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Abstract

In recent years active mobility is promoted as one of the levers for mobility changes away
from the use of motorised vehicles. Road authorities at all levels invest in new cycle facilities.
But active travellers only stay keen on using this infrastructure if it is maintained and kept
at a sufficient quality level. This contribution discusses the prerequisites for a cycle facility
management system (CFMS): the link between the quality requirements, the surface condi-
tion of the cycle facilities, and the decisions cycle facility managers can make. It is shown
that the combination of criteria related to mobility and criteria related to surface condition
enhance manager’s understanding. It is widely accepted that there are five quality require-
ments for cycle facilities: Coherence and Readability, Directness, Attractiveness, Safety, and
Comfort. These are discussed in the paper, identifying their link either to surface charac-
teristics or to field situations. The paper lists different maintenance actions that can help
improving on the quality requirements. Comfort and safety aspects are strongly linked with
surface characteristics of the cycle facility and can be inspected or measured with methods
studied in the frame of the Belgian pre-normative project SuChar-BiLan. Other quality re-
quirements may ask for regular clearing of fallen tree leaves and dirt, or small adjustments
to the environment. Hence, to determine the needs of maintenance actions, inspections,
condition measurements, inventory data analysis, user’s feedback and the evaluation of sit-
uations are needed, combining mobility measures and surface condition maintenance. The
paper discusses several cycle facility management practices reported in the literature. It is
argued that strategic decision with a CFMS needs to be based on the evaluation of all five
quality requirements. It is concluded that a CFMS should provide a strategy of investment in
condition maintenance, modifications in design, simple resolutions of situations, and rou-
tine measures.
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1 Introduction

Active mobility gains in importance [1-4] and is being promoted as one of the levers for mo-
bility changes away from the use of motorised vehicles. Investments in cycle facilities are
welcomed by mobility managers and road authorities at all levels. It is widely accepted [5-
12] that there are five quality requirements for cycle facilities: Coherence and Readability,
Directness, Attractiveness, Safety, and Comfort. In Section 2 these five requirements are dis-
cussed, including how they can be monitored or evaluated, and if and which indicators are
in use.
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Management of cycle facilities can be oriented to the promotion of active mobility modes,
for instance with the use of an “urban bikeability index” [13-15], including a tool for deci-
sion-makers to prioritise investments in bicycle infrastructure in function of bicycle travel
demand. However, once investments in new cycle facilities are made, also the maintenance
of this network needs attention. Numerous surveys (e.g. [16-18]) show that users of cycle fa-
cilities are expecting safe and comfortable infrastructure and that road managers are aware
of this and act accordingly. Comfort and some safety aspects are strongly linked with surface
characteristics of the cycle facility. Hence, road managers tend to collect data to evaluate and
improve comfort and respond to complaints or observed safety issues. Beyond Safety and
Comfort, the requirements Coherence and Readability, Directness, and Attractiveness are of
particular importance for travellers to decide making use of the cycle facilities. These three
contribute to mobility management and issues with them are often “situations” rather than
“surface conditions”. This is addressed in Section 3.

Unlike traffic loads affecting the condition of road pavements, the degradation of the quality
of cycle facilities over time is not due to their use. For instance, one source of degradation
in cities is imperfect repairs by utility companies. Therefore, a cycle facility management
system (CFMS) cannot reasonably make use of any prediction of the evolution of condition in
time. In Section 4 examples of cycle facility management, and simple maintenance measures
to improve situations and surface conditions are discussed. It is argued that a CFMS should
be based on the evaluation and improvement of the five quality requirements cited above.

2 Five quality requirements for cycle facilities
2.1 Comfort

Comfort is strongly related with the evenness of the cycle surface. Waviness with short wave-
lengths is considered as uncomfortable. So are local defects that can be avoided by the users
by steering their bicycle (or another vehicle) alongside, as well as uneven transitions, for in-
stance at road crossings. Examples of very short wavelengths, sometimes also representing
a safety hazard, are the vertical deformations due to tree roots, and potholes. Measurement
devices exist for the evaluation of comfort (see [19] for a review). Their measurement results
are reported in “comfort indicators” or in “estimated IRI”. These devices usually make use
of an accelerometer, and they measure the vertical accelerations due to unevenness of the
cycle surface. Comfort indicators derived from such measurements are used for the eval-
uation of the quality of cycle facilities on a network level. In Belgium, the “Fietsersbond”
combines their comfort measurements with a thorough visual quality inspection, addressing
all kinds of other potential issues beyond evenness. Other measurement devices allow the
determination of the evenness of the cycle surface [19]. The Cycle Path Profiler is used in Bel-
gium and reports evenness coefficients. These are used for the evaluation and acceptance
of newly built cycle facilities. When combined in a quality indicator the allow the analysis of
the current condition of a whole network, as done by the Flemish NRA [20]. The Cycle Path
Comfort Measurement Device is used in The Netherlands, measures the evenness of the cy-
cle surface, and then reports the comfort index [19]. The device measures the surface profile
accurately. The result is translated into a comprehensive indicator for the consequences of
the measured unevenness on the comfort for the users. This transformation function is the
result of extensive research reported in [21]. Other profilers exist in Germany, Sweden, and
USA [19]. There is also a lidar system in use in Belgium [22].
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2.2 Safety

