

moped) traffic, in terms of safety, comfort and

air pollution.

Service roads in built-up areas must always have

a speed limit of 30 km/h, and if need be have

cycle lanes, or be organized as a bicycle street.
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Bidirectional cycle paths

In principle, cycle paths are organized for one-

way bicycle traffic in built-up areas. Bidirec-

tional cycle paths present a higher degree of

risk where there are side roads. As a rule, side

road density is high in built-up areas.

Nevertheless, there could be grounds for allow-

ing a bidirectional cycle path, namely if:

= a bidirectional cycle path shortens the route

for cyclists and/or forms a logical rapid con-

nection in a route (this always pertaining to

[extremely] short sections);
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= a bidirectional cycle path prevents crossing

manoeuvres;

The effect of this is at its most significant on

busy arterial roads that are tricky to cross. Inci-

dentally, only in exceptional cases will a unilat-

eral bidirectional cycle path lead to restriction

of the number of crossing manoeuvres. Where

the latter is desirable, using a bilateral bidirec-

tional cycle path is usually best.

= there is insufficient space to create a one-way

cycle path on both sides of the road, buton

one side there is sufficient width for a bidirec-

tional cycle path.

v9
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speed limit turns out to be unfeasible with

markings on the road [17]. If the cycle path is

given right of way, then surfacing, signage and

markings must support this. Preferably, a speed

bump will be created in the side road to support

the cyclists’ right of way. These measures will

serve to reduce the probability of road users

failing to spot cyclists coming from an unex-

pected direction (see also chapter 6, ‘Junc-

tions’).

The use of bidirectional cycle/moped paths in

built-up areas is strongly discouraged. The

speed of the moped traffic is too high for safe

usage.

5.4.6 Service roads

V15, 54, 65, 66

In principle, service roads in built-up areas are

open to one-way motorized traffic. Due to the

adjacent main carriageway, they only have a

local function for this traffic. However, within

built-up areas they do commonly form part of a

main cycle route. In addition to their residential

function, service roads in built-up areas often

provide parking space (particularly for local res-

idents’ cars). That said, the parking function is at

odds with the function of the main cycle net-

work. Parked vehicles may not adversely affect

the interests of through bicycle traffic.

Where service roads change into cycle paths or

cycle/moped paths, one point for attention will

be the continuity of the main cycle route.

Where the cycle paths in both directions have

been opened up, bicycle traffic on the service

road must also be facilitated in both directions.

To this end, a cycle lane or a cycle path in the

opposite direction can be considered.

From a functional perspective, a service road

alongside a distributor road can be deemed to

be a residential road; this is described above.

Service roads on the main cycle network are

often eligible to be organized as a bicycle street

(see 5.4.3). It is also possible to furnish service

roads with cycle lanes, though this is not prefer-

able (see 5.4.4).

5.5 Bicycle traffic and motorized

traffic outside of built-up areas

5.5.1 Fundamental principles

For distributor roads outside of built-up areas

with a speed limit of 80 km/h it holds as a hard

and fast fundamental principle that bicycle traf-

fic flow be kept off the carriageway for car traf-

fic, i.e. on a segregated cycle path or a parallel

residential road. For residential roads (mostly

60 km/h) traffic types are mixed. From the per-

spective of safety and comfort, however, a
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(motorized traffic) speed of 60 km/h is far from

ideal for cyclists. Only where the volume of car

traffic is low, where the speed of motorized traf-

fic corresponds to the speed limit, and where

the volume of cyclists is low can mixing be

done. The ‘Basiskenmerken Wegontwerp’

(‘Dutch Guidelines for Basic Road Design’) [7]

refers to this type of road as residential road

type 2. (Segregated) cycle facilities are particu-

larly desirable in situations involving a high vol-

ume of cars, agricultural traffic or a lot of

cyclists (residential road type 1).

Incidentally, residential roads can also be

organized outside of built-up areas with a speed

limit of 30 km/h. The statutory requirements for

this are no different to those for situations in

built-up areas. The uses are much more limited,

however, pertaining in particular to cul-de-sacs,

roads only open to local traffic, roads in mark-

edly recreational areas and service roads (for

example).
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Table 5-3. Selection plan for cycle facilities in the case of road sections outside of built-up areas

Road category Speed limit Volume of Cycle network category 7

motorized motorized Basic structure Main cycle network or
traffic (km/h) traffic (PCU/ bicycle highway (I,i-ycje » 500/

24-hour period)

< 2,500

2,000-3,000

Residential road 60 (or 30)

> 3,000

Distributor 80

24-hour period)

bicycle street if|_,, < | 1);

cycle path or mixed if... > Ihicycte
i : cycle

mixed traffic

cycle path

not relevant cycle/moped path
road

1) plus any additional requirements in terms of speed

Table 5-3 constitutes a tool to help choose the

correct facility outside of built-up areas. When

using this table, the same considerations apply

as with the table for road sections in built-up

areas (table 5-2).

5.5.2 Mixed traffic

V8,9

Outside of built-up areas the differences in

speed between motorists and cyclists are con-

siderable, even if the speed limit is ‘only’

60 km/h. What this means is that the fundamen-

tal principle of mixing will only be possible if the

volumes of motorized traffic and bicycle traffic

are low and the speed genuinely stays limited to

60 km/h.

Ifa road section ona residential road outside of

built-up areas is not part of the main cycle net-

work, then mixing will be possible where the

volume and speed of motorized traffic is low.
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From a volume of around 2,000 PCU/24-hour

period, consideration must be given to cycle

facilities, preferably in the form of a segregated

cycle path, though sufficiently wide cycle lanes

are also acceptable in certain situations.

Agricultural traffic

One point for attention with road sections on

residential roads outside of built-up areas is the

presence of agricultural traffic. Where there is a

relatively high volume of agricultural traffic, a

wider road profile could be desirable than is

necessary from a traffic engineering perspec-

tive, so as to satisfy the main requirement safety.

Even prevention of the edges of the surfacing

being worn down is a safety aspect in that

regard. The requisite extra width could partly be

found in verge surfacing, thereby keeping the

vehicle path for car traffic narrow. Verge surfac-

ing must be properly underpinned and ‘forgiv-

ing' (at least for cyclists). This means that the

verge surfacing must dovetail neatly with the

surface of the carriageway. In this respect, it is

imperative to prevent the verge surfacing being

conceived of as ‘genuine’ surfacing; ribbed

asphalt is therefore discouraged. Even gravel is

not a good choice; in the unfortunate event of

cyclists straying off the road, things are unlikely

to end well for them. Consequently, the most

suitable option for verge surfacing is grasscrete,

on the proviso that this is laid flat side up.

5.5.3. Bicycle streets

V12, 13, 14

Links in the main cycle network or bicycle high-

ways can run through residential areas even

outside of built-up areas. Service roads along-

side distributor roads are an example of this.

The same functional requirements can be set

for these residential roads as are set for bicycle

streets in built-up areas (see section 5.4.3). One

difference from the situation in built-up areas

pertains to the speed of motorized traffic. As a

rule, this is 60 km/h outside of built-up areas.

This is high for a safe and comfortable cycle

environment. Despite common assumptions, it

is also possible to set a speed limit of 30 km/h

outside of built-up areas, as the statutory provi-

sions — the Administrative Provisions (Road Traf-

fic) Decree (Besluit administratieve bepalingen

inzake het wegverkeer, or BABW) - are the

same for situations in and outside of built-up

areas. For the purposes of a bicycle street out-

side of built-up areas, the option of a 30 km/h

speed limit certainly has to be considered.

5.5.4 Cycle lanes

vib

Outside of built-up areas, cycle lanes can only

be considered on residential roads (see the plan

in table 5-3). Due to the fact that cycle lanes
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always have to be sufficiently wide, the recom-

mendation is to only use them on residential

roads with a carriageway width of between 5.80

and 7.90 m. This is comparable to type B2 for

roads in built-up areas: a lane wide enough for a

single car (see section 5.4.4, figure 5-4).

Because the speed of cars is higher outside of

built-up areas, overly narrow cycle lanes here

are even more unsafe and even less comforta-

ble. For that reason, cycle lanes must be a mini-

mum of 1.70 m wide even outside of built-up

areas. Any function for bicycle traffic can be

emphasized by means of a bicycle street set-up

(see 5.5.3).

No cycle lanes are used if the carriageway is

narrower than 5.80 m. Roads with a wider vehi-

cle path for motorized traffic (type B1) are not

used outside of built-up areas due to the higher

driving speeds.

Hard strips and visual narrowing

It is often the case that residential roads outside

of built-up areas are given hard strips, the aim of

which is to make the carriageway look narrower

than it actually is. The edge markings can com-

prise a broken or continuous stripe and are

located a few decimetres from the edge surfac-

ing. If the distance between marking and edge

surfacing becomes more than 0.30 to 0.40 m,

then this can give both cyclists and motorists

the impression that the relevant cycle lane is

intended for cyclists. Cyclists will then feel

obliged to ride on that narrow lane, where they

will feel even less safe. Aside from the fact that

cycling on such a narrow lane requires a great

deal of (mental) effort and can cause unin-

tended traffic behaviour, it can also lead to sin-

gle-vehicle bicycle accidents. For that reason,

edge markings should be applied no more than

0.25 m from the edge of the surface.
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5.5.5 Cycle paths and cycle/moped paths

V5, 6, 16, 17

In the case of distributor roads, segregated

cycle facilities are always necessary outside of

built-up areas, in the form of cycle/moped

paths. The fact that moped riders use the path

entails consequences in terms of its width.

Moped riders are not usually allowed to use

segregated paths along residential roads

(60 km/h); they have to ride on the carriageway.

Public lighting along cycle paths is often inade-

quate outside of built-up areas. In such cases,

guideline markings are necessary. Edge mark-

ings should preferably be used on both sides of

the cycle path to prevent accidents on verges. A

centre line will suffice in the case of a quiet bidi-

rectional cycle path of sufficient width.

One alternative to a cycle/moped path is the

service road (see 5.5.6). The disadvantage of this

for cyclists is that motor vehicles are also

allowed on service roads, both in motion and

stationary (parked). This is detrimental to

cyclists’ safety and comfort. On distributor

roads outside of built-up areas, service roads

are often intended for agricultural vehicles and

lorries as well. Where this is the case, it is desira-

ble to create a segregated cycle path alongside

the service road.

Segregation verge

v8

It is pleasant for cyclists to be able to ride at

some distance from car traffic. Nonetheless, the

distance between cycle path and main carriage-

way must not be so considerable that the cycle

path ends up being beyond the main carriage-

way's sphere of influence; for reasons of social

control, it is desirable for the cycle path to con-
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tinue to be visible to motorists. The space

between the cycle path and the main carriage-

way is referred to as a segregation verge. This

serves as a ‘margin of error’ for vehicles straying

from the main carriageway and for cyclists (or

moped riders) veering off of the cycle/moped

path. In addition, the segregation verge serves

as a ‘buffer’ for preventing accidents between

cyclists and motorized traffic.

Table 5-4 recommends a number of widths for

a properly functioning segregation verge These

widths will help in the case of bidirectional cycle

paths as well as to prevent cyclists on the left-

hand side of the road (facing oncoming traffic in

the Netherlands) from being blinded by the

headlights of oncoming motor vehicles. If it will

not be possible to satisfy the segregation verge

width requirements, then some kind of segre-

gation structure will be desirable.

Table 5-4. Recommended widths for segregation verges

(between carriageway and cycle path) outside of

built-up areas

Width of segregation verge (m)

Road category Recommended Minimum

Road with high traffic volume 10.00 8.00

Distributor road 6.00 450

Residential road > 150 150

Bidirectional traffic

V5

On bidirectional cycle/moped paths, oncoming

cyclists and moped (or light moped) riders pres-

ent each other with a risky potential conflict.

The problem is aggravated by the increase in

how busy these kinds of cycle path are and the

speeds on them. In order to make clear to all

It goes without saying that the path must be suf-

ficiently wide and that cyclists and moped (or

light moped) riders must be able to swerve onto

the verge if need be. ‘Forgiving’ verges are

essential. Furthermore, attention to side roads

and other connections is also necessary. In

terms of all these points, it would be advisable

to make explicitly clear to road users that bicy-

cle traffic (including mopeds and light mopeds)

is to be expected from two directions (see also

chapter 6, Junctions’).

5.5.6 Service roads

V8,9

From a functional perspective, a service road

alongside a distributor road is a residential road
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When deciding on the road section solution for

this, the plan from table 5-3 can provide some

assistance.

One point for attention in the case of service

roads outside of built-up areas pertains to the

speed of motorized traffic. Occasionally, a ser-

vice road carriageway for motor vehicles will

constitute a faster route than the functional

main carriageway; in such cases, function,

design and use will not be in equilibrium. All

options in terms of limiting the speed and vol-

ume of car traffic on the service road must be

used. Consider in this regard extra connections

on the main carriageway, brief closures for

motorized traffic (traffic bollards), and speed

humps and raised junctions on the service road.

The use of service roads by agricultural traffic

will also require special attention on the part of

the designer. In line with the fundamental prin-

ciples from Sustainable Traffic Safety,

slow-moving agricultural vehicles have no place

on the main carriageway of a distributor road.

That said, the difference in mass between cyclist
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and agricultural vehicle on a service road is con-

siderable. The impressive size and width of agri-

cultural vehicles not only present objective risks

in terms of safety, they also (and particularly)

kindle a marked sense of danger. An additional

problem pertains to verges that have been worn

down by tyres.

Possible measures include limiting the volume of

agricultural traffic, wide surfaces or adding a seg-

regated cycle path (perhaps in combination with

an unpaved service road). Particularly where the

number of residential connections is limited,

using passing bays for agricultural traffic on the

main carriageway in combination with a segre-

gated cycle/moped path could be a solution [18].

If the agricultural traffic nevertheless has to use

the service road, then it is imperative to prevent

the edges being worn down by tyres. The requi-

site extra width could partly be found by surfac-

ing verges, thereby keeping the vehicle path

narrow. Another option is to ‘split’ the service

road in two by creating a central verge/axis,

thereby creating two tracks. In such cases, the

separate strips of asphalt will have to be suffi-

ciently wide to serve as a cycle path. The width

of the central verge/axis may not exceed the

width of a passenger car's axle.

Verge surfacing must be properly underpinned

and ‘forgiving’. This means that the verge sur-

facing must dovetail neatly with the surface. In

this respect, it is imperative to prevent the verge

surfacing being conceived of as ‘genuine’ sur-

facing; ribbed asphalt is therefore discouraged.

Even gravel is not a good choice; in the unfortu-

nate event of cyclists straying off the road,

things are unlikely to end well for them. Conse-

quently, the most suitable option for verge sur-

facing is grasscrete, on the proviso that this is

laid flat side up.
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5.6 Special situations

5.6.1 Busstops

Two components are highly significant for bicy-

cle traffic at bus stops: stopping buses and

crossing pedestrians.

Stopping buses

In principle, buses stop on the carriageway on

residential roads. The upshot of this is that

cyclists will experience nuisance from buses

when they are not in motion. This is undesirable

in general, but it is all the more irritating on

main cycle routes. Hence for reasons of safety

and comfort the recommendation would be to

have buses on main cycle routes stop away

from the main carriageway as a minimum.

On distributor roads, the recommendation is

that buses will always stop in bus bays sited

away from the carriageway. If cycle lanes are

present, then the bus will have to merge with

passing cyclists, which can lead to conflict. One

point for attention is the design of the bus bay.

This must be sufficiently wide to ensure that

stopping buses are not encroaching upon the

cycle path. In the case of segregated cycle

paths, the recommendation is to steer the cycle

path around the bus bay in a flowing movement

to ensure that cyclists do not experience any

nuisance from stopping buses.

Crossing pedestrians

The second component relates to the fact that

bus stops result in a concentration of (crossing)

pedestrians. For that reason, itis important for

both pedestrians and cyclists for the road layout

to make manifest the fact that there is a possi-

bility of encounters between the two groups.

Where there is a segregated cycle path, a plat-

form must be created for waiting and alighting

bus passengers. To this end, a free space of at

least 2.00 m is maintained. If a bus shelter is

installed at a stop, then the distance between

the cycle path and the bus shelter must be at

least 0.65 m. Points for attention in such cases

are the bendiness in the route (main require-

ment directness) and the sight distance in

motion for the cyclist. The latter may not be

impeded by the bus shelter.

It is also possible to create a design in which the

cycle path runs in front of the bus shelter at an

elevation. This solution requires extra attention

to preventing conflict between passing cyclists

and passengers getting onto and off of buses

A segregated cycle path is sometimes elevated if

it runs behind the bus stop too. This is the case

where there is a need to make the platform

more accessible to disabled passengers. The

elevated cycle path can be created like a plateau,

making it immediately evident to cyclists that

there is potential here for conflict with pedestri-

ans.
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5.6.2 Bicycle and tram/light rail

Cyclists and trams can use the same carriage-

way if there is sufficient space available for

cyclists between the roadside and the tram rails

and on the proviso that tram proceed very

calmly. Nevertheless, this merging of tram traf-

fic and bicycle traffic is not recommended. Due

to the fact that cyclists are unable to respond to

a vehicle approaching from the rear and trams

do not have the option of swerving, a tram must

be capable of coming to a complete stop very

swiftly in an emergency situation. The braking

distance of a tram travelling at 30 km/h is similar

to that of a car travelling at 50 km/h. Conse-

quently, a safe tram speed for conflict situations

is below 30 km/h, namely around 20 km/h [19].
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from getting caught up in the tram rails. They

will only be able to cross the rails at an angle of

at least 60 degrees. Cyclists will also need to be

sufficiently alert to prevent the rails from caus-

ing a fall, to prevent themselves from missing

other hazards (particularly applicable at sets of

points and on bends). Furthermore, cyclists are

not always capable of choosing a safe track (e.g.

at a sufficient distance from parked cars) and

tram rails limit cyclists’ freedom of movement

when it comes to emergency manoeuvres.

The above means that a combination of both

types of traffic can only be considered if there is

sufficient room for this in the lateral profile.

Moreover, it is imperative to prevent less atten-

tive cyclists from getting their wheels caught in

the rails. Consequently, it is preferable to screen

off tramlines physically, though visually as a

minimum. The latter pertains to (for example)

having a different surface for the tramlines or

noticeable markings (0.30 m wide). In principle,

elevating the tramlines is undesirable, as a

cyclist can easily bump into the elevation, e.g.

when overtaking or if he fails to spot it in the

dark or in the snow. Only a ‘forgiving’ elevation

may be considered.

On the main cycle network, a mixed profile with

trams, cars and bicycles is avoided, opting

instead for segregated cycle paths or a solitary,

physically separated tram track. Where this is

impossible, the following fundamental design

principles will apply:

= Cyclists ride to the right of the tram. On either

side of the bicycle connections (i.e. both

between cyclists and trams and between

cyclists and the edge surfacing or parked cars)

there are critical reaction strips and two

cyclists can cycle abreast without problems.

= The volume of car traffic is low in order to give

cyclists the opportunity to swerve.
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= There should preferably be a ‘no stopping’ rule

on the road section.

= Where tramlines or a bicycle connection

branch off, then the cyclist will need to be able

to cross at an angle not less than 60 degrees.

5.6.3 Cyclist and pedestrian

Within built-up areas, cyclists do not use the

same space as pedestrians on the vast majority

of road sections. After all, most roads and

streets have a pavement or walkway. Outside of

built-up areas, pedestrians do often use the

cycle path, but in view of the extremely low

number of pedestrians this usually does not

present much of a problem.

In built-up areas, however, it is possible to dis-

tinguish several situations in which the ratio of

cyclists to pedestrians merits more detailed

consideration. For example, in many municipali-

ties there is the issue of whether or not to allow

cyclists in pedestrian zones, a matter that will be

examined later on in this section.

Shopping streets and pedestrian zones

Pedestrian zones are primarily found in city and

town centres. Although the motive for creating

these is usually the disruptive presence of

motorized traffic, in many pedestrian zones all

traffic (other than pedestrians, of course) is pro-

hibited so as to create a pleasant, safe retail and

residential climate. Nevertheless, the question is

whether it is necessary to exclude bicycles in all

such zones at all times; after all, compared to

car traffic, cyclists do not cause much of a nui-

sance. In addition to this point, central areas and

pedestrian zones not accessible to cyclists

often constitute a barrier to cyclists. Further-

more, these areas are common destinations for

bicycle traffic. A cycle-friendly policy will ena-

ble these destinations to be optimally reachable

for cyclists.

Cyclists in a car-free area?

The question as to whether or not cyclists and

pedestrians can be mixed is particularly relevant

in car-free shopping areas, streets and parks.

Usually, consideration of this question is limited

to weighing things up between excluding

cyclists and mixing cyclists and pedestrians.

However, it is possible to permit both categories,

albeit separating them from one another. Hence

itis important to answer the following ques-

tions:

= Do cyclists need to be allowed in the car-free

area and will this be a possibility?

= Ifso, will cyclists and pedestrians have to be

mixed or separated?
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= Inthe event of them being separated, will this

separation have to be hard or soft?

Cyclists can be categorized as either ‘through

traffic’ or ‘local traffic’. Both groups have an

interest in being allowed into car-free areas. For

cyclists constituting ‘through traffic’, a car-free

area often presents an attractive, safe and in

certain cases also quick connection. This is par-

ticularly true in city centres. For road sections

forming part of the main cycle network it holds

that mixing pedestrians and bicycle traffic is

often impossible as this would not be able to

achieve the desired quality for cyclists. Moreo-

ver, busy through cycle routes passing through

pedestrian zones can easily result in conflict

with pedestrians.

For cyclists constituting ‘local traffic’ it holds that

they need to be able to reach their destination in

the car-free area quickly. This also enables them

to keep their bicycle close (less chance of theft)

and carry things on it. The advantages of cyclists

being allowed into car-free areas must be

weighed up against the disadvantages that

pedestrians will experience as a result.

Joint use on the part of cyclists and pedestrians

For the question of whether or not cyclists are

to be permitted in a pedestrian zone, limits are

to be set on the basis of usage and profile. The

layout of the street is just as decisive a factor in

this regard as the number of pedestrians; obsta-

cles such as terraces and bicycle parking racks

restrict profile width. A vehicle path and a sec-

tional profile in particular will go towards ensur-

ing that pedestrians and cyclists keep to their

own ‘territory’ [20].

As it turns out, the average number of pedestri-

ans in relation to the available profile width is a

good indication of the degree of mixture that is

possible. Hence it is primarily the volume of
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pedestrian traffic in relation to the profile width

(the pedestrian density) that is the decisive

factor when it comes to the question of

whether it will be possible to mix. Table 5-5

shows the values at which each solution can be

recommended. In this regard, it is always about

joint use on the part of cyclists (constituting

‘local traffic’) and not about sections of the main

cycle network.

Table 5-5. Possibilities for joint use of pedestrian zones on

the part of cyclists

Number of pedestrians per Recommended solution **)

hour per metre of profile

width *)

< 100 Full mixture

100-160 Segregation; vehicle path with
non-sectional profile (no level

differences)

160-200 Segregation; vehicle path with
sectional profile

> 200 Combination not desirable

+) This is the number of pedestrians passing an imaginary line straight

across street in an hour, divided by the total profile width in metres.

**) The recommended solutions are based on Fietsberaad publication 8,

‘Fietsers in voetgangersgebieden’ (‘Cyclists in Pedestrian Zones’ [20]

Combining cyclists and pedestrians proves to

be possible when there are fewer than 200

pedestrians per hour per metre of profile width.

In the case of a higher volume of pedestrians, it

will not be possible to mix the two groups well,

in which case it will need to be examined what

other solutions are possible. In this regard, the

designer/traffic engineer must bear in mind that

there can be marked fluctuations in pedestrian

density. On Saturdays and evenings when shops

are open late there might be a problem that is

absent at other times. Although a design is

based on an indicative juncture, a different traf-
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fic regime could apply at non-indicative junc-

tures. In other words, if itis not possible to allow

cyclists into a zone on Saturdays and evenings

when shops are open late, that does not neces-

sarily mean that they cannot be allowed into the

zone throughout the week. The same goes for

specific facilities that have certain visitor num
-

ber peaks.

In the case of a pedestrian density below 100

pedestrians per hour per metre of profile width,

full mixture is possible, without additional facili-

ties; in the case of a density between 100 and

200 pedestrians per hour per metre of profile

width, segregation is desirable. A visual separa-

tion will suffice (use of material, markings) up to

160 pedestrians; above 160 pedestrians it will be

desirable to introduce a vehicle path for bicycle

traffic

The advantage of mixing cyclists and pedestri-

ans is maximum freedom of movement in lat-

eral directions for both categories of road users.

The advantage of segregation is that pedestrians

and cyclists will experience less nuisance from

one another. Furthermore, the probability of

accidents occurring between pedestrians and

cyclists will be lower. Incidentally, the nuisance

and the danger when mixing cyclists and

pedestrians must not be overestimated. Ger-

man research shows that initial public opposi-

tion to allowing cyclists into pedestrian zone
s

significantly abates after a year. Another Ger-

man study revealed that cyclists generally mod-

ify their behaviour and even dismount when

pedestrian densities are high. This study also

refuted the assumption that cyclists will ride

faster once their presence in pedestrian zones

is legalized. It also emerged that accidents

between cyclists and pedestrians are scant

and not serious in nature.

Design in the case of segregation

At densities of between 100 and 160 pedestrians

per hour per metre of profile width it is sufficient

to introduce a simple marking designating the

vehicle path for cyclists. Furthermore, good

spatial design of the street is desirable. This

design must be geared towards making the

vehicle path for cyclists clearly recognizable.

Incidentally, this segregation may not be ‘too

hard’. Neither should it be reinforced by legal

measures, lest this give rise to reciprocal intol-

erance due to both groups being given a ‘sense

of entitlement to their rights’.

Above 160 pedestrians per hour per metre of

profile width the recommendation is to give

cyclists their own vehicle path in the middle of

the space. To ensure this is recognizable, this

should be finished with a different surface and/

or colour. At the same time, however, it now

also holds that the separation between the

cyclists’ and pedestrians’ domains must not be

too distinct, as cyclists also have to be able to

park their bicycles and therefore need to be

able to leave their domain in a straightforward

manner. ‘Soft’ segregation will also prevent

cyclists and pedestrians tripping over the sepa-

ration. Such segregation, entailing the bounda-

ries between the cyclists’ and the pedestrians’

domains blending into one another, as it were,

turns out in practice to result in flexible inter-

action between the two groups.

Combined path

v20

It is not just in pedestrian zones that mixing

cyclists and pedestrians can be considered.

Time windows for allowing in cyclists

Practical experience has taught us that there is

tremendous capacity for self-regulatory

behaviour in pedestrian zones. Consequently,

prohibiting cycling only makes sense in situa-

tions where cycling is not fully feasible or is

clearly undesirable and there is a good alterna-

tive for the cyclists. Incidentally, in such cases

the vast majority of cyclists would themselves

decide to use the alternative route.

If a cycle route passes through the pedestrian

zone (and if the volumes of bicycle traffic give

cause to do so), then this route can be desig-

nated as a cycle path using a G11 sign. The pre-

ferred profile will then be sectional, with pave-

ments for pedestrians. A continuous profile

with a vehicle path is also a possibility.

If there are marked fluctuations in volumes of

pedestrians and this makes it possible to mix

cyclists and pedestrians, then time windows

can be stipulated on underplates, specifying

the days and times that cyclists are allowed in

(or otherwise). This time window scheme must

be comprehensible and unambiguous to

ensure there is no confusion. There must also

be room for self-regulation, with restraint

being exercised when it comes to prohibiting

bicycle traffic (or prohibiting it during certain

time windows). Consider also the fact that bans

cannot be comprehensively fine-tuned to all

fluctuations. For that reason, the traffic engi-

neer's insight and common sense will continue

to be important in this respect.

In summary, cycling should only be forbidden

in pedestrian zones during those periods when

capacity for self-regulatory behaviour is

stretched to the limit and manifest problems

could arise between cyclists and pedestrians.
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This also applies to other specific situations in

which it is impossible to free up sufficient space

within the available profile for cyclists and

pedestrians alongside one another. The flush

solution with pedestrian and cycle path/lane,

referred to as a combined path, is only used ona

limited scale in the Netherlands. They are much

more common abroad (Germany, Belgium).

There is also statutory signage in these countries.

The dearth of practical experience in the Neth-

erlands means that the present Design Manual

is not in a position to make any recommenda-

tions substantiated by such experience. Never-

theless, having regard to the results of research

into cyclists in pedestrian zones, it would seem

to be reasonable to assert that a combined
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cycle/pedestrian lane would at any rate be

applicable in situations entailing a low volume

of pedestrians (up to around 25 pedestrians per

hour per metre of pavement width) and a not

overly excessive volume of bicycle traffic. As

stated, more precise values are not yet known.

Aside from the fact that both cyclists and

pedestrians are given more physical space to

use and cyclists will have less conflict with

motorized traffic, combined paths also present

another benefit. One significant cause of sin-

gle-vehicle bicycle accidents is that cyclists hit

the kerb with their pedal. Doing away with the

kerb therefore means eliminating this cause of

accidents. Yet another advantage Is obtained if

there is lengthwise parking alongside the car-

riageway. If cyclists are led along the right-hand

side of parked vehicles, this will be more condu-

cive to their safety than if they are riding on the

left-hand side of these vehicles: after all, if they

are riding on the driver's side (the left in the

Netherlands) then the chances of hitting an

opening car door are higher than if they are rid-

ing on the other side.

A combined cycle/pedestrian lane is discour-

aged in tight situations where the pavement is

actually being used as a residential space (for

playing and by shops and catering establish-

ments, for instance). Residential activities would

constantly conflict with bicycle through traffic,

which is unpleasant for both groups. Even in

tight situations where a large number of elderly

people are using the pavement, this solution

must be used prudently, because elderly people

are quick to feel ‘threatened’.
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Junctions

This chapter deals with intersecting (including

turning onto available directions) and cyclists

crossing roads. The fact that a great deal of

attention must be given to cyclists’ safety at

junctions in designs is evident from the accident

statistics. It is true that the majority of serious

bicycle accidents involve only a single bicycle,

but collisions between cyclists and passenger

cars are also a significant cause of serious traffic

accidents involving cyclists (fatalities and hospi-

tal admissions). In excess of half of the serious

traffic accidents occur at junctions in built-up

areas (58%), and then pretty much exclusively at

junctions with 50 km/h roads (95%) [3].

Section 6.1 will examine the functional require-

ments for junctions, with section 6.2 going on

to discuss the five main requirements. Section

6.3 is extensive. It zooms in ona total of seven

junction combinations of residential roads, dis-

tributor roads, solitary cycle paths and public

transport lanes. The junction of a bicycle con-

nection with a road with high traffic volumes is
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not dealt with, as for these preference is always

given to grade-separated solutions.

V66, 67

From the perspective of this chapter, the type of

visual material presented here will refer to rele-

vant design sheets. These sheets are included in

part two of this publication. A design sheet sys-

tematically presents the most important infor-

mation ona facility (function, application,

implementation, dimensions and more).

6.1 Function, design and use

The function of a junction is to allow inter-

change. At a junction, traffic is given an oppor-

tunity to turn or cross (if the only option is to

cross, then it is a crossing and not a junction).

For the purposes of road safety it holds that the

fewer the junctions the better. However, fewer

junctions means that the network will be less

functional.
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The design of ajunction should optimally sup-

port the interchange function and must be

comprehensible to road users. This goal is best

accomplished by creating a clear situation with

aminimal number of points of conflict. The fun-

damental principle of having as few points of

conflict as possible can be incompatible with

other wishes, e.g. in terms of traffic flow. If for

that reason extra traffic lanes are created, then

this could result in insufficient comprehensibil-

ity and ‘aids’ will be required (such as traffic

lights). From the perspective of this Design

Manual's design philosophy, such solutions are

not pursued. They are discussed, however, as

these solutions are common in practice.

Minimizing the speed of the different road users

is paramount when it comes to interchange.

The chances of survival when being hit by a car

at low speed are considerably higher than they

are if the car is travelling at high speed.

Research [1] shows that the probability of seri-

ous and fatal injury among cyclists starts to rise

substantially when the speeds of motorized

traffic go above 30 km/h.

Figure 6-1 presents the relationship between

the probability of a cyclist dying as a result of

being hit by a passenger car and the applicable

collision speed. It will be clear that a relatively

limited increase in collision speed makes the

chances of a fatality considerably higher.

Aside from the speed, other important factors

for interchange safety include the directions of

the various road users, the clarity of the situa-

tion and the volumes of the different traffic

flows.
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Figure 6-1. The probability of a cyclists dying as a result of a collision with a passenger car as a function of the collision

speed (processed by Theo Zeegers using TNO research data [2])
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6.2 Requirements for ajunction

The main requirements directness, safety and

comfort in particular are important at junction

level. The main requirement cohesion is primar-

ily to do with safety and for that reason it will

not be discussed separately. The main require-

ment attractiveness is not particularly relevant

to junctions. However, the requirement of per-

sonal safety does apply at all times. On this,

please see section 7.5.

6.2.1 Directness

Directness contributes to a shorter journey time

for each bicycle, therefore facilitating bicycle

traffic and fostering the benefits that bicycle use

entails. As in the case of road sections, when it

comes to junctions a distinction can be made

between directness in terms of time and direct-

ness in terms of distance.

Directness in terms of time

V25,45

Directness at junction level is primarily about

the possibility of passing the junction smoothly.

Directness (the prevention of delay) can be

achieved by giving the bicycle traffic flows pass-

ing over the junction right of way as much as

possible. Where this is not possible, another

option is to minimize the probability of cyclists

having to wait, e.g. by introducing a central traf-

fic island of sufficient width on a road to be

crossed. In the case of traffic lights, favourable

settings and a good field of detection (e.g. with

advance detection) contribute to improving the

directness in terms of time for cyclists.

For junctions in general, and for junctions form-

ing part of the main cycle network in particular,

it holds that the probability of the cyclist having

to stop ought to be minimized. As already stated

in section 3.2, each instance of stopping uses
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up around the same amount of energy as is

required to cycle 100 metres. In the case of

cycle-friendly traffic light provisions, the aver-

age and/or maximum time lost at the junction

serve as the criterion for optimization. What this

means is that requirements are set in terms of

the crossability (see box) and, in the case of traf-

fic lights, in terms of the cycle time of the traffic

light control system, as well as in terms of the

average and maximum waiting time for cyclists

in particular.

Aside from adequate crossability, the directness

in terms of time is also fostered by opting fora

high design speed. Using sufficiently wide curve

radii and passageways will enable cyclists to

perform a turn manoeuvre at the desired speed.
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Vv30

Crossability

How crossable a road is, or the quality of its

‘crossability’, is determined by the waiting time.

At priority junctions, this waiting time is

dependent on the crossing length and the vol-

ume of, or rather the gap distribution in, the

traffic flow to be crossed.

The crossing time is the quotient of the crossing

length (m) and the speed of the crossing cyclist

(m/s). If need be, consideration will be given to

the time required to accelerate. In order to be

able to cross, there needs to be a gap in the

traffic flow to be crossed at least as big (as long)

as the requisite crossing time plus a safety mar-

gin. Shortening the crossing length and using a

central traffic island (of sufficient width) could

drastically improve the crossability.

In the case of an even distribution of traffic, the

following shall apply for a traffic flow with Pois-

son distribution and 1x2 lanes:

= Up toa volume of 800 PCU/hour, crossability

will be reasonable without a central traffic

island.

