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Planning of bicycle infrastructure for urban sustainable mobility: Kharkiv case study

The paper presents a comprehensive approach to strategic planning of bicycle infrastructure as a
key element of sustainable urban mobility. The research integrates spatial planning analysis, bicycle
traffic modelling, and an objective assessment of infrastructural solutions (Kharkiv case study). The
approach focuses on developing technological principles for a rational bicycle infrastructure scheme
that balances spatial constraints with residents’ mobility needs and contributes to an inclusive urban
environment. Special attention is given to dynamic bicycle traffic modelling using PTV VISSIM and to
the evaluation of effectiveness using the intersection hazard index. Based on traffic flow analysis, a
survey of local residents, existing national regulations, and international best practices, the study
substantiates the social, environmental, and economic benefits of integrating cycling infrastructure.
Results show that combining cycle lanes along the main highway with protected tracks at intersections
reduces the traffic safety indicator (from 0.699 to 0.577), decreases average transport delays by over
106 seconds, and provides a significant environmental benefit. The positive economic effect and
investment payback period confirm the feasibility of the proposed solutions. The findings are practically
relevant for local authorities, design organizations, and civic initiatives involved in sustainable urban
mobility planning.

Keywords: bicycle infrastructure, sustainable urban mobility, transport planning, safety, ecological
effect

Introduction. In the context of post-war reconstruction of Ukrainian cities, the priority of developing
sustainable cycling infrastructure is growing, as a modern, safe bicycle network is a key element in
creating resilient, inclusive urban spaces. Cycling is recognized as one of the most efficient and
environmentally friendly components of sustainable urban mobility. It helps reduce traffic loads on the
street-road network, decrease CO- emissions, and promote a healthy lifestyle among the population [1].
A developed, integrated, and safe cycling infrastructure in cities contributes to a gradual shift in citizens’
daily mobility patterns, as demonstrated by the experience of European cities [2-3]. This role becomes
strategically significant within the framework of the European Green Deal [4], the EU’s main roadmap
for achieving climate neutrality by 2050. As part of the “green transition”, the European Union is
actively implementing policies to increase the share of active modes of transport. The European Strategy
for Sustainable and Smart Mobility [5] emphasizes that doubling cycling volumes across Europe by
2030 is particularly important. The urgent need to rebuild the transport system aligns with the European
agenda of minimizing congestion, reducing environmental impacts, and decarbonizing the transport
sector [6]. The European Sustainable and Smart Mobility Strategy and its key component, Sustainable
Urban Mobility Plans (SUMP), highlight the need to prioritize active modes of travel as the foundation
of a healthy, resilient, and energy-efficient city.

Analysis of the latest research and problem statement. In the period of post-war reconstruction
of cities and the implementation of European transport policies into national legislation, the insufficient
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development of cycling transport and infrastructure can be transformed into an advantage through
strategic planning aligned with the documents that define the overall vector of sustainable transport
development, which Ukraine follows in the process of European integration. When designing a rational
cycling infrastructure, it is crucial to adhere to the principles of sustainable development to reduce
energy and environmental costs, improve urban quality, and create conditions for safe and convenient
movement for all road users. The EU Directive Guidelines for Developing and Implementing a
Sustainable Urban Mobility Plan [7] defines a comprehensive approach to urban transport planning that
prioritizes pedestrians and cyclists.

At the national level, the sustainable development system for communities has been aligned with the
Ukrainian national standardization system through the National Standard ISO 37101:2019, “Sustainable
development in communities”. The obligation to plan cycling networks is established by the State
Building Standards (SBS/DBN). These regulations define technical parameters related to safety and
usability. An analysis of deviations between regulatory requirements and the actual condition of
infrastructure (e.g., insufficient lane width or non-compliant turning radii) enables the identification of
problematic sections. This serves as the basis for prioritizing modernization work, allowing the
identification of which inconsistencies pose the most significant risk to user safety. However, an analysis
of the current Ukrainian regulatory framework (in particular, DBN) indicates that it primarily governs
design standards for individual segments of cycling infrastructure, thereby encouraging the separation
of cycling flows from motor traffic. The standards are oriented toward existing demand (e.g., cycling
lanes are required when traffic intensity exceeds 50 units/hour) and do not consider cycling transport as
an integrated system, nor do they provide for strategic planning of a unified, coherent network, which
contradicts the goal of increasing the cycling modal share [8].