A high percentage of accidents with cycle facility users do not involve other users [23]. The
safety expectations of cycle facility users are very broad and should be subdivided in safety
hazards caused by the surface condition of the cycle facility, safety issues due to the pres-
ence of obstacles, safety issues related to the design of the cycle facility, objective unsafety
and subjective feelings of unsafety related to the relationship with other types of transport
modes and the sharing of space with them, and the subjective feeling of safety related to the
conditions under which the user is making use of the facility. Positive safety perception does
impact route choice [24]. Surface characteristics do influence safety. Very local unevenness
by pushing up tree roots as well as potholes can be a safety hazard. The skid resistance of the
surface is particularly important in curves and for users of faster and heavier vehicles such
as e-Bikes and cargo bikes. Evenness indicators and skid resistance indicators [18] can thus
be used in management.

2.3 Attractiveness

A cycle facility is attractive when it is integrated into the environment and the environment
gives the user a positive experience. A good choice of route, design and layout of the cycle
facility ensure a social environment, create social safety and a safe situation under all cir-
cumstances. Research shows that generally spoken cyclists find green, open spaces, water,
and aesthetic quality of the built environment attractive. Elements that are considered un-
attractive are congestion, exhaust fumes, subjective risk on accidents and personal safety.

2.4 Directness

Directness means offering the user of cycle facilities as direct a route as possible with de-
tours kept to a minimum. More direct routes also increase the reach for cycle facility users.
Directness can be expressed by measuring the ratio L/D between the length L of the trajec-
tory and the distance as the crow flies D between two locations. A minimal number of places
along the route with potential delays, and the design speed of the cycle facility contribute to
good flow, which is another aspect of directness since it has an impact on the time needed
for travel between two locations. Flow, traffic jams on cycle paths, and traffic counting can be
studied with crowdsource data. Prioritisation and separation from other type of road infra-
structure users can improve fluidity. Users may prefer a longer trajectory avoiding a section
in bad condition, which reduces directness. Hence, directness is not only influenced by the
lack of completeness of the cycle facility network. While directness is a result of design,
it usually also reduces maintenance costs (shorter infrastructure, less signs, etc.) and im-
proves readability (straight sections). Rolling resistance is a surface characteristic that has
influence on the action radius of electric vehicles on the cycle facility. Measuring rolling re-
sistance is non-trivial and a topic of research.

2.5 Coherence and Readability

Readability contributes to the recognisability of cycle facilities. It can be achieved by con-
sistency in the quality of the infrastructure and the use of same materials and sizes, and
by uniform and clear signing. It also increases route predictability. The network must form
a coherent whole. It must provide connections that connect to the places of origin and des-
tination of the users. Coherence is achieved by completeness of the network and cohesion
between different transport modes allows the traveller to reach a destination.
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3 Surface conditions and situations

From the descriptions of the 5 requirements, it becomes clear that good surface conditions of
the cycle facilities will only partially respond to the expectations of the users. Other aspects
that influence the 5 requirements — here called “situations” - have to do with the design of
the cycle facilities and the implementation of the design. Surface defects such as potholes,
cracks, subsidence, etc., can be detected by visual inspection. Some propose collecting im-
ages and automated image detection using Artificial Intelligence. Surface conditions such
as longitudinal evenness, transverse evenness, cross-fall, macro-texture, skid resistance,
and rolling resistance can be measured with dedicated measurement devices [18]. A Finish
company [25] proposes crowdsourcing data from the cycle facilities network. With a mobile
game app on a phone, images are collected and with Al technology some surface defects are
detected in the images. Situations can be non-optimal geometrical design: connection to
existing infrastructure, constraints in the environment such as entrances and road crossings,
badly designed curbs and gutters, an axis shift at a bus stop, and sewer cover and other
disturbing elements integrated in the cycle facility, tree, lamppost, or small delineator posts
in the middle of the track. Situations can also suddenly appear: overgrowth, fallen leaves,
waste and dirt, obstructed water drainage, winter conditions (ice and snow), and temporary
obstacles (waste bins, parked vehicles). Some situations should already be contained in the
inventory database. Routine inspections and complaint management can help detecting the
other situations.