= From 800 to around 1,600 PCU/hour, crossa-

bility will be reasonable if it is possible to

cross in two stages (i.e. with a central traffic

island).

= From 1,600 to around 2,000 PCU/hour,

crossability will be moderate to poor.

= Over 2,000 PCU/hour, crossability will be

poor to very poor.

This assumes a situation in a built-up area and a

cyclist speed of 1 m/s. If a cyclist approaches

and does not have to stop or brake, then this

speed will be much higher (c. 5 m/s), improving

the qualification somewhat. For the purposes

of assessment, however, consideration must

always be given to acceleration and the rela-

tively low average speed of cyclists who have

had to stop for approaching traffic.

V39

At large junctions with traffic lights, cyclist will

usually have to turn left in various stages. This

can result in significant waiting time if crossings

for cyclists are bidirectional. At smaller junc-

tions, turning left can be expedited by con-

structing an advanced stop line (for instance).

Directness in terms of distance

At junction level it is important for cyclists to be

able to follow the most direct route as much as

possible. In situations where cycle paths bend

outwards (perhaps even considerably), for

instance, or where traffic manoeuvres have to
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be performed in various stages at a crossing

regulated by traffic lights, this will be an issue

In the case of segregated cycle paths, prefer-

ence is given to cycle crossings situated 2.00

to 5.00 m from the carriageway for motorized

traffic, for safety reasons [3].

6.2.2 Safety

Due to the fact that most collisions involving

cyclists occur at junctions (and not on road sec-

tions), safety at junctions merits special atten-

tion. Lateral collisions are the most common

form of collision between passenger cars and

bicycles at junctions. In the majority of cases

the driver of the passenger car is held to be at

fault from a legal point of view. In over half of

lateral collisions the driver of the passenger car

fails to brake at all [4], with the speed of motor-

ized traffic being the dominant factor when it

comes to risk of accident and severity of injury.

In the case of fatal collisions at junctions, lorries

are largely responsible, including blind spot-re-

lated accidents.

Avoiding conflicts with intersecting and crossing

traffic

Conflict with intersecting traffic is unavoidable

at junctions due to their interchange function

Nevertheless, the design of a junction has a

great deal of influence over the number and

nature of those conflicts. Grade-separated

facilities completely eliminate conflict with

motorized traffic, but such a solution is often

unfeasible. If the interchange of traffic flows

occurs all on one level, then it will be necessary

for all road users to be able to perceive the

junction on time (sight distance in motion). Fur-

thermore, the intersecting traffic will have to

have an adequate view of the traffic flow to be

intersected (crossing sight distance).

It is also important to minimize partial conflict.

| Lateral conflicts can partly be converted into

(usually less serious) longitudinal conflicts by

turning a junction into a roundabout. Cycle

paths along priority roads should preferably be

situated 2.00 to 5.00 m away from the carriage-

way. This will create a waiting space for a turn-

ing car and cyclists will be kept out of the blind

spot of turning traffic. In side streets, using a

speed bump or exit construction can be recom-

mended, which will reduce the speed of

approaching traffic, thereby resulting in a lower

risk to cyclists.
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Blind spot-related accidents

A relatively high number of blind spot-related

accidents occur at junctions, particularly with

lorries. Hence measures to prevent these can

have a relatively significant effect. Consider in

this regard conflict-free control of car and bicy-

cle traffic flows, or a head start and an advanced

stop line for cyclists. In addition, an ample dis-

tance (5.00 m) between carriageway and cycle

path is favourable. A no right turn for lorries can

also be considered
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Table 6-1, ‘Safe’ conflicts between types of traffic according to speed [5]

‘Safe’ speed motorized ... conflicting (in road section, at crossing __... with it holding that

traffic (km/h) point or at junction) with ...

30 pedestrians (lateral) -

cyclists/moped riders (lateral) =

cyclists/moped riders (longitudinal) cyclists/moped riders on carriageway

motorized traffic (lateral) =

motorized traffic (head-on) =

50 cyclists/moped riders (longitudinal) cyclists are physically separated,
mopeds on carriageway

motorized traffic (lateral) right of way regulated

motorized traffic (nead-on) marked carriageway separation

present as a minimum

70 and higher motorized traffic (longitudinal) =

motorized traffic (head-on) physical carriageway separation present

Reducing speed at points of conflict

Due to the fact that a large number of (lateral)

conflicts are possible at a junction, minimizing

the differences in speed between the various

types of traffic is recommended. The speed of

cyclists (20 to 30 km/h) should be taken as a

point of departure in this regard.

On roads (particularly in built-up areas) where

the flow function for motor vehicles and the

residential function for pedestrians and bicycle

traffic converge, it is often the case that longi-

tudinal and/or lateral conflicts are possible

between motorized traffic and vulnerable road

users. The speed of motorized traffic should

then be adjusted to a safe level of 30 km/h. This

is accomplished both by modifying the road

layout and by setting a speed limit. These

measures will reduce the probability of an acci-

dent and, if one does occur, the probability of

serious injury. At points where serious conflicts

have the potential to occur, the speed of

motorized traffic is adjusted to the speed of

cyclists and the speed of bicycle traffic (includ-

ing fast bicycle traffic) is also reduced. Minimiz-
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ing the differences in speed will reduce the

chances of an accident and the chances of seri-

ous injury.

Reducing risk of single-vehicle bicycle accidents

In order to minimize the probability of sin-

gle-vehicle bicycle accidents, requirements are

set in terms of the serviceability of the road sur-

face, the implementation of curve radii, and the

use and implementation of obstacles.

Evenness is paramount for the road surface’s

serviceability. As in the case of road sections,

an uneven surface with potholes and bumps

can result in falls. In addition to this, cyclists

need to pay particular attention to (intersect-

ing) traffic at junctions and not have to concen-

trate on an inadequate road surface. When it

rains, puddles will form on road surfaces that

are uneven. If these freeze, then this could

cause cyclists to slip and fall, especially when

cornering. The road surface must be sufficiently

skid-resistant, both in winter and non-winter

conditions, not least because cyclists often

have to brake and accelerate at junctions.

Incidentally, evenness also has a clear relation-

ship with the main requirement comfort; cyclist

enjoy riding on an even road surface most.

Curve radii must be at least 5 m; right-angled

corners and staggered corners not be used.

Furthermore, bends and edges must always be

readily visible at junctions too. Tram rails

deserve extra attention (see 6.3.7.2).

The fundamental principle is that as few obsta-

cles and design elements as possible (e.g. arma-

dillos and bollards) be used at junctions, prefer-

ably none at all. After all, it is particularly at

junctions that obstacles can easily be missed

because cyclists’ attention is focused on traffic

there. Where it is impossible to eliminate obsta-

cles, they must be sited at a satisfactory dis-

tance from the junction area, be visible, not

obstruct the cyclists’ path and leave sufficient

room to pass through. Bollards forming part of

the junction should be avoided. If they are gen-

uinely necessary, then they must be sited at

least 12.50 m from the junction.

Ensuring recognizable road categories

Using a limited number of junction types for

each road category will enable the junction

design to contribute to the recognizability of a

road category. Road users will then have a

clearer idea as to what behaviour is required of

them. Further information on this can be found

in CROW publication 315A ‘Basiskenmerken

kruispunten en rotondes’ [6].

Striving towards uniform traffic situations

Although each junction is different, it is possible

to endeavour to adopt similar solutions for simi-

lar junctions. As also stated under road sections,

the uniformity predominantly pertains to the

use of (right of way) rules, signage, markings

and design principles.
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If these kinds of thing are used in a uniform

manner, then this will result in a junction design

that will be comprehensible to, and therefore

safe for, road users.

6.2.3. Comfort

The following requirements are set for junctions

with a view to fostering comfort.

Ensuring an even road surface

The surfacing on junctions should satisfy

requirements in terms of evenness. In this

regard, the connections between main road

and side roads are paramount. The connections

between cycle paths and the junction area also

merit attention. If the different elements are

made of different materials, then this will often

result in unevenness at the transitions, particu-

larly with the passage of time. Consequently,

using different materials is not advised; the

same also goes for lowered edges of the car-

riageway which run round the bend. The pres-

ence of tram rails is uncomfortable and

increases the risk of accidents, which is why it

must be avoided, particularly in a tight profile.

Maximizing probability of unhindered through

traffic

It is comfortable for cyclists to have as clear an

overview of the road (or cycle path) to be

crossed that they can pass without having to

stop, even if this requires a degree of accelera-

tion or deceleration. In order to be able to carry

on riding at junctions unhindered, ample curve

radii are important. If need be, bends will be

widened, if this does not lead to an increase in

the speed of motorized traffic. Being able to

continue riding unhindered will also prevent

time being lost at junctions. For that reason, the

chances of having to stop and, where waiting is

unavoidable, waiting times are to be minimized.
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Table 6-2. Summary of the main requirements for junctions

Main requirement Important here Explanation

Directness Directness in terms of time _ Directness in terms of time pertains to the design speed. Furthermore, it also prevents
delays. Delay can be limited by minimizing the probability of having to stop (maximum

right of way) and by minimizing waiting times. Directness in terms of time can be fostered

by means of such measures as using central traffic islands and favourable traffic light pro-

vision settings for cyclists.

Directness in terms of dis- __Itis imperative to preclude the possibility of cyclists having to make illogical manoeuvres

tance at junctions or being led off the junction

Safety Probability of (serious) The number of encounters with motorized traffic will be minimized.

conflict Where there are significant differences in terms of speed and/or mass, and at high vol-

umes, intersecting traffic manoeuvres will be grade-separated.

In the case of at-grade crossing, speed differences will be minimized.

Instances of cyclists ending up in lorries’ blind spots will be minimized.

Design principles and fundamental principles will be applied uniformly, appropriate to

the function of the intersecting roads.

Junctions will be sufficiently visible, even in darkness. To this end, the lighting level will

have to be adequate, though so too will the contrast between discontinuities.

There will be an adequate view of approaching traffic.

Probability of single-vehicle Requirements in terms of evenness and skid resistance will be satisfied. Obstacles such as

bicycle accidents armadillos, narrowing, edges and bollards will preferably be avoided and otherwise be
sufficiently noticeable.

Comfort Evenness of the road surface The surfacing will be sufficiently even. As far as possible, the use of different types of sur-
facing will be avoided

Preventing time loss The probability of having to wait will be minimized (see under ‘Directness’)

Flow Curve radii have been fine-tuned to the design speed appropriate to the function
Through bicycle traffic at junctions will not be impeded by stationary cyclists or vehicles.

Traffic nuisance Cyclists do not experience any nuisance from other traffic. In busy situations with a large

amount of emissions and noise, efforts are made to create a separate route for cyclists.

Attractiveness Personal safety Junctions satisfy requirements in terms of personal safety: there is lighting present, local
residents have as good a view of the cycle route as possible, road users have a good view

of the surroundings and the public space is well maintained See also section 7.5.

Minimizing traffic nuisance

Traffic nuisance at junctions is primarily about

obstructions to through bicycle traffic on the

part of stationary motor vehicles or other

cyclists waiting to be able to cross (for example).

As far as possible, such obstructions must be

prevented, e.g. by creating yellow boxes (criss-

cross pattern) on (parts of) the junction area.

Furthermore, minimizing traffic nuisance entails

limiting cyclists’ exposure to noise and emis-
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sions from motorized traffic. Cyclists’ exposure

to emissions is at its highest at junctions where

they have to wait to be able to cross (often junc-

tions with a traffic lignt control system). Insuch

cases, the recommendation is to site the stack-

ing space for cyclists in front of the stacking

space for motorized traffic.

The main requirements for junctions have been

summarized in table 6-2.

6.3. Junctions according to road type

On the basis of two road categories for motor-

ized traffic (residential roads and distributor

roads), three different junction combinations

can be distinguished. If junctions with a solitary

cycle path are added to these, then six different

situations are possible. A junction combination

entailing a solitary cycle path with a public

transport lane yields a seventh variant. The

combinations and subsections in which they are

discussed are shown in table 6-3.

6.3.1 Junction residential road — residential

road

In the case of residential roads in built-up areas,

two fundamental principles are that motorized

traffic should not exceed 30 km/h and all drivers

are considered equal. Right of way is not dic-

tated by means of signs, symbols or traffic

lights: all drivers coming from the right have

right of way (as well as a tram coming from the

left). On main cycle routes in residential areas, it

will be desirable to deviate from the previous

fundamental principle and give cyclists right of

way; after all, main cycle routes have a flow

function for cyclists (in residential areas as well).

Legislation makes this possible, in the form of

the Administrative Provisions (Road Traffic)

Decree (Besluit administratieve bepalingen

inzake het wegverkeer, or BABW) regarding

road signs. This decree stipulates that ‘sign (B6)

be used within 30 km/h streets and 30 km/h

zones [...] at junctions with a main cycle route

that is clearly recognizable as such’. Hence it is

permissible to grant right of way to these kinds

of cycle route. In that regard, it is important that

the right of way be optimally supported by the

design, with a further recommendation being to

always install speed bumps on the road to be

crossed.

The design speed is usually 60 km/h on residen-

tial roads outside of built-up areas. As far as

right of way in residential areas (zone 60) is con-

Table 6-3, Overview of junction combinations and corresponding sections

Residential road Distributor road Solitary cycle path

Residential road 631 6.3.2 63.4

Distributor road 6.3.2 63.3 635

Solitary cycle path 6.3.4 63.5 6.3.6

Public transport lane N/A N/A 63.7
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cerned, the same rules apply as in built-up areas.

At junctions considered equal, however, a speed

of 60 km/h is too high to allow safe interchange.

For these roads it would be better to proceed

from a design speed of 30 km/h at the junctions,

not least because it is primarily at junctions

where cyclists are in most danger.

Informal right of way behaviour

Although right of way on residential roads is

usually regulated with signs, in practice it is

possible to talk of right of way behaviour.

Such informal right of way behaviour is a

consequence of a presupposed distribution

in a main road anda side road. Informal right

of way behaviour is common where there is

a considerable difference in spatial quality

between two roads. This difference in spa-

tial quality could be the result of:

= spatial characteristics (buildings, plants and

suchlike);

= traffic characteristics (car and bicycle traf-

fic volumes);

= road characteristics (road profile, surfacing,

type of junction).

On roads where equality is the point of

departure, informal right of way behaviour

must be suppressed. This can be done by

modifying the profile of the most important

road and/or the design of the junction. In

addition, speed-reducing facilities could be

considered which will interrupt the passage

of through traffic (with right of way). Con-

versely, it is possible to enhance the differ-

ence in spatial quality by regulating the right

of way. This would be a desirable solution

on main cycle routes in particular, even in

residential areas for motorized traffic.
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6.3.2 Junction distributor road — residential

road

Right of way is always regulated where distribu-

tor roads intersect. The fundamental principle

here is that the traffic on the distributor roads

has right of way over the traffic on the residen-

tial road. Markings, signage and design support

this regulation.

Four types of junctions/crossings can be distin-

guished for the combination of these road

types:

= priority junction (not grade-separated);

= roundabout;

= junction with traffic lights;

= grade-separated crossing.

When choosing a solution, the following factors

play a role (for example):

= the functions of the roads;

= the road safety;

= the traffic flow;

= the volumes on both roads;

= the extent to which crossing is possible;

= the costs (in terms of implementation, man-

agement and maintenance);

= the desired priorities (e.g. for public transport

or emergency services);

the amount of space taken up and available;

= the connection to other junctions in a route;

TM environmental aspects;

= the effect on the surrounding road network.

The type of junction that best suits a specific sit-

uation will depend on the characteristics of the

location. The junction type assessment process,

described in CROW publication 315A ‘Basisken-

merken kruispunten en rotondes' (‘Basic Fea-

tures Junctions and Roundabouts’) [6], can

assist the designer in making the right decision.

.

Junctions with bidirectional cycle paths

In the case of right-of-way accidents, it is rela-

tively common for these to involve a cyclist who

came out in front oftraffic from the right, from

the so-called unexpected direction [3]. These

are either cyclists on bidirectional cycle paths or

cyclists on one-way cycle paths illegally riding

the wrong way. In the case of side roads, cyclists

going the wrong way have double the probabil-

ity of a serious accidents that cyclists going the

right way. In many of the accidents involving a

cyclist coming from an unexpected direction,

the motorist had an inadequate view out of the

side road. The most significant cause of these

accidents, however, is how observant motorists

are when it comes to bicycle traffic. Research

on this [7] reveals that they are very much

focused on the motorized traffic flow that they

have to cross on the priority road. More than

one quarter of motorists wishing to turn right

out of a side road only look left and not right

when intersecting a bidirectional cycle path.

Chapter 6 - Junctions

In situations where the decision to create a bidi-

rectional cycle path is still being deliberated, the

highway authority will have to contemplate

whether the intended advantages of such a path

outweigh the disadvantages. Bidirectional cycle

paths are significantly less safe than one-way

cycle paths; after all, aside from the greater risks

at side roads, there is a relatively high number of

bicycle-bicycle and bicycle-moped (or light

moped) accidents on bidirectional cycle paths

too [8]. This calls for considerable restraint when

it comes to adopting these kinds of cycle path.

In specific cases (e.g. in the case of buildings on

one side), bidirectional cycle paths can result in

less crossing and sometimes they will be able to

shorten routes as well. If the number of crossing

manoeuvres (including crossing side roads) is

clearly reduced, then the advantages of a bidi-

rectional path at network level could exceed the

disadvantages at junction level. The highway

authority will have to make a considered deci-

sion on a case-by-case basis. If it opts for a bidi-

rectional cycle path, then it is important for the

crossing facilities at side roads to be designed to

be as safe as possible. The following measures

are possible to this end:

= Creating a speed bump. In the case of bidirec-

tional cycle paths it is important for the speed

of motorized traffic to be reduced. Which is

why it is strongly advised that crossings over

bidirectional cycle paths always be built raised,

like a raised junction/speed hump or exit con-

struction. This will halve the risk for cyclists.

= Creating a stacking space of around 5m

between the carriageway (priority road) and

the crossing: This will reduce the burden on

motorized traffic (first they cross the bidirec-

tional cycle path and then they can concen-

trate on the priority road). Without this inter-

vening space, too many directions will need to

be scanned in a short space of time.
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V58

= Ensuring adequate sight distance. For the sake

of cyclists’ safety, it is extremely important for

traffic emerging from side roads to have an

adequate view of cyclists coming from the

right. What this means is that the cycle path

must be scannable at an angle of more than

45 degrees to the right around 15 m before the

crossing. Within this zone, therefore, no

shrubbery or objects are allowed to obstruct

the view. In the absence of the requisite view,

a stop sign (sign B7) will be necessary, if need

be with additional warning markings on the

carriageway.

V5, 55, 57

= [Introducing appropriate signage and markings.

Correct signage and markings are to draw

motorists’ attention to the fact that cyclists

could be coming from two sides. An under-

plate to accompany signs B6 or B7 (give way

with or without red light) is required by law! A

centre line is always advisable on the cycle

path for support. Even arrows indicating the

direction of travel for cyclists could be desira-

ble. Moreover, with a view to preventing blind

spot-related accidents, it is important to site

the shark's teeth slightly before the crossing,

e.g. in front of the table on which the cycle

path is sited. This will give lorry drivers a better

view of the cyclists.

Priority junction without additional measures

V23,55

Where a relatively quiet distributor road anda

residential road intersect, a regular junction will

be created.

From a legal point of view, cycle paths alongside

a distributor road form part of this road. This

means that the same right of way regulation
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One advantage of the exit construction is that it

reduces the speed of motorized traffic. This is

beneficial for the right of way of cyclists follow-

ing the distributor road. Furthermore, pedestri-

ans’ right of way is regulated when driving in

and out. After all, when driving into or out of an

exit all road users must be given way to; in the

case of priority control this only applies to

motorists. An exit construction can also fulfila

gateway function and mark the entrance toa

residential area starting at the side road.

——

One disadvantage is that an exit also causes

nuisance to cyclists riding in and out due to the

level difference. Moreover, at overly narrow exit

constructions cyclists have to perform some

relatively tight cornering, which can result in

single-vehicle bicycle accidents. Consequently,

at the side of the distributor road the approach

must be sufficiently wide to enable cyclists to

corner Safely.

It is also extremely important that exit construc-

tions be properly designed and maintained.

Stress from heavy, twisting traffic (including lor-

ries) must not cause dropped kerbs and paving

stones to become dislodged, subside or be bro-

ken through wear and tear. Where there is a risk

of this happening, timely intervention will be

necessary.

The surface of dropped kerbs must be suffi-

ciently skid-resistant to prevent slips. This is

particularly a risk for cyclists who are turning.

The use of natural-stone dropped kerbs is

strongly discouraged as this material does not

retain its rough texture for the long term.

Exit constructions both in and outside of

built-up areas can be used at priority junctions

without additional measures. They are also used

in urban areas (in 30 km/h zones) to dictate right

of way on a main route for cyclists (and pedes-

trians).

Priority junction with additional measures

When designing junctions between a distributor

road and a residential road with additional

measures, a distinction is made between situa-

tion in and outside of built-up areas.

In built-up areas

At junctions with busier distributor roads in

built-up areas it is possible to make them more
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readily crossable if a central traffic island (>

2.5m wider) is created on the main carriageway.

Without a central traffic island, it will be difficult

to cross at traffic volumes exceeding 800 PCU/

hour on the distributor road (see box crossabil-

ity in 6.2.1).

V25

Cycle paths or lanes alongside the distributor

road will be continued over the junction areas

to ensure that there is no interruption for

cyclists on the main carriageway. At volumes of

bidirectional car traffic exceeding c. 1,200 PCU/

hour and where there are busy cycle routes

along the distributor road, the stacking space

for cyclists emerging from a side road and wish-

ing to cross the distributor road will be a point

for attention. A space of 2 to 5m between seg-

regated cycle path and carriageway is safest,

because traffic exiting or entering the side road

will then have space to wait without blocking

cyclists or cars in motion.

It could be that the side road (residential road) is

part of a main cycle route and that the distribu-

tor road is not. Stringent requirements are set in

terms of traffic flow and cyclists’ comfort when

it comes to main cycle routes. In such cases, a

grade-separated solution would be the safest. If

this is not feasible, then a ‘Zwolle bicycle round-

about’ could be a solution (see the eponymous

text box). Other ways of granting right of way to

a cycle crossing or bicycle street when crossing

a distributor road are discouraged for safety

reasons.
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Zwolle bicycle roundabout

In 2013, Zwolle city council was the first

municipal authority in the Netherlands to con-

struct a so-called bicycle roundabout. It is

located at a site where a distributor road anda

bicycle street (main cycle route) intersect.

Motorized traffic is not permitted on this

‘roundabout’, though bicycle traffic is. Further-

more, as is customary on roundabouts in

built-up areas, cyclists have right of way over

the intersecting motorized traffic. Bicycle traf-

fic flow and cyclists’ road safety on the main

cycle route are dramatically improved as a

result. At the same time, disruptions to motor-

ized traffic flow are kept within reasonable lim-

its. Although the Zwolle solution is not techni-

cally a roundabout, road users do behave in

line with the rules for traffic at roundabouts.

Initial research results are positive, though

Zwolle city council is keen not to celebrate pre-

maturely and for that reason is monitoring the

situation for the time being. It will only be over

the longer terms that definitive judgements

can be made as to the value of the bicycle

roundabout and any possibilities in terms of

improving the design.

Vv25

Outside of built-up areas

If the volume of traffic on a distributor road to

be crossed outside of built-up areas exceeds

800 PCU/hour, then a central traffic island will

be desirable. Optionally, a speed bump can be

installed on the main carriageway to supple-

ment the central traffic island. This will prevent

high (or excessive) speeds on the part of motor-

ized traffic and make differences in speed

| between motor vehicles less significant. The

latter in particular will enable cyclists to better

estimate when they will be able to cross safely.

Outside of built-up areas right of way on distrib-

utor roads is never set in favour of an intersect-

ing main cycle route. Such a measure would not

chime with road users’ pattern of expectations

and could therefore result in serious conflicts.

What is recommended in the case of a cycle

route (or main cycle route) is to always create a

central traffic island of adequate width (>

3.50 m), both to increase drivers’ attention and

to enable simpler crossing with shorter waiting

times.

A central traffic island will suffice up to motor-

ized traffic volumes of c. 1,400 PCU/hour on

the road to be crossed. The average waiting

time will then be a maximum of 10 s with a req-

uisite gap (taking into account the speed of

80 km/h) of around 6s. As stated, preference is

given to reducing the speed of motorized traffic

by way of a supplementary speed-reducing

measure. In order to give cyclists a sense of

security earlier, the preferred option is to site

the speed bump some distance before the junc-

tion.

In the case of a volume of car traffic exceeding

c. 1,400 PCU/hour, a distributor road with just a
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central traffic island will no longer be ‘readily

crossable’. In such cases, the average waiting

time will be more than 10 s, with the following

options being available:

= Accept a higher average waiting time.

= Create a traffic light control system or a regu-

lated cycle crossing. This is a valid option up to

volumes of traffic on the carriageway to be

crossed of a total of c. 1,600 PCU/hour. The

average waiting time will then be around

20-30 s. In itself, this is a reasonable wait at a

set of traffic lights, but the question is whether

this time will be any shorter at an unregulated

crossing with a central traffic island. There is,

however, a guarantee of there being.not too

long a wait until there is a gap to cross.

= Create a roundabout. Outside of built-up

areas (where cyclists on cycle paths never

have right of way), the crossing situation is

similar to that of a road with a central traffic

island. However, one significant advantage of

the roundabout is that the speed of motorized

145



traffic is (much) lower, leaving the cyclist in a

better position to anticipate the traffic flow to

be intersected.

= Create a grade-separated cycle crossing. This

will reduce the waiting time to zero, though

this solution is expensive, often difficult to

integrate spatially, and depending on the

design it is possible that cyclists will have to

take a bit of a detour in order to use it.

6.3.3. Junction distributor road — distributor

road

From a functional perspective, two intersecting

distributor roads are equal. If this fact is con-

trasted with the general point of departure of

right of way, then apart from the well-known

priority junction there are three possible solu-

tions:

= roundabout (6.3.3.1);

= traffic light control system (6.3.3.2);

= grade-separated solution (6.3.3.3).

In many situations a variety of types of junction

will be possible from the perspective of ade-

quate traffic flow capacity. The type of junction

will then be selected on the basis of a combina-

tion of other criteria, including:

= the traffic flow;

= the extent to which crossing is possible;

= the road safety;

= the desired priorities (e.g. for public transport

or emergency services);

= the amount of space taken up and available;

= the connection to other junctions in a route;

= the effect on the surrounding road network;

= environmental aspects;

= thecosts (in terms of implementation, man-

agement and maintenance).

146 Design Manual for Bicycle Traffic

The junction that best suits a specific situation

will depend on the characteristics of the loca-

tion. The junction type assessment process,

described in CROW publication 315A [6], can

assist the designer in making the right decision.

In practice, it will usually be a choice of either

roundabout or a junction with traffic light con-

trol system. These two solutions will be dis-

cussed in detail below. Grade-separated cross-

ings will then be touched on briefly.

The various solutions have rather different con-

sequences in terms of safety. For example, a rel-

atively high number of accidents happen at full

(four-way) junctions. From the perspective of

safety, therefore, they must be avoided. Sin-

gle-lane roundabouts are (if volumes do not

exceed the roundabout's capacity) always the

safest type of junction. At higher volumes, turbo

roundabouts constitute a relatively safe solution,

provided that the bicycle traffic is grade-sepa-

rated.

6.3.3.1 Roundabout

V31, 32, 33, 34

Roundabouts are now a solution being used on

a large scale. Which is unsurprising, given that

roundabouts present various benefits. The most

important of these are:

= preventing encounters between oncoming

traffic;

= simplifying conflict situations;

= reducing speed at points of conflict.

Furthermore, roundabouts are a safe solution.

Due to their sizeable capacity and relatively flu-

ent traffic flow, roundabouts are a highly suita-

ble solution for intersecting distributor roads.

: =

Single-lane roundabouts are the safest type of

junction. Such roundabouts have a capacity of

up to c. 25,000 PCU/24-hour period (sum of the

incoming arms; in the case of asymmetrical traf-

fic volume the capacity will be up to 20% tower).

A turbo roundabout is capable of accommodat-

ing many more vehicles, with the larger varieties

taking up to c. 50,000 PCU/24-hour period.

Nevertheless, they are considerably less safe

than single-lane roundabouts and for that rea-

son they will only be considered if this is una-

voidable for reasons of capacity.

From the perspective of road safety, it is desira-

ble to have cyclists cross other traffic by means

of a grade-separated solution. If this is not pos-

sible, then cyclists will have to give way at turbo

roundabouts both in and outside of built-up

areas. Only if there are already more rounda-

bouts in the local area at which cyclists have

right of way will it be possible to consider to

give cyclists right of way at the turbo rounda-

bout too. Additional layout requirement will

apply to this end, however [10].
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Facilities for bicycle traffic

In principle, specific facilities for cyclists are

unnecessary on relatively quiet roundabouts up

to around 6,000 PCU/24-hour period. However,

they could be wanted if they would make the

design of the roundabout fit in better with the

connecting roads. If the latter have segregated

cycle paths (for instance), then preference will

be given to creating a segregated cycle path on

the roundabout as well.

A segregated cycle path is at any rate recom-

mended on busier roundabouts. Cycle lanes on

roundabouts are discouraged. Due to their blind

spot, drivers of turning lorries in particular have

an inadequate view of cyclists and moped riders

riding next to them on the right-hand side. Fur-

thermore, the following points for attention

apply [11]:

= The design of the cycle path must encourage

caution on the part of cyclists.

= The point at which cyclists cross the car-

riageway must be sufficiently clear and

noticeable.
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= Cyclists must be readily visible in the vicinity of

the point at which they will be crossing the

carriageway.

= Turning cyclists must be able to leave the

roundabout as swiftly as possible.

In built-up areas the guideline is that cyclists on

a segregated cycle path going round a rounda-

bout have right of way [12]. This is most in keep-

ing with a cycle-friendly policy. The design of

cycle paths around the roundabout must be

fine-tuned to the priority control: the cycle path

is circular and is ridden ina single direction.

Outward bends and ‘square’ cycle paths are

dangerous and uncomfortable, and for that rea-

son they are discouraged.

No less important is the design of the main car-

riageway. This must adequately reduce the

speed of motorized traffic.

This can be done by (for example) making the

central traffic island sufficiently large (to stop

cars being able to drive by them at relatively

high speeds), by raising the central traffic island,

and by using sufficiently tight curve radii for

motorized traffic.

Outside of built-up areas the guideline is that

cyclists on a segregated cycle path going round

a roundabout have right of way [12]. The corre-

sponding design is a cycle path bent outwards.

Here, too, there is a need to adequately reduce

the speed of motorized traffic. To this end, suffi-

ciently tight curve radii are required.

As far as possible, bidirectional cycle paths

around roundabouts are avoided, as motorists

are not expecting any oncoming cyclists riding

clockwise as well as anticlockwise. If a bidirec-

tional cycle path is used round a roundabout

anyway, then it is strongly recommended that

the cycle path be raised over the approaches

and exits, with the design, markings and signage

optimally drawing road users’ attention to the

possibility of cyclists coming from more than

one direction.

If the volume of traffic on the arms of a rounda-

bout is sufficient to necessitate a turbo rounda-

bout, then the design of cycle facilities will

require extra attention. The best solution would

be a grade-separated one, preferably entailing a

lowered cycle path combined with a raised car-

riageway. If need be, a tunnel can be used,

though only on the main cycle route. This will

enable at-grade crossing on the part of cyclists,

depending on volumes. However, this will only

apply if it is a single-lane exit, in which case the

cycle path should preferably be constructed on

a table. At-grade crossing of two-lane exits is

extremely dangerous due to the obstructed visi-

bility. Designs in which this is necessary are

strongly advised against.

6.3.3.2 Traffic lights

Traffic lights are usually installed to ensure

smooth, safe motorized traffic flow. In the case

of distributor roads, this will pertain to junctions

accommodating between 10,000 and 30,000

Motorized traffic is usually dominant at junc-

tions regulated by traffic lights. Consequently,

attention was primarily given in the design of

the traffic light control system to the flow of

motorized traffic. This entails the capacity for

motorized traffic being used as a benchmark

and the available time for slow-moving traffic

often being limited. The combination of short

green times for bicycle and pedestrian traffic

and the long time required to process motor-

ized traffic creates long waiting times for

slow-moving traffic. Nevertheless, an accept-

able probability of having to stop and a limited

waiting time are just as important for

slow-moving traffic as they are for motorized

traffic. There are possibilities in terms of

addressing this (or addressing this better).

Various criteria and design requirements for

traffic lights are discussed below. Afterwards
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attention will be devoted to fundamental princi-

ples for policy and management which are

important within the compass of cycle-friendly

traffic control. Finally, a brief look will be taken

at possibilities in terms of control technology to

improve the position of bicycle traffic in a traffic

light control system.

Criteria and design requirements

Siting criteria for traffic lights, flow capacity,

waiting time (average and maximum) and prob-

ability of having to stop/probability of being able

to continue, cycle time and preconditions vis-a-

vis partial conflicts and a combined flow are

some of the important factors.

Siting criteria traffic lights

A detailed account of the siting criteria for traffic

lights is beyond the scope of the present Design

Manual. Only those considerations that pertain

to bicycles will be treated. From the perspective

of the interests of cyclists, traffic lights can be

considered with safety and bicycle traffic flow in

mind. Safety is particularly important at junc-

tions and crossings: if the scale and/or speed of

the traffic flow to be crossed is sufficiently con-

siderable that this will put cyclists in jeopardy,

then traffic lights can be considered. Inciden-

tally, this is only if other measures (including

creating a roundabout or a central traffic island

at crossings) has proved to be infeasible.

Flow capacity

The flow capacity of cycle paths is high: around

5,200 cyclists per hour at a width of 2.00 m.

Nevertheless, high volumes and/or long red

times for cyclists give rise to significant time loss

and discomfort as a result of questions and sat-

uration. Options in terms of preventing this

include (locally) widening the stacking space,

widening the flow space and extending the

green time.
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Bottlenecks and solutions where bicycle traffic volumes are high

If a junction is required to accommodate large

numbers of cyclists, then the following bottle-

necks could occur (for example):

= Too little space for the high volume of cyclists

to wait and manoeuvre at a red light. This will

cause jams and will inconvenience cyclists

and put them at risk.

= |t will also inconvenience pedestrians and put

them at risk if cyclists have to veer onto the

pavement or crossing.

= Aconsiderable amount of time will be lost by

cyclists, who will be unable to proceed during

the next green phase because of how busy it

is.

= Time will be lost if the bicycle traffic flow is

blocked by waiting cyclists.

= Motorized traffic flow will be limited, particu-

larly where there is a large volume of motor-

ized traffic turning and a large volume of

cyclists riding straight on.

In order to remedy the bottlenecks outlined,

the following measures are possible (combined,

if need be):

= Increasing the size of the stacking space for

cyclists by making it wider and/or longer.

= Increasing the space for bicycles by:

¢ using ample curve radii for cyclists;

e reducing the size of speed bumps or

remove them;

e making edges of speed bumps on cyclists’

side flush with the road surface;

e widening the cycle crossing;

e notapplying block markings to but rather

adjacent to the vehicle path (after all,

cyclists prefer not to ride over blocks in

marking paint as this is bumpy).

= Situating the stacking space for cyclists as far

ahead as possible, e.g. by using an advanced

stop line (which can also be connected up to

a segregated cycle path, past the pedestrian

crossing).