International experience in cycling network planning (the Netherlands, Denmark, Germany,
the USA) highlights key principles necessary for an effective network: maximum route directness,
network connectivity, orientation toward trip purposes and user types, consideration of physical effort,
and ensuring a high level of safety. These approaches can be reduced to two major strategies: the
principle of spatial separation (Denmark, the Netherlands), which prioritizes safety by physically
separating flows, and the principle of integration (Germany), which integrates cycling transport into the
urban network through a combination of measures.

All national approaches rely on scientifically grounded principles for developing cycling networks.
Based on recent scientific research, several actively studied directions can be identified: the design and
resilience of cycling networks, interactions between cycling and public transport, factors influencing
bicycle choice, and the specifics of cycling infrastructure development in Ukrainian cities.

Authors [9-10] consider cycling transport at the strategic planning level as an integral part of a
multimodal system, integrated into the urban environment through the development of SUMPs. In this
case, cycling is prioritized over private cars (the Modal Shift principle). In the research [11], safety is
emphasized as a key factor in increasing cycling volumes. This is achieved through physical separation
of cycling paths and the implementation of the Vision Zero concept, which underpins European
directives. Researchers devote considerable attention to designing methodologies and evaluating the
effectiveness of cycling networks. The models proposed in [12-13], developed using graph-theoretic
and network analysis methods for route optimization, consider not only shortest distance but also safety,
comfort, and route continuity. Authors [14] use GIS technologies and data on urban topography,
building density, and attraction points to automate the selection of optimal corridors for constructing
cycling paths. Studies [8, 15] focus on developing transport models to predict potential cycling demand
based on infrastructure quality and its integration with public transport.

Ukrainian researchers have also intensified studies in this direction in recent years. They analyze the
specifics of cycling transport planning in Ukrainian cities and factors influencing bicycle choice [8, 16-
17]. However, an unresolved part of the overall problem remains the development of a comprehensive
and adapted methodology for large Ukrainian cities - one that simultaneously considers the challenges
of post-war reconstruction (speed, economic efficiency), ensures integrity and safety of the network in
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accordance with European directives, and provides practical tools for demand modelling and optimal
placement of cycling infrastructure within the existing car-oriented urban structure.

This shortcoming is critical for large cities in Ukraine, particularly Kharkiv. Despite the existence of
general strategic documents such as SUMP (2024) and the Concept for the Development of Cycling and
the Creation of Cycling Infrastructure in Kharkiv (2016), the task of developing practical tools for
implementing these strategies at the local, engineering, and planning levels in the context of urban
reconstruction remains unresolved. The lack of such methodologies complicates the informed choice of
rational planning solutions based on the principles of sustainable development for individual streets in
conditions of limited space. Thus, the development and testing of such a methodology, using a specific
section of Kharkiv as an example, has significant scientific and practical value.

The purpose and objectives of the research. The purpose of the research is to develop an approach
to planning cycling infrastructure in cities that is grounded in sustainable development principles. To
achieve this purpose, the following tasks must be accomplished: to analyze existing strategic and
regulatory documents; to determine development and implementation stages of a rational cycling
infrastructure option on sustainable development principles; to determine effectiveness criteria for
evaluating alternative options for developing bicycle infrastructure; to conduct a sociological survey of
the resident’s needs, preferences; to conduct an experimental study; to analyze the results of the research
and select a rational option for cycling infrastructure; to determine effectiveness of solutions.

Research materials and methods. The object of the research is the process of forming a rational
option for urban cycling infrastructure. The subject of the study is the influence of street and road
network parameters on the sustainability of bicycle-based population movement. The development of
cycling infrastructure requires detailed planning to support a comprehensive analysis of all its
components, given the multifaceted nature of the process, which encompasses not only the physical
construction of cycle paths and parking facilities but also regulatory and legal frameworks, planning,
financing, information support, and community engagement.