4 CFMS: Management and maintenance measures

In a course text [26], typical maintenance concerns of cycle facilities are listed with possible
maintenance measures. The concerns are grouped in surface problems, encroaching vegeta-
tion, and signing and marking. In guide [27] the objectives of maintenance are twofold: offer-
ing safe and comfortable cycle facilities and maintaining the infrastructure in good condition
to optimise its lifetime. The interventions concern signage, surface condition and surface wa-
ter management, and operational management including cleaning debris, controlling vege-
tation, correcting markings and winter maintenance. Doing so makes the infrastructure more
attractive and efficient. The guide then enumerates possible interventions. The document
also addresses inventory, the division of the network in manageable sections, hierarchies
in the network and its influence on priority setting of maintenance, inspections, and related
condition indicators. Small interventions can resolve “situations”. Surface treatments such
as filling joints and cracks, and local repairs improve surface conditions. Planning these in-
terventions however askes for a preventative maintenance strategy and priority setting.

A management system for bike paths in operation in Bogota is described in [28]. The paper
lists what should be contained in an inventory: surface type, surface width, type of facility,
bordering zone (waterproof or permeable), layer thicknesses, joint spacing (for rigid pave-
ments), material of (sub-)base course, presence of trees (distance to cycle facility, species
of tree), longitudinal slope length. A “Bike-path Condition Index” is used and is defined as
a function of the International Roughness Index (IRI) and a distress index. The distress index
is a weighted combination of surface defects, the IRl is measured. The authors of the paper
point out that the causes of deterioration of cycle facilities are different from the causes of
deterioration of road pavements. The main cause of distress of cycle paths in Bogota are
climate effects. Therefore, they insist on the importance of texture measurements. It is also
possible to predict evolution over time when only climate effects on some specific asphalt
type surfaces are to be considered. It is also pointed out that the IRI model for a car driving
at 80km/h is not adequate for cycle facilities and hence they propose to recalibrate the IRI
model. The authors state that precautionary thresholds should allow maintenance actions to
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preserve serviceability, and remind that social assessment is a key element to be considered
at the stage of prioritizing interventions and theirimpact on target community in a bike-path
network. Hence, they list the indicators to be associated to the sections in the inventory:
bike-path condition index, boundary marking condition index, bike-path user volume, and
socio-economic level in the zone.

A system was developed for the network of a university campus [29], making an inventory
and a condition survey based on surface defects, large vertical displacements, condition of
markings, geometrics, rideability, and transitions. The paper mentions suggested mainte-
nance procedures. The database is destined for better estimating current and future mainte-
nance, but in a first instance maintenance is planned for the sections with medium or high
distress severity level. The authors suggest repeating the condition survey every 2 years, and
the future use of incremental benefit-cost analysis for optimal maintenance management.
Several indicators for the evaluation of the “bicycle suitability” of “roadways” and “side-
paths” are described and compared in [30], as they are amongst the necessary tools to main-
stream and bring objectivity to bicycle planning. The authors aim for comfortable, safe, and
direct biking facilities to promote cycling as a form of transportation. Suitability indicators
are often based on perceived safety of users and computed from road geometry and type of
traffic.

The urban bikeability index in [13] is defined according to relevant expectations of the users
and can be computed from openly available data (in occurrence: Open Street Map). Yet in the
conclusions the absence of surface condition and the geographical distribution of parking
facilities is considered as a potential weakness of the approach when it comes to manage-
ment decisions.

In a PhD thesis in Canada [31] an approach was designed and showcased, concentrating
on on-street bicycle lanes and roads shared by cars and bicycles and extending the pave-
ment management system to bicycle lanes and bicycle travel demand. From network char-
acteristics and GPS cyclist trip data the bicycle volumes along segments are estimated and
these are considered in the goal optimisation that decides on the maintenance planning pro-
gramme. Specific improvements of the infrastructure for cyclists are foreseen in the generic
list of maintenance actions, e.g. creating a separated space for cyclists.

From these examples, it becomes clear that management decisions for a cycle facility net-
work should be based on surface conditions and mobility criteria, on “conditions” and “sit-
uations”. The 5 quality requirements represent all these criteria.

5 Conclusions

In this contribution, the prerequisites for a cycle facility management system (CFMS) were dis-
cussed. Active traveller expectations are best captured in the 5 quality requirements Coher-
ence and Readability, Directness, Attractiveness, Safety, and Comfort. The condition of a cycle
facility does not evolve in function of the use for which in is designed. A CFMS must help in
decision-making on budget allocation to investments in new infrastructure, in modifications
to existing infrastructure, and in maintenance actions. Such decisions can only be made on a
combination of surface condition criteria and mobility criteria. Therefore, a CFMS should base
a preventative maintenance strategy and its priority setting on an evaluation of all 5 quality re-
quirements, based on inspections, condition measurements, and the evaluation of situations.
Any management system needs an inventory of the assets to start with. Routine inspection
rounds and routine maintenance should address immediate needs of improvement. The
CFMS should concentrate on the strategy for condition maintenance for the improvement of
comfort and safety, on priority setting for “easy” measures for improvements of situations
due to design issues and/or related to coherence and readability, and for more general situ-
ation management addressing safety perception, attractiveness, and directness.
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