= Keeping the space for cyclists in motion sepa-

rate from the space for waiting cyclists by:

e introducing box junction markings where

segregated cycle paths intersect;

° providing traffic lanes and stacking spaces

with arrows for different cycle directions;

e introducing specific markings at particular

places where cyclists ‘amass’, such as at

ferry landings (e.g. red and green boxes,

like at the ferries in Amsterdam).

= Selecting a different type of junction, such as:

¢ ajunction with right of way for the most

important cycle direction;

e anunregulated junction with ample central

reservation, preferably over 2x1 traffic lane;

° aroundabout at which cyclists have right

of way (to prevent large numbers of

cyclists amassing, as they do at traffic

lights);

* agrade-separated crossing (in the case of

heavy motorized traffic flows).

= Adjusting traffic light settings, with:

° cyclists being given a green aspect as fre-

quently as possible, thereby reducing wait-

ing times and the number of cyclists that

will amass due to a red light. More green

aspects can be achieved for cyclists by (for

example):

- giving cyclists a green aspect at the

same time as other modalities;

- giving cyclists a green aspect twice per

cycle.

e extending the green phase for cyclists, with

the extended green phase coming into

effect when the volume of cyclists exceeds

the volume that can pass through during a

regular green phase; :

e ensuring a subsequent green aspect where

cyclists have to turn left through two sets

of lights, thereby preventing delay, as with-

out such a link (much) more stacking space

will be required at the second set of lights.

150 Design Manual for Bicycle Traffic

Waiting time and probability of having to stop

For the purposes of ascertaining the bicy-

cle-friendliness of traffic light control systems,

the terms probability of having to stop/probabil-

ity of being able to continue and waiting time

(for cyclists, of course) are extremely important.

Waiting for traffic lights turns out to be a signifi-

cant source of delay, particularly in major cities.

Stopping means not only lost time, but also

energy loss and discomfort.

The probability of having to stop (and by

extension the probability of being able to

continue) is determined by the number of

times that a cyclist will have to stop at a traffic

light control system. In the case of a fixed sys-

tem, the probability of having to stop is easy

to establish: it will be the red time divided by

the cycle time. In the case of a pre-emptive

(non-fixed) system, the probability of having

to stop can be calculated by dividing the overall

red time in a (representative) period of observa-
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tion by the overall time that this period of

observation comprises.

If a cyclist has to stop, the waiting time will be an

important measure of bicycle-friendliness. Both

the average and the maximum waiting time are

significant. lf a cyclist has to stop at a red light,

then the waiting time is determined by the red

time and the point during the red phase at which

the cyclist arrives. The average of this (across all

arrivals) is the average waiting time when stop-

ping. Ina fixed system, this will simply be half the

red time. Perhaps contrary to expectations, the

average waiting time will be a little higher for a

pre-emptive (vehicle-dependent) system. The

calculation is more complicated - see above [16].
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The above means that the average waiting time

can be improved by reducing the probability of

having to stop and/or by lowering the average

waiting time when stopping (the red time). An

average waiting time of less than 15 s can be

deemed good, and one exceeding 20 s can be

deemed bad. Between these times can be con-

sidered moderate. The corresponding values for

probability of having to stop and waiting time

are given in figure 6-2.

In pretty much all cases the aforementioned

waiting times at traffic light control systems are

higher than the waiting times when crossing

priority roads without traffic light control sys-

tems. Hence from the perspective of the cyclist

(or directness for the cyclist), introducing a traf-

fic light control system is seldom a good idea.

However, one advantage of such a system is

that the maximum waiting time is limited. This is

not so when crossing priority roads without

traffic light control systems, where there is a

chance that those wishing to cross will have to

wait four times longer than the average waiting

time when it is particularly busy. For that reason,

cyclists accept slightly longer (average) waiting

times at traffic lights.

There is, however, a limit to that acceptance:

maximum waiting times exceeding 90 to 100 s

are not credible. This limit can be lower if junc-

tions with traffic lights are close to one another,

or if a large number of cyclists are turning left

and this requires them to stop twice. For that

reason, the following limits are recommended

for the maximum waiting time, irrespective of

the type of control system (such as those pre-

empted by traffic or public transport):

= outside of built-up areas: maximum waiting

time < 90s;

= in built-up areas: maximum waiting time < 100 s.

Cycle time

The waiting time for cyclists is also dependent

on the cycle time of a traffic light control system.

A short cycle time will not only improve bicycle
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Figure 6-2. Relationship between probability of having to stop and average waiting time when stopping for traffic lights
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traffic flow but will usually also improve flow for

other types of vehicle as well. For a cycle-

friendly control system it holds that the shorter

the cycle time the better, though preferably not

longer than 90 s. Having the green aspect for

cyclists feature twice during the cycle can con-

siderably improve waiting time for cyclists.

Partial conflicts between car and bicycle

A large number of highway authorities do not

allow any partial conflicts in their systems from

the point of view of road safety. However, for

various reasons it could be desirable to permit

partial conflicts between car and bicycle ina

system, e.g. to shorten waiting times or due to

lack of space. Such partial conflicts may only be

permitted between cyclists travelling straight on

and cars from the parallel traffic flow turning (or

vice versa). In this regard, having a proper view

of the cyclists is crucial. Furthermore, giving

cyclists a head start in this case is recom-

mended to ensure that the presence of this flow

is emphasized.
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Partial conflicts between car and bicycle are

strongly discouraged if:

= the volume of the motorized traffic turning

exceeds 150 PCU/hour;

= a bidirectional cycle path is involved, because

a proportion of the cyclists will be coming

from an unexpected direction;

= it pertains to a situation outside of built-up

areas in which the speeds are higher and

cyclists are a less dominant force in the street-

scape (as a result of which they are more likely

to be missed);

= a large number of lorries are turning right

(due to the probability of a blind spot-related

accident);

= motorized traffic turning left has to cross a

large junction (because motorists are no

longer expecting any cyclists after the signifi-

cant distance).
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straight on or turning left. The choice of type of

cycle facility at a regulated junction will depend

on the cycle facilities present on the approach

roads, the presence of partial conflicts and the

volumes of car traffic.

= Cyclists turning right

At ajunction with traffic lights, delay for cyclists

turning right can be limited by leading these

cyclists around the provision (‘free right turn

through red’) or if need be permitting ‘right turn

for cyclists free’. Points for attention in sucha

case include the fact that the cyclists turning

right must not experience any nuisance from

cyclists riding straight on (and vice versa) and

from pedestrians walking straight on. Attention

must also be given to cyclists joining traffic (use

cover behind them, if need be).

V35, 36

If neither ‘right turn through red’ nor ‘right turn

for cyclists free’ are possible, then the stacking

space will be important for cyclists. In order to

enhance the flexibility of the provision, it could

be desirable for cyclists turning right to be allo-

cated their own signal group. In that case it will

be desirable for them to have their own dedi-

cated turning lane.

AAAA

Figure 6-3. Basic principle of ‘right turn through red’
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= Cyclists riding straight on

V35, 37

In the case of a mixed profile and in the pres-

ence of cycle lanes on the approach road,

cyclists riding straight on will be flowing in par-

allel with motorized traffic. It could be desirable

to create a streamed cycle path or streamed

cycle lane to enable cyclists to pass waiting Cars.

Another possibility is to give cyclists riding

straight on their own green phase. In such cases,

the recommendation for a mixed profile would

be to create a streamed cycle path for cyclists or

give them their own dedicated turning lane. In

this regard, it is important for cyclists to remain

in motorists’ field of vision. For that reason, it is

imperative that the stop line for cyclists is a few

metres ahead of the stop line for motorized traf-

fic in the case of a mixed profile, this being due

to lorries’ blind spots. If bicycle traffic flow is on

a cycle path, there are options in terms of

cyclists riding straight on being merged with

other, non-conflicting signal groups. This will

present more opportunities in terms of the bicy-

cle-friendliness of a provision.

= Cyclists turning left

V38, 39, 48

Cyclists turning left often have a raw deal at a

traffic light control system. Particularly in the

case of segregated cycle paths, turning left is

conceived of as two different manoeuvres.

Waiting time can be shortened considerably if

this manoeuvre is considered a straight-on

manoeuvre and the two green phases follow

one another in quick succession. If there is a

mixed profile (at relatively low volumes of traffic

onan approach road), then an advanced stop

line can be created. If there are a lot of cyclists

turning left, it could also be a good solution to

EE

have cyclists travelling in all directions given a

green signal at the same time. In situations

involving a dominant flow of cyclists turning left,

this flow can easily be facilitated by adjusting

the order of the green aspect in the so-called

block diagram of the traffic light control system.

This could have markedly positive effects.

Fundamental principles for policy and

management

One of the most important options when it

comes to improving the position of bicycle traf-

fic at traffic light control systems is at the level

of policy development. Or, to put it in more

concrete terms, it consists in formulating clear,

cycle-friendly policy principles. Practical expe-

rience has shown that a large number of traffic

light control systems are made by traffic control

engineers with a high degree of independence.

Taking into consideration the interests of all

road users and on the basis of the engineer's

own knowledge and expertise, a traffic light

control system is created that to all intents and

purposes constitutes a ‘compromise’ [13]. Such

a way of working leads to the control engineer

making a significant mark on the highway

authority's traffic policy.

In order to prevent this, though also to avoid

being overly reliant on the engineer when it

comes to resolving dilemmas during the design

process, highway authorities responsible fora

wide array of traffic light control systems should

develop a traffic light provision policy to this

end. This will set out what priorities are being

assigned to the various categories of road user

in the different road situations. For example,

one fundamental principle can be that at junc-

tions in built-up areas right of way be given to

(sections with) main cycle routes. However, it is

also possible to specify maximum values for

average waiting times or cycle times, for

Chapter 6 —- Junctions

Another important measure is carrying out peri-

odic maintenance on the provision. Once a traf-

fic light control system is ‘up and running, it

often receives little in the way of attention. Per-

forming regular maintenance work and check-

ing in situ whether specifications are still satis-

factory will prevent a provision from no longer

being optimally fine-tuned to the traffic situa-

tion as time goes by.

Control engineering options

Various design sheets accompanying this

Design Manual include measures to improve the

situation for cyclists at junctions with traffic

lights. A large number of these centre on short-

ening waiting time for cyclists. After all, mini-

mizing waiting time is essential for a cycle-

friendly provision. The various measures can be

155



Table 6-4. Possibilities for combining cycle-friendly measures at traffic lights

Number Measure

1 reducing cycle time

2 including extra green aspects for bicycles

3 permitting right turn through red

4 giving all cycle directions a green aspect simultaneously

5 accepting partial car-bicycle conflicts

6 setting a favourable idle mode for cyclists

7 increasing cycle directions with right of way for

public transport

8 increasing cycle directions with other directions

9 setting favourable phase order for cyclists turning left

10 setting green wave for bicycle traffic

Mi keeping reciprocal conflicts between slow-moving traffic

outside of the regulation

12 implementing right turn through red

13 introducing advance detection/pre-request for

bicycle traffic

14 introducing advanced stop line

15 increasing flow capacity motorized traffic

(to enable cyclists to be given a green aspect sooner)

16 introduce bidirectional crossings

17 increase size of stacking spaces and exit lanes for cyclists

Design sheet

v40

V47

V48

V46

v49

V4

v42

V43

Vva4

v45

V39

Can perhaps be combined

with number(s)

2to 16

1,3,4,7to9, 11 to 16

1,2,4to 11,14 to 16

1 to 3,10 to 13, 15

1,3,7to9, 11 to 13

1,3, 4,9, 11 to 13, 15, 16

1to3,5,8,9, 11 to 16

1t03,5,7,9, 11 to 16

1to 3,5, 7,8, 10 to 13, 15, 16

1,3to5,9, 11 to 16

all measures

all measures, with the exception of 3

all measures

all measures, with the exception of 6,

7and8

all measures, with the exception of 5

all measures, with the exception of 4,

5 and 14

all measures, at high volumes of

bicycle traffic

adopted separately, though often in combina-

tion as well (see table 6-4). The effects of the

measures could vary for each situation. For that

reason, a thorough analysis must be performed

for each situation to ascertain the most suitable

measures in situ.

6.3.3.3 Grade-separated solution

Grade-separated facilities will be desirable or

necessary if other junction solutions do not sat-

isfy the design requirements vis-a-vis directness

and safety. This applies not only to main cycle

routes but also to the basic network — particu-

larly for those components that intersect busy
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Table 6-5. Bridge versus tunnel

Aspect Bridge Tunnel Explanation

Spanning

level difference

Personal safety

+ There isa descent on an approach to a tunnel. This produces a build-up in speed which helps

the cyclist to ascend the exit slip.

+ Ata tunnel, the level difference to be spanned is less than that ata bridge, because the requi-

site headroom for cyclists is less than it is for cars (and lorries), trains or ships.

Atunnel often provides users with an uneasy feeling, as itis not possible to see what is hap-

pening in the tunnel from the surrounding area. A bridge is in the open and therefore provides

more possibilities in terms of monitoring and view.

+ People are far more likely to throw stones off bridges than they are to throw stones in tunnels.

Atunnel can kindle a sense of claustrophobia, particularly when the tunnel is long, curved

and/or narrow. This is not the case with a bridge.

Tunnels are more likely to attract graffiti and loitering youths than bridges.

Spatial integration + From an urban planning or landscaping perspective, a tunnel can provide more benefits than a

bridge can. For example, a tunnel has a less drastic impact on the visual aspect of the sur-
roundings: the incline can be shorter than that of a bridge (due to the smaller level difference),

and furthermore, the tunnel is below ground level.

A bridge enables the creation of architecturally beautiful solutions. Far more than a tunnel

does, a bridge present possibilities in terms of developing a unique and recognizable object.

Comfort + In a tunnel, a cyclist experiences less wind nuisance than ona bridge, and cyclists can take

shelter in a tunnel.

+ — Anarrow, high and long (cycle) bridge can produce a fear of heights in cyclists.

This phenomenon is aggravated by excessively low guard rails and views through these. The

level difference at a tunnel is usually limited (particularly in the case of a half-buried tunnel).

Costs A bridge is usually cheaper to construct than a tunnel, particularly if when building a tunnel

facilities are needed because of the groundwater.

distributor roads or distributor roads with a

speed limit of 70 km/h or higher.

Nonetheless, it will often be the case that

there is not enough space and/or budget for

a grade-separated solution. In such situations,

it will only be possible to create a safe crossing

if the differences in speed are reduced by

means of speed bumps. Another possibility,

which can be combined with speed bumps if

need be, is to separate the differences in mass

and direction in time by means of a traffic light

control system.
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Bridge or tunnel?

If a decision is made to create a grade-sepa-

rated crossing for bicycle traffic, then the two

options are a tunnel or a bridge. The potential

advantages and disadvantages of both alterna-

tives are shown in table 6-5.

V51, 52

The weighting that must be ascribed to the

advantages and disadvantages of a tunnel or

bridge primarily depends on the characteristics

of the surroundings and the exact design of the

grade-separated crossing. Thus the argument
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The ideal situation for cyclists would be if cars

rather than bicycles are required to span the

level difference. If bicycle traffic can stay at

ground level and motorized traffic is led over

a bridge or through a tunnel, then cyclists are

completely spared the burden of the crossing.

Where such a solution is not a possibility, the

designer can nevertheless adhere to the spirit

of this idea: in the case of a bridge, the road can

be constructed slightly below ground level, and

in the case of a tunnel the road can be ‘raised’

slightly. In both cases cyclists will be required

to overcome a slightly less pronounced level

difference.

Fauna tunnels

Cycle and pedestrian tunnels in rural areas can

also fulfila function for (smaller) animals. A
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landscape policy that causes fragmentation of

forested areas and nature reserves generates a

need for fauna tunnels. It will sometimes be

possible to combine these with tunnels for (rec-

reational) bicycle traffic. In such cases, however,

it could be desirable to introduce an unpaved

lane with a width of around 2m.

Bicycle lifts, escalators and ramps

Bridges or tunnels often mean that cyclists will

have to overcome a level difference. The funda-

mental principle is that it must be possible for

this level difference to be spanned whilst

cycling. As an ‘emergency intervention’, bicycle

lifts, escalators or stairs can sometimes be used

where there are significant level differences (e.g.

at a bridge over an important waterway). How-

ever, these may only function as a supplemen-

tary measure (not least because not everyone is

keen on using a lift or escalator). One alternative

is an inclined travelator (escalator). The spiral

ramp could be an alternative in situations where

a ‘normal’ incline is unsuitable. See section 3.5

for requirements set in terms of gradient.

V51, 53

Tunnel solutions that ensure personal safety

The following fundamental principles are used

when designing a cycle-friendly tunnel condu-

cive to personal safety (see also chapter 7):

= The view of the tunnel route from the sur-

rounding area is optimal (inclines at a gentle

angle).

= The design guarantees that the amount of

time cyclists spend in the tunnel is minimal (as

short a ‘span’ as possible).

= The design will minimize any sense of claus-

trophobia.

= Design, lighting and colour scheme ensure an

‘open aspect’.

Special solutions

The use of grade-separated crossings for bicy-

cle traffic often remains limited to a cycle tun-

nel or cycle bridge for crossing a main road,

this being in the vicinity (or otherwise) of an

at-grade crossing on which motorized traffic is

travelling. Refraining from constructing a cycle

bridge or cycle tunnel is common if a range of

cycling manoeuvres need to be possible at the

junction. The fact that it is perfectly possible to

create a grade-separated crossing at those

junctions is evident from such projects as the

De Berekuil roundabout interchange in the

municipality of Utrecht. This solution, which

was completed as far back as 1944, comprises

a half-raised roundabout interchange with traf-

fic lights accommodating motorized traffic

flows. The bicycle traffic passes through short

half-buried tunnels under the roundabout

lanes to the open space in the middle of the

roundabout.

In Eindhoven, pedestrians and cyclists can use

De Hovenring, a ‘floating’ bicycle roundabout

over the busy Heerbaan/Meerenakker-

weg junction [14]. With its slender bridge deck,

imposing pylon and a diameter of 72 m, this

striking steel structure constitutes a new land-

mark. The structure is suspended like a flying

saucer hovering over Eindhoven, Veldhoven

and Eindhoven’s new-build district of Meer-

hoven. The bridge is lit up in the evenings ina

unique way.
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Table 6-6. Recommendations for the design of cycle tunnels

Surroundings and integration

1. Assuming there is a need to cross, a tunnel will preferably be created in an area where there is a great deal of social activity and more

people can therefore be expected. In addition, the cycle tunnel will - if possible and advisable - be combined with a function for

pedestrians. Pedestrians and cyclists will each be given their own space.

2. Inconnection with monitoring, openness and cyclists’ comfort, preference is given to a half-buried tunnel, with the road connection

to be cross being ‘raised’ by about 2 m. This will enable the structure to be designed like a viaduct in the road.

Furthermore, if the road to be crossed is designed using segregated carriageways, this will create an open structure, enabling daylight

ingression as well.

3, The route of the cycle route will be as straight as possible, in order to increase the view. This will ensure that the tunnel's exit is visible

when entering it (i.e. no bends in the tunnel).

The slopes on either side of the tunnel entrances will not be too steep (maximum 1:1). This will reduce any feeling of claustrophobia.
4.

5. There should be no tall plants at the entrance to the tunnel, to prevent assailants from concealing themselves there.

Design

6. Tunnels should preferably be as short as possible. Not only because this makes them easier to take in, but also because this will

enhance the effects of daylight in them. It goes without saying that cyclists will then be in the tunnels for less time.

Tunnels should not present people with opportunities to hide. Hence there should not be any niches or blind spots.
7.

8. The walls of a tunnel recede to the top.

9 The minimum height of a cycle tunnel is 2.50 m.

10. Abalanced relationship between width and heights desirable. As a guideline, the width should be at least 1.5 times the height. A tun-

nel entrance where the height dimension clearly exceeds the width dimension gives the observer the impression of narrowness and

can therefore be found oppressive. On the other hand, a tunnel that is very wide in proportion to its height will give users a feeling

that they might bump their heads.

11. Inorderto drain rainwater swiftly, the tunnel floor should have a cross slope of 1 to 2h.

Set-up

12. Tunnels must be well lit. Principles of both road safety and personal safety require that itis not appreciably darker in tunnels than itis

outside of them.

13. Inthe evening, the transition from outside to inside the tunnel (and vice versa) must be smooth. What this means is that there should

be lighting outside the tunnel too, enabling the cyclist to adjust to the changed light intensity.

14. In addition to the light intensity, the colour of the tunnel’s walls is also important: light, friendly colours give a nicer, safer impression

than drab, cold colours. A colour gradient from dark at the ends to light in the middle will boost the sense of safety.

15. _ Itis recommended that light fittings be sunk into walls or ceilings wherever possible so as to prevent vandalism. Itis also important to

ensure that damaged light fittings can be repaired or replaced quickly and easily.

16. Acareful design is required for the drainage. It is often the case that debris, such as leaves and paper, accumulates at the transition

between approach and tunnel floor. A tunnel must therefore be quick and easy to sweep clean.
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These fundamental principles give rise to the

design guidelines as presented in table 6-6.

6.3.4 Junction solitary cycle path —

residential road

Vai, 22

The same priority rules apply at intersections

between solitary cycle paths and residential

roads as apply at intersections between resi-

dential roads (motorists coming from the right

have right of way). Hence both types of junction

can be treated in the same way. That said, at

intersections with solitary cycle paths particular

attention must be given to the design, as the

view of solitary cycle paths is sometimes

obstructed by vegetation and this can some-

times give rise to informal right of way behav-

iour (see text box section 6.3.1). In more con-

crete terms, what the above means is that if

traffic on the residential road ‘overlooks’ the

solitary cycle path, then it would not be advisa-

ble to grant crossing cyclists right of way. Where

the chances of such behaviour are appreciable,

measures should be taken to safeguard visibility

and equality.

Chapter 6 - Junctions

If the solitary cycle path is a main cycle route,

then it holds that the path can have right of way

over the residential road to be crossed. For the

measures to be taken in such cases, please see

section 6.3.1. Granting right of way to the resi-

dential road in built-up areas is proscribed by law.

6.3.5 Junction solitary cycle path —

distributor road

Intersections between solitary cycle paths and

distributor roads can be dealt with the same way

as intersections between residential roads and

distributor roads. In principle, the traffic on the

distributor road has right of way.

If the solitary cycle path forms part of the main

cycle network, the stringent requirements are

set in terms of bicycle traffic flow and cyclists’

comfort. In such cases, a grade-separated solu-

tion would be the safest. If this is not possible,

then a ‘Zwolle bicycle roundabout’ could be a

solution in built-up areas (see eponymous text

box in 6.3.2). From the perspective of road

safety, altering the right of way of a solitary

cycle path when it comes to intersecting a dis-

tributor road is discouraged.
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6.3.6 Junction solitary cycle path — solitary

cycle path

A junction involving two solitary cycle paths can

be regarded as a junction between two residen-

tial roads. One difference compared to ‘normal’

residential roads is that there are no significant

differences in mass between the road users.

Consequently, there is little reason to reduce

speed and anormal T-junction or a full junction

will suffice. If there is a junction with one or two

cycle/moped paths, the presence of mopeds

could make it desirable to reduce speed.

As with residential roads, equality of the inter-

secting roads is the fundamental principle. In

principle, this means that no priority regulation

is required. Only if one of the routes is a main

cycle route will right of way be granted to

cyclists on this connection. The design of the

junction should be adapted to this, e.g. by using

central traffic islands on the subordinate cycle

paths.

NY

Figure 6-4. Principle of a triangular junction

At extremely busy junctions (in excess of 1,000

cyclists per peak hour in the main direction),

crossability will come under pressure and a

roundabout can be considered. A triangular

junction could also provide a solution (see fig-

ure 6-4).

6.3.7. Junction public transport lane — solitary

cycle path

In the case of a solitary cycle path and a public

transport lane, a distinction can be made for the

latter between a bus lane, tramlines and railway

lines.

6.3.7.1 Bus lane

In terms of traffic characteristics, a segregated

bus lane is most similar to a distributor road with

a low (or very low) volume of traffic. What this

means is that the solutions specified in subsec-

tion 6.3.2 should guide decision-making.

In the case of a junction between a solitary cycle

path that is part of the main cycle network anda

segregated bus lane, a priority junction is rec-

ommended, with a wide central traffic island in

the bus lane and a speed bump for the bus. If the

bus lane is being used intensively and by

fast-moving public transport, then additional

traffic lights can be used, with favourable priority

regulation for bicycle traffic. Due to the low vol-

umes of traffic on the bus lane, there will be par-

ticularly high degree of cyclists ignoring red

lights. Solutions include having the green aspect

show for cyclists in idle mode and/or warning

sounds and lights when a bus is approaching.

6.3.7.2 Tramways

In the case of a segregated tramway, the design

of the cycle crossing will be dependent on the

speed of the tram. The braking distance of a

tram is considerably more than that of a passen-

ger car. Only if the tram’s speed does not

exceed around 20 km/h at points of conflict will

the same solutions be applicable as at a junc-

tion between a solitary cycle path anda ‘normal’

distributor road or a bus lane (see 6.3.7.1). If the

tram speed is higher, then it will not be possible

to satisfy the ‘low speed at conflict points’

requirement, meaning that safety will not be

being adequately safeguarded. In sucha case,

the crossing should be regulated by means of

traffic lights or a grade-separated solution will

be necessary.
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What can make tramway situations special is

that tramlines are often next to or between the

carriageways for motorized traffic and some-

times trams can come from directions not per-

mitted to other traffic. This can soon compli-

cate the design for a crossing, leaving it out of

synch with road users’ expectations. Extra safe-

guarding of the crossing is advisable in such

complex situations. In this regard, a ‘standard’

traffic light control system can be chosen or a

warning system specially developed for the

tram track (or bus lane). At crossings with a seg-

regated tramway (or fast tramway) it is common

for so-called tram lights to be used. These con-

sist of a warning light containing the tram sym-

bol, and the light starts flashing when a tram is

approaching. Tram lights are often supported by

a chiming signal.

The angle between the tram rails and the

cyclists’ trajectory is an important consideration

where tramways and bicycle connections inter-

sect. This angle should be as close to 90

degrees as possible to prevent cyclists getting a

wheel caught in a rail or slipping on the rails

when the road surface is wet. A guideline mini-

mum value of around 60 degrees can be main-

tained, though it would obviously be preferable

to create a larger angle. Moreover, at these kinds

of crossing there must be sufficient room for

manoeuvre for cyclists next to the tram rails. In

the case of crossing over segregated tramways,

it is desirable to have sufficiently large traffic

islands between tramways and carriageways.

6.3.7.3 Railway lines

In the case of railway lines, the train’s right of

way is indisputable. At every level crossing, all

other road users will have to give way to the

train — be this an intercity or a single locomotive

— once the barriers close. Where main cycle

routes cross railway lines, preference should be
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given to grade-separated solutions. This will

ensure that cyclists do not experience any delay

as a result of the train traffic. In the case of rail-

way lines with scant train traffic, barriers will

suffice.

For other cycle routes it holds that if a

grade-separated crossing will not be possible,

then the level crossing must always feature

automatic half barriers (an AHBC). Level cross-

ings without half barriers are particularly dan-

gerous points on school routes. In the case of

bidirectional cycle paths, it goes without saying

that half barriers should feature on both sides.

Unmonitored level crossings on bicycle con-

nections are possible at quiet crossings, par-

ticularly outside of built-up areas. Motorized

traffic, which causes the majority of collisions at

these kinds of crossing, can be excluded by

means of physical measures (gate, tree trunk).

Incidentally, the latter is not intended to imply

that crossings where these facilities are not

present should be closed just like that. Main-

taining adequate level crossings is crucial to

prevent severance effect, particularly with the

requirements of cohesion and directness in

mind, which are extremely important for

cyclists.

The national crossings policy devotes attention

to the severance effect caused by railway lines

and to factoring in recreational interests when it

comes to crossings not being actively protected.

Recreational interests when it comes to modify-

ing or changing a crossing are assessed through

the Infrastructural Severance Effect Steering

Committee, of which the recreational interest

groups are amember. If the Steering Commit-

tee issues negative advice on a proposal to

remove a crossing, then a risk assessment will

be required in order to be able to develop this

proposal in more detail. In this regard, the

guidelines as set out in CROW publication 299,

‘Barriérewerking van lijninfrastructuur’ (‘Sever-

ance Effect of Line Infrastructure’), apply [15].

Bidirectional cycle paths constitute an addi-

tional point for attention. Central traffic islands

will be introduced here at the location of the

level crossing. This will inhibit cyclists trying to

cross the closed half barriers on the left when

the barriers have just closed or if the train has

just passed. On busy (school) cycle routes the

recommendation is to make the traffic island as

long as the average queue of cyclists. This will

help to prevent cyclists or moped riders from

Passing the cyclists who are waiting.

Chapter 6 ~ Junctions

At intersections between bicycle connections

and railway lines, the angle between the railway

tracks and cyclists’ trajectory should be as close

to 90 degrees as possible to prevent cyclists

getting a wheel caught between rail and surfac-

ing or slipping on the rails when the road sur-

face is wet. A guideline minimum angle of

around 60 degrees can be maintained. In the

case of railway tracks that are only used sporad-

ically (e.g. on industrial estates) it holds that

where these intersect a cycle path the nuisance

and the risk that this could present to cyclists

can be reduced by introducing rubber inserts.
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7 Implementation, maintenance and furnishings

Infrastructure and other facilities for bicycle

traffic are pretty much exclusively determined

and designed by traffic engineers. The imple-

mentation and maintenance of these designs

are undertaken by the operational services of

decentralized authorities and the contractors

enlisted by these services.

It goes without saying that it is crucial for work-

ers in both disciplines — design and implemen-

tation/maintenance — to know their subject.

Furthermore, it is desirable for traffic engineers

and designers to have some rudimentary

knowledge of implementation and mainte-

nance. And conversely, for operational services

and firms to have an understanding of the hows

and whys of a cycle-friendly design. After all,

only then will it be possible to efficiently achieve

designs that meet their objective and last fora

long time without the need for radical mainte -

nance measures.

Designing with management in mind

The above means that traffic engineers, design-

ers, operational services, contractors and high-

way authorities would do well to consult with

one another in a timely manner and collectively

deploy their knowledge. This will enable a great

many problems to be prevented and existing

bottlenecks to be remedied. For that reason,

integrated designing with management in mind

is the starting point.

In order to ensure cyclists always have a good

road surface, it is important for the implementa-

tion and maintenance to be determined on the

basis of the correct prerequisites. This calls for

interdisciplinary harmonization between the

parties responsible. Moreover, the departments

involved must be au fait with the requirements

being set for the bicycle infrastructure (quality

requirements, technical requirements). Meaning
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that a degree of technical knowledge vis-a-vis

the surfacing to be used will be required of the

traffic engineers. Only then will they, in con-

junction with the operational services, be able

to ascertain the right prerequisites for aspects

such as load-bearing capacity, surfacing, foun-

dations and verge plants.

It is important for the operational services to

have a good idea as to what quality require-

ments apply for the purposes of the bicycle

infrastructure and to design this infrastructure

in accordance with the normative load, the lat-

ter being pretty much always determined by dif-

ferent, heavier traffic. The department charged

with taking care of the surfacing must be aware

of the vulnerability of cyclists and the prerequi-

sites for the bicycle infrastructure.

In the past, local authorities would perform a lot

of (maintenance) work themselves. Nowadays,

the vast majority of the activities are outsourced

to market parties. The upshot of this is that

authorities must see to it that the work is

assigned to suitably qualified firms and that the

contractual requirements have been set out sat-

isfactorily. In other words, ensuring that not

only operational services but also contractors

are familiar with the requirements applicable to

cycle-friendly infrastructure is desirable. The

present Design Manual can provide the desired

knowledge for operational services and con-

tractors.

V66, 67

The image type presented as an example above

refers to relevant design sheets. These sheets

are included in part two of this publication. A

design sheet systematically presents the most

important information on a facility (function,

application, implementation, dimensions and

more).
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7A Road surfacing

7.1.1. User requirements

Where the five main requirements for cycle-

friendly infrastructure (cohesion, directness,

attractiveness, safety and comfort) are trans-

lated to the situation of road surfacing, then this

pertains in particular to:

= evenness;

= skid resistance and texture;

= drainage;

= rolling resistance.

The choice of surfacing type will have a consid-

erable impact on cyclists’ comfort. Cyclists find

smooth surfacing (made of asphalt or concrete)

more pleasant and comfortable than open sur-

facing (made of tiles or paving stones). When

choosing the surfacing, however, the road

designer and the highway authority will have to

deal with not only user preference but also a

myriad of other aspects.

The costs of construction, management and

maintenance play a significant role. These are

determined by such factors as the load-bearing

capacity and subgrade's susceptibility to subsid-

ence as well as by the load caused by traffic. As

far as the latter is concerned, it is not so much

about the (negligible) load caused by cyclists

but rather the potential load caused by:

= maintenance vehicles for management of

roads, plants and ditches;

= winter service vehicles;

TM emergency services vehicles;

m heavy goods vehicles intersecting at entrances

and crossings;

= various vehicles making improper use of the

surfacing.

Other factors that could play a role in the choice

of road surfacing include:
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= the surfacing’s susceptibility to damage arising

as a result of root growth and mole burrows

and the attendant unevenness;

= the presence of subterranean infrastructure, in

the form of sewers, cables and ducts (for

example);

= the durability of the surfacing structure, in the

sense of longevity with limited maintenance;

= the durability of the surfacing structure, in the

sense of the reusability of construction mate-

rials;

= the appearance of the surfacing (in an historic

centre or a rural setting, for example, special

aesthetic requirements might apply).

These and other requirements will apply to seg-

regated cycle paths, though also to roads for

mixed traffic (with cycle lanes or otherwise).

Where such roads are fulfilling an important

function for bicycle traffic, a satisfactorily cycle-

friendly road surfacing will also be required.

Evenness

How even the surfacing will be is something

that will determine the horizontal and vertical

vibrations experienced by cyclists. Evenness is

extremely important for cycling comfort and,

particularly where the evenness is inadequate,

for safety. Unevenness can result in accidents if

it causes cyclists to lose their balance. Further-

more, evenness (or lack thereof) is one of the

factors determining the energy loss experi-

enced by cyclists when in motion (which has to

be made up for using muscle power). Block

paving usually exhibits a greater degree of une-

venness than asphalt or concrete surfacing. The

joins between the elements in particular can

cause significant discontinuities. With the

increase in bicycle speeds (e-bikes, racing bikes),

user requirements in terms of evenness are

becoming more demanding.

Skid resistance and texture

A surface's skid resistance is extremely impor-

tant to users. After all, skid resistance deter-

mines braking distance and stability in bends.

On an insufficiently skid-resistant road surface,

vehicle users will be incapable of stopping

quickly enough. They will not have enough grip

in bends, increasing the likelihood of skidding,

slipping and falling.

Out of all infrastructure-related causes of sin-

gle-vehicle bicycle accidents, slipping ona slip-

pery road surface is the most significant. Slip-

periness in winter is only part of the problem. It

is often also the combination of slippery mate-

rial and a wet road surface that causes acci-

dents, examples including edges of prefab con-

Crete slabs, manhole covers (particularly if these

are slightly higher or lower than the road sur-

face), rails, road studs and cat's eyes, awooden

bridge deck without a coating or natural stone

paving.
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How skid resistant the surfacing will be is largely

determined by texture. The macrotexture pro-

vides space to retain (rain)water or dirt, enabling

good contact between bicycle tyre and road

surface. The microtexture is determined by the

coarseness of the aggregate and the binder in

the surfacing.