In addition to the direct construction of bicycle routes, strategic planning that accounts for the urban
environment's spatial, social, and functional characteristics is a critical component. Efficient cycling
infrastructure should meet the needs of different user groups (local residents) and ensure safe travel,
even in areas with heavy traffic. It also requires accompanying navigation, bicycle storage facilities,
convenient transfer hubs, and information support to promote cycling as a fully-fledged mode of
transport. Only a combination of physical, organisational, regulatory, social, and technological solutions
can create an effective cycling system that complies with the principles of sustainable mobility. Each
structural element has its own specifics and implementation requirements, which must be considered
when developing specific projects and development programmes.

The type of cycling infrastructure and the technical parameters of each cycle path (width, surface,
colour, markings) are determined by the project (plan) individually for each street, taking into account
local conditions and the requirements of state standards, and can be implemented in the following forms:
cycle lanes; one-way cycle path; two-way cycle path; one-way cycle and pedestrian path; two-way cycle
and pedestrian path.

When designing cycling infrastructure, it is crucial to make an informed choice between these types
of cycling arrangements, particularly between carriageway cycle lanes and separate cycle paths. Cycle
lanes have the advantage of being easy to implement in limited space and at minimal cost. Still, they are
inferior to cycle paths in terms of safety, conflict, and comfort. Separate cycle paths provide a higher
level of safety and better integration with the urban transport system, but require more space and
resources to implement. The final decision should be based on a balance between the spatial, financial,
and functional constraints of the implementation site in accordance with approved strategic concepts for
the development of sustainable urban mobility.

Urban development concepts, in particular the Cycling Concept [18], provide a strategic framework
for analysis. They define key performance indicators such as the planned length of cycle paths,
implementation deadlines, and expected results. For example, comparing actual construction rates with
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planned rates can reveal systemic problems in project management, such as insufficient funding or poor
coordination between services.

State building regulations establish technical parameters for safety and usability. An analysis of
discrepancies between regulatory requirements and the actual state of the infrastructure (e.g., insufficient
lane widths or inappropriate turning radii) enables the identification of problem areas. This provides a
basis for prioritizing modernization work by identifying nonconformities that pose the most significant
risk to user safety.

DSTU standards detail the requirements for individual infrastructure elements. They cover aspects
such as road surface quality, road sign visibility, and parking space ergonomics. A systematic
comparison of actual indicators with regulatory ones enables not only the identification of shortcomings
but also the proposal of technically sound solutions. For example, if measurements show that the road
surface has insufficient grip, this may be grounds for replacing it with a higher-quality material.

Traffic rules and traffic management instructions form the legal basis for analyzing the behavior of
road users. Research on compliance with these standards (e.g., the frequency with which cyclists ride
on the carriageway in the absence of cycle paths) enables us to assess the effectiveness of existing
infrastructure and identify areas for improvement. Such data is particularly valuable when planning new
routes or adjusting existing ones.

The integration of the regulatory framework into the study ensures its scientific validity and practical
relevance. It allows us to move from general observations to specific recommendations, each supported
by official requirements. This is particularly important when justifying the need for change to local
authorities or potential investors. For example, references to specific points in DBN or DSTU
significantly increase the weight of arguments for reconstructing a particular section. One of the key
factors in the success of bicycle infrastructure planning is compliance with national standards and
requirements, particularly DSTU 8906:2019, which establishes design standards for cycle paths and
other infrastructure elements. According to this standard, the design of cycling infrastructure should
provide safe and convenient conditions for cyclists, including dedicated cycling lanes, bicycle parking,
and maintenance. In addition, the infrastructure should be integrated into the city's overall transport
network, ensuring convenient access to key locations and connections to other modes of transport. At
the international level, a key focus is the application of urban planning principles to bicycle
infrastructure, particularly in medium- and large-sized cities. The success of bicycle transport
development there is based on a systematic design approach that includes safety, comfort, connectivity,
and social and cultural change.