A fine brush finish is preferred for concrete sur-

facing. For the purposes of the top layer of

asphalt surfacing, preference is given to grad-

ings 0/6 or 0/8 (perhaps 0/11). Both of these

provide the highest degree of comfort (the

designation 0/6 means that the diameter of the

aggregate particles in the asphalt mix varies

from 0 to 6 mm). Block paving, such as baked

paving bricks, concrete paving stones and con-

crete tiles, generally has a texture and skid

resistance that will retain their quality. The skid

resistance of paving materials such as natural

stone or glazed tiles — which are primarily used

for aesthetic reasons — is not always adequate.

Consider in this regard such things as natu-

ral-stone cobblestones (polished by traffic).

Even loose, coarse crushed stone, which is

sometimes used when maintaining the wearing

course, is highly undesirable.

Skid resistance can be measured by means of

an NEN-certified method, such as FSC-2000.

Measuring skid resistance with the road surface

in a wet condition is always important. Further

details and limits can be found in CROW publi-

cation 247 'Stroefheid van (weg)verhardingen’ [1].

The texture is also important for the skid resist-

ance of the surfacing in winter conditions and

for the options in terms of winter maintenance.

As far as common surfacing types are con-

cerned, in the case of porous asphalt problems

can particularly be expected when it comes to

black ice, subsidence of the road and de-icing
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Table 7-1. Properties of surfacing

Asphalt surfacing Cement concrete

Cyclists most appreciate surfacing structures with a top layer of

asphalt. This is due to the fact that such road surfaces consist of a

single surface, thereby optimally guaranteeing evenness.

For the purposes of skid resistance and rolling resistance, the top

layer is particularly important in the case of asphalt surfacing. Drain-

age is usually not a problem with asphalt surfacing. However, itis

essential for the asphalt track to have good foundations to ensure

that no holes or ruts form.

Cyclists will not cause any appreciable damage to asphalt surfacing.

Nevertheless, it is extremely important to take other vehicles usage

of the surfacing (legal and illegal) into account. Consider in this

regard the fact that a single heavy (maintenance) vehicle can have a

tremendous impact on the quality of the surfacing (see also section

Concrete surfacing provides a great deal of evenness and therefore

comfort for cyclists. The precondition here is that contraction joints,

expansion joints and construction joints are installed carefully.

As far is skid resistance is concerned, concrete cycle paths generally

present no problems. A fine brush finish is preferred for concrete

surfacing.

In principle, drainage is not a problem in the case of cement con-

crete. Due to the material's considerable durability, the chances of

holes or ruts forming is minimal, meaning that cement concrete

scores better than asphalt on this aspect.

In addition to their relatively significant degree of bicycle-friendliness

and durability, concrete cycle paths have the advantage of hardly

i i ther7.1.3). Such use could prompta substantially thicker surfacing layer to ever needing maintenance work done on them. Compared to 0

be chosen than is necessary for cyclists alone. types of surfacing, concrete is not particularly vulnerable to tree

roots, even though the roots of some species of tree can also affect

Good foundations (sufficiently thick and compact) are also important concrete cycle paths over the long term.

for preventing damage caused by tree roots and unevenness caused

by mole burrows. One point for attention is to bevel the edges of the concrete surfac-

ing. These are often created with an angle of 90 degrees. Cyclists

who end up on the verge will not be able to steer back onto the cycle

path safely.

Constructing concrete surfacing on weak subgrade will considerably

increase the probability of damage being caused by heavy vehicles.

One disadvantage of concrete is the high price of construction.

salt in the pores. Problems are also likely in the

case of bridge decks and other structures with-

out a subgrade, as these cool down more rap-

idly at night and so condensation will more

readily freeze on them [7].

Drainage

Due to the fact that cyclists are not protected

from the elements by an enclosing structure,

good drainage is crucial. Riding through puddles

is not only uncomfortable, it is also unsafe. After

all, puddles can hide the underlying road surface,

meaning that cyclists will be unable to spot any

(deeper) holes or ruts. Hence puddles can result
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in swerving manoeuvres unpredictable to other

traffic and potentially in falls. Wet road surfaces

are also more slippery. Good drainage can be

achieved by having the road surface slope gently

in one or two lateral directions and by seeing to

it that the road surface remains adequately even

(see also above under Evenness).

Rolling resistance

Rolling resistance is primarily determined by the

nature and condition of bicycle tyres, the nature

of the road surface and the interaction between

these. In the case of tyres at the right pressure

(properly inflated), rolling resistance is at its

Table 7-1. Properties of surfacing (cont.)

Concrete tiles

Tile surfacing can be used on subgrade with good load-bearing
capacity. Nevertheless, due to its many joints such surfacing can be
less even than asphalt or concrete surfacing. Making it less cycle-
friendly. These disadvantages increase the older the tile surfacing
gets, particularly if regular maintenance is not carried out ina timely
fashion (which is more the rule than the exception)

Tiles in bicycle connections must be a minimum of 6.0 cm thick. Tiles
thinner than 6.0 cm will shift too easily and are more likely to be
damaged by maintenance vehicles during maintenance work too.
The recommendation is to always use kerbing, with the top of this
having to be flush with the top of the tiles. The kerbing is necessary to
prevent damage to the edges of the cycle path and to prevent wide

longitudinal joints. Tiles should be laid transversely, in order to avoid
inconvenient longitudinal joints. Tile texture is generally good,
meaning that skid resistance is assured.

In the case of tile surfacing in particular, Special attention should be
given to ensuring good drainage. If this is lacking, then rainwater will
seep into the joints, rinse the sand under the tiles away and the tiles
will start to become loose This will make it even easier for the water
to getin under the tiles, which will rapidly diminish the quality of the
tile path. Tiles can also come loose in the event of protracted dry
spells, particularly on hard subgrades such as on bridges.

Instead of tiles, larger elements can also be used. The use of concrete
slabs the same width as the cycle path will result in fewer joints than
would be the case using tiles. Cable and duct managers can take
those slabs out whole and then replace them again. In addition,
attention should be given to ensuring a good (even) transition into

the other slabs not lifted.

Paving stones

The evenness (and, therefore, the comfort) of paving bricks and con-
crete paving stones is similar to that of tiles, but users rate it slightly

less favourably. Consequently, just like tiles the aforementioned
materials should only be used for cycle paths in exceptional cases.
Paving bricks are common on streets for mixed traffic. When such a
street forms part of a through bicycle connection, asphalt is preferred
from the perspective of bicycle-friendliness.

The skid resistance of concrete paving stones is usually good, but
when using paving bricks in streets for mixed traffic the designer will
have to take into account the fact that baked paving bricks can be
slippery during wet weather and frost. This is less of an issue with
concrete paving stones.

Another important thing is for stones and paving bricks to be ‘laid
straight, so that the joints are not too wide. As with tiles, the use of
kerbing is also important with paving stones to prevent damage to
the edge and the surfacing starting to shift, thereby increasing joint
width.

least. Furthermore, narrow tyres will experience

less resistance than wide ones. Ona fine-tex-

tured, even, smooth surface, rolling resistance

will be minimal. Unevenness, open surfacing

(paving bricks and tiles) and surfacing with a

coarse texture will produce a higher degree of

rolling resistance.

7.1.2 Types of surfacing

In most cases, a designer will be able to select

from four options for the purposes of surfacing

a cycle path: asphalt, cement concrete, con-

crete tiles and paving stones. A survey of cyclists

Carried out by KOAC « NPC (the research centre
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—

for surfacing) [2] reveals that they rate asphalt

with an 8.5 out of 10, cement concrete with a

7.5, concrete tiles with a 6+ and paving stones

with a 6-. This always pertains to the median

value: the value at which 50% of the measure-

ment values is better and 50% is worse. Table 7-1

describes the most important properties of the

four types of surfacing specified.

In recreational areas, it will sometimes be the

case that loose-fill road surfaces suffice too,

such as well-prepared clay paths or well-main-

tained shell paths. Furthermore, there are myr-

iad new surfacing materials being developed
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which have the capacity to generate heat or

electricity. In this respect, too, adequate skid

resistance, evenness and drainage will continue

to be important.

v60

As stated, cyclists have a clear preference for

smooth surfacing types, such as asphalt and

concrete; the explanation for this is that they

have the greatest degree of evenness and the

least resistance, thereby ensuring maximum

comfort. These materials are also held in high

regard by highway authorities, as they require

the least maintenance (relatively speaking) and

the surface stays even for a long time. Block
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paving, such as paving bricks, concrete paving

stones and concrete tiles, generally retain a

good texture and skid resistance, but they are

manifestly less even than asphalt or concrete

surfacing. As an aside, baked paving bricks

score less well in terms of skid resistance in win-

ter than the other types of block paving. If block

paving is to be chosen anyway, then it would be

advisable to combine this with good edging.

7.1.3 Choice of surfacing type i

Aside from cyclists’ preference for asphalt or

concrete surfacing, a myriad of other aspects

play a role in the choice of surfacing type {2].

The most important of these are:

a road safety;

dimensions of surfaces;

foundations;

risks of damage due to plant growth;

cables and ducts;

rainwater drainage;

appearance of the surface;

materials;

costs.

a7 =-= © Oa o&
Each of these aspects will be briefly explained

below.

a. Road safety

Traffic engineering considerations could pro-

vide grounds to opt for a certain type of surfac-

ing. Block paving is generally preferred within

the compass of ensuring recognizability for res-

idential roads, for instance. ‘Normal’ paving

materials, such as baked paving bricks, concrete

paving stones and concrete tiles, generally

retain their good texture and skid resistance

well. The skid resistance of paving materials

such as natural stone or glazed tiles — which are

in common use these days — is not always ade-

quate. Choices made in terms of spatial quality

may not result in increased risks to cyclists’

safety. From the perspective of road safety,

preference is given to rough, even surfaces with

a safe join between verge and surfacing (bev-

elled edge and at most a few centimetres differ-

ence in height between verge and surfacing).

b. Dimensions of surfaces

In the case of the dimensions of surfaces for cycle

paths, the traffic load caused by cyclists is rarely

taken as indicative. In order to prevent damage

due to excessive stress, the use of the surface

on the part of heavy vehicles will have to be

examined. It is frequently impossible to prevent

such traffic. Consider in this regard winter main-

tenance, maintenance of the surfacing, verges,

plants and adjacent watercourses (for example).
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Consider that cycle path surfacing is sometimes

used improperly by motorized traffic too.

As far as resistance to heavy vehicles is con-

cerned, there is a general preference for surfac-

ing made of asphalt and concrete. This enables

the level of cycling comfort to be satisfactory

for along time. It does, however, require a

thicker surfacing layer than would be necessary

for cyclists only. In the case of subgrades with

an extremely low load-bearing capacity, tile

surfacing (even with foundations) should only

be considered if it definitely does not have to

support any heavy axle loads.

c. Foundations

V6é1

As stated above, it is usually other heavier traffic

than cyclists that is indicative when it comes to

the load exerted on cycle paths. Hence it is

advisable to use a foundation under the surfac-

ing. A foundation will reduce not only the prob-

ability of subsidence but also the risk of edge

damage and damage due to tree roots and

mole burrows. Furthermore, using a foundation

willimprove the quality of concrete and asphalt

surfaces. The firm subgrade makes it possible to

compact the asphalt or cement concrete better.

A foundation must be sufficiently wide. If the

foundation is wider than the surfacing, then this

will not just combat edge damage. It will also

reduce the probability of single-vehicle bicycle

accidents. After all, the firm verge will enable

cyclists to correct their course when swerving

or making incorrect steering manoeuvres.

Moreover, it is important for the surfacing as a

whole to be sufficiently wide. Then it will not be

necessary for maintenance vehicles to drive

with a track through the verge, which often

causes damage to the edge and/or the verge.
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d. Risks of damage due to plant growth

Trees alongside roads, cycle paths and pave-

ments make the streetscape more appealing,

provide guidance for road users as well as shel-

ter for cyclists and pedestrians. Unfortunately,

trees can also damage the surfacing. Root

growth in and under the surfacing structure can

have undesirable consequences, such as dam-

age to the surfacing and the kerbing, loss of

load-bearing capacity and subsidence of the

surfacing. CROW publication 280 ‘Combineren

van onder- en bovengrondse infrastructuur met

bomen’ [3] extensively examines the many

problems in this area as well as possible solu-

tions. A few main issues will suffice here.

V61

Undesirable root growth in the surfacing struc-

ture could be caused by the following factors

(or a combination thereof):

= The tree is too close to the road structure.

= The tree has insufficient space in which to

grow roots in the desired spot.

= The surfacing structure is inadequately pro-

tected against root growth.

Due to their usually delicate surfacing structure,

cycle paths are particularly sensitive to root

growth. Condensation on the underside of the

surfacing attracts root growth. Even organic

material washed in, particularly in the case of

block paving, is attractive to tree roots. The

consequence of root growth is that in time

the surfacing is pushed up. This subsequently

results in unevenness and cracks, which

can have a detrimental effect on safety and

comfort.

Pruning off tree roots is seldom a permanent

solution. Roots usually grow back within a year

and the problems of tree root damage begin

again. A foundation of rubble or another coarse
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material will produce a better result. In general,

this produces less condensation under the sur-

facing than when using sand. For that reason,

confining efforts to use of a bed of sand is dis-

couraged.

Other options for preventing or limiting damage

caused by root growth include:

= using root-guiding or root-deflecting barriers;

= adapting the surfacing structure by means of

tree sand or tree granulate in the foundation;

= using a sandwich structure;

= using a growth site structure (root cage).

The best solution will depend on many factors,

including whether the matter in hand pertains

to renovation or new construction work. In

all circumstances it is essential to choose an

integrated approach early on in the design

phase, with tree experts and civil engineers

working together to develop the optimum

solution [3].

Mole burrows under and directly alongside a

cycle path can also cause cracks. If part of the

foundation has been dug away, then the sur-

facing will no longer be evenly supported. If a

heavier vehicle subsequently uses the cycle

path, then this could cause dents and cracks.

A nutrient-poor, coarse foundation will help

to prevent moles from digging alongside and

under cycle paths.

e. Cables and ducts

In general, cables and ducts should be laid

under cycle paths as little as possible. Within
built-up areas, these should preferably be laid

under pavements. Outside of built-up areas,

they can be located in the road verge (where no

trees or shrubs have been planted). Sometimes

special cable and duct conduits are advisable,

but they are usually not feasible.

Whenever cables and pipes are under surfacing

or are planned to be there, grid operators prefer

block paving without road foundations. This will

render the subterranean infrastructure relatively

quick, easy and inexpensive to access. Asphalt

or concrete surfacing, foundations and plants

increase the costs of laying and maintaining

cables and ducts. They also hamper repair work,

as a result of which more time is required to

rectify faults. This has consequences for society.

Sometimes surfacing and plants can jeopardize

the (safe) functioning of cables and ducts. To be

Sure, this is primarily the responsibility of the

grid operator, but repairing the surfacing after

trench work is a concern for the highway

authority. The latter must also see to it that the

road surface is not subject to ‘degeneration’

because of that work.
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The fact that both grid operators and highway

authorities are serving the public interest ren-

ders optimization desirable between the costs

of the (cycle path) surfacing and regular main-

tenance to it on the one hand and the costs of

the cables and ducts and accompanying main-

tenance on the other, including any digging up

and repair of the surfacing on top. Furthermore,

during this optimization process the interests of

road users (especially the comfort factor for

cyclists) must be balanced with the interests of

the users of cables and ducts (reliability of sup-

ply, consequential losses in the event of delays

to repair work). The public space authority has

a coordinating role in this consideration of

interests.
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In general, the landowner/highway authority is

free to choose what type of surfacing to use.

If a grid operator does not wish for his subterra-

nean infrastructure to be situated underneath this,

then it is usually the case that he will not be able

to force a different type of surfacing to be used.

He can, however, elect to relocate the cables

and ducts. Whether the costs of doing so will be

borne by the grid operator or by the highway

authority, or otherwise be divided up according

to some ratio, is a matter that will depend on

agreements and regulations. These could vary

considerably for each local authority and each

highway authority. Hence the question for the

highway authority is not so much ‘may or can |

create asphalt or concrete surfacing over cables

and ducts?’ as ‘what will | be paying in relocation

costs if | introduce asphalt or concrete surfacing

in a location where there are currently cables

and ducts?’ In this regard, it is imperative to look

at the availability of alternative routes and the

consequences of these for such things as plants.

Whenever a grid operator wishes to lay new

cables or ducts or to reconstruct existing cables

and ducts, he must inform the public space

authority of this in writing. The interests of both

grid operator and public space authority can be

harmonized by means of timely consultation.

One additional benefit is that this will enable the

planning of the work to be managed better,

thereby preventing overrunning. Solid agree-

ments ensure that the inconvenience caused to

cyclists by excavation work is minimized and

that good repair of the cycle path is guaranteed

following maintenance [4, 5].

Gas pipes constitute a special group within the

compass of cables and ducts. In the case ofa

leak in a gas pipe under asphalt or concrete sur-

facing, gas could accumulate underground or

escape into any crawl spaces in nearby houses.
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f. Rainwater drainage

Rainwater must be able to flow smoothly off the

road surface everywhere. In order to achieve

this, it will be necessary for the road surface to

have sufficient camber (i.e. not be completely

flat in the horizontal plane). Asphalt or concrete

surfacing, particularly if made from cement

concrete, will normally retain its camber for a

long time and will not be susceptible to devel-

oping unevenness (potholes, ruts). Block paving

usually has parabolic camber, with a curved

slope in both lateral directions. In the case of

these types of surfacing there is a chance that,

under the influence of (relatively) heavy traffic,

root growth or subsidence (for instance), proper

drainage will be disrupted. Regular inspection

and timely maintenance are required. In con-

trast to smooth surfacing types, with block pav-

ing a limited proportion of the rainwater will

seep into the underlying structure. This must be

taken into account and should therefore be

capable of providing sufficient stability even ina

wet condition.

a

g. Appearance of the surface

A road's surroundings can set special require-

ments in terms of the surfacing. In an historic

town centre, for example, it could be desirable

to use baked paving bricks or cobblestones.

Thus ‘sacrificing’ a degree of comfort for

cyclists. Such a measure will only be acceptable

if it applies to all road users. Furthermore, a

great deal of restraint is called for if it pertains to

a main cycle route. In such cases, cyclists’ com-

fort and safety may not suffer any appreciable

detrimental effect. This can sometimes be

ensured by devoting extra attention to making

the subgrade and block paving as tight as possi-

ble. Aesthetic aspects are examined in more

detail in 7.1.4.

h. Materials

Highway authorities also set requirements for

the sustainability of the surfacing structure.

Both in the sense that surfacing structure must

function adequately for a long time with limited

maintenance, and in the sense that materials

should preferably be reusable or recyclable.

These fundamental principles could provide

grounds not to use any high-maintenance

materials and structures and to select materials

that can be reused.

i. Costs

Cost comparisons often unjustly consider

investment costs only. An accurate cost com-

parison is only possible if all life cycle costs are

taken into consideration. Hence the costs of

minor and major maintenance work, annual

management (including winter maintenance

and weeding) and the residual value or demoli-

tion costs at the end of the planned life cycle

will also need to be included. One of the things

that will then become evident is that surfacing

made of asphalt and cement concrete is

cheaper than block paving (including the rec-
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ommended kerbing). Incidentally, the results of

the cost comparison are partly dependent on

the traffic load and the subgrade, because they

determine the requisite layer thicknesses of the

various layers of materials.

As far as weeding is concerned, asphalt or con-

crete surfacing is unequivocally preferred over

block paving. The probability of slioperiness is

generally highest in the case of block paving [7].

When digging up surfacing, elements can often

be largely reused, with little in the way of extra

costs. Hence block paving can have a clear

residual value. Asphalt or concrete surfacing

can be processed to create granulate, which

can be reused as a secondary, high-grade raw

material. Nonetheless, asphalt or concrete sur-

facing has pretty much no residual value for the

owner (the highway authority).

Weighting table

A wide array of factors influence the choice of

surfacing type. As these factors differ so mark-

edly, they cannot be measured against the same

yardstick. In order to nevertheless introduce

order and cohesion, the Fietsberaad combined

the influencing factors in table format as part of

a study of the bicycle-friendliness of surfacing

types [2]. In this regard, relative ratings (+4, +, 0,

-, --) were assigned to the various types of sur-

facing for each aspect (see table 7-2). Further-

more, the highway authority can calculate a

weighting factor for each aspect according to

his own insight (second column in the table). In

this respect it would be good to not just look at

the bicycle-friendliness of the surfacing struc-

ture but also to devote attention to the life cycle

costs and sustainability aspects (including the

carbon footprint). The table can be used as an

initial guideline for the purposes of choosing

surfacing.
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Table 7-2. Weighting table cycle-friendly surfacing [2]

Type of surfacing structure

no foundations unbound foundation * bound foundation **

Aspect weighting asphalt cementcon- concretetiles paving stones asphalt cementcon- _ concrete tili j
les pavingstones asphalt cement con- i i

factor *** cate crete P _ concrete tiles paving stones

Load-bearing capacity + + -- = ++ ++ - 0 7" ie oF
ai +

Driving/riding comfort + + rm 2 + + - _ Hd) ¢

Accessibility of cables and ducts ”) - = +4 ++ - e + + _ _

Aesthetic quality after repair 0 se + + 0 ss + + 0 +
7 +

Probability of damage due to tree roots 2) = 7 = = ++ ++ 0 0 G 4 0 F

Probability of damage due to excessive physical 0 -- ae = + + a = +H +

stress 12) ~ ~

Probability of damage from foundations *2) 0 ) 0 0 + ; +
+

Probability of consequential damage ‘*) 0 - - aad + 0 s _ + 0

Probability of weed growth?) +3) + -- - +43) + 2 ~ ] 7

Ease and speed of minor maintenance work (local 7 an + + -- a 0 0 _ 0

repairs using the same material) 0

Ease and speed of major maintenance work ++ 0 0 0 + 2 = _ 0 _

Costs of construction +54) + - 0 0 0 = = - 0 _

Costs of management and maintenance + + # 7 + + _ _ + ¥

Demolition costs minus residual value of materials + + tt ++ - < 0 0 __ _

Winter maintenance only porous asphalt less favourable

Appearance of the surfacing largely dependent on local integration and preferences

1) depending on layer thickness used

2) ++= most favourable, hence little chance of damage

3) with the exception of porous asphalt

4) ifthe risks of damage vis-a-vis stains and bumps have been covered effectively

5) largely dependent on the need to use kerbing

6) ++= most favourable, hence cheapest

* — The table distinguishes between bound and unbound foundations. Unbound foundation material consists of loose granules, without binding agent

(eg. crushed masonry or broken natural stone). Bound materials exhibit a high degree of cohesion, usually due to adding a few percentage points of

cement, bitumen or another binding agent.

** Abound foundation directly under the asphalt is less desirable due to the risk of reflective cracking from the bound foundation.

Inthe case of open surfacing, in the form of tiles, paving stones or paving bricks, the probability is high that these will loosen on a bound foundation,

resulting in ‘rattling’ or becoming dislodged.

*** To be decided by highway authority.
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7.1.4 Aesthetic aspects

As stated earlier on, from the perspective of

safety and the comfort of cyclists, asphalt or

concrete surfacing is clearly preferred. From the

point of view of cultural-historic considerations,

landscape integration or urban planning quality,

however, other types of surfacing are occasion-

ally chosen. Examples include baked paving

bricks, block paving, glazed tiles, natural stone,

shells or clay.

In particular, the evenness and skid resistance of

these materials have the potential to be under

par, jeopardizing safety and the comfort of

cyclists. For that reason, such materials are dis-

couraged for main cycle routes. Only in exceed-

ingly valuable environments, such as a protected

townscape/cityscape or an area of outstanding

natural beauty will deviation from this principle

be allowed. But even then the recommendation

is to look for alternatives that are less unfriendly

to cycling, such as asphalt with a pea-gravel

wearing course or a colour that does not clash

with the surroundings. It goes without saying

that such choices will also have to be used on

any other carriageways (or sections thereof).

Recreational routes often pass through nature

reserves or farmland. With a view to fostering

cyclists’ comfort and ease of maintenance, here

too preference should be given to asphalt or con-

crete surfacing, and given the likelihood of dam-

age caused by tree roots, perhaps even more than

in other environments. If use of asphalt or con-

crete has to be relinquished in extremely fragile

areas, then porous loose-fill road surfaces and

surfacing made of clay or shells can be consid-

ered. However, these types of surface are sensitive

to joint use by motorized traffic (including agricul-

tural vehicles) and susceptible to weed growth.

Hence regular maintenance will be required. One

alternative is to only surface the ruts (made by

motor vehicles). If asphalt or concrete surfacing is

chosen for this purpose, then the advantages of

this will be that the surrounding area retains its

rural character, that cyclists have an even surface

and that the surfacing has considerable durability.

7.1.5 Colour of the surfacing

Colour is a tool enabling the designer to make

something clear to road users. Red is now the

‘national norm’ for cycle paths and cycle lanes,

even though there is no statutory basis for this.
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In fact, any colour is permitted. Using colours

(including red) will make a cycle facility more

readily recognizable and support the continuity

of a through route. It is supposed that this has a

beneficial effect on cycling comfort (ease of

use) and road safety. Nevertheless, none of this

has been unequivocally corroborated by

research [16, 17, 18, 19].

There are also disadvantages associated with

using colours on road sections. It has already

been mentioned that designating cycle lanes can

increase the speed of motorized traffic. Further-

more, the colour and markings of the channelled

space can give an impression of the uncoloured

space being reserved for the exclusive use of cars.

And that is not necessarily the case. Moreover, as

opposed to edge lines, the colour red does not

contribute to ensuring contrast between surfac-

ing and verge. Neither does it foster the visibility

of the course of the cycle path or road.

The colour's durability will depend on the

method of application (coating, wearing

course or coloured asphalt layer). The transition

between the red asphalt of a cycle lane and the

black asphalt of the carriageway merits special

attention. It is common for the first signs of

wear and tear to the asphalt to occur here. Sub-

sequently, the asphalt can continue to crumble

more and more, creating deep longitudinal

potholes. The cause of this is freezing moisture

in the seam between both asphalt mixtures.

Consequently, this must be properly sealed.

The following recommendations apply for

the purposes of using coloured surfacing:

= Make cycle paths alongside roads and cycle

lanes red. Red will be less of a necessity for

segregated cycle paths.

= In order to emphasize right of way, continue

the red surfacing on cycle lanes and cycle
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paths at the point of a side road across the

junction area. If cyclists do not have right of

way, then continuing the colour and markings

will be highly undesirable.

= Red asphalt surfacing can be continued over the

entire width of the road if the car's role is a sub-

ordinate one. This could be the case ona bicycle

street, for example, or in a shopping precinct

where only loading and unloading are permitted.

= In places where two main cycle routes inter-

change, the entire junction area can be

coloured red (merging platform).

In all other situations, the use of coloured

asphalt surfacing will be confusing and so it is

undesirable.

7.1.6 Transitions between surface and verge

Ideally, cyclists will keep to carriageways or

cycle paths. Nevertheless, many (unexpected

and undesirable) situations can arise in which a

cyclist veers onto the verge (or nearly does so).

It is important for him to be able to keep his bal-

ance in such a situation and not fall. For that

reason, a good transition between surfacing for

bicycles and verges is necessary.

In particular, the difference in height between

the cycle path and the verge is important when

it comes to preventing single-vehicle bicycle

accidents. A verge can be worn down by tyres,

for example, creating a(n elongated) pothole

right next to the cycle path. Another option is to

have the asphalt on the cycle path a little higher

than the verge. The edge of the surfacing can

begin to crumble or crack due to subsidence on

the part of the verge, for example. It is impor-

tant that the edge of the surfacing is bevelled

off. Concrete in particular can sometimes have

sharp edges. Even with minor differences in

height, these make it tricky to get back off the

verge and onto the surfacing.
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There are various options for preventing or lim-

iting the incidence of undesirable situations:

= Ensure that the verge dovetails neatly with the

surfacing without any difference in height.

= Maintain an obstacle-free space of at least

0.5 m. Around one quarter of verge accidents

involve the cyclist hitting an obstacle sited on

the verge, particularly lamp posts and trees.

= Use surfaced or loose-fill verges. Doing so will

ensure that cyclists are less likely to fall if they

veer onto verges. Furthermore, the verge will

be less quick to become worn down by motor

vehicles and form holes.

= See to it that once new asphalt has been

applied the verge and the top of the asphalt

are flush, or that an unavoidable difference in

height is spanned. Highway authorities would

do well to include provisions on this in asphalt

specifications as standard. This will prevent the

new asphalt causing a shift in terms of prob-

lems: the new road surface may well be even

and safe again, but the verge (or the transition

onto the verge) has now been rendered more

dangerous [8].

= Installa fence or railing if particular situations

call for this, e.g. if there is a slope a short dis-

tance away.

7.1.7 Transitions between surfaces

Bumps and potholes can cause cyclists to lose

their balance and contribute to single-vehicle

bicycle accidents. In this regard, attention also

needs to be given to transitions between road

surfaces. These are found in such places as

junctions, exits and speed bumps, as well as

where bicycle connections lead onto roads for

mixed traffic. Furthermore, transitions contain-

ing elements, such as manhole covers in the

surfacing, will require attention.

It will be self-evident that the connection

between two different types of surfacing must
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be as even as possible, with a practically imper-

ceptible transition (< 3 mm difference in height).

If a transition is not constructed properly, then

this will not only be uncomfortable but also

unsafe; after all, cyclists at junctions and such-

like are focused on traffic, and may therefore

find themselves getting a nasty surprise if there

is any unexpected unevenness.

Itis desirable at junctions to ensure that the sur-

facing of the priority road is continued and that

the surfacing of the side road is interrupted. The

same goes for cycle paths: if they have right of

way, then the surfacing should be continued

and that of the side road interrupted. However,

in situations where an intersecting main cycle

route has right of way, the surface of the side

road (i.e. the main cycle route) should be con-

tinued over the junction so as to support the

anomalous right of way regime. This does not

apply to situations in which a side road or soli-

tary cycle path (the main cycle route) intersects

a distributor road. In such cases, the main cycle

route should not be given right of way [9]. See

also section 6.3.

Unevenness is particularly common at exits

because in such places the cycle path’s founda-

tions have not been fine-tuned to the heavy

intersecting traffic. For that reason, providing

proper foundations for cycle paths at exits is

recommended.

Various materials can be slippery, especially

once rainwater is involved. Examples include

iron drive ramps and prefab concrete slabs used

in roadworks, manhole covers, fluorescent cat's

eyes, metal road studs, markings, wooden cycle

bridges without a wearing course, cobblestones

(partly due to the significant unevenness of this

surfacing) and other forms of ornamental pav-

ing. Manholes, storm drains and suchlike are a

common cause of unevenness: creating an

even road surface is difficult around a drain or

manhole and sometimes the road subsides

while the drain or manhole does not.

: In order to prevent significant unevenness, dan-

gerous swerving manoeuvres and skidding, the

designer should bear the following points in

mind:

' = Avoid having manhole covers, (thermoplastic)

markings (such as at pedestrian crossings) and

transitions between surfacing materials in

bends.

= Do not situate drains in carriageways, cycle

lanes or cycle paths but rather in pavements,

gutters, parking lanes or adjacent verges.

H = Preferably do not situate other drains, such as

those for sewage or water pipes, in places

where cyclists are riding. This applies to cycle

paths, cycle lanes and the right-hand side of

the carriageway. If it will prove unavoidable to

situate drains in such places, then even transi-

tions will be a prerequisite. Selecting a flat type

of manhole cover will enable discomfort to be

limited.

= When applying a new layer of asphalt, prevent

manhole covers from ‘ending up in a hole’

(due to the surrounding asphalt having been

raised).

= Never use prefab concrete slabs on road sec-

tions that cyclists use. Prefab concrete slabs

are virtually guaranteed to subside, thereby

creating differences in height. Furthermore,

the metal edges are smooth (particularly in

wet weather) and the temporary situation

often persists for longer than was expected.

= Preferably screen off trams from bicycle traffic

physically. Where it will not be possible to do

so, use visual separation, e.g. different surfac-

ing materials or clear markings. Cycle cross-

ings and routes intersected by trams should

preferably be at right angles to the rails, with a
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minimum angle of incidence being 60

degrees.

= Always install warning signs at temporary tran-

sitions and in temporary situations where slip-

periness could occur [10, 11, 15].

7.1.8 Material for markings

Markings are intended to guide road users and

to clarify traffic situations. For that reason it is

essential for markings to be properly situated,

recognizable and visible. This particularly

applies to markings for cycle facilities: they must

make clear where other road users could expect

cyclists to be. In addition, there are markings

that primarily have a function for the cyclists

themselves: edge lines to delineate the road

alignment and central markings on bidirectional

cycle paths to make clear that oncoming bicy-

cle traffic can be expected.
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Markings made of thermoplastic material and

two and three-component cold plastic are the

most durable. They are easily visible in all con-

ditions, retain their colour and are not particu-

larly susceptible to wear and tear. In the case of

a wet road surface, these materials are suffi-

ciently skid-resistant on straight paths, though

in bends the skid resistance of thermoplastic is

critical.

One disadvantage is that thermoplastic sticks

up by around 3.0 mm over the top of the surfac-

ing. This is to the detriment of evenness. Cold

plastic and sprayplastic can be applied with a

thickness of around 1.5 mm. When using ther-

moplastic, preference is given to applying the

markings in such a way that cyclists will gener-

ally be able to avoid it. To that end, thermoplas-

tic block markings cannot be used on junctions,

instead being applied next to the cycle lane.
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markings, such as central markings, can be

applied in thermoplastic.

During construction work, plastic materials are

more expensive than road paint, but they are

cheaper to maintain. On junctions in particular,

where markings are subject to a relatively high

degree of wear and tear, preference is given to

thermoplastic or cold plastic. When applying

these to surfaces such as concrete, paving

bricks and slightly older, porous asphalt, the use

of an undercoat (primer) is recommended.

Profiled marking materials can be used to fur-

ther emphasize the division between cycle lane

and carriageway and to introduce bollards on

the cycle path.

White paving stones can be laid as markings in

block paving. The disadvantage of this is that

they will be less visible than thermoplastic, and

white paving stones look dirty more readily. Due

to their lack of evenness and skid resistance, the

use of road surface reflectors as permanent

markings for cycle facilities is discouraged.

7.2 Verges and plants

In general, the use of plants is intended to bol-

ster the landscape features of an area and make

it more pleasant to live in. The following func-

tions apply specifically to cyclists:

= making cycling and residential environments

more pleasant;

= providing shelter by reducing wind nuisance;

= reducing dazzling from oncoming motorized

traffic;

TM screening off motorized traffic visually (in

places where a cycle paths is situated along-

side a carriageway).

In contrast to these positive effects, there are

also disadvantages. These are primarily in the

sphere of social control and safety. Plants

alongside bicycle connections can:

= hamper the view (and monitoring) of the bicy-

cle connection from the surrounding area

and/or from the carriageway nearby;

= hamper or eclipse cyclists’ view of the sur-

rounding area;

TM provide a place to hide for people with malign

intentions;

= restrict cyclists’ view of one another or other

traffic. This is particularly the case in bends, at

junctions and at exits. Consider also the back-

drop effect of a row of trees alongside a road;

= damage the road surface, particularly due to

root growth;

TM constitute inconvenient obstacles to bicycle

traffic, e.g. if trees are too close to the side of

the road or cycle path;

= inhibit traffic flow due to overgrowth;

TM soil the road surface due to falling leaves,

flowers, fruit and suchlike.
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Whether the pros will outweigh the cons is

something that will depend on many factors. A

few of these include the way in which the bicy-

cle connection is used (for utilitarian purposes

or recreationally) and the environment in which

the bicycle connection is located. When using

plants, there must always be (permanently) ade-

quate visibility of oncoming traffic in bends. In

addition, viewing angles must be safeguarded at

junctions and exits.

Verges

V64

Verges alongside cycle paths must be ‘forgiving’

and may not contain any objects that hinder

cyclists. To this end, an obstacle-free space of

at least 0.50 m must be maintained. This also

means that plants are to be cut back to at least

0.50 m from the edge of the surfacing. Naturally,

sufficient unhindered height is important too.

The section of the verge right next to the cycle

path must be even and firm and at the same

height as the cycle path, particularly if the cycle

path is narrower than 2.50 m. A reinforced verge

will reduce the probability of an accident if a

cyclist ends up straying from the cycle path due

to a swerving manoeuvre. This is one of the rea-

sons to make the foundations wider than the

surfacing. Thus preventing an immediate fall if a

cyclist strays from the surfacing and hits a soft

verge.

Grasscrete tiles are sometimes used alongside

the carriageway for the benefit of motorized

traffic. This form of verge surfacing can also be

installed alongside cycle paths, on the proviso

that the tiles are laid flat side up.
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Plants

Adequate sight distance prevents a feeling of

claustrophobia. For that reason, maintaining a

view in all directions is desirable. Dense shrub-

bery should be kept at a sufficient distance (>

3.00 m) from the bicycle connection. Due to the

fact that in time bushes can grow up to around

2.00 m from their stems, young bushes must be

planted at least 5.00 m from the bicycle con-

nection. If there is not enough space for this,

then no upright bushes should be planted, opt-

ing instead for vegetation that will not hamper

the view, such as trees or ground cover. In this

regard, do bear in mind (particularly at cross-

ings) the backdrop effect; this increases the

thicker the trees get. It is advisable to select

species whose roots will not damage the cycle

path (see also 7.1.3, under d). Always plant trees

at a sufficient distance from the edge surfacing,

taking into account their ultimate size.

Informal monitoring and social control from

homes or from the main carriageway can scare

off potential assailants and give cyclists a

(greater) sense of safety. For that reason it is

imperative to prevent upright bushes from

obstructing the view of cyclists from the car-

riageway or from nearby homes.

Sight lines

Aside from personal safety, road safety also

plays a role. Plants may not interrupt the requi-

site sight lines. This applies to (horizontal) bends

and at junctions. Upright bushes are undesirable

in the vicinity of junctions. They grow so rapidly

that they frequently have to be cut back to

maintain adequate sight distance. Ground cover

and low-growing shrubs are suitable, as are sol-

itary trees. Itis advisable for the local authority

to have the General Municipal By-laws

(Algemene Plaatselijke Verordening, or APV) in

order on this point so as to enable legitimate
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action against landowners who do not adhere

to the aforementioned guidelines.

7.3 Lighting

7.3.1 Lighting according to function

The principal functions of lighting are:

= to make the setting visible;

= to enhance comfort (including for cyclists);

= to improve traffic flow;

= to improve personal safety;

= to increase people's attentiveness in unsafe

situations;

= to increase the contrast between vehicle path

and verge.

ing is always recommended for main cycle

routes. In this regard, it holds that the higher the

design speed is, the greater the requisite sight

distance will be, which could in turn have an

effect on the level of lighting.

Outside of built-up areas in particular it is not

always effective and desirable to have the lights

permanently on full power. Consequently, tech-

nologies have been developed to enable the

level of lighting to be adapted to the presence

or absence of cyclists. With a view to maintain-

ing personal safety, it is important for this not to

be done (overly) abruptly, so as to prevent a

‘spotlight effect’.

Basic network

Regular street lighting usually sufficed for the

basic network. The use of new lighting technol-

ogies, which entail the light being far more tar-

geted, makes it possible that cycle paths will

end up having less light shone on them, as a

result of which they will be too dark for suffi-

cient contrast to be visible. Sometimes a solu-

tion can be to only illuminate the cycle path

(and not the main carriageway) or to introduce

markings on the cycle path.

The function of the lighting is primarily to ena-

ble road users to get their bearings. With a view

to maintaining personal safety, particular atten-

tion should be paid to illuminating shortcuts

and (by-)paths out of sight of local residents and

other traffic.

At crossings for cyclists and/or pedestrians,

lighting must be selected that ensures the point

of illumination is above or behind the crossing.

Lamp posts on segregated cycle paths should

be installed on one side of the road (ASVV

2012; [12]). Cycle references should be indicated

on general signage (as well as) on illuminated
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Ee

road signs [10]. Bicycle fingerposts and com-

bined bicycle signs should be in retroreflective

material (class III). Where lighting is completely

absent, consideration must be given to install-

ing local lighting at hazardous points, such as

junctions or obstacles (whether or not these are

the result of roadworks).

Recreational network

Recreational cycling trips are usually something

done during the day. For that reason it is unnec-

essary to light recreational cycle paths. Lighting

is even undesirable in valuable nature reserves,

If lighting is needed there anyway for reasons of

personal safety, then ecodynamic lighting can

be used. This entails the colour of the LED light-

ing being adapted to the setting, thereby mini-

mizing disruption to the flora and fauna.

7.3.2 Lighting related to location and usage

If the lamp posts for the main carriageway pro-

vide adequate lighting for the route for cyclists,

then no separate lamp posts will be necessary

to illuminate the cycle path. Where it is techni-

cally possible, then there is no objection to

lighting the carriageway and the cycle path

using the same lamp posts, with two brackets if

need be. Dedicated lighting will only be

required in places where a cycle path diverges

from the carriageway. The visibility of the road

alignment can best be enhanced by using edge

markings.

If the cycle path is located more than 2 m away

from the main carriageway or if the lamp posts

are not in the segregation verge, then it will not

be permissible to simply assume that the cycle

path is being adequately lit. Particularly where

the segregation verge is overgrown or the cycle

path is situated slightly further away from the

carriageway, dedicated lighting for the cycle

path could be necessary.
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In the case of cycle facilities there should be an

obstacle-free space of at least 0.5 m from the

surfacing. No lamp posts may be installed

within this space.

If consideration is being given to only installing

lighting for a segregated cycle path, then the

designer will have to look into whether this

could mislead other road users; where a cycle

path and a main carriageway are following a dif-

ferent route, cycle path lighting can produce a

confusing streetscape for the road users. In

such cases, it might be better to confine the

solution to edge markings on the cycle path

with no additional lighting.

Edge markings

In general, the visibility of the road alignment

can be better enhanced by applying edge mark-

ings than it can by adding lighting. After all,

introducing a greater degree of contrast will

already enhance visibility at extremely low levels

of light, whereas illuminating something that

lacks contrast will have very little effect. Clearly

visible edge markings enable cyclists to main-

tain their course in the dark and focus on other

road users, unevenness in the road surface and

bollards. These markings have been standard

for cycle paths to be constructed outside of

built-up areas since 2015. In built-up areas,

however, they are only required in bends. The

elderly and partially sighted in particular will

benefit from continuous markings, even in

built-up areas.

(Cycle) underpasses

Daylight must be maximized in underpasses for

cyclists. This can be achieved by such measures

as creating two shorter tunnels under lanes

rather than one long tunnel under a full car-

riageway, with an open central section or a sky-

light. In addition, lighting is recommended to
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foster personal safety. The difference between

the lighting level within and outside of the under-

pass should not be too pronounced, which is

why the lighting on the approach to the under-

pass should be harmonized with the lighting

level in the underpass itself. The Netherlands

Society for Lighting Technology (Nederlandse

Stiching voor Verlichtingskunde, or NSvV)

has drawn up specific recommendations for

tunnels [13].

Luminance

The visibility of the course of a cycle path (for

example) is not so much determined by the

quantity of light cast on it as by the quantity of

light reflected by the road surface (luminance)

and the degree of contrast produced by certain

hues of LED lighting. Green light, for instance,

produces greater contrast than white light.

To a significant extent, the visibility of a road sur-

face in the dark can be determined by the clarity

of that road surface. Markings always have

greater luminance than surfacing. Hence the use

of markings (including edge markings) will clearly

add value, even in the case of lit cycle paths. For

information on the recommended light intensity,

please see the Richtlijn Openbare Verlichting

2011 (‘Public Lighting Guidelines 2011) [14].

Colour and uniformity

It is important for personal safety that the light-

ing contains various colours from the spectrum.

This will enable faces to be recognized at

greater distances. From this perspective, white

light is the colour to be recommended most.

The level of light on the road surface under a

lamp post must not differ significantly from the

level of light between two lamp posts. If it does,

then this will result in diminished visibility of the

road surface and fatigue in cyclists, whose eyes

a

Sufficiently uniform lighting is possible at the

customary distance of 30 m between lamp

posts. The NSvV states that, from the point of

view of personal safety, the lowest light intensity

on the road surface must be no less than 30% of

the highest light intensity.

Dazzling

If there is potential for cyclists to be dazzled by

oncoming traffic, then the intensity of the light-

ing should be relatively high. The differences in

intensity between street lighting and vehicle

lights will then be less pronounced, meaning

that less adjustment will be required in terms of

cyclists’ eyes. Incidentally, street lighting can

occasionally dazzle people. This is particularly
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the case with spectacle wearers in the rain;

water droplets on the lenses cause increase

scattering of the light. This phenomenon can be

prevented by selecting a good height and loca-

tion for the lamp posts and good-quality fittings.

Cyclists must be able to see obstacles on the

vehicle path with light from behind them. In the

case of bollards, therefore, lamp posts should

not be sited level with bollards but on two sides

a few metres away from the bollard.

Extensively used bicycle connections

For environmental and efficiency reasons,

wherever it is highly exceptional for people to

cycle in the dark it will not be reasonable to pro-

vide intensive lighting for a bicycle connection.

Nevertheless, it is not permissible for the lack of

lighting along the connection to dissuade large

groups from cycling there. Hence it is not just

about actual use of the connection but also

potential use.
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Refraining from installing intensive lighting will

only be acceptable if each of the following con-

ditions is satisfied:

= the bicycle connection is situated outside of

built-up areas and connects residential cen-

tres in excess of 5 km away from one another;

= the bicycle connection is not on a home-

school route or home-work route;

= the bicycle connection is not on a route to

evening destinations, such as entertainment

centres and sports halls.

On routes satisfying these three requirements it

will be possible to confine solutions to alterna-

tive measures that only indicate the course of

the bicycle connection, such as orientation

lighting and/or edge markings. This is important

for cyclists’ road safety. Bends, junctions and

obstacles at a distance of less than 0.50 m from

the road or cycle path must be illuminated. In

the case of a segregated cycle path, the rela-

tionship to the main carriageway is also impor-

tant: if elements of the cycle path are lit, then

the road in that location should also be lit.

7.4 Signage

Since 1 January 2015, statutory responsibility for

signage has been the remit of the National Sig-

nage Service (Nationale Bewegwijzeringsdienst,

or NBd). It is recommended that decentralized

authorities get in touch with this organization

early on in the process. The NBd can advise on

such matters as choice of destination, routes

and design of (utilitarian) cycle signage. It will

also be able to manage projects that cross

(highway authorities’) boundaries. For the pur-

poses of (cycle) signage, CROW publication 322

‘Richtlijn bewegwijzering 2014’ (‘Signage Guide-

lines 2014’) has a leading role [10]. The contents

of this publication have been fine-tuned with

the NBd.
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Each type of signage will be explained in the

next subsections.

74.1 General signage

If a route is partly or wholly closed to cyclists or

if a shorter or more suitable route is available for

bicycle traffic then, in addition to the general

signage, specific cycle signage should be used.

In such situations, general signage will feature

a motorway symbol or A number in brackets

after the destinations. For cycle signage, please

see 7.4.2.

7.4.2 Specific cycle signage

V62, 63

At any rate, specific cycle signage is used if:

= the route for cyclists diverges from the general

route for other traffic;

TM cyclists require additional destinations;

= cycle paths have their own route:

= the general signage is not legible (or is barely

legible) to cyclists due to the position of the

arms of the signposts;

= the general signage provides inadequate guid-

ance to cyclists at a junction.

Provided it is uniform and continuous, cycle sig-

nage can assist in linking existing cycle facilities.

In this regard, local and long-distance cycle sig-

nage must blend seamlessly in logical fashion

and as far as possible cyclists must be directed

along routes that are the quickest, safest, most

comfortable and most attractive. One point for

attention is the fragmentation of highway

authorities, which sometimes causes problems

in terms of harmonization. Poor harmonization

between neighbouring highway authorities will

impact on the quality of cycle signage in the

wider surrounding area.
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Target groups

When establishing a cycle route network, the

various target groups for which the cycle sig-

nage is intended must be taken into account.

The network for so-called long-distance utilitar-

ian bicycle traffic in particular is important. This

is intended for cyclists who are occasionally en

route from one destination to another: the

social-recreational cyclists. People cycling to

school or work will not use cycle signage (with

the possible exception of their first journey).

Route selection

In principle, the shortest routes (in terms of dis-

tance and/or time) in the cycle route network

are included signage. Nevertheless, when

choosing the routes consideration must be

given to aspects such as road safety, personal

safety and comfort. This can mean that a slightly

less short route will be specified on the signage.

Sometimes it is worthwhile offering an alterna-

tive route in addition to the shortest one, such

as a ‘scenic route’ or another one without busy

Car traffic. In such cases, it goes without saying

that a clear distinction must be made between

these and the shortest route.

System

In principle, cycle signage consists of red text

on a white background. This colour combina-

tion marks a clear deviation from the system

used for car signage (white text on a blue back-

ground). If there is an alternative, scenic route,

then this can be stated in a different colour

combination: green italic text on a white back-

ground. The difference in colour will only be

used at the point where the choice needs to be

made. Further on along the alternative route this

will revert to the red-white designation, as ‘addi-

tional bicycle traffic’ will be there.
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In general, cyclists cover limited distances. For

that reason, in principle no more than two des-

tinations per direction are specified on cycle

signage outside of built-up areas. These will be

the next destination along the route in the indi-

cated direction and the nearest major location.

If there is a fork in the routes ahead, then the

nearest major location for the other route will

be stated.

This system is also used in built-up areas so as to

ensure that local and long-distance signage tie

in with one another in a logical fashion. Further-

more, important local objects can be specified,

such as tourist and recreational objects that

attract a great deal of traffic, railway stations

and bicycle parking facilities.

The system described above has evolved histor-

ically. One consequence of this is that long-dis-

tance cyclists riding ‘by signs’ will nevertheless

be directed to the nearest major location,

because destinations located further away are

not generally mentioned on the signs. This

could result in the cyclist not following the most

direct route. Naturally cyclists can do some-

thing about this themselves.

7.4.3. Signage for tourist routes

Touristic cycle routes can be utilized to promote

tourism and recreation. In this regard, a distinc-

tion should primarily be made between local/

regional circular trip routes and nationwide

through cycle routes. Furthermore, an increas-

ing number of regions have nodal networks for

cyclists. These enable cyclists to put together

their own route. In addition, digital route plan-

ners are available, such as www. fietsrouteplan-

ner.nland www.routeplanner.fietsersbond.nl.
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7.5 Personal safety

Personal safety calls for extra attention to routes

to destinations that are heavily frequented in the

evenings. Consider in this regard such places as

entertainment centres, sports halls, town or city

centres or community centres. Personal safety

— which, depending on the context, can be

referred to in the negative (lack of personal

safety, danger, etc.) — is determined by the

extent to which people can move freely in an

environment without being threatened or con-

fronted with violence. The topic is often rele-

vant in the case of bicycle connections in green,

quiet or out-of-the-way places. And in the case

of bridges, viaducts and underpasses. |

Fundamental principles for new routes

Personal safety is undeniably linked with the

organization of the space. In places and on con-

nections where there are lots of people, and

therefore plenty of monitoring, there is a greater

sense of safety. Passers-by will then be able to

intervene if need be. Even more important is

that potential offenders will be put off by the

presence of people. In places with little or no

people, the availability of escape routes is an

important criterion.

Layout is also important. It turns out that

whether or not people will actually intervene

depends on the extent to which they feel

responsible for the situation. In a well-kept,

small-scale residential environment, people

prove to be more willing to act than they would

be in (for example) a muddled space amidst

some large-scale blocks of flats. It is also the

case that the more visible the victim (or poten-

tial victim) is to bystanders, the greater the

chances of them actually intervening.

Due to the above, it is best to route cycle routes

as much as possible through areas where social

activities take place, preferably in the evenings

as well. In principle, this can be effected in two
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ways: by leading cycle routes past ‘crowd-pull-

ers’ and by bringing such ‘crowd-pullers’ to

cycle routes. In this regard, the term ‘crowd-

puller’ should be taken to mean not so much

large buildings as small-scale facilities. Exam-

ples include a postbox, a bus shelter or bus stop,

and illuminated advertising or information

boards. The presence of such facilities can be

extremely useful. In addition, a cycle route

through a suburb which passes the front doors

of homes will be more socially pleasant than

one passing fenced-off back gardens.

Transparency is another contributing factor to

potential danger being spotted early. Transpar-

ency entails (for example) the structure of the

situation being clear and there being no objects

along the connection that potential offenders

could hide behind (dense bushes, for instance).

Not having any hidden or unused spots is also

important.

Incidentally, not all cycle routes have to meet

these criteria. That said, for routes that have a

lower degree of personal safety there must

always be a better alternative available within a

reasonable distance.

Evenif all conditions have been satisfied, it is

unfortunately the case that personal safety can-

not be guaranteed. Even the busiest urban cycle

route can sometimes be deserted and lonely at

night. And somebody with malicious intent will

always find somewhere to offend.

As far as personal safety is concerned, the

designer can achieve most at the level of net-

work formation. By seeing to it that there are

enough connections for cyclists that do not pass

through any deserted and obviously unsafe loca-

tions, the most important requirement will be

satisfied: ensuring monitoring and social control.
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Existing routes not ensuring personal safety

If a route is set and the spatial planning context

can no longer be influenced, then the options

open to the designer are different in nature. In

such cases, measures to reduce or eliminate

danger will have to be focused on:

a optimizing the informal monitoring of cyclists

and cyclists’ view;

b discouraging opportunistic offences;

facilitating (informal) escape routes;

d_ providing an alternative route, if an acceptable

level of personal safety will not be feasible (in

the dark, for instance);

e keeping the area clean (no litter, graffiti and

overdue maintenance).

a
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sub a. Optimizing monitoring of cyclists and

cyclists’ view

If there are opportunities in terms of improving

the monitoring of a bicycle connection, then

this will be the most significant step to take. The

more people there are in the area, the greater

the degree of personal safety. Removing dense

plants right next to a cycle path and introducing

lighting for cyclists can improve their view and

have an attendant positive effect on personal

safety. Conversely, such a measure can also

ensure that the view of cyclists is improved.

Acycle path’s immediate surroundings play a

significant role in this regard. If there is no dense

shrubbery or high objects a short distance from

the bicycle connection, then it will not be possi-

ble for people to hide there. In a well-lit envi-

ronment monitored from nearby homes or

from the road, people will be less inclined to

offend than they might be in a poorly lit envi-

ronment that is not monitored much.

sub c. Facilitating escape routes

Knowing that there are possible means of

escaping will increase the sense of personal

safety. This is not about (designated) escape

routes but possibilities of ‘getting away’. Cycle

routes between fencing (e.g. along railway lines),

between guide rails or ditches score poorly on

this criterion.

The same goes for routes over bridges and

through underpasses. In places where

screened-off structures and suchlike and una-

voidable, it will be especially important to adopt

the measures specified under a and b.

sub d. Offering an alternative route

With some routes it will be impossible or unde-

sirable to eliminate the lack of personal safety

completely. For example, this could be the case

for a quiet leafy route that is beautiful and pleas-

ant during the day. In such cases, the highway

authority should provide an alternative route

that ensures personal safety. In terms of dis-

tance, the latter will presumably

be longer than the route that is less conducive

to personal safety, but it will enable cyclists

themselves to choose depending on the cir-

cumstances.

e. Cleaning the surrounding area

Even the ‘quality of the environment’ plays a

role. A good design and a well-maintained situ-

ation will reduce the probability of vandalism
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Not every route has to ensure personal safety

Routes that may be considered unconducive to

personal safety at night can be pleasant, com-

fortable, useful and less risky during the day and

on busy evenings. Thus segregated cycle routes

through parks and woods also present signifi-

cant benefits: they are low on traffic, making

them low on emissions and health as a result.

Personal safety versus other interests

Measures to foster personal safety can conflict

with other interests. A few examples include:

= If bushes are removed to encourage a clearer

view, then this could have a detrimental effect

on the area's natural beauty.

= If abicycle connection is not routed through a

park for reasons of personal safety but instead

is routed along a busy road parallel to the park,

then this could result in detours and less com-

fort.

= If a cycle route intersects a busy road by way

of an underpass, then this will be less condu-

cive to personal safety and less direct than it

would be if that road were to have an at-grade

crossing.

= If acycle path is lit in a vulnerable nature

reserve, then this will lead to ‘light pollution’.

Such conflicts necessitate thorough assess-

ment. A general methodology is not available to

this end, because personal safety is dependent

on highly specific local circumstances.
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7.6 Other faci S

The appeal of travelling by bicycle can be

enhanced by introducing small-scale infrastruc-

tural facilities in specific locations. Examples

include shelters and rest areas.

Shelters

Shelters provide protection from the elements.

Places where cyclists regularly wait (or have to

wait) will naturally be the first to be considered

when it comes to siting these facilities. Shelters

are desirable:

= on bicycle connections that include ferries,

locks and movable bridges;

= in places where cyclists are used to waiting for

each other (groups of schoolchildren);

= at bus stops where cyclists get on buses (these

will also require good bicycle parking facilities).
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Shelters must be sufficient in size to accommo-

date bicycles as well as their riders. When siting

shelters, consideration must be given not only

to the sheltering cyclists’ view of the approach-

ing ferry, closing bridge and suchlike but also to

the view people on the road have of what is

going on in the shelter. This being to ensure

personal safety.

Rest areas

On leafy, long-distance connections in particu-

lar, which attract a great deal of recreational

bicycle traffic, benches and picnic sites are

desirable. It will be self-evident that quiet loca-

tions should be selected for these, in areas of

natural beauty. Locations close to a railway,

motorway or car park are less suitable. An over-

view of existing benches can be found on the

Route Planner issued by the Cyclist's Union

(Fietsersbond) [w6]. Incidentally, research

shows that benches are much more popular

than picnic tables. Moreover, they are cheaper.

Bottle banks

Bottle banks are sited at least 5.00 m from the

edge of the surfacing to avoid collisions with

the obstacle and to prevent shards of glass

causing punctures.
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Properly functioning infrastructure for cyclists

requires not only a well-considered design and

the correct organization but certainly also

effective management and maintenance as well.

The latter is even more important for cycle facil-

ities than it is for carriageways intended solely

for motorized traffic. After all, an uneven or

unclean road surface is more likely to produce a

great deal of nuisance and danger to a cyclist,

who is operating a balance vehicle, than a car

driver (for instance). Comfort is not the only

issue. Even more problematic is the substantial

increase in the probability of single-vehicle

bicycle accidents. For that reason, surfacing

for bicycle traffic in permanent situations must

be of at least the same standard of quality as

surfacing for motorized traffic. In temporary

situations, surfacing for bicycle traffic must

satisfy minimum requirements (including in

terms of safety).

The present chapter devotes attention to the

foltowing items in succession:

inspecting and evaluating bicycle connections

(8.1);

inspecting surfacing for cyclists (8.2);

measures in the case of work in progress for

cyclists (8.3);

winter maintenance for the benefit of cyclists

(8.4)

The quality of a bicycle connection is the sum of

the quality of all facilities (road surfaces and

junctions) and the continuity of these. The

(totalled) quality can be ascertained on the basis

of an inspection or evaluation. An inspection

can be triggered for various reasons. Well-

known examples include residents having com-
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plaints about a route or accidents/near misses

having occurred. An inspection of a cycle net-

work could also be carried out whilst drafting or

updating a cycle route network. This is particu-

larly relevant in the bottleneck phase. An

inspection could also be useful for the purposes

of setting priorities within the compass of a

maintenance programme.

Incidentally, there is a significant difference

between an inspection and setting priorities. In

the case of an inspection, criteria are consid-

ered which a direct bearing on the quality of the

cycle facility or, more specifically to cycle infra-

structure, which express the extent to which the

five main requirements are being satisfied (see

4.3). When setting priorities, other criteria play a

role too, such as financial resources, political

dilemmas, existing procedures within the

framework of zoning plans and the number of

road users that will benefit from any improve-

ment (the efficacy).

An inspection of cycle facilities can be per-

formed on three levels, namely:

network level;

connection or route level;

facility level (road sections, junctions, cross-

ings, bicycle parking facilities)

Connections can be inspected on myriad

aspects, though also ona single aspect, e.g. the

bicycle-friendliness of junctions. It is also possi-

ble to carry out an inspection in terms of a sin-

gle main requirement. This would constitute a

thematic inspection.

8.1.1 Evaluation of anetwork

Five steps can be distinguished when evaluating

anetwork. The first of these pertains to indicat-

ing the reason and objective of the inspection.

The second step entails specifying the inspec-

tion method. The third step relates to imple-

mentation. The fourth step sees the results

being processed. Finally, the fifth step entails

the quality of the facilities or connections being

expressed as a rating and weightings being

assigned to the various criteria, thereby obtain-

ing a final assessmentof the facilities or con-

nections examined.

There are various inspection methods. Specific

aspects in particular can often be assessed ina

variety of ways.

This subsection looks at the Bicycle Balance

method. Created by the Cyclist’s Union, this tool

was in common use in the past and the benefit

of it is that it considers bicycle use across the

full spectrum.

Evaluation method in steps

The Bicycle Balance method was developed as

a benchmark tool and charts how various ele-

ments affecting the cycle climate can be inves-

tigated and assessed. In line with the Bicycle

Threshold values

Results of measurements only have explan-

atory power once they are compared and

contrasted with a standard or threshold

value. Sometimes clear standards are availa-

ble, but it is frequently the case that they are

not. The present Design Manual offers a

degree of guidance when it comes to set-

ting standards, but ultimately it will fall to the

highway authority to develop policy in.order

to set standards. A benchmark can help. The

Cyclist's Union's Bicycle Balance makes it

possible to compare one’s own situation

with a number of standard values. These

values constitute a good reference fora

cycle-friendly infrastructure [50].

Balance system, the following evaluation steps

are distinguished [50]:

Create an overview of all policy documents

relevant to bicycle traffic and analyse how

much attention is devoted to bicycles therein.

Survey the public to measure cyclist satisfac-

tion.

Generate a picture of bicycle use and safety,

.g. based on an analysis of Statistics Nether-

lands (CBS) figures.

Use a practical measurement on the street to

objectively record what the (daily) cyclist

experiences,
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The information thus obtained will form the

basis of ten criteria on which the cycle climate

and cycle facilities will be assessed. Scores are

established for these ten criteria (see table 8-1).

These pertain to: directness, comfort (nuisance),

comfort (road surface), attractiveness, competi-

tive position, bicycle use, road safety, urban

density, cyclist satisfaction and written policy.

The scores (blue area in figure 8-1) are com-

pared with the standard (grey line) as well as

with the scores in a town/city or towns/cities of

similar size (green line). Presenting the results in

such a clear manner soon enables transparency

in terms of which aspects are and are not satis~

fying the standard



Table 8-1. Assessment criteria from the evaluation method

Aspect Description

Directness Directnessis an indicator of the time that a cyclist requires to reach his destination. Acycle-friendly net-

‘work has plenty of short, quick cycle routes. The following subaspects are measured for the purposes of

assessing directness:

= Detour factor (cycling distance/distance as the crow flies);

‘= Delay (number of seconds stationary per kilometre);

= Average speed (kilometres per hour)

Comfort (nuisance) Six subaspects are measured for the aspect comfort (nuisance) which to some degree or other can affect,

the fun of cycling. The frequency of stopping and traffic nuisance are the most importantin this respect:

= Frequency of stopping (number of stops per kilometre);

‘= Slow-moving bicycle traffic (proportion ofthe time for which the speed falls below 10 km/h;

= Traffic nuisance (having to cycle one behiind the other due to cars, pedestrians or other cyclists)

‘= Infrastructural nuisance (having to cycle one behind the other due to overly narrow infrastructure or

bollards);

‘= No right of way (number of times that cyclist does not have right of way per kilometre);

= Turning (number of instances of turning per kilometre).

In order to establish the comfort (evenness) of the road surface, vibration meters are used to measureComfort (road surface)

the vertical acceleration to which a bicycle is subjected.

Attractiveness Cyclists are in direct contact with their environment. Which is why they appreciate an attractive environ-
ment. However, attractiveness s a subjective term and is difficult to measure. For the purposes of Bicycle

Balance, noise pollution has been chosen as an indicator of attractiveness. Noise pollution is relatively

easy to measure. Furthermore, very few cyclists would consider a noisy environment to be an attractive

environment.

The indicators discussed below are of a different order to the preceding ones. Whereas directness, comfort and attractiveness pertain to the

actual situation on the street, the following indicators provide more of a picture of the opportunities for bicycles and the policy attention.

Competitive position bicycle-car This aspect provides a picture of the advantages of bicycles over cars in a municipality. In order to be

able to give an assessmentin terms of competitive position, alljourneys are made on the routes to be

studied by both bicycle and car. The competitive position is subsequently established on the basis of the

following subaspects

‘= average journey time ratio (cycle time/driving time);

‘= proportion of the journeys for which the bicycles faster;

‘= the parking costs for the car.

Bicycle use The percentage of people opting to use a bicycle rather than another mode of transport) is an important

measure of the quality of the cycle climate. Itis an indication of both the extent to which a local authority

is succeeding in eliminating barriers to bicycle use and the degree to which a local authority is succeed-

ing in fostering bicycle use. As @ unit for bicycle use the Bicycle Balance uses the ratio of bicycle use on

alljourneys of up to 75 kilometres. In the case of municipalities with over 20,000 inhabitants, this is

around 34% (data circa 2000)

Road safety Road safety is an important basic precondition for a good cycle climate. Asan indication for road safety,

the probability ofa cyclist being involved in a serious accident if he were to cycle 100 million kilometres

is calculated. The risk figures corrected for high or low bicycle use. Moreover, it contains a correction

fora disproportionate number of elderly people. Incidentally, this pertains to objective safety, which

does not always correspond to cyclists’ perception of safety
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Table 8-1. Assessment criteria from the evaluation method (cont)

Aspect

Urban density

Description

Cyclists benefitf they are able to choose from a wide array of destinations within cycling distance. For

that reason, the Bicycle Balance also factors urban density into the assessment. The density of surround-

ing addresses serves asa basis, a variable from Statistics Netherlands which is used for such purposes as

a gauge for the degree of urbanization. This density of surrounding addresses is subsequently corrected

for the number of inhabitants in a municipality, A good score means that the municipality has a high den-

sity compared to other municipalities of the same size, and therefore has the basis of a cycle-friendly

infrastructure.

Cyclist satisfaction It goes without saying that the opinion of the cyclists themselves is indispensable ina study of the cycle

climate in a municipality. A survey will allow cyclists to rate their own municipality. They will also be able

to express their opinion on:

= bicycle parking facilities (monitored and unmonitored):

= cycling comfort {traffic nuisance, quality of road surface);

= cyclists’ road safety;

= cyclists’ personal safety (threat of violence);

‘= approach to bicycle theft (enforcement, detection, engraving).

Written policy What cyclists encounter on the streetis largely down to the traffic policy operated in the past. The cycle

policy of today can tell us something about the cycle climate of tomorrow. The aspect ‘written policy’

charts how welt the cycle policy has been embedded in the policy plans, the budgets and the municipal

organization. To this end, a survey has been used which was filled in by the local authority tis particu-

larly tricky to assess policy content on the basis of a survey. For that reason, the assessment on this

aspectis restricted to an inventory of the degree to which topics, objectives and aspects form part of the

policy. The following points are looked at:

= cycle network (substantiation, quality requirements, implementation and maintenance);

= cycle policy recorded in memoranda and policy documents on bicycle parking (substantiation, qual-

ity requirements, implementation and maintenance, subsidies):

= budgets;

= localauthority as model employer.

cyclist satisfaction

written policy

urban density

directness

comfort (nuisance)

comfort (road surface)

attractiveness

BH Leiden

— Breda

bicycle use — standard

road safety competitive position

Figure 8-1. The Bicycle Balance score for Leiden compared with that for Breda



8.1.2 Route inspection

It is not always necessary or worthwhile evalu-

ating an entire cycle network. The wish or need

can also be limited to inspecting one or a few

specific routes, e.g. routes to a city centre,

school routes or all routes with a particular use.

In such cases, it is possible to look at route char-

acteristics in targeted fashion.

A Cyclist’s Union method can also be used for

the purposes of the route inspection. The

Cyclist’s Union Route Inspection is an investiga~

tory method enabling a detailed opinion to be

given on (the layout/organization of) a cycle

route (or main cycle route), both in and outside

of built-up areas.

The following aspects determine quality at

route level:

= detour factor;

= delay;

frequency of stopping;

road surface quality;

dimensions (width, curve radii, stacking space);

turning;

noise pollution;

‘infrastructural finish’ (bollards, evenness of

verge, obstacle-free space);

fluctuations in quality.

= right of way;

Moreover, the following aspects are of decisive

importance when it comes to quality at road

section/junction level:

= layout in relation to speed and intensity of

motorized traffic;

delay;

frequency of stopping;

right of way;

road surface quality;

= dimensions (width, curve radii, stacking space)

in relation to bicycle traffic volumes;
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= ‘infrastructural finish’ (bollards, evenness of

verge, obstacle-free space);

= width of critical reaction strip in the case of car

parking spaces;

personal safety;

noise pollution;

clarity of right of way regulations.

Furthermore, the following matters are exam-

ined in detail (in terms of both road sections and

junctions where stopping is mandatory):

= the waiting time and the cause thereof (e.g.

traffic lights or a priority road);

dimensions;

right of way;

road surface quality;

noise pollution;

sight distance;

lighting and guidance;

signage.

8.1.3 Analysis of specific bottlenecks

The method based on the Bicycle Balance is

labour-intensive and unsuitable for inspecting a

specific location. If this is required (e.g. due to

the volume of complaints), then it would make

sense to start with an inspection using a

detailed map (preferably at a scale of 1:500).

Nonetheless, due to the fact that this will not

allow anywhere near all of the design aspect to

be assessed, an inspection ‘out in the field’ will

always be necessary as well. Depending on the

objective of the inspection and the problem,

resources such as the ‘measuring bicycle’ or

conflict observation techniques could also be

used.

What is important, however, is to also formulate

a clear description of the problem as well as an

assessment framework beforehand so as to pre-

vent issues of data interpretation arising subse-

quent to the inspection. The standards used

within the compass of the Bicycle Balance

method can be used as a guideline in this

respect.

8.2 Inspecting surfacing for cyclists

The surfacing of bicycle connections consti-

tutes a crucial part of the cycle infrastructure.

Both a good design of the surfacing structure

and effective maintenance of the road surface

are essential for cyclists.