The results of public discussions and the opinions of all stakeholder groups in the city should guide
the development of cycling infrastructure. Taking into account the views of cyclists, pedestrians, drivers,
business representatives, local authorities, and relevant public organizations is essential to designing
effective, high-quality infrastructure that is well-received. Ignoring the views of even one of these
groups can lead to conflict, inefficient resource use, and low facility utilization.

Studying the opinions of different participant groups allows us to determine the population's needs
for cycling infrastructure at the district, street, intersection, and city levels, and to identify key
interrelationships among these aspects and develop practical solutions. For example, surveys can reveal
not only desirable locations for bicycle parking near metro stations or shopping centers, but also less
obvious needs for safe crossings at complex transport junctions and for integrating bicycle routes with
pedestrian areas. Understanding these interrelationships is critical to a systematic approach to bicycle
infrastructure development, rather than just addressing individual issues.

Figure 1 presents a diagram of the relationships among participants (stakeholders) in the decision-
making process for creating bicycle infrastructure based on sustainable mobility principles, from public
initiatives through the implementation of the finished facility.
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Fig. 1. Scheme of interaction between participants in the cycling infrastructure planning
process

The diagram covers the participants and all the main stages of developing and implementing cycling
infrastructure based on the principles of sustainable development: demand analysis, design, financing,
construction, quality control, and commissioning, and shows the interaction between key participants
(the public, local authorities, investors, designers, builders, and quality controllers), which are shown in
Figure 2. The structure allows you to follow the sequence of stages in detail and analyse the potential
influences among different participants, from public initiatives and cycling activists to established
cycling infrastructure.

The first step is to study demand based on feedback from city residents and active bicycle users.
Based on these data, local authorities engage designers who, in turn, adhere to state construction
standards.

At the same time, funding is sought from investors and local authorities. Once the design phase is
complete and funding has been secured, implementation of the project begins. Quality control ensures
the project complies with standards and requirements, thereby guaranteeing the durability and safety of
the infrastructure. At the end of this process, a rational version of the cycling infrastructure is formed,
the result of coordinated cooperation among the public, government agencies, investors, and technical
specialists. This sequence of stages enables a comprehensive study of the project, accounting for both
technical and social factors.

Among the methods for developing a rational bicycle infrastructure option in cities, the following
can be highlighted: physical modeling, mathematical modeling, simulation modeling, and statistical
modeling. Based on an analysis of the advantages and disadvantages of these methods, it was determined
that comprehensive modeling that integrates physical analysis and statistical data enables assessment of
critical areas. Compliance with standards, consideration of public opinion, and adaptation of
international experience will ensure the high-quality development of the bicycle network.

The choice of a rational option should be based not only on technical feasibility but also on the
maximization of social, transport, and environmental benefits. A safe environment is a prerequisite for
the development of cycling. In urban areas with high car traffic density and congested street and road
networks, safety levels determine residents' willingness to switch to cycling. Where cyclists feel
vulnerable or isolated, the use of this mode of transport declines, regardless of other advantages such as
route accessibility, travel speed, or cost savings. If the cycling conditions are safe, even a less convenient
or longer route becomes attractive to users.
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Fig. 2. Development and implementation stages of a rational cycling infrastructure option on
sustainable development principles

According to 2024 statistics from the Ukrainian Patrol Police, the proportion of road traffic accidents
(RTASs) involving cyclists was nearly 6%. Planning the development of cycling infrastructure from the
perspective of user safety has a long-term impact in the form of:

- a reduction in CO: emissions and other pollutants due to a decrease in the proportion of cars in
urban traffic as some residents switch to bicycle transport. However, these changes will be effective
only if the infrastructure ensures the safety of bicycle use;

- rational infrastructure decisions can be more cost-effective in the long term, even if the initial
implementation costs are higher. This can be achieved by increasing the appeal of bicycle transport as a
cheap and efficient mode.

- safe cycling infrastructure, especially at intersections, allows the city to avoid significant economic
losses from the consequences of traffic accidents.

- the availability of a safe environment for travel stimulates sustainable tourism, urban initiatives,
and the attractiveness and development of the city.