When assessing surfacing, the highway author-

ity must bear in mind that what may be

regarded as slight damage for car traffic will

soon be deemed moderate or even severe

damage for cyclists.

The aim of the visual inspection is to identify and

assess visible instances of damage and to record

these in an unambiguous manner. The road or

cycle path will be examined on technical

grounds and the damage will be assessed in a

qualitative and quantitative sense (according to

severity and scale). The results of the assessment

will provide a picture of the road's condition:

The following four forms of inspection are

briefly examined below:

= outline inspection;

Further information can be found in the CROW

publications 'Handboek Visuele Inpectie

2011 (‘Visual Inspection Manual 2011) [1] and

‘Handleiding globale visuele inspectie 2011’ (‘Out-

line Visual Inspection Manual 2011) [2].

Outline inspection

The aim of an outline inspection is to amass

information at network level swiftly and effi-

ciently vis-a-vis the condition of the entire road

network's surfacing. The minimum frequency of

the outline inspection is once every two years.

In order to obtain results that can be compared,

Table 8-2. Relevant damage groups and damage types in the outline inspection [1]

Damage group Damage type

Asphalt concrete surfacing Block paving ‘Cement concrete surfacing

Teure Wear _
Evenness __Lateralunevenness Lateral unevenness —_
i. Unevenness ~—_ Unevenness Unevenness
Cohesion Cracking _ Cracking
Impermeability Joint filler
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it is desirable to always carry out the inspection

in consistent seasons. In general, it is the dam-

age types and damage groups specified in table

8-2 in particular that are important when it

comes to an outline inspection.

The table shows that the damage types ‘drain-

age’ and ‘subsidence’ do not form part of the

standard outline inspection. Nevertheless, as

these are highly important to cyclists it is rec-

ommended that these damage types also be

included in the outline inspection. Moreover, it

is important for damage types, particularly

those related to evenness, to be assessed more

strictly than they are for motorized traffic. As

stated earlier, what may be regarded as slight

damage for car traffic will soon be deemed

moderate or severe for cyclists.
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ing the weak spots in the surfacing will extend

the lifespan of the surfacing over the entire road

section component.

Keeping a record of minor maintenance work to

be done is something that can be linked to a

separate complaints log. It is recommended

that the inspection minor maintenance for cycle

routes, main cycle routes and solitary cycle

paths be carried out three times a year, e.g.

before the winter, after the winter and in the

summer. On other routes the inspection will

usually coincide with the inspection of the other

roads (mixed traffic).

Detailed inspection

The aim of the detailed inspection is to record

the visual condition of the road surfacing at

project level. This is the most comprehensive

and accurate form of inspection. In principle, all

damage is assessed. No set frequency can be

indicated for the detailed inspection. This form

of inspection is performed when the highway

authority deems it necessary for some reason,

e.g, prior to transfer of roads, for the purposes

of recording the baseline in the case of planned

construction work or due to liability claims.

Table 8-3 sets out the relevant damage groups

along with corresponding damage.

Safety inspection

Regular safety inspections are carried out

throughout the year. The focus of these is the

safety of road users and preventing claims and

liability. They are particularly about flagging up

damage that could cause accidents. If such

damage is noticed, then it must be repaired

forthwith [1]. Furthermore, attention can also be

given to the utility and visibility of obstacles, the

connection between verge and surfacing and

other factors that could contribute to single-ve-

hicle bicycle accidents in particular [3, 4].

Table 8-3. Damage groups and damage types in the detailed inspection [1]

Damage group Damage type

Asphalt concrete surfacing Block paving Cement concrete surfacing

Texture Wear Deterioration _
__ Greasiness

Evenness Lateral unevenness Lateral unevenness ~Unevenness
___ Unevenness _____Unevenness

Cohesion Cracking Joint width Cracking
- _ ~ Quality of elements

Impermeability Joint filler
Surfacing edge Edge damage Kerbing

Kerbing

Miscellaneous Drainage Drainage Drainage
Verge Verge Verge
Lateralcracks/Lateralwelds Holes Joint filler

Longitudinal welds Subsidence Joint damage
Hotes Joint width
Subsidence Slab comer damage

Holes

Subsidence

Repairs Repair Repair

8.3 Measures in the case of work in

progress

Awide array of types of work can be carried out

alongside and on the carriageway. This section

focuses on work on the road (in a lateral and/or

longitudinal direction) as well as on construc-

tion activities alongside the road insofar as

these could impede traffic. In many cases such

work pertains to laying (or relocating) cables

and ducts, often in combination with domestic

connections. For that reason, chapter 7 already

argued for cables and ducts not to be laid under

cycle paths and cycle lanes. This is also linked to

the decision to use even surfacing, which can

best be achieved using asphalt or concrete.

In the case of temporary measures for cyclists, it

is extremely important to minimize adverse

effects on the existing quality of the cycle facili-

ties. The basic quality of the existing bicycle

connection must be maintained and as far as

Possible the facility for cyclists alongside the

work zone must be the same as the ones before
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and after the work zone. Segregated facilities

before and after the work zone also mean

segregated facilities alongside the work zone.

The volume of motorized traffic alongside the

existing bicycle connection will impel protec-

tive, temporary measures for cyclists. Extra bar-

riers will be necessary in the case of work being

carried out on and in the vicinity of tramways,

segregated bus lanes and hazardous obstacles

and/or trenches so as to prevent cyclists from

being able to enter the work zone. In the case of

long work zones, consideration must be given

to ensuring sufficient shortcuts for cyclists.

A degree of obstruction is often inevitable dur-

ing roadworks, but it is important to minimize

any adverse effects on the main requirements of

cohesion, directness, attractiveness, safety and

comfort. In the case of temporary measures,

workers are frequently count on the ‘obliging-

ness’ of cyclists, without taking the five main

requirements sufficiently into consideration.
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In the case of work in progress and temporary

measures, the following fundamental principles

are important for cyclists:

= cyclists should not be forced to dismount and

detours should be kept to a minimum;

= no unsafe (slippery and uneven) temporary

surfaces should be used;

= cyclists should not be directed onto the other

side of the carriageway;

sufficient attention should be given to man-

agement of the temporary facilities.

Each of these fundamental principles will be

explained below.

No dismounting, minimal detours

In the case of work in progress, it must be clear

what behaviour is expected of cyclists. Further-

more, consideration must be given to the fact

that cyclists are inclined towards taking the

shortest route and to keep cycling (not dis-

mounting). The recommendation is to direct

cyclists alongside the work zone wherever pos-

sible. Where this is not feasible, the recommen-

dation is to properly seal off the work zones and,

if need be, the pavements as well. This will

necessitate a diversion. In this regard, do bear in

mind the maximum acceptance of extra journey

time. 2 minutes is adhered to for this purpose.

What this means for cyclists is a detour not

exceeding around 600 mas a maximum.

If no better solution is possible, then under cer-

tain conditions it will be possible to direct

cyclists over the pavement. This measure may

only be used if the footpath has a width of a

minimum of 3.50 m. If volumes of pedestrians

and cyclists are significant, then the highway

authority may consider a physical barrier

between pedestrians and cyclists. Additional

points for attention accompanying the measure

‘cyclist on pavement’ include:
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= both cyclists and pedestrians being given

ample warning vis-a-vis the anomalous traffic

situation;

= any level differences between cycle path and

footpath being spanned properly (minimum

gradient 1:10);

= obstacles on footpaths (signs, lamp posts,

bins) that cyclists will not be anticipating being

removed or clearly marked.

No unsafe temporary surfacing

In the case of work in progress, temporary sur-

facing is regularly used to direct cyclists (and any

other traffic) alongside a work zone. It is impor-

tant that the temporary surfacing is of sufficient

quality to enable cyclists to ride on it safely. In

practice, it is common for this to be not up to

scratch. The following conclusions from a study

on single-vehicle bicycle accidents during works

‘on or alongside the road are telling [5]:

= The materials used for a temporary road sur-

face are suboptimal for cyclists’ safety: metal

drive ramps and concrete slabs with metal

edging. Concrete slabs are virtually guaran-

teed to subside, thereby creating differences

in height. In addition, the metal edges are

smooth and the temporary situation often

persists for longer than was expected. Further-

more, the road surface is not always properly

finished

= Improperly installed or missing roadblocks

cause single-vehicle bicycle accidents.

= Cyclists will slip due to sand, mud and gravel

‘on the road surface after incorrect completion

of new surfacing.

Not being directed to the other side of the

carriageway

Moving a bicycle connection to a cycle path on

the other side of the carriageway is discouraged.

This will result in extra crossing manoeuvres and

to unexpected manoeuvres on the cycle path

concerned. It would be better to create a tem-

porary cycle path, particularly if the work is to

take a long time. Naturally, this will have to be

sufficiently wide, even and skid-resistant.

If it is nevertheless decided that cyclists are to

be directed to the other side of the carriageway,

then it will be possible to minimize the danger

caused by additional cyclists crossing by:

= setting a lower speed limit for motorized traf-

fic;

= warning traffic that there are extra cyclists

crossing;

= organizing the crossing point in such a way

that it is safe, with an adequate view of anom-

alous traffic manoeuvres.
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Attention to management

One important point for attention which is nev-

ertheless commonly overlooked is the manage-

ment and maintenance of temporary facilities.

Particularly in the case of more major, long-term

roadworks that involve regular roadworks traffic

driving across the (temporary) cycle path, there

is a significant probability of subsidence or ruts

and sand and mud ending up on the cycle path

or the road section for cyclists. It is advisable to

remedy such inconveniences as quickly and as

effectively as possible. Failing to do so will not

only impact on the comfort and safety of bicycle

traffic, it will also increase the likelihood of

cyclists seeking out other, less desirable routes.

Work in Progress Guidelines

With roadworks it is important to seal off the

road section properly to ensure that cyclists

cannot ride into the work zone. If the pavement

alongside the work zone is accessible, then a lot

of cyclists will use this. In this respect, they are

not inclined to dismount. What this means is

that even when the work zone has been prop-

erly sealed off and all measures have been

implemented in accordance with the guidelines,

undesirable behaviour can occur. For that rea-

son, extra measures must be taken for this situ-

ation (a footpath opened up to cyclists along-

side a cycle path or carriageway closed to

cyclists) [6].

The present Design Manual does not deal with

all possible measures exhaustively, instead

emphasizing the preparatory process. Within

the compass of this, the key question is how the

interests of bicycle traffic can best be served in

the case of work in progress. For more detailed

guidance, please see the CROW publication

‘Maatregelen op fietspaden en voetpaden —

Werk in Uitvoering’ (‘Measures on Cycle Paths

and Footpaths - Work in Progress’) [7].
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In order to ascertain what measures will be nec-

essary during work in progress on cycle paths,

consideration must be given to:

= the safety of road workers in the road section;

= the road safety of cyclists and other road

users;

the flow of bicycle traffic and other traffic;

= the consequences in terms of quality of life

and the environment;

= information and communication.

The preparatory work for measures comprises

the following steps:

= Preparing and commencing project

In this regard, the duration of the work is

important. In the case of short-term work (less

than a half-day), straightforward measures will

suffice. If the work will take longer, then suffi-

cient attention to diversions, roadblocks and

suchlike are required.

= Drawing up a signage and diversion plan

If the work is to take longer than a half-day, then

a signage and diversion plan should be drawn

up in advance to make it clear to the mainte-

nance team or contractor what has to be done.

When establishing measures, a general principle

to be adhered to is that cyclists should experi-

ence as little nuisance as possible due to the

work. The measure ‘cyclists dismount’ may only

be adopted as an exception. This measure

should only be considered if it is absolutely clear

to the cyclist why he needs to dismount. If this is

not the case, then significant numbers of cyclists

will be highly likely to disregard the advice to dis-

mount and seek out their own way, around the

roadblocks if need be. It is precisely this latter

situation that must be prevented. Diversions will

only be acceptable if narrowing or moving the

cycle facility will not be possible (from a spatial

or traffic engineering perspective).

Dimensions in the case of roadblocks

When determining the type of roadblock

and the accompanying measure, attention

must be given to the work zone, the safety

zone and the free space up to the roadblock.

In the case of temporary facilities, the fol-

towing dimensions can be adhered to as a

minimum:

= clearance for cyclists to the roadblock:

0.50 m;

= free space on roadworks side of roadblock:

0.60 m;

= safety margin between work zone and

fence/mobile variable message sign:

5.00 m;

= space for a cyclist in motion: 0.75 m;

= space for a cyclist in motion + moped

rider: 1.50 m;

= space for a cyclists travelling in two

directions: 1.75 m;

= space for a cyclists travelling in two.

directions, high volume, moped riders

permitted: 2.25 m.

Possible situations

In the case of segregated and solitary cycle

paths, six situations can be discerned as regards

the position of roadworks compared to the

bicycle connection. Within these situations it is

possible in a number of cases to make a further

distinction between short-term and long-term

work. Short-term work (less than 2 hours)

entails less radical measures being taken, mean-

ing that less intrusive roadblocks can be

installed too.

The six situations are:

1 Work a significant distance from the cycle path

No measures need to be taken in this situation,

given that the bicycle traffic will not experi-

ence any nuisance because of the work being

done.

Work a short distance from the cycle path

Here too the cycle path can be kept open

However, a longitudinal roadblock should be

installed using guide beacons or traffic cones

A free space of at least 0.60 m along the road-

block must be observed at the side of the work

zone. Consideration must also be given to

space to allow for anxiety regarding obstacles

at the side of the cycle path. The remaining

cycle path must be sufficiently wide. A safety

space of at least 5.0 m must be observed

between the roadworks and the mobile varia-

ble message sign or warning fence to be

installed.

3 Roadworks right next to the cycle path

Measures must be taken if the roadworks will

be within 1.5 m of the cycle path. A straightfor-

ward stationary roadblock will suffice. No ‘tidal

flow’ is permitted on bidirectional cycle paths.

Cyclists approaching each another from the

opposite direction must be able to pass one

another at all times. On erecting roadblocks

on cycle paths, please see the Guidelines for

measures on in the case of work in progress

[10].

Roadworks right next to the cycle path, entail-

ing work being carried out from the cycle path

In this situation it may be possible to keep the

cycle path open, but it will have to be nar-

rowed. This will only be possible if, in addition

toa free space of 0.60 m on the inside of the

roadblock as well as the requisite space for the

roadblock itself, at least 1.00 m of the cycle

path’s width remains.

If there is less than 1.00 m left, then it will first

have to be examined whether a proportion of

N
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the carriageway can be closed to motorized

traffic for the benefit of the cyclists (see also

below). If this is not a possibility, then a diver-

sion will have to be sought. It is also important

for the longitudinal roadblock to be placed on

the verge if work is not being done. This might

be a hassle for the contractor, but it means

added quality for cyclists.

5 Roadworks at the edge of or on the cycle path

Depending on the remaining width, it may or

may not be possible for the cycle path to be

kept open.

See under 4.

Roadworks in the middle of or across the full

width of the cycle path

In this situation it may sometimes be possible

to keep the cycle path open by narrowing it. If

this is not possible, then it will have to be

examined whether a proportion of the main

carriageway can be used by cyclists (with

roadblocks and if need be a local speed limit

for car traffic - see also below). If this is nota

possibility either, then the bicycle traffic will

have to be diverted. If the roadworks will be

extremely short in duration (< 2 hours), then it

might be permissible for them to be carried

out without a signposted route; roadworks

that will take longer than this will require sign-

posting.

a

Segregating motorized and bicycle traffic in the

event of cyclists being directed onto the

carriageway

If cyclists are being directed off of the cycle

path and onto a section of the carriageway for

motorized traffic, then the two types of traffic

will have to be separated. This can be achieved

by meansof a vehicle-retaining barrier, a dou-

ble row of guide beacons, element markings

with cordon signs or fencing. The choice will

depend on the duration of the roadworks and

the characteristics of the adjacent traffic lane
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and traffic flow. The heavier the traffic function

and the longer the duration of the roadworks,

the more substantial the separation will need to

be. If substantial separation will not be possible,

it will be necessary to introduce speed limits for

motorized traffic.

Measures on residential roads

Due to the nuisance experienced by cyclists if

they are required to dismount, take a detour or

go around roadworks, efforts must be made to

ensure minimal hindrance to cyclists heading to

or coming from destinations along a residential

road. This means that the work zone on such a

road must be situated and organized in sucha

way that the destinations along the road con-

tinue to be accessible. Outside of built-up areas

the closure of a residential road will usually

result in a long diversion, because the network

of roads is less dense here. For that reason itis

imperative to endeavour to direct cyclists along

the work zone, particularly if the road forms part

of an important cycle route. Further information

on this topic can be found in CROW publication

517 ‘Maatregelen op niet-autosnelwegen’

(‘Measures on Non-motorways’) [10].

Measures on distributor roads

On distributor roads too (both in and outside of

built-up areas) efforts must be made to mini-

mize potential hindrance to bicycle traffic head-

ing to or coming from destinations along the

road. Where necessary, cyclists can be diverted

via the network of residential roads, provided

that these routes are suitable for this. Outside of

built-up areas the network is more diffuse and

during roadworks it will be imperative to

endeavour to direct cyclists alongside the work

zone as much as possible, a principle that will

apply all the more if the distributor road forms

part of a main cycle route.

Inthe case of roadworks at junctions (including
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roundabouts as well) involving both residential

roads and distributor roads it holds that motor-

ized traffic should be diverted and that cyclists

should preferably be directed alongside the work

zone. This will prevent unnecessary detours and

additional nuisance for bicycle traffic.

8.4 Winter maintenance for the

benefit of cyclists

Winter maintenance is even more important for

cyclists than it is for car traffic. After all, cyclists

are vulnerable road users. This is partly due to

the fact that they are not protected by a sur-

rounding structure like motorists are. Another

cause is the limited stability of a cyclist. In order

to ensure a safe journey and remain on course,

it will be necessary for him to be able to build up

sufficient speed and have an even, skid-resistant

road surface. A small slippery patch, such as a

frozen puddle, could be enough to causea fall.

Itis partly because of cyclists’ limited protection

that the consequences of falling could be seri-

ous even at low speeds. The probability of slip-

ping as a result of ice and snow is particularly

high on sloped sections and in bends. For that

reason, maximum efforts should be made to

prevent ice and snow, particularly on important

bicycle connections, by means of preventive

spraying and gritting.

This section will discuss several topics that are

important in connection with preventing and

combating ice and snow for bicycle traffic.

Much more comprehensive information can be

found in CROW publication 334 ‘Gladheidsbe-

strijding voor fietsers en voetgangers; beleid,

organisatie en uitvoering’ (‘Winter Maintenance

for Cyclists and Pedestrians: Policy, Organiza-

tion and Implementation’) [9]

Harmonizing routes

The starting point for winter maintenance must

be that the set network of cycle routes (including

main cycle routes) remains satisfactorily passable

in non-extreme winter conditions. Where

cyclists and motorized traffic are sharing the car-

riageway, irrespective of whether or not there are

designated cycle lanes, the winter maintenance

will not be focused specifically on bicycles. On

these routes the bicycle traffic will simply be part

of the overall winter maintenance picture for

motorized traffic. Specific winter maintenance

work will be carried out for segregated bicycle

connections belonging to the cycle network.

Spraying salt brine is preferred over scattering

pre-wetted salt, as spraying gives a better result,

particularly for bicycle traffic. In order to prevent

cyclists on their journey constantly encountering

sections of a route that have and have not been

treated, winter maintenance must be harmo-

nized as optimally as possible for segregated

cycle paths and for carriageways.
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Planning winter maintenance routes — for both

(preventive) spraying/gritting only and for

ploughing and/or brushing snow in combina-

tion with spraying/gritting — is an activity requir-

ing specialist knowledge, up-to-date data and

suitable software. Points for attention for bicy-

cle connections include obstacles (bollards,

underpasses with limited headroom, raised

kerbs), locations liable to become slippery

(bridge decks, inclines) and the equipment to be

deployed (the speed and capacity of sprayers,

gritters, brushes and snowploughs for bicycle

connections are limited). During winter mainte-

nance consideration must be given to time lim-

its; winter maintenance is, for example, undesir-

able during bicycle traffic rush hours.

Width of cycle paths and obstacles

The width of the equipment to be used must be

fine-tuned to the width of the cycle paths to be

treated. One point for attention in this regard is

the axle track of the vehicles. It is imperative to

prevent the wheels of vehicles from driving on

the edges of the surfacing. This would result ina

high probability of damage to the edges of the

surfacing and verge subsidence. Obstacles can

hinder maintenance and winter service vehicles.

Bollards in particular will impede the progress of

work on cycle paths.

Harmonization surfacing and load

Segregated cycle paths often consist of a rela~

tively light surfacing structure with a thin layer

of asphalt or concrete, or with block paving. In

order to prevent unnecessary damage to these

surfacing types, the weight of the winter service

vehicles must be fine-tuned to them (con-

versely, when designing surfacing for bicycles,

consideration must be given to the load pre-

sented by winter service vehicles - see 7.1.1).
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Anomalous thermal behaviour

Measurements show that cycle paths cool

down more swiftly than carriageways in some

situations. This difference in thermal behaviour

can mean that wet sections of cycle path can

freeze over or become slippery due to frozen

condensation, even though this is not happen-

ing on the carriageway. This has to be factored

in when planning winter maintenance.

Bridge decks are special points for attention in

winter maintenance for the benefit of bicycle

traffic. Not only because of their sometimes

markedly anomalous thermal behaviour, but

also because they have not always been

designed for winter service vehicles. The latter

point also applies to inclines, cycle overpasses

and cycle underpasses/tunnels.

Policy plan winter maintenance for cyclists

If there is sufficient support for a targeted

approach to winter maintenance on bicycle

connections, then a policy will have to be devel-

oped for this. The first step is to establish and

record the level of ambition for winter mainte-

nance on cycle paths. Table 8-4 features rec-

ommendations for winter maintenance work on

segregated cycle paths.

Slipperiness should preferably be tackled pre-

ventively and action should be taken within a

reasonable time frame. It is important for

choices contained in the policy plan to be clear

and logical for road users and that the latter are

adequately notified of these. Once the policy

plan for winter maintenance on bicycle con-

nections has been established, it will be trans-

formed into an implementation plan.

Table 8-4, Recommendations for winter maintenance on segregated cycle paths in and outside of built-up areas [7]

Category Speed limit Slipperiness due to Slipperiness due to Slipperiness due to

(km/h) ice/snow condensation precipitation

Segregated cycle path 40 preventive preventive "preventive and-curative
outside of built-up area (3S hours)*

Segregated cycle path 30 preventive preventive preventive and curative
in built-up area (3.5 hours)*

* The target time of 3.5 hours for curative action pertains to the time between the point at which a decision to actis made and the treatment ofthe final square

metres ofa winter maintenance route,
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The aim of the policy plan and the implementa-

tion plan collectively is to ensure that the winter

maintenance work is carried out in the agreed

way and that the approach followed to that end

is transparent and effective. In combination with

factual data on winter maintenance work car-

ried out - such as times, routes driven and

quantities of de-icer used — they can also serve

to stave off claims for damages. Due to the fact

that highway authorities are being held liable for

damage in connection with ice and snow more

often, the importance of a sound policy vision,

an effective implementation plan and accurate

data administration is increasing.

Evaluating the implementation on an annual

basis is recommended. In this regard, the fol-

lowing questions can be discussed:

= Does the network of bicycle connections to

be treated need to be modified?

= Are there any new developments on the mar-

Chapter 8 - Evaluation and management

ket which provide grounds for modifying

aspects of the implementation?

= Have other highway authorities had experi-

ences that could prompt modification of

aspects of the implementation, e.g. us of dif-

ferent equipment?

= Are there any organizational developments

that could provide grounds for modifying

aspects of the implementation (consider in

this regard contracts with contractors or scal-

ing up support centres, for instance)?

Being wary about slipperiness in the autumn too

One aspect that receives too little attention is slip-

periness caused by leaves that have been shed.

During the autumn, leaves on cycle paths are a

potential hazard, particularly in wet conditions.

Consequently, highway authorities will have

to periodically clean important cycle routes

situated under and alongside deciduous trees

in the autumn using street sweepers.
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Vi. Designations cycle path and cycle/moped path

Function = designate legal status

icati i ‘ Sit ‘ datory cycle path’Application = sign Gil ‘Mandatory cycle path’; sign G12 ‘End of man
Pp = sign Gl2a ‘Mandatory cycle/moped path’; sign G12b ‘End of mandatory cycle/ moped path _ _

= sign G13 ‘Advisory cycle path’ (forbidden to mopeds and light mopeds with a combustion engine in operation);

sign G14 ‘End of advisory cycle path’

Implementation = inthe case of bidirectional paths with underplate 0406

TM a traffic decree is required for all signs

= not zonally applicable

= Gl3and G4 are allowed in non-standard dimensions (0.60 x 0.20 m) on solitary paths in parks and suchlike

= Gltand Gi2a are allowed in non-standard dimensions (with cross section less than 0.40 m) on solitary paths in

parks and suchlike

Considerations = Gli to G14 are allowed to be sited both on the left and the right of the path

where desired, riders of mopeds with combustion engines in operation can be prohibited from using solitary

paths

Mandatory cycle path

Git

oS ©
RS

Gi2 Gl2b

End of mandatory cycle path End of cycle/moped path

; pars

fietspad fiet+. pad

G3 Gi4 0406 '

Advisory cycle path End of advisory cycle path Secondary sign for
bidirectional path

V2 Solitary cycle path

Function = providing a connection for cyclists

Application = within and outside of built-up areas

TM inrecreational and utilitarian cycle networks

= rapid connection between neighbourhoods, districts, etc,

= bidirectional traffic

Implementation TM siting sign G11 (Mandatory cycle path’) or sign G13 (‘Advisory cycle path’): see V1
TM design speed 30 km/h for main cycle network and 20 km/h for basic structure
= centre line desirable on utilitarian paths: see V5

TM edge markings if unlit: see V6

TM preferably asphalt or concrete surfacing

TM preferably provide lighting for utilitarian paths in built-up areas

= ifneed be, surfaced (or partially surfaced) verge strip/pavement on both sides (0.30-0.50 m wide)

Dimensions rush hour volume (bidirectional) (bicycles/hour) minimum width of path (b)

0-50 1.50 m»

50-150 2.50 m?)

150-350 3.50m

> 350 450m

1) up to 2.50 mwide a path will have a verge or pavement on both sides which can be ridden on, giving cyclists room to swerve

= centre line: 0.30-2.70 m on straight sections; 2.70-0.30 min bends

= width of any footpath > 1.00 m

Considerations TM comfortable for cyclists

TM safe for cyclists

TM nuisance between cyclists and pedestrians if there is no pavement or footpath

TM unconducive to personal safety in the case of remote location

TM nuisance due to unlawful use on the part of mopeds and motorcycles

Combination TM footpath
possibilities

Alternatives = solitary cycle/moped path: see V3

/ /

vos / /

VW 4 4

7 7 /
a 

a 
ff

/ / tA

<_- / / <++- co =<
i en a

cof TF fs

/ / coe
/ /
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V3 Solitary cycle/moped path V4 Bicycle highway

; 
Function TM providing a high-quality connection for cyclistsi idi i i oped ridersq Function = providing a connection for cyclists and mop 
Application = inutilitarian cycle networks

7 | Application = in.utilitarian cycle networks sd = over longer distancesii 

= rapid (di 
i t eighbourhoods, districts, etc. 

: 
: 

in bui

rapid (direct) connection between nelg Implementation TM design speed 30 km/h in built-up areas and 40 km/h outside of built-up areaspee sissies cls TM separating directions of travel
Implementation = siting sign Gi2a (Mandatory cycle/moped path’): see V1. = edge markings: see V6

= design speed 30 km/h in built-up areas and 40 km/h outside of built-up areas = asphalt or concrete surfacing

= centre line desirable on utilitarian paths: see V5 = providing lighting
= in built-up areas: edge markings if unlit: see ee TM surfaced (or partially surfaced) verge strip/pavement on both sides (0.30-0.50 m wide)i ilt- : kings: see 

. . . . . , . .- vvterly ssn orconerete surfacing Dimensions = the cross section to be aimed at is shown in the tables below; a width of 1.0 m should be adhered to fora cyclist
= preferably provide lighting for utilitarian paths in built-up areas ( a muwide! ona bicycle highway [21]

| i i i ent on both sides (0.30-0.50 m wide= _ifneed be, surfaced (or partially surfaced) verge srinfeaes Cross section to be aimed at for bicycle highway with Cross section to be aimed at for bidirectional bicycleDimensions rush hour volume (bidirectional) (bicycles/hour) width of path (b) separated directions of travel highway

0-50 2.00 m?)

50-100 3.00 m Basic width vehicle path 3.00m 3x 100m Basic width vehicle path 4.00m 4x100m

| 100-300 4.00m rene ect one-way Adjustment high kerbor +0.5m 2x0.25m500m 
icycle traffic 

plants

> 500 Central reservationwidth >0.5m : :
1) upto 2.50 mwide a path will have a verge on both sides which can be ridden on, giving cyclists room to swerve : Adjustment high volumeor +0.5to1.0m >3,000 bicycles/

| = ; = Adjustment in the case of +0.5m 2x0.25m significant differences in 24-hour period= centre line: 0.30-2.70 m on straight sections; 2.70-0.30 m in bends high kerb or plants speed (mopeds)
i footpath > 1.00 m. | Tatiatinof any footpa = ; Total >7m Adjustment low volume, -0.5to1.0m <1,000 bicycles/Considerations = comfortable for cyclists and moped riders though not where there are 24-hour period. } = safe for cyclists and moped riders significant differences in

TM nuisance between cyclists and moped riders , ; speed (mopeds)
= relatively significant differences in speed between cyclist and moped rider, particularly outside of built-up areas p p

i TM nuisance between cyclists/moped riders and pedestrians if there is no pavement

TM unconducive to personal safety in the case of remote location Considerations TM the cross section to be aimed at should provide sufficient space for cycling two abreast and for cyclists to
TM nuisance due to unlawful joint use on the part of motorcycles overtake one another

== 

TM the cross section to be aimed at should minimize the chances of conflict with oncoming traffic and theCombination = footpath chances of accidents on verges and/or kerbspossibilities 
_

Combination TM footpathAlternatives = solitary cycle path: see V2 p
possibilities

| bed tots bit

aR EEE ey eS DE Se ate ee es hee ee — cross section profile 2 x 3 metres cross section profile 4 metres

. 
Design sheets 
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V5 Centre line cycle path V6 Edge markings cycle path

Function = separating directions of travel Function = guiding
= guiding = indicating the edge of the surfacing

Application = inthe case of bidirectional cycle path Application in built-up areas:
TM asa warning stripe in places where there is an increased probability of head-on conflict (e.g. ina bend with m= ifthe cycle path veers off (e.g. for a bus shelter or at a junction)

poor visibility) m= where there are no street lights

Implementation = thermoplastic material, agglomerate, road paint or surfacing material outside of built-up areas:
= preferably thermoplastic or surfacing material where there isa side road if there is a chance of wear and tear = onutilitarian cycle paths and cycle/moped paths

Dimensions = a= 0.10 min the case of thermoplastic material, agglomerate and road paint; in the case of surfacing material, Implementation = thermoplastic material, agglomerate, road paint or surfacing material
width of a will depend on the material (0.15 to 0.30 m) = preferably thermoplastic or surfacing material where there is a side road if there is a chance of wear and tear

- normal centre line: |, = 0.30 m, |, =2.70m Dimensions TM width of edge markings should preferably be 0.10 mand a minimum of 0.05 m
= warning stripe: |, = 2.70m,|,=0.30m = aminimum of 0.10 m from the edge of the surfacing

Considerations = makes it clear that traffic is bidirectional Considerations TM good guidance
= sets up carriageway for the directions of travel

= good guidance
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V7 Bollard V8 Carriageway for mixed traffic

—

 

= keeping out unwanted car traffic 

Function 

TM providing a connection for all vehicle types

Application = only site if other measures have been insufficiently effective and if the problem that has to be solved is more Application = within built-up areas: see selection plan subsection 5.4.4
important than the disadvantages presented by the bollard 

TM outside of built-up areas: see selection plan subsection 5.5.1

= oncycle paths within and outside of built-up areas Implementation = asphalt/concrete surfacing or block paving
= tosupportsigns G11, Gl2a or G13: see V1 

TM outside of built-up areas it might be possible to create a proportion of the requisite surface width using
Implementation = inacolour that contrasts with the surroundings Oo verge surfacing

= retractable or flexible if a wide vehicle will occasionally need to pass (fire service, maintenance) Dimensions = width of carriageway within built-up areas:

= introductory ribline required (rl)

= adequate lighting required 
Normative situation Carriageway width [m]2)Dimensions TM effective width alongside bollard (a)=1.60m 

minimum profile2) ideal profile?)= length introductory markings (L) > 10.00 m 
We We

Considerations = keeping out car traffic a

TM anuisance for cyclists (due to limiting width) 
one-way car + bicycle 3.40 3.85= dangerous for cyclists (chance of collision with bollard) —— -

= anuisance in routes when it comes to winter maintenance one-way car, bidirectional bicycle 3.85 4.40
; 

. 
. 

bidirectional car, based on design vehicle Passenger car, 4.80 
5.80

inati narrowing on both sides of the cycle path 
we ; 'Combination = physical 9 

and bidirectional bicyclepossibilities

Comments
Cars can be kept off of very narrow paths using bollards on the Narrow cycle paths must be expanded at the level of bollards to 1) Fundamental principles used:
verge: 

create sufficient width there: 
m requisite space for cyclist in motion 1.00 mto1.45m

m requisite space for passenger car in motion (30 km/h), including deviation from course 2.40 m

m requisite space for lorry in motion (30 km/h), including deviation from course 3.10 m160m 

e 
mm requisite space for lorry not in motion, including mirrors 3.00 m$+ 
2) Faced with oncoming traffic (bicycle and/or car), it will not be possible to overtake cyclists

e 
3) Situations of doubt must be prevented. These dimensions do enable cyclists to be overtaken when faced with

oncoming traffic

. 4
, 10.00m | 100m width of carriageway outside of built-up areas:

without pavement rumble strip = 420-5.50m

= any edge markings (1-3) a maximum of 0.25 m from side edge of surfacing

Considerations = tight profile contributes to low speed
. 

= a tight profile is relatively generous at low volumes of bicycle traffic and motorized trafficIn the case of a cycle path width of between 2.50 and 3.50 m, siting Sitetwo forme} hollards inthe centreonwideeycle paths. This TM the situation for cyclists will be neither comfortable nor safe when mixing with motorized traffic for which atwo bollards on the verge and one in the centre will usually suffice: will enable cyclists to pass the bollards without having to adjust speed limit of 60 km/h applies (outside of built-up areas)
their course excessively: 

TM relatively unsafe for cyclists where a lot of parking manoeuvres are happening
. 

: Combination TM pavement or footpath (> 1.80 m) with ‘forgiving’ kerbs
possibilities TM longitudinal lay-by (with critical reaction strip for cyclists)

tt000m. 10.00m = speed bumps (sinusoidal)
rumble strip : 1.60 1.60 m TM outside of built-up areas: reinforced verge, grasscrete with flat side u

1.60 m 1.60m 160m 160m 160m 160m — yymble 160m - P ge. 9 pp—4 + 4 ie a i strip : outside of built-up areas: consider edge markings

+— > t+—. +
3.00 m 3.00m >3.50m >3.50m

without pavement with pavement without pavement with pavement
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v9 Cycle-friendly speed-reducing facilities

Function reducing differences in speed between bicycle traffic and motorized traffic

reducing speed in conflict locations

Application
ee |

ian i

residential road within and outside of built-up areas

distributor road within built-up areas

crossing point with cycle route

Implementation by means of vertical or horizontal speed bump

a cycle-friendly implementation will entail the cyclist riding alongside the speed bump or the speed bump

being given a sinusoidal shape longitudinally

speed bump must fit in with the function of the road

a design speed of 30 km/h is recommended at points of conflict with a lot of cyclists

Dimensions dependent on function of road and type of speed bump

width of any bypass for cyclists 1.60 m

Considerations

228 Design Manual for Bicycle Traffic

vertical facilities are usually the most effective

sinusoidal incline presents relatively little hindrance

vertical facilities occasionally result in vibration nuisance

bypass with limited width will prove troublesome to cyclists
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cap

P| fim) a

Dimensions oa “Th

sinusoidal incline sinusoidalincline | |

i where h = 0.08m where h=0.12m L

= l= 175m 2.40 m

| = L = 350m 480m

= p > 2.00m(width — 2.00 m (width

parking lane) parking lane)

li~~ YEE =m
=D w ii

| fp

oo7 Ps

Dimensions

=f =150m = w_ = 4.80 m (minimum profile) to 5.80 m (ideal profile), in the case of bidirectional traffic

= ftm > p = 3.10 m, in the case of bidirectional traffic with narrowing to a single lane and in

= L = 2.00a4.00m the case of partial one-way traffic

l = m > 085m = W > 780m, in the case of one-way car

=p = 200m > 9.50 m (minimum profile) to 10.50 m (ideal profile), in the case of bidirectional traffic

= bevelling cycle paths 1:5

m (see also sections 11.2.21, 11.2.24, 11.2.28)

j

|
Ht -

!

a.

| Ww
cap

| ETS

Dimensions

i

, tt
= b = variable A “Th

= f = 0.65m

= h = 0.08m

= L > 300m

= m= 180m

= W> 740m (minimum profile) to 7.85 m (ideal profile), in the case of one-way traffic

> 8.80 m(minimum profile) to 9.80 m (ideal profile), in the case of bidirectional traffic

230

V1i0
Longitudinal lay-by with reverse parking

(parking angle > 30°)

Function TM providing cycle-friendly parking for car traffic

Application = residential road and distributor road within built-up areas

= ifneed be with partial one-way traffic

Implementation = delineating lay-by by means of raised protrusions at side roads, exits and suchlike

= at start/end of lay-by, take crossing site distance emerging from side road into consideration

= lay-bys in different surfacing

= consider critical reaction strip between lay-by and bicycle facility/carriageway

= height differential or physical separation between lay-by and pavement

Dimensions TM width of parking space (b1) 2.30 - 2.50m

= length of parking space (m) depending on parking angle:

60° 45° 30°

Py 475 445 3.90

Po 4.80 4.65 415

Ps 5.30 5.05 445

Py 5.15 4.85 4.20

= vehicle path car traffic (w) > 4.00 m (in connection with space for parking manoeuvre)

Considerations TM rear parking manoeuvre easier than parallel parking

TM safe for cyclists: no trouble from doors being opened

TM good visibility of cyclists when entering and leaving parking space

TM no pedestrians on carriageway/cycle lane

TM nounnecessarily large road profile in the absence of parked vehicles

= more parking spaces per stretch of road compared to parallel parking

TM poor visibility of pedestrians crossing

= having parked/stationary cars on carriageway can make leaving parking spaces impossible

TM poor access to buildings when volumes of parked vehicles are high

= inthe case of residential properties: exhaust fumes closer to homes

Alternatives TM lay-by parallel with carriageway

without jettying

|
tt
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| V11 Critical reaction strip V12 Bicycle street with mixed profile

Function = creating a buffer space to bolster cyclists’ safety where cars are parked Function "= providing high-quality cycle connection, with joint use on the part of motorized traffic

Application = within and outside of built-up areas { Application = residential road within and outside of built-up areas

i = buffer space between carriageway/cycle lane and lay-by TM maincycle network ; ; ;
; ; ; 

= Vinax = 30 km/h (within and outside of built-up areas)| Implementation = different surfacing for strip than that of carriageway/cycle lane and lay-by = one-way or bidirectional traffic for motor vehicles

1 Dimensions = width of critical reaction strip 0.50 m x applicable if leicyete 2 lear if lpicyete 2 1,000 cyclists/24-hour period and/or if|,., < 2,500 PCU/24-hour period

Considerations = safer for cyclists (lower probability of accidents as a result of doors opening and consequent swerving = ifliicycie I$ double |.,,, then |,,, < must be 2,500 PCU/24-hour period
manoeuvres) Implementation = asphalt or concrete surfacing

= strip can also be used for drainage = colour of surfacing red (to make cycle route recognizable)
= extra use of space 

"= priority regulation at junctions (bicycle street has right of way), perhaps with speed bump: see V9
- 

. A 7 

"= route guidance at points where choices need to be made (where necessary)Alternatives = cycle path on the right alongside the lay-bys 
= no parking on the carriageway

Dimensions = width of vehicle path (a) 4.50 m (more than enough for 2 x 2 cyclists approaching one another)

Considerations TM safe for cyclists
i 

= comfortable for cyclists

i 
= clear to motorists that there is a cycle route1 = potentially too attractive for motorized traffic (right of way at all junctions) in the absence of supplementary

regulatory measures for motor vehicles

Combination = lay-by with critical reaction strip: see V11
possibilities TM speed bumps: see V9

qi = alternating one-way traffic for motor vehicles
| d Alternatives = bicycle street with cyclists in the middle of the road: see V13| = bicycle street with carriageway separation and cyclists at the sides of the road: see V14
i

170 50 200 cm

a

4

I

|
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. . ae . V14 Bicycle street with carriageway separation and
V13 Bicycle street with cyclists in the middle of the ‘

; 

cyclists at the sides of the carriageway

carriageway

Function = providing high-quality cycle connection, with joint use on the part of motorized traffic Function = providing high-quality cycle connection, with joint use on the part of motorized traffic
Application = residential road within and outside of built-up areas Application - residential road within and outside of built-up areas

= main cycle network = main cycle network

= Vinax = 30 km/h (within and outside of built-up areas) = Vinax = 50 km/h (within and outside of built-up areas)

H = one-way or bidirectional traffic for motor vehicles - as one-way or bidirectional traffic for motor vehicles
i = applicable if licycte 2 lear lf loicycie2 1,000 cyclists/24-hour period and/or if |... < 2,500 PCU/24-hour period - applicable if leicycte 2 lear lf Ibicyete 2 1,000 cyclists/24-hour period and/or if lear < 2,500 PCU/24-hour period

= ifloicycte iS double |.,,, then |.,,, < must be 2,500 PCU/24-hour period = ifleicycte i$ double I... then... < must be 2,500 PCU/24-hour period

Implementation = asphalt/concrete surfacing for vehicle path Implementation = preferably asphalt or concrete surfacing
= border strips in block paving = colour of surfacing for cycle lanes preferably red

= colour of carriageway surfacing red (to ensure cycle route is recognizable as such) = priority regulation at junctions (bicycle street has right of way), perhaps with speed bump: see V9
= colour of border strips black/grey = border strip in the middle that can be ridden on
= priority regulation at junctions (bicycle street has right of way) 

- route guidance at points where choices need to be made (where necessary)

= even transition between cycle lane and border strip = parking off the carriageway

= route guidance at points where choices need to be made (where necessary) TM possibly mole burrows at the sides
i = parking off the carriageway Dimensions = width of cycle lanes (b) 2.00 m

| Dimensions = carriageway width (c) 4.50m = width of border strip (a) 0.80-1.50 m
1 = width of border strip (b) 0.50-0.75 m Considerations = safe for cyclists

= width of vehicle path (a) 3.00-3.50 m = comfortable for cyclists

| Considerations = safe for cyclists = clear to motorists that there is a (main) cycle route
= comfortable for cyclists 

= potentially too attractive for motorized traffic (right of way at all junctions) in the absence of supplementary

= clear to motorists that there is a cycle route : regulatory measures for motor vehicles

= potentially too attractive for motorized traffic (right of way at all junctions) in the absence of supplementary Combination = lay-by with critical reaction strip: see V11
regulatory measures for motor vehicles possibilities = speed bumps: see V9

| Combination = lay-by with critical reaction strip: see V11 = alternating one-way traffic for motor vehicles

possibilities = speed bumps: see V9 Alternatives = bicycle street with cyclists in the middle of the road: see V13

Alternatives = bicycle street with carriageway separation and cyclists at the sides of the road: see V14 4 = bicycle street with mixed profile: see V12

= bicycle street with mixed profile: see V12 4

}

ea i aa
i
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V1i5 Cycle lane

Function designating position of cyclist and keeping it safe

| Application within built-up areas: see selection plan subsection 5.4.1

outside of built-up areas: see selection plan subsection 5.5.1

Implementation surfacing of cycle lane coloured red a

use bicycle symbol after each side road and possibly every 50-100 m (in built-up areas) or every 500-750 m

(outside of built-up areas): see V54 ; ;

broken (1-1) or unbroken markings, with the latter being used at exits and lay-bys being broken by 1-1 stripe :

parking alongside cycle lane is advised against; if parking is nevertheless permitted, then this should only be in

combination with critical reaction strip: see V11

Dimensions width of cycle lane (b) 2.00-2.25 m (minimum 1.70 m) excluding markings

width of stripe 0.10 m

dimensions in the case of various profile widths in built-up areas: see subsection 5.4.4

dimensions in the case of various profile widths outside of built-up areas: see subsection 5.5.4

Considerations mixed profile is starting point on residential road in built-up area

segregated cycle path is starting point on distributor road: see V16

not demonstrably safer for cyclists on residential roads, though itis on distributor roads

cyclists’ safety best ensured on distributor road by segregated cycle path

clear place in cross section (enhancing visibility) with legal status

no vehicles are allowed to be stationary (i.e. no parking either) on cycle lane and on the carriageway

joint use on the part of motorized traffic (in the case of broken markings)

no physical protection

Combination

possibilities

speed bumps: see V9

! Alternatives mixed traffic

bicycle street: see V12-14

segregated cycle path: see V16
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V16 Segregated cycle path

Function separating motorized traffic and bicycle traffic for the benefit of cyclists’ safety and comfort

Application within built-up areas: see selection plan subsection 5.4.1

outside of built-up areas: see selection plan subsection 5.5.1

Implementation design speed 30 km/h for main cycle network and 20 km/h for basic network

verge present between cycle path and main carriageway (raised or flush)

always use centre line in the case of bidirectional traffic on cycle path: see V5

edge markings (see V6) if the cycle path alongside a road bends away and where there is a lack of street

lighting; on all utilitarian cycle paths outside of built-up areas

preferably asphalt or concrete surfacing

siting sign G11 (‘Mandatory cycle path’) or sign G13 (‘Advisory cycle path’): see V1

colour of surfacing preferably red

the same priority regime as for adjacent carriageway; if side road has right of way, then continue cycle path

surfacing over the junction surface (with exit construction in line with CROW publication 344): see V23

Dimensions width of cycle path

One-way path Bidirectional path

rush hour volume

(one-way) (bicycles/hour)

width (b) rush hour volume

(bidirectional) (bicycles/

hour)

width (b)

0-150 2.00m 0-50 250m»)

150-750 2.50-3.00 m 50-150 2.50-3.00 m

>750 3.50-4.00m 150-350 3.50-4.00 m

> 350 450m

1) Up to 2.50 m wide a path will have a verge on both sides which can be ridden on, giving cyclists room to

swerve

width of segregation verge: see V18

Considerations comfortable for cyclists (if sufficiently wide)

safe for cyclists on road sections (no conflict with motorized traffic)

no nuisance from parked vehicles

illegal cycling in the opposite direction (in the case of one-way traffic)

limited opportunities for cyclists to cross (only in the case of side roads, exits and alleys in the segregation

verge)

conflict situations with motor vehicles at junctions and exits (cyclists out of sight)

in the case of bidirectional traffic on cycle path extra instances of conflict at junctions and exits (cyclists

approaching from the unexpected direction)

nuisance between cyclists and pedestrians if there is no pavement

Combination

possibilities

speed hump in side road

Alternatives cycle lane: see V15

cycle/moped path: see V17
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V17 Segregated cycle/moped path

Function = separating motorized traffic and bicycle (or moped) traffic for the benefit of cyclists’ and moped riders’ safety
and comfort

Application = within built-up areas: see selection plan subsection 5.4.1
= outside of built-up areas: see selection plan subsection 5.5.1

Implementation = design speed 30 km/h in built-up areas and 40 km/h outside of built-up areas
= verge present between cycle/moped path and main Carriageway (raised or flush)
= always use centre line in the case of bidirectional traffic on cycle/moped path: see V5
= preferably asphalt or concrete surfacing

= siting sign Gi2a (Mandatory cycle/moped path’): see V1

= colour of surfacing preferably red

= the same priority regime as for adjacent carriageway; if side road has right of way, then continue cycle/moped
path surfacing over the junction surface (with exit construction in line with CROW publication 344): see V23

Dimensions TM= width of cycle/moped path

One-way path Bidirectional path

rush hour volume width (b) rush hour volume width (b)

(one-way) (bicycles/ (bidirectional)

hour)

0-150 2.00m 0-50 250m

75-375 3.00m 50-150 3.00m

>375 400m 150-300 4.00m

> 300 5.00 m

= width of segregation verge: see V18

Considerations = comfortable for cyclists and moped riders (if sufficiently wide)
TM safe for cyclists and moped riders on road sections
= nuisance between cyclists and moped riders

= relatively significant differences in speed between cyclist and moped rider, particularly outside
of built-up areas

"= nuisance between cyclists/moped riders and pedestrians if there is no pavement
= illegal cycling in the opposite direction (in the case of one-way traffic)
= limited opportunities for cyclists/moped riders to cross (only in the case of side roads, exits and alleys in the

segregation verge)

Combination TM= speed hump in side road: see V9
possibilities
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V18 Segregation verge cycle path — carriageway

Function = physical separation of motorized traffic and bicycle traffic

a Application = inthe case of segregated cycle path: see V16

= within and outside of built-up areas

. . . . 3 > 3 5 es a - - f B Implementation = preferably flush and possible to ride on it in the event of unintended swerving manoeuvres. — +b (unpaved or [semi-]surfaced)
= ifneed be with raised kerb (‘forgiving’)

= segregation verge can be used for installation of street furniture, low plants and/or trees, on the proviso that

the requisite object distance is taken into consideration

Dimensions = width within built-up areas:
| 

* atleast 0.35m
| 

+ inthe case of objects in the segregation verge: sufficiently wide to satisfy the requisite object distance; on

distributor roads in built-up areas, with a design speed of 50 km/h, at least 1.0 m; a distance of 0.50 mcan| 
be adhered to for cyclists] 

TM= width within built-up areas:
i. 

in the case of v,,,,, main carriageway 60 km/h: > 2.50 (1.50) m

in the case of v,,,. main carriageway > 80 km/h: 6.00 (4.50) m

in the case of v,,,,, main carriageway > 100 km/h: > 10.00 m

Considerations "= separating motorized traffic and bicycles is safe, provided that there are no hazardous verge obstacles
= ifaraised edge is being used, then this should be ‘forgiving’ (sloping) or be a maximum of 0.05 m high

ff (to prevent single-vehicle bicycle accidents due to pedals hitting the edge)
7 = limited opportunities for cyclists to cross (only in the case of side roads, exits and alleys in the

segregation verge)

"= wider (surfaced) verge can be used for the purposes of parking; this may or may not be desirable

Combination TM anti-dazzle protection
possibilities TM public lighting



V1 Transition from cycle lane to cycle path Y V20 combined path

and vice versa

1

Function = guiding cyclists 
Function = combined path for cyclists and pedestrians

= indicating profile change 
Application = alongside distributor roads

Application = transition from cycle lane to cycle path (1) or vice versa (2, 3) - in the case of extremely low volumes of bicycle and pedestrian traffic

= within and outside of built-up areas - i ed area

rea boundat mm NOUN Tesigenl e<4 2 , A - = noton school routes
i Implementation = thermoplastic material, road paint or surfacing material -
} ] 

Implementation = segregation verge/critical reaction strip a minimum of 0.50 m| Dimensions m= 1=100m = bicycle space a minimum of 150m
] = L,=(10to12)xb = pedestrian space a minimum of 0.90 m

| = L,=10to20m = no height differential between bicycle space and pedestrian space= b=0.40to 0.50 (0.35)m - —— - - —| me dE Considerations == this facility isin common use abroad, though there is scant experience of it in the Netherlands| : = = alternative is segregated cycle path that can be used by pedestrians: see V16| Considerations TM cover enhances safety for cyclists

|

| 
(1) (2)

|
Ul L 1 Uli cD HH f———_ abt ——4 tH

| ~ ma

| C = i| AY cc) 2 oy _ ' roadway y,
. | ee SE __—_ ee pedestrian space
) Ib (3) possible visual separation| | 

1 bicycle space| 

} 

:\ 
| partition verge/critical reaction strip



v2 Junction considered equal solitary cycle path —

residential road

Function TM indicating crossing situation ;

= improving crossing situation bicycle traffic

= limiting speed of motorized traffic \

}

Application = residential road
= within and outside of built-up areas

Implementation = donot continue the cycle route’s colour and surfacing type over the junction surface

= donotuse any block markings or channel markings a

= jfneed be, make the residential road narrow right before the junction

= ifneed be, install a speed bump on the residential road

Dimensions = level difference 0.08 to 0.12m

= L=5.00to6.00m

TM sinusoidal speed hump

Considerations = good reduction in speed intersecting traffic (safe) ;

= increase in noise nuisance and vibrations (particularly due to lorries)

= poor bicycle traffic flow (no right of way) ; ;

= possible doubt regarding right of way due to speed hump for motorized traffic

Combination TM visual aid

possibilities = lighting

Alternatives = bicycle roundabout (Zwolle bicycle roundabout)

TM cycle crossing with right of way (see V22)
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v22 Junction solitary cycle path with residential road,

with cycle route having right of way

Function = optimizing directness of bicycle traffic
= improving cyclists’ safety

= limiting speed of motorized traffic

= indicating crossing situation

Application = in built-up areas

Implementation = continue the cycle route’s colour and surfacing type over the junction surface
= block markings, shark's teeth and signage support right of way for the cycle route: see V55
= ifneed be, make the main carriageway narrow right before the junction
= span height differential in residential road by means of a semi-sinusoidal design
= gradually compensate height differential for cyclists

Dimensions = L=5.00to6.00m

= R>5.00m

TM level difference 0.08 to 0.12 m

= centre line and edge markings 1-1

Considerations = high-quality cycle route (no delay when crossing carriageway)
TM reducing speed of intersecting traffic

= increase in noise nuisance and vibrations (particularly due to lorries)
TM possible influence on route choice motorized traffic

= nuisance for cyclists on residential road when using straight approach (not recommended)
Combination = arrow markings on cycle crossing to clarify bidirectional traffic
possibilities = visual support by means of spatial elements

TM traffic island or central traffic island in main carriageway

= traffic lights

= lighting

Alternatives = junction considered equal (see V21)

= bicycle roundabout
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V24 Transition from bidirectional cycle path to one-way

— cycle path by way of crossing with transverse

central island

V23 Exit construction

|

| Function = indicating priority situation, also for pedestrians ] Function = securing cyclists’ crossing if a crossing is not feasible at a junction
| = possibly indicating entrance and exit to residential area Application = distributor road within and outside of built-up areas

Application ‘= junction of distributor road and residential road ; a Implementation TM safeguarding recognizability by means of vertical elements and public lighting
= connecting premises, car park, residential property and suchlike on residential road = safeguarding good visibility of bicycle traffic

= along main cycle routes (and main walking routes) in urban area = cyclists do not have right of way

, = within and outside of built-up areas = indicating priority situation, no block markings, no red vehicle path
= width of pavement or verge > 1.50 m = preferably raised

= preferably do not use in (main) cycle routes (transversely) : :
. - Dimensions = |=480m

Implementation = continue structure and colour of pavement and cycle path alongside main carriageway over exit = [,=5,00to10.00m
= no markings, bollards and suchlike on the pavement = A >250m
= donotrun cycle lane alongside main carriageway over exit = R=minimum of 5.00m

= inorder to minimize the probability of damage, instead of paving slabs measuring 0.30 x 0.30 m, slabs measur- = 65290-3501

ing 0.20 x 0.20 m or ‘thick’ slabs can be used , = curve radii on the non-intersecting cycle path 17 mas a minimum
= when connecting street or premises, also use dropped kerb on rear side ;

- - Considerations = lowspeed forall traffic at crossing

Dimensions = length dropped kerb:0.80m 7 a = cyclists within field of vision of other traffic
| = Lis variable (depending on road width and requisite room for manoeuvre design vehicle) = cyclists are able to cross in stages due to transverse central island

Considerations = easily recognizable TM use of space
! = legal status clear = increase in noise nuisance and vibrations

= clear delimitation = cyclists crossing diagonally

= relatively expensive ; Combination TM area boundary
= dropped kerb constitutes a nuisance for cyclists possibilities

= greater probability of falling when slippery

Combination = central traffic island on main carriageway

i possibilities

Alternatives = statutory regulation (sign B6)

dropped

, kerbs incline

il 1:6 or gentler
i]

| warning

markings

guiding line i

footpath

oadwa
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V25 Cycle crossing with central traffic island

improving crossing situation

limiting speed of motorized traffic

indicating crossing situation

Function

distributor road within and outside of built-up areas

residential road within and outside of built-up areas

bidirectional traffic on main carriageway

for further information see text in box ‘Crossability’ in 6.2.1

Application

traffic island preferably symmetrical in carriageway centre line

safeguarding recognizability by means of vertical elements and public lighting

if b is sufficiently big, then possibly low plants on central traffic island

ensure good eye contact

traffic island at cycle crossing, raised or otherwise

Implementation

a= 2.75 to 3.50 m, depending on function for motorized traffic

width of central traffic island (b) > 2.50 m

L= 5,00 to 20.00 m

bevelling outward bends depending on design speed, but at least 1:5

height of any plants on traffic island < 0.60 m

Dimensions

increased attention

lack of view

moderate to good reduction in speed, depending on width of central traffic island

crossing in stages

the speed reduction effect is small with dimensioning for heavy traffic

motorists may be too intently focused on the outward bend of the carriageway

Considerations

Combination

possibilities

asen

T

— V26_ Gentle outward bend of cycle path

Function improving cyclists’ visibility

clarifying right of way

Application cycle path alongside priority road (distributor road)

if cycle path occupies less than 4.0 m of the carriageway

within and outside of built-up areas

Implementation continuing surfacing on side road

shark's teeth (V55) and block markings

No tall plants

in the case of bidirectional cycle path, apply centre line and arrow markings on the cycle path and install
additional signage (underplate J24 with OB0503) for the benefit of recognizability on the part of motorists

Dimensions width of cycle path: see V16

b=5.00m

f> 2.00 m, in (1); f > 2.50 m, in (2)

|, =circa 30.00m

(,25.00m

R>5.00m

R, >12.00m

Considerations comfortable for cyclists

stacking space for cyclists turning left on cycle paths around the junction
stacking space for conflicting vehicles

large-scale junction

} Combination

possibilities

streamed cycle paths: see V35

raised cycle path (on speed hump)

speed bump in coordinating branch 20 m from point of conflict

248 Design Manual for Bicycle Traffic Design sheets
249



Cycle crossing over side road in the case of cycle v28 Bidirectional cycle crossing over side road, in road}

v27 lane or road with narrow segregation verge with segregation verge

; . . ee 
y unction = improving cyclists’ visibility

ae Fi, bait 
Application TM priority junctionApplication = priority junctions within built-up areas . 

= within and outside of built-up areas
i i d colour of cycle path continue onto side roa - - ; : :

meters = pon inthermoplastic materia road paint, preformed adhesive material or surfacing material Implementation = asin V27 plus a number of ‘extras
= site standard sign B6 (see also under Combination possibilities) ba centre line on cycle path: see V5
= ifb>0.70m, then use shark's teeth on both approach directions for the cycle path: see V55 - drawing attention to bidirectional path

= there must be sufficiently large vehicle path left between the block markings; if need be, apply block == shark's teeth on both approach directions for the cycle path: see V55
markings outside of vehicle path for bicycle traffic Dimensions = b=5.00m

= L=circal0mDimensions = a=0.50m 
aan : ;= b=0,50-2.00m 

Considerations TM reasonable view of cyclists

= forf, see dimensions segregated cycle path (V16) = little chance of cars blocking cycle path
= forf, see dimensions cycle lane (V15) = generous stacking space for left-turning cyclists ; ;

5 he carriagewa 
= motorists are sometimes not expecting any bicycle traffic from the ‘wrong’ direction, increasing the probability

Considerations = a _ Ee catia m from the carriageway 
of accidents for bicycle traffic coming from this direction= directness

= crossing clearly and quickly recognizable Combination "= sign B7 instead of sign B6; consider accompanying stop line instead of first row of triangular markings\ = chance of cars blocking cycle path or cycle lane possibilities = raised cycle crossing

! = no stacking space for left-turning cyclists on cycle path or cycle lane = arrow markings on cycle crossing to clarify bidirectional traffic
= increased probability of rear-end collisions on main carriageway

Combination = sign B7 instead of sign B6 (hence also using stop line instead of triangular markings)

possibility

|

}

4}

|
| 

\

i 
,
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V30 Weaving on the part of cyclists with right-turning
V29 Weaving on the part of left-turning cyclists

motorized traffic with right-turn box
fo

Function = safe weaving on the part of cyclists and cars 4 Function = safe weaving on the part of cyclists and cars
Application = junction in distributor road within built-up areas | Application = junction in distributor road

= junction in residential road within and outside of built-up areas = jinbuilt-up areas

= cycle lane TM cyclelane

= no more than one traffic lane for motorized traffic going straight on = alot of conflict between cyclists going straight on and motorized traffic turning right

Implementation = preferably also use cycle lane in left-turn box Implementation = where lots of cyclists are turning right, perhaps consider a cycle lane in the right-turn box as well

| Dimensions = width of left-turn lane (a) 2.75-3.25 m = cycle lane preferably in red
= see V15 for width of cycle lane Dimensions = a, = lane marking stripe 1- i ‘toni ; F

| 1 g stripe 1-1, 0.10 m wide, transitioning to continuous stripe
i = a hit irca 15 TM ay= i ‘i i tani= length of cycle lane in left-turn lane depends on length of left-turn lane, though it should be circa 15 masa a, = lane marking stripe 1-1, 0.30 m wide, transitioning to double continuous stripe, 3 x 0.10 m

minimum = [,=15to30(50)m

| Considerations = no conflict on junction = (=10m
| = children and the elderly will perceive the crossing situation to be unsafe Considerations = noconflict on junction

= left-turn lane will be difficult to reach in high volumes of motorized traffic = weaving is perceived to be awkward and unsafe

= conflict between cyclists getting into lane and traffic approaching from behind Combinati = ==
omit ination = lane for cyclists should be ina different colour and/or texture (e.g. red asphalt)

i Combination = Raised junction possibilities

! possibilities - Alternatives = convertjunction to roundabout
1 Alternatives = no cycle lane in turning lane for left-turning traffic (position of bicycle unclear) = segregated cycle path: see V16

= convert junction to roundabout

_——

|
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Vv Single-lane roundabout with segregated cycle path

and cyclists given right of way

Function smooth, safe exchange of traffic flows

Application connection of distributor road to other distributor road or residential road

in built-up areas

sum of approaching traffic flows < circa 25,000 PCU/24-hour period (conflict load circa 1,500 PCU/h)

even distribution of traffic over the branches

Implementation bicycle crossing provided with block markings and shark's teeth, also for traffic leaving the roundabout

continue cycle path in different colour at the crossings over roundabout, parallel to the carriageway on the

roundabout

cycle path around roundabout circular

consider gentle camber for cycle path (improved visibility)

get cyclists no longer following the roundabout off cycle path as soon as possible: see indicator bs

same priority regime for cyclists and pedestrians

vertical elements on raised central traffic island

safeguarding recognizability by means of public lighting

consider having no central traffic istand(s) on quiet branch(es)

Dimensions R, =12.50 to 20.00 m

R, = 6.50 to 15.00m

r, =12.00 m, with central traffic island; r, = 8.00 m, without central traffic island

r, =15.00 m, with central traffic island; r, = 12.00 m, without central traffic island

B= 5.00 to 6.00 m (depending on R, andR,)

b, =150(1.00)m

b, = 2.00to2.50m

b= as big as possible

L=5.00m

Considerations relatively safe: fewer points of conflict than with traditional junction

telatively high capacity

improved visibility of junction

considerable reduction in speed

good bicycle traffic flow

difficult for lorries to drive on in the case of small R, and R,

Combination

possibilities

crossing facility

bidirectional cycle path

bus lane on approach branch

Alternatives priority junction with central traffic island
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Single-lane roundabout with segregated cycle path
V32 oo ul

and cyclists not given right of way |

Function smooth, safe exchange of traffic flows

Application TM only outside of built-up areas

junction distributor road with residential road or other distributor road

sum of approaching traffic flows < circa 25,000 PCU/24-hour period (conflict load circa 1,500 PCU/h)

Implementation cycle path around roundabout not circular

no block markings where there is a cycle crossing

no cycle path surfacing carrying over

central traffic islands sufficiently wide in connection with cyclists’ stacking space

same priority regime for cyclists and pedestrians

vertical elements on raised central traffic island

safeguarding recognizability by means of public lighting

Dimensions for basic starting points see V31

for the course of the cycle path around the roundabout: see appended figure

length of central traffic island (b,) > 14.50 m

stacking space on cycle path (b,) 2.10 to 3.00 m

width of central traffic islands (b;) 2.50 to 3.00 m (2.10 m)

Considerations extremely good increased attention

effective speed reduction

enhanced safety, few accidents involving injury

poor bicycle traffic flow

Combination

possibilities

moped shortcuts (moped on carriageway) if location of roundabout entails a change in speed regime

plants

Alternatives junction with traffic light control system
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. . . ‘ Turbo roundabout with cyclists not given
V33 Turbo roundabout with cyclists given right of way V34 y g

| 

right of way

: |, Function = smooth, safe exchange of motorized traffic Function = smooth, safe exchange of traffic flows
Hs | Application = junction distributor roads Application = junction distributor roads
i = up to 40,000 PCU/24-hour period on the roundabout, depending on implementation ; = up to 40,000 PCU/24-hour period on the roundabout, depending on implementation

I = bicycle traffic on roundabout, only if grade-separated crossing and/or diverting are not possible = bicycle traffic around roundabout, only if grade-separated crossing and/or diverting are not possible

Implementation = continue cycle path’s red colour over the roundabout Implementation = donot continue cycle path’s red colour over the roundabout

|) TM create bicycle crossings on raised junction : : TM make cycle crossings raised if possible (table)

| = for reasons of road safety, make all exits single lane (to prevent accidents due to obstructed view) = forreasons of road safety, make all exits single lane (to prevent accidents due to obstructed view)

|| } TM bicycle crossings on turbo roundabouts in built-up areas are always ridden in a single direction, so never create :
i : s Dimensions = highly dependent on the roundabout design

! bidirectional cycle paths around them =
= the shape of the roundabout depends on traffic volumes, road safety and amount of space taken up

} Dimensions = highly dependent on the roundabout design = see CROW publication 257 Turborotondes' [10]

| = the shape of the roundabout depends on traffic volumes, road safety and amount of space taken up Considerations = high it

| = see CROW publication 257 ‘Turborotondes'’ [10] rgncapacity ;
= improved visibility of junction

i Considerations TM high capacity = considerable reduction in speed

Ail | = improved visibility of junction = easy for lorries and public transport to drive on
= considerable reduction in speed TM takes up alot of space

1 = easy for lorries and public transport to drive on TM risk of weaving accidents

- takes upa lot of space Combination = crossing facilities
i mTM risk of weaving accidents possibilities

‘| = risk of cyclists being hidden in the case of double exit
f = detour for cyclist due to one-way cycle path around roundabout Alternatives = turbo roundabout with cyclists given right of way: see V33

; 7 a = junction with traffic lights
| Combination = crossing facilities
) possibilities - ' a —
|

Alternatives TM turbo roundabout with cyclists not given right of way: see V34
| TM junction with traffic lights

_ = —_ -

!

|
|

}
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V3 Streamed cycle path

(Free right turn past red for cyclists)

Function = improving flow of cyclists turning right

Application = junction with traffic light control system

= within and outside of built-up areas

= all types of regulation

Implementation = cyclists are guided past traffic light control system by means of cycle facility (small cycle path)

= joining traffic flexibly

= cyclists turning right will emerge onto cycle path, cycle lane or have sufficient cover behind them

= where the volume of pedestrians is high, endeavour to have as much space as possible between the

non-controlled and controlled crossing

= adapting traffic light control system not necessary

TM regulate right of way with conflicting cycling directions

Dimensions = width right-turn path dependent on volume (see V16), but 1.50 mas a minimum

Considerations = good flow of cyclists turning right (no waiting time)

= less going through red lights

= misuse of right-turn path on the part of other cyclists

TM takes up extra space

= tricky for pedestrians crossing

Combination = canbe combined with any system (apart from cyclists free to turn right: see V36)

possibilities

Alternatives = cyclists free to turn right (V36)

V36 Cyclists free to turn right

Function = improving flow of cyclists turning right

Application = junction with traffic light control system

= within and outside of built-up areas

TM cycle lane or segregated cycle path

= fixed and vehicle-dependent system

- if there is no controlled pedestrian crossing or if a multi-phase system can include a phase that does not entail

pedestrians crossing

type 4: in the case of pedestrian control on request, at points with few pedestrians and a lot of cyclists

Implementation in the case of sufficient space for cyclists on side road

adapt markings in the case of type 1 and type 2; no stop line for cyclists turning right, if possible; install a sign

saying ‘cyclists free to turn right’ next to the traffic lights; preferably install traffic light for bicycles on the left

type 4 is only possible if cyclists and the pedestrians around the corner can intersect without conflict or

uncontrolled and a separate three-coloured light with an arrow is used (4); if a relatively minor conflict occurs

with pedestrians around the corner or with traffic from other directions, then a luminous traffic signal is

advised (type 3), on the proviso that this is not illuminated at the same time as the green aspect for bicycles

(3) from carriageway

260 Design Manual for Bicycle Traffic

= critical attention to green aspect and clearance times

Considerations = no waiting time for cyclists turning right

= system ties in better with actual behaviour on the roads

= no enforcement issues

= inconvenient for crossing pedestrians (particularly the blind and visually impaired)

= type 3 and type 4: expansion with traffic lights is not always possible for existing equipment

TM types 1,3 and 4: options for use in practice are limited

pedestrians heading pedestrians

tf towards 31 conflict-free upon request
> with turning traffic

an an heading towards
i 6 or 10
1 > — sit

sar >| _ signal with arrow due
> ase luminous traffic to unregulated conflict

~ signal due to with pedestrians round

relatively safe the corner

conflict

type 1 type 2 type 3 type 4
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V3 Stacking space for cyclists going straight on at

| traffic light control system

| Function = separately control cyclists going straight on at traffic light control system in the case of mixed traffic, cycle
lanes or advisory cycle lanes

Application = onapproach carriageways of junctions with traffic light control system

TM in built-up areas

= Vinay Main carriageway 50 km/h

Implementation = maximum of one traffic lane per direction for motorized traffic

= preferably with stacking lane for bicycles at stop line, if there is no cycle lane or advisory cycle lane on

carriageway (length circa 10.00 m)