The rationale for the safety criterion also reflects the contemporary philosophy of human-centered
urban design. This approach has become the basis for many transport policies worldwide and is
enshrined in Ukraine's national regulatory documents. It enables the creation of infrastructure that not
only fulfils a technical function but also shapes a new transport culture in which bicycles are perceived
as a fully-fledged and safe means of transport.

Therefore, as a criterion of effectiveness, we propose considering the traffic safety indicator, which
accounts for accident risks and characterizes the level of danger at intersections

G-K,-10" -k .
=——b——T s nmin, (1)
(M +N)-25
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where G is the theoretically probable number of accidents at an intersection in one year;

Ke is the coefficient of annual traffic unevenness (we assume Kr = 0.12); M is the traffic intensity on
the main road, vehicles per day;

N is the traffic intensity on the secondary road, vehicles per day.

This indicator is the basis for creating a safe, sustainable, convenient, and attractive urban space
where cyclists feel like equal participants in traffic. All further technical and economic justifications and
project decisions will be made with this criterion in mind.

The organization of safe and efficient bicycle traffic in the urban street and road network is
impossible without proper intersection design, areas with high accident rates, and dense interactions
among all road users. In this context, special attention should be paid to the analysis of the interphase
period—the interval between the end of one traffic light signal and the start of another—which plays an
essential role in ensuring safety when changing direction, particularly when vehicles turn and cyclists
cross paths.

A variety of methods are used to determine the risk of accidents at intersections. We suggest using
the conflict point method [18], based on the analysis of the points of intersection between the trajectories
of conflicting vehicles, primarily to assess safety in urban areas

q _K;-M;-N;-25-10"
! k,, -K

: (2)

p

where i is the number of conflict points;
Mi, N; are the intensities of traffic flows interacting at this point, vehicles/hour;
Ki is the coefficient of relative accident rate of the conflict point, accidents/10” vehicles.

The overall danger level of an intersection is an additive indicator, determined as the sum of the
danger levels of all conflict points at the intersection.

The task of comprehensively assessing traffic safety is addressed in several stages for each alternative
intersection design: in the absence of bicycle infrastructure, with the introduction of a cycle lane, and
with the construction of a full-fledged cycle path. In the first stage, accident rates are determined for
each potentially conflict point at the intersection, based on the nature of interactions among road users
(pedestrians, cyclists, and vehicle drivers) and traffic intensity. At the second stage, using the obtained
coefficients, a generalized traffic safety indicator (Ka) is calculated for each option under consideration.
The K, value is used to assess the danger at the intersection. If K,<3, the intersection is safe; if 3<Ka<8,
the intersection is almost safe; if 8<K;<12, the intersection is dangerous; if K;>12, the intersection is
perilous. Next, to justify the most rational engineering solution, an alternative comparison is conducted
using the generalized traffic safety indicator. When developing a rational bicycle infrastructure option
for a city, one key task is to assess the effectiveness of the proposed solutions. Accurate quantitative
forecasting of the reduction in private car trips following the introduction of bicycle infrastructure is
difficult because it requires accounting for all the factors that influence changes in the population's
transport behavior. In this regard, it is best to focus not on the absolute reduction in car traffic, but on
the potential environmental impact by analyzing changes in pollutant emission levels, and on the
possible social effect by reducing vehicle delays at intersections. To model these indicators for
alternative bicycle infrastructure options, we propose using PTV VISSIM traffic modelling software,
which enables the reproduction of traffic patterns of all road users at a microscopic scale and the
simulation of the impacts of traffic light phases, congestion, queues, waiting times, and pollution
intensity [1].

We assess the social effect of implementing a rational bicycle infrastructure option using the indicator
of annual transport time spent on the section
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where Nqm is a total traffic intensity of all vehicles at the intersection, cars/hour;

AtAH is the change in the average delay of vehicles at the intersection after the implementation of the

proposed measures, s;
kw is the coefficient of transition from hourly traffic intensity to daily traffic intensity (it is recommended
to take kn=0,1).

The annual socioeconomic effect of reducing vehicle delay time on the section under consideration
is estimated using the cost of 1 hour of driver/passenger time