= preferably with small physical traffic island right before the stop line (width circa 0.50 m, length > 5.00 m - a
see detail)

| = inthe event of conflict between cyclist going straight on and car turning right, put stop line for stacking space —
| 2.00 to 3.00 m ahead of stop line for motorized traffic

Zz

Dimensions = width of traffic lane for cars:

> 3.25 (3.00) m without stacking lane;

> 2.50 mwith stacking lane = =

width of stacking lane for bicycles (b) > 1.50 (1.00) m

length of stacking lane for bicycles (i) > 10.00 m ——— a
m= lane marking stripe 1-1, width 0.10 m, transitioning to continuous stripe

n=lane marking stripe 1-1, width 0.30 m, transitioning to double continuous stripe (3 x 0.10 m)

stacking lane for bicycles provides clarity on position of cyclists _ >
physical traffic island provides physical protection (prevent cyclist flow from being blocked)

placing stop line for stacking lane ahead leads to better visibility of cyclists (limiting blind spot)

increased flow capacity with stacking lane for bicycles Se Ps
lack of stacking lane for bicycles is unpleasant for cyclists

lack of safety for cyclists: where there are more lanes, motorists are focused on traffic light control system in

busy traffic and cyclists can be overlooked

Considerations

Combination = advanced stop line: see V39

possibilities

Alternatives = streamed cycle path: see V35

= segregated cycle path: see V16
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| tacking space for cyclists turning left at trafficV38 Stacking sp y 9g V39 Advanced stop line
light control system

Function = providing stacking space for cyclists turning left at traffic lights Function = safe crossing or left turn for cyclists

Application = junction with traffic light control system Application - junction with traffic light control system
= within and outside of built-up areas (v,_,.,, Outside of built-up areas 60 km/h) in built-up areas

= inthe event ofa relatively high volume of cyclists turning left or in the event of a lot of cyclists going straight on

and cars turning right
Implementation = marked stacking space; a gap light is necessary ;

= inthe event of there being insufficient space between cycle path and carriageway, left-turn stacking space
i 4 = inthe case of a well-organized junction

i le path écan also be sited to the right of cycle path or cycle lane, between pedestrian crossing and cycle pa = in the case of mixed traffic or cycle lane on carriageway or adjacent cycle path

Dimensions = depending on volume; width of stacking space > 1.20m = maximum of two traffic lanes/stacking spaces per approach road
: = Fiestas = inthe event of there being less than 500 PCU/h ona branch or 800 PCU/h at a junction

i Considerations cyclist in an illogical place

stacking space for cyclists ahead of stop line for motorized traffic

bicycle symbol in stacking space: see V54

central traffic island to the left next to stacking space

in the case of left-turn box for motorized traffic, preferably separate advanced stop line with its own

introductory cycle lane (necessary in the case of left-turning traffic having its own green aspect)

stacking space and introductory cycle lane preferably in red colour

preferably combined with central traffic islands, creating a physically screened off stacking space for cyclists on

the approach roads

in the absence of physical refuge, unsafe should traffic control system fail

-

TM subjective risk Implementation

-

= choose location of gap light carefully

Alternatives = left-turn box to the right of cycle path or cycle lane

= all directions green: see V48

= advanced stop line (with maximum of two lanes per branch): see V39

Dimensions a= 0.30 m(stop line)
a, = 0.50 m (space between stop line and bicycle symbol)

a,=2.75m

az=3x0.15m

a, = lane marking stripe 1-1, 0.10 m wide

a, = lane marking stripe 1-3, 0.30 m wide

f>275m

f= circa 1.50 m, but < 1.75 m, otherwise cars will misuse it as a turning lane

|, = 4.00 to 5.00 m; in general 4.00 m will suffice, though more space is required where bicycle traffic volumes

are high

l,225m

|, =5.00 to 10.00 m

smooth flow of (left-turning) bicycle traffic

maximum visibility of cyclists (safe), particularly blind spot prevention as well

smoother flow of motorized traffic turning right

ample stacking space during red aspect

less nuisance from exhaust fumes when waiting

less conflict between cars and bicycles in front of the junction

less nuisance when approaching stop line

advanced stop line is not always respected by motorist

advanced stop line is not always used optimally by cyclists

in the case of advanced stop line for two lanes: subjective risk (cars overtaking on the right whilst cyclist is

, 4 turning left)

Considerations

Combination = cycle lane: see V15
] possibilities free right turn past red: see V35

cyclists free to turn right: see V36
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V40 Short cycle time
{

Function = reducing average waiting time for cyclists

Pe 7 Application = junction with traffic light control system
iF ] & 1 & = within and outside of built-up areas= Sr — | Sr +62 + = in the case of mixed traffic, cycle lane on carriageway and segregated cycle path| 3 = forall types of system

uxt TM TTT — lL Implementation = cycle time a maximum of 90 s
t) 

(2) 

= critical attention to green aspect and clearance times

\ b == the more compact a junction is, the easier itis to achieve a short cycle time
tot tot = bicycle-bicycle conflict and bicycle-pedestrian conflict outside of the traffic light control system—= | Se _— | SS a, 4, a! Considerations = short cycle time leads to short waiting time and lower probability of having to stop
Il lod L = smooth flow of all traffic, including cyclists

SS Ny Sy | = chance of having to stop twice on busiest directions

(3) (4) Io lol

Mh |
tit

f
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V41 Joint control with public transport

Function = reducing waiting time for cyclists

Application = junction with traffic light control system

= within and outside of built-up areas

= traffic control with priority given to public transport

Implementation = when registering public transport, cycling directions situated in parallel (non-conflicting) are also registered

when a cyclist is present

Considerations = extra implementation options for bicycles, resulting in shorter waiting time

TM noadverse impact on other directions

clearance time for public transport directions

1

| = additional probability of driving through a red light due to the often extremely short green aspect and

|

| v42 Joint extension cycling directions with other

directions

Function reducing waiting time for cyclists

Application junction with traffic light control system

within and outside of built-up areas

segregated cycle paths

Implementation by jointly extending with non-conflicting directions for motorized traffic, the cyclist will be given a green
aspect more, resulting in the waiting time being limited

incorporate into system as standard

critical attention to green aspect and clearance times

Considerations extra implementation options for bicycles, resulting in shorter waiting time

no adverse impact on other directions
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V43 Favourable phase order for cyclists turning left

Function = reducing waiting time for cyclists

Application = junction with traffic light control system

= within and outside of built-up areas : :

| = onatleast one branch there is a relatively high volume of cyclists turning left
= in the case of segregated cycle paths

= forall types of control system

| Implementation = create a linkin the system between both Crossings
= critical attention to green aspect and clearance times

Considerations = smooth flow of cycling direction turning left, motion possible without stopping /

= can give rise to additional waiting time for other directions, thereby extending cycle time

|
i

|

|
ll

i]

i

!

i

!
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V44_ Green wave for bicycle traffic

Function TM reducing waiting time for cyclists

Application "= junctions with traffic light control system a short distance from one another
= within and outside of built-up areas

= inthe case of through bicycle traffic flow

= inthe case of mixed traffic, cycle lane on carriageway and segregated cycle path

= possibly parallel to green wave for public transport or (for fast cyclists) car

Implementation = linking traffic light controls will enable through bicycle traffic flow (straight on, right turn or left turn) without
stopping

= notification to initiate or extend green aspect phase of second set of lights is issued by the detector in front of
the first set of lights

TM take average cycling speed or design speed into account

= consider installing an extra detector between both bicycle traffic lights; green wave will be interrupted in the
absence of notification

= critical attention to green aspect and clearance times

Considerations smooth flow of through cycling direction, motion possible without stopping

lower incidence of cyclists ignoring red light

cyclists and riders of light mopeds cannot be ‘captured in a single wave’

can give rise to additional waiting time for other directions, thereby extending cycle times

greater distance between the junctions and/or greater differences in speed between cyclists will give rise to

‘pack diffusion’ (the group of cyclists will break up)
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V45 Advance detection/pre-request

Function reducing waiting time for cyclists

Application junction with traffic light control system

within and outside of built-up areas

in the case of cycle lanes and segregated cycle paths

traffic-dependent and vehicle-dependent systems

Implementation advance detection an ample distance from the stop line enables the traffic light controls to respond more

effectively to approaching cyclists; distance between detection and stop line will depend on control system,

e.g. 40 to 50 metres

in the case of bidirectional paths, make this direction-dependent or separate directions by means of a central

traffic island

critical attention to green aspect and clearance times

Considerations cyclists can be given a green aspect sooner and the green aspect can be extended

chances of missing cycling direction is limited

maintaining green aspect for cyclists in detection area (higher chance of being able to carry on)

less nuisance than having to press a button

can give rise to additional waiting time for other directions, thereby extending cycle time

a high volume of bicycle traffic turning right (outside of the control system) will give rise to a lot of ‘false’

registrations of cyclists

V46 Allowing partial conflict

Function reducing waiting time for cyclists

Application junction with traffic light control system

within and outside of built-up areas

notin the case of lateral conflict with motorized traffic

only where volumes of motorized traffic turning are low

not in the case of bidirectional cycle path

notin the case of two left-turn lanes

type 1 notin the case of segregated cycle path

Implementation permitting partial conflict (conflict matrix) in the control system will enable the cycle time to be limited

(preferably to a maximum of 90 s)

do not use any arrow lights in the case of conflicting directions (i.e. full lens); do include a warning, if need be
later conflicts between slow-moving traffic can be kept out of the control system

critical attention to green aspect and clearance times

give cyclists a head start by setting bicycle traffic light to green earlier and/or putting stop line for cyclists ahead

Considerations shorter cycle time will lead to shorter (maximum) waiting time

depending on volumes, possibly smoother flow of all traffic, including cyclists

less safe (cyclists not fully relieved of conflict)

type 1

o o

t----- >

type 2

‘

y

—o—> cals

—+—-_ cyclists

ab ~<+-----» pedestrians
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V47 Implementing addition cycling directions

Function = reducing waiting time for cyclists

Application = junction with traffic light control system

= within and outside of built-up areas

1 = inthe case of cycle lanes and segregated cycle paths

Implementation = implementing additional cycling directions will reduce the waiting time for cyclists on the relevant direction(s)

| = critical attention to green aspect and clearance times
! Considerations = waiting time for cyclists is reduced (increasing chance of being able to carry on)
i

longer waiting times for motorized traffic

v48 All cycling directions are given a green aspect

simultaneously

Function = reducing waiting time for cyclists

Application junction with traffic light control system

in built-up areas

cycle lanes as well as cycle paths close to the main carriageway

well-organized, compact junction situation

in the case of a relatively high volume of cyclists turning left (> 10%)

Implementation all cycling directions are given a green aspect simultaneously

critical attention to green aspect and clearance times is necessary, particularly clearance times for motorized

traffic: at the start of the green light for cyclists, no motor vehicles should be in the junction area any more

consider introducing a narrow physical separation between motorized traffic and bicycle traffic on approach

roads

indication using sign VKLO4 pursuant to Administrative Provisions (Road Traffic) Decree (Besluit administratieve

bepalingen inzake het wegverkeer, or BABW)

Considerations favourable for cyclists turning left (diagonal crossing, without an extra stop)

no partial conflict with motorized traffic: safe for cyclists

‘hard’ laterally conflicting cycling directions in the same green phase: chance of bicycle-bicycle accidents

waiting time for motorized traffic will increase

integrating pedestrians with ‘green for all cyclists’ is difficult

people will not understand if cyclists are not allowed to move when motorized traffic is allowed to move

cycle will get longer (usually)

he
simultaneous

green
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V49_ Favourable idle mode for cyclists

Function = reducing waiting time for cyclists

Application = junction or crossing with traffic light control system

= within and outside of built-up areas

= onsegregated cycle paths and in main cycle routes

= inthe case of fixed or vehicle-dependent system

= inthe case of controlled crossing, two linked systems halfway; cyclists will be given a green aspect as soon as

there is a gap in the traffic flow

= type 2:if cyclists are crossing in groups (school route and suchlike) or if there are regular bursts of bicycle

traffic, resulting in excessively reduced capacity for other traffic

Implementation = type 1: idle mode green on cycle path; control system is car-dependent: in the absence of notification vis-a-vis

other traffic, bicycle traffic light will remain green; good detection of motorized traffic is required to enable

vehicle to carry on in the absence of cyclists

= type 2: idle mode green on carriageway motorized traffic; control system is bicycle-dependent (advance

detection of bicycles required): if there is no bicycle traffic, then the car direction will be kept green; good

detection of bicycle traffic is required to enable cyclists to carry on in the absence of cars

= type 3:idle mode red; direct influence: control system is car and bicycle-dependent

= critical attention to green aspect and clearance times

= good detection zone is required in all cases

Considerations TM increased chances of cyclists being able to carry on

= there is some indication that idle mode red with a view to road safety is more beneficial than idle mode green

= inthe case of 1, the waiting time for motorized traffic at quiet times increases (due to clearing cycling directions)

= inthe case of type 1, there is a chance of motorized traffic ignoring red light (motorist expecting light to turn

green, which is not always the case, however; hence potential danger)

= inthe case of type 3, green aspect can be given straight after notification (no clearance time on conflicting

directions)
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V50_ Waiting time indicator

Function improving cyclists’ comfort by providing an idea of the remaining waiting time

Application junction with traffic light control system

within and outside of built-up areas

cycle lanes and segregated cycle paths

fixed and vehicle-dependent system

particularly in places where lots of cyclists go through red lights

Implementation dimming the lights or a countdown provides an indication of the waiting time for cyclists

installing next to or in green bicycle traffic light, in bottom light or in button

lights are not allowed to revert to longer waiting time

critical attention to green aspect and clearance times

Considerations service improvement: if cyclists understand the waiting time, they will perceive it to be shorter

lower incidence of cyclists ignoring red light

no adverse effects on other traffic

in vehicle-dependent control systems with (for example) bus interventions, the waiting time is difficult to

predict; this can cause a high degree of irregularity in terms of the dimming of the lights

extra equipment costs
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W510 cycle underpass

Function = conflict-free intersection of motorized and bicycle traffic

Application = junction distributor road with important cycle route

| = within and outside of built-up areas

i Implementation = cyclists preferably at ground level; where this is not possible, raise carriageway for motorized traffic by about
2.00 m, thereby reducing the height differential to be spanned by cyclists

i = make maximum use of daylight: in the case of separating carriageways, a central opening in the overhead

! structure can allow extra light ingression

! = nohigh plants near entrance to underpass
= lighting in underpass should be vandalism-resistant (recessed)

= no corners/niches

= walls recede towards top

= straight course: exit must be visible upon entering underpass

= inclines before and after underpass should not give people with malicious intent the opportunity to conceal

themselves (no plants, no corners and suchlike)

} = consider combining with pavement for pedestrians

! | = outside of built-up areas, consider combining with fauna tunnel

Dimensions = width of cycle path in the absence of footpath: 2 x 0.625 m (clearance closed wall) + width of approach cycle
path, with a minimum of 3.50 m

Hy = f-width of cycle path in the case of one-sided footpath: 0.625 m (clearance closed wall) + width of approach

i] cycle path, with a minimum of 3.00 m
= width of cycle path in the case of two-sided footpath: width of approach path, with a minimum of 3.00 m

1 = width of footpath (if present): v> 1.00 m

! = h>250m

= a=0.5m

= for dimensions of incline see section 3.5

= underpass floor 2% on an incline (drainage)

Considerations = conflict-free intersection (safe) od

= multiple approach routes possible i

= cyclists on lateral connections often have to take a detour in order to get on the route of the underpass i

= unimpeded view through underpass i

= good lighting situation q

= shorter inclines than in the case of bridge (due to smaller height differential)

] = usually no groundwater problems when raising intersecting road

! = phased construction will be necessary in current situation

i = lack of personal safety

= vulnerable to vandalism

Combination = tiered incline

possibilities

Alternatives = cycle bridge (less beneficial for cyclists than a tunnel): see V52

= crossing with traffic light control system
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V52 Cycle bridge V53 Cycle channel alongside stairs

Function = conflict-free intersection of motorized and bicycle traffic Function = spanning height differential

Application = junction distributor road with important cycle route Application = always combined with stairs
| = within and outside of built-up areas = inthe case of access to bicycle storage

implementation - keep height differential to be spanned by cyclists toaminimum = consider as an extra option for bridges and tunnels; but then always combine with travelator
= inthe case of bridge over road, consider lowering the road Implementation = channels on both sides of the stair:

= consider combining with one-sided footpath = preferably made of concrete °
Dimensions = clearance height > 4.50m == top of channel flush with top of steps

= width of footpath (if present) > 1.00 m = consider handrail tight against the wall, to prevent handlebars hitting it; i5 it; en:

= width of cycle path in the absence of footpath: 2 x 0.325 m (clearance railing) + width of approach cycle path, towards the ground at the ends a sure handrail does not not bend
with a minimum of 3.50 m = incline stairs 16% (maximum 25%); in the case of steeper incli 4 +t

_ : fe), per inclines, use a ‘track transit f

= width of cycle path in the case of one-sided footpath: 0.325 m (clearance railing) + width of approach path, Dimensions = a>0.20m taneous
with a minimum of 3.00 m = b=0.08t0012 i=0. .12 m(b = 0.

= width of cycle path in the case of two-sided footpath: width of approach cycle path, with a minimum of 3.00 m = ¢c=0.03to0.05m iia
= for dimensions of incline see section 3.5 = d=031t00.37m

ii! = height of bridge railing > 1.20 m, preferably 130m = h=0.03m th = 0.04 min the case of metal channel)

I Considerations = conflict-free intersection Considerations = preferably only use to supplement incline
H = often cheaper than an underpass ; = cyclists need to make a lot of effort to ride in channel
! = possibilities for architecturally pleasing solution Combi —

i = conducive to personal safety (can be seen from road) omneen = sncline
= often longer inclines than in the case of underpass (due to larger height differential) ead
= high bridge could trigger fear of height Alternatives = tiered incline
= wind nuisance 

= inclined travelator

Combination = stairs (with two-sided cycle channel)

possibilities = tiered incline= escalator d
= inclined travelator

= wind screen | 3 + b 4

Alternatives = cycle underpass (often more beneficial for cyclists than a bridge): see V51 if |
= crossing with traffic light control system | 

>

h

Stairway
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V54 Bicycle symbol

Function designating cycle lane

indicating advanced stop line: see V39

Application in cycle lanes

in advanced stop line

large version in lanes > 1.80 m wide

small version in lanes < 1.80 m wide

Implementation thermoplastic material, road paint or preformed marking material

mandatory after each surfaced side road

can additionally be used at a regular distance from:

« 50 to 100 mwithin built-up areas

« 500 to 750 m outside of built-up areas

Dimensions b = 1.10 m (small version) or 1.50 m (large version)

(= 2.00 m (small version) or 2.75 m (large version)

in exceptional cases (e.g. in the case of narrow introductory lanes to advanced stop line) b can = 0.75 m

and|=1.35m

Considerations bicycle symbol has legal status: use of it brings into force a prohibition on stopping on a lane

Combination

possibilities

itis recommended that bicycle symbol only be used in combination with red surfacing

standard arrow markings in stacking lanes

V55_Shark’s teeth (triangular markings)

Function indicating priority situation

Application priority junctions

within and outside of built-up areas

use in combination with sign B6

use of shark's teeth without sign B6 (Article 80 of the Road Traffic and Traffic Signals Regulations 1990) is
limited to:

* cycle paths and service roads, if the signs could cause confusion in other drivers

«the side section of a T-junction that is subordinate to a through road, though only if the informal priority

behaviour tallies with the priority regulation

Implementation thermoplastic material, road paint, preformed adhesive material or surfacing material

traffic decree is required

Dimensions a=0.50m

.60 to.0.70 m

c=circa0.50m

d>0.20m

Considerations shark's teeth are not visible in snow

Combination

possibilities

sign B6

outside of built-up areas: priority triangle as advance warning

Raised junction

central traffic island on main carriageway

traffic island in side road (where right of way is regulated)

cycle path alongside main carriageway on speed hump where crossing is (where right of way is regulated)

Alternatives exit

~VVVY
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V5 Markings cycle crossing on road section with

priority for cycle route

Function = indicating priority situation

Application = jf intersecting traffic has to give way to cyclists crossing

Implementation = sign B6 on intersecting direction of travel

| = continue cycle route surfacing onto carriageway (if possible)

| = there must bea sufficiently large vehicle path left between the block markings; if need be, apply block

markings outside of vehicle path for bicycle traffic

= shark's teeth on carriageway on both approach directions to the crossing point

= preferably physical measures that reduce the speed of motorized traffic

extra attention to crossing if it pertains to a solitary cycle path (due to informal priority behaviour on main

carriageway)

! = no block markings if crossing cyclists do not have right of way

in the case of bidirectional cycle path, arrows on road surface at the crossing to emphasize bidirectional traffic

a

—> on a
ja

Bic

Dimensions L> 1.50 m(in the case of one-way traffic)

L> 3.00 m (in the case of bidirectional traffic)

a=0.50m

b=circa0.50m

c>0.5xa

d=0.50(>0.30)m

accentuating crossing point

= reducing speed bolsters safety (provided that a speed bump is installed as well)
Considerations

visual aid

raised junction surface

speed reduction facilities: see V9

reducing crossing length

traffic lights

roundabout <
grade-separated crossing

Combination

possibilities

a

a

= sp

a

i

Peerraye SE SSS a SE SeeAlternatives
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V57 Signage where there is a cycle crossing

Function = drawing attention to cyclists

Application TM junction with segregated cycle path

TM within and outside of built-up areas

= (1) one-way cycle path < 8.00 m from the carriageway and no regulation or parallel regulation of conflict type

| cyclist going straight on and car turning right

| = (2) same for bidirectional cycle path, also for car traffic turning left

i = (2) conflict types car turning right and cyclist going straight on (possibly from the opposite direction) and car

| turning left and cyclist going straight on (possibly from two directions)

i = (3) bidirectional cycle path or solitary cycle path with right of way

j TM (4) bidirectional cycle path or solitary cycle path without right of way
| = (3) and (4): in the case of bidirectional path, underplate indicating bidirectional traffic is compulsory pursuant to

| the Administrative Provisions (Road Traffic) Decree (Besluit administratieve bepalingen inzake het wegverkeer,

or BABW)

| Implementation = (1), (2) and (3): continue cycle path surfacing, block markings and shark's teeth on junction surface

i] Considerations = increasing attention benefits cyclists’ safety

TM signage only will have little effect

! Combination = physical refuges

possibilities TM visual aid

= cycle crossing on raised junction

} = traffic light control system

i
|

i]

A

| bh Fe
—>

1 2 3 4

B6 J24

!

!

}

]

!

!
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V58 Markings crossing over bidirectional cycle path

Function = drawing attention to bicycle traffic coming from two directions

Application = ifintersecting traffic has to give way to cyclists crossing
TM junction with segregated cycle path

= within and outside of built-up areas

= always in combination with speed bump for intersecting (motorized) traffic

Implementation = continue cycle path surfacing, block markings and shark's teeth on junction surface

Dimensions = length of arrow 2.50m

Considerations = increasing attention benefits cyclists’ safety
= markings only will have little effect

Combination m signage (V57)
possibilities = physical refuges

m cycle crossing on raised junction

> > >

> > >

~< > ~< > ~< >

~< ~< ~<

~< ~< ~<
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V59
Narrow surfaced separation between cycle path

and main carriageway

Function = physical separation of motorized traffic and bicycle traffic

| Application = inthe case of segregated cycle path

1 = onlyif there is insufficient space for segregation verge

q Implementation = (1), (2)and (3) in the case of cycle path in block paving

= (4) in the case of continuous asphalt surfacing

| = interruptions to separation for the purposes of drainage

= interruptions at side roads and exits

= paint kerbs or edge white

Dimensions = widthis variable

= h,<010to0.12m ;

= h, = 0.05 (0.07) m; if 0.07 m choose a profile that ensures pedals cannot catch on the separation

Considerations = separation between motorized and bicycle traffic fosters safety ;

= inthe case of small profile width, segregated cycle path will nevertheless be possible :

= |imited opportunities for cyclists to cross (only in the case of side roads, exits and alleys in the segregation verge)

} = incorrect dimensions will create a hazardous edge for cyclists
= possible that car traffic might cross over

= chance of edge breaking away in (4)

}
roadway cycle path

}

| (1) two concrete kerbs back-to-back 1 hy h2 |

roadway cycle path |

(2) semicircular concrete kerb 2 hy ha

\

roadway cycle path

| (3) hollow kerb profile

(4) asphalt kerb

3 nity the

. SC

carriageway cycle path

4 hy

GGG
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Vv60 Kerbing for cycle paths

Function Preventing block paving from shifting

separating cycle path from other traffic spaces

Application separation between cycle path and pavement, carriageway or unpaved lane

necessary in the case of cycle path in block paving

A,B (1) and Cwhere there is a difference in level

B (2), B(3) and (B 4) in the absence of a difference in level

Implementation A(1) not alongside narrow cycle path (due to anxiety regarding obstacles)

Dimensions A:axbxc(incm):

© (4:13 15x 16/20/25

© (2):11x 22 x 25; 18 x 20 x 16/20

© (3):13 x15 x 10/12/14; 18 x 20 x 10/12/14

* working length 100 cm; h = circa 11cm

B:bxc(incm):

© (1):10 x 20/25/30; 12 x 25

© (2):10x25

* working length 100 cm

* bend kerbsR=0.50/1/2/4/6/11m

(4): 5 x15; 6 x 15/20; 8 x 20; 10 x 20/30; 12 x 25

* working length 110 cm, bend kerbs R = 0.50 to12m

Caxbxc(incm):

* (1):7x 20x15, working length 100 cm

* (2):6x 12x10, working length 100 cm

Considerations A(2), B(1, 3 and 4) and C (Land 2) are cycle-friendly; A (1 and 3) and B (2) are not

kerbing prevents paving slabs/paving bricks shifting (in the case of cycle path in block paving)

A(1) between carriageway and cycle path is the best way to keep other traffic off the cycle path and provides

the best guidance

in the case of A(1), cyclists could hit the kerb with their pedal and suffer a fall

in the case of A(1), anxiety regarding hitting the kerb will effectively result in a narrower cycle path

do not introduce a height differential between cycle path and overrun strip to the left
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i (2)

(3)

(A) half-battered: (B) bull nose kerb:

pavement-cycle path or unsurfaced cycle path

cycle path-carriageway

a

Es c i

c

B “bb
a

B =

YU a ee 4)3 (3) . 5

(C) splayed:

pavement-cycle path

Tree root and mole-resistant foundatiV61 r' oot an re a oundation

for cycle paths

Function preventing damage to surfacing caused by tree roots

Application segregated and solitary cycle paths and cycle/moped paths with trees situated alongside them ata distance of

one and a half times the treetop diameter

other cycle paths where tree root pressure can be expected

Implementation desired load-bearing capacity is calculated by means of joint use on the part of cars/lorries for the purposes of
maintenance, winter maintenance and suchlike, and possibly unlawful use as well

rubble foundation of 4/40 to 10/70 (particles smaller than 4 and 10 mm in diameter respectively have been
eliminated by sieving)

preferably geogrid under rubble to ensure better distribution of pressure

underneath this, tree sand (3-5% organic matter) to foster root growth there

= do notuse any sand between rubble and asphalt

Dimensions = thickness of rubble 0.15 to 0.35 m, depending on subgrade and desired load-bearing capacity
= thickness of asphalt 0.06 to 0.15 m, depending on subgrade and desired load-bearing capacity

Considerations no root growth under asphalt due to airiness and draining effect of rubble

hardly any more expensive than traditional foundations

slightly less load-bearing capacity (can be compensated by way of thickness)

not straightforwardly possible in combination with block paving

P- asphalt

—— rubble

— geogrid

—— tree sand
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V62 Cycle signs V63_Pictograms on signposts

Function = increasing findability of destinations (including interim destinations) Function = increasing findability of specific destinations
I 

TM providing route guidance 

Application = (1)on cycle route; once on each sign or each of the sign’s direction fields
= indicating distance 

= (2)at point where bicycle and moped route splits, on the sign indicating the moped route

icati - i i here good noticeability is desirable; is preferred over the combined cycle = (3) oncycle route, in combination witApplication () oo fingerpost: in situations where g ly 
= (4) on main cycle route and/or through route in urban area; in combination with goal, which can vary with the

i) 
sign

= (2) combined cycle sign positioned high up; will replace bicycle fingerpost if there is no room for this; also as a same route number
tienirary indication 

= (5)reference 
toa bicycle storage facility- te toadeinal signpost, in nature reserves TM (6) reference to bicycle parking (bicycle racks)

i ign: in signposted and numbered urban and rural cycle routes = (7)reference to station
(4) ee route number sign: in signposte 

= (8)reterence to ferry
= (5) node si90 ‘ 

= (9) reference to information point| = (6) sign long-distance tourist route 
wm [IOjreterence wourstaricowy)

Implementation = (1,2, 3and 4) pursuant to Signage Directive 2014 [10] == (11) reference to recreational areai id= (6) and (6) green text on white backarouri Implementation = all symbols in red (shortest route) or green (recreational route)} Dimensions = pursuant to Signage Directive 2014 [10] 
= (1), (2)and (4): once for each sign or direction fieldi) . 5 i 
= (7), (9) and (10) possibly multicoloured, in accordance with the relevant logo

1) prevent alternating use of general and cycle signage 
:| Considerations “Wa (a) with s ‘ 

= (5) to (11) always behind destination long-distance, local (neighbourhood, centre) or object-specific (name orCombination = (1), (2) and (4) with lamp pos 
description) and on the same linepossibilities = (5) and (6) with each sign or any other signpost { ‘
where numbered routes converge, (4) will feature several times ona sign

= (5) sometimes featuring text ‘bicycle storage facility’ or ‘secure storage facility’

Dimensions TM not standardized

+43) a Considerations = pictograms are preferred over text (also for the benefit of those people who do not understand Dutch)
1 Combination = (2)never with (4)® > LF5ib possibilities

Ketnpen

type 1 type 2 type 3 type 4 type 5 type 6 -

(1)

type1 cycle fingerpost 4

type2 combined cycle sign

| type3 ‘toadstool’ signpost (side view of the cap)

type4 cycle route number sign

type5 nodesign

type6 signlong-distance tourist route I Rh SS <<

| (5) (6) ”)

(2) (3) (4)

|

1 w $wien. i he
(8) (9) (10) (14)



V65 Carriageway for mixed traffic,
V64 Verge surfacing strip with partial one-way traffic

— ; 

Function = providing a connection for all vehicle typesFunction = providing a ‘forgiving’ roadside 
= influencing route choice motorized traffic without impediments to bicycle trafficApplication = alongside solitary and segregated cycle paths Application = road with one-way traffic for motor vehicles| - alongside residential roads 

= within and outside of built-up areas= within and outside of built-up areas 
"Vmax = 30 km/h in built-up areas, 60 km/h outside of built-up areas

Implementation = width of verge lane 0.40 to 0.50.m TM |.4-<5,000 PCU/24-hour period
= concrete (StreetPrint), artificial turf or grasscrete fame up Implementation = sign C2, C3, C4, with underplate 101 or 103
= no height differential between cycle path and verge lane 

= asphalt/concrete surfacing or block pavingConsiderations = alternative is to widen cycle path 
= rt — it might be possible to create a proportion of the requisite surface width using verge

surfacing (seeCombination = edge markings 
Dinéna thin b oF :possibilities =: centreline 
mensions within built-up areas:

= 3.85 m (based on combination passenger car/bicycle)

= 4.85 m (based on combination passenger car/bicycle/bicycle)

! 

outside of built-up areas:i 
= 3.50 mcarriageway + 2 x 0.50 m verge surfacing (based on combination of passenger car/bicycle)| 

= 4.00 m carriageway + 2 x 0.75 m verge surfacing (based on combination of passenger car/bicycle/bicycle)

7 Considerations = lowspeed due to tight profile

= allowing cyclists to travel in the opposite direction will ensure they do not have to take a detouri 
= a tight profile is relatively generous at low volumes of car and bicycle traffic

Combination TM pavement or footpath
possibilities = longitudinal lay-by (preferably with critical reaction strip for cyclists) on right-hand side of the carriageway (in

view of the direction in which car traffic is moving)

= outside of built-up areas: guidance (reflector bollards) in bends

TM speed bumps

= outside of built-up areas: any edge markings (1-3) a maximum of 0.25 m from side edge of surfacing

Alternatives TM carriageway with mixed profile, with partial one-way traffic and oncoming cycle lane (see V66)

C2: One-way road, closed in this direction to

C3, C4: One-way road
q C2 ie) 4

|

| 
‘WOOD » oo| 

oad / ~<e—

| -
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V66
Carriageway for mixed traffic, with partial one-way

traffic and oncoming cycle lane

Function = providing a connection for all vehicle types

= influencing route choice motorized traffic without impediments to bicycle traffic

Application = residential road with one-way traffic for motorized traffic

= within and outside of built-up areas

= no parking on the carriageway

Implementation = sign C2, C3, C4, with underplate 101 or 103

= cycle lane in opposite direction

= cycle lane preferably in red

= consider physically screening off cycle lane from carriageway (only if width of cycle lane > 2.00 m); ifneed be,

only where there are side roads

Dimensions = design of cycle lane: see design sheet for cycle lane (V 15)

= width of carriageway (a) > 3.50m

= width of cycle lane (b) 1.50 to 2.00 m

Considerations = marked space for cyclists, with legal status

= road users other than cyclists and drivers of vehicles for the disabled may not use the cycle lane (where there is a

continuous stripe), or may only use it if no cyclists will be hindered as a consequence (in the case of broken stripe)

= novehicles are allowed to be stationary on the cycle lane and on the carriageway

= cyclists do not have to drive as a result of the set one-way traffic (for cars)

= chance of illegal loading/unloading

= chance of higher speed on the part of motorized traffic if carriageway is widened in connection with cycle lane

Combination = lay-by (with critical reaction strip for cyclists), preferably on the right-hand side of the carriageway, in view of

possibilities the direction in which car traffic is moving

Alternatives = carriageway for mixed traffic, with partial one-way traffic (without oncoming cycle lane: see V65)

C2: One-way road, closed in this direction

to vehicles, riders and those leading riding

animals, draught animals or livestock

C3, C4: One-way road

S 4

imi j mm i im j im
imal l iat ! ia imal

b —®- <-— —®-

3 —_-—_ >

imi T_T tt Trrtt tt ttt ttt tte
rt i) il Yo ttt tt —aaa=
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Relevant CROW publications

Please find below an overview of CROW/KpvVV publications directly or indirectly

related to the present publication. These are available to order through CROW's
webshop. Current sale prices can be found at www. crow.nl/shop. There you

will also find information on all other products available from CROW in terms of
tendering, contracting, infrastructure, traffic, transport and public space.

Publications

342 Ontwerpwijzer bruggen voor langzaam verkeer 2014

340 Inspiratieboek snelle fietsroutes 2014

334 Gladheidsbestrijding voor fietsers en voetgangers —

Beleid, organisatie en uitvoering 2013

291 Leidraad fietsparkeren 2010

CROW Fietsberaad publications

28 Evaluatie discussienotitie fiets- en kantstroken 2015

27 Evaluatie aanbevelingen voor palen op fietspaden 2014

26 Fietsen in Nederland: patronen, trends en beleid 2014

19a Grip op enkelvoudige ongevallen 2011

Other

K-D029 P+Fiets - Snelen slim in de stad 2016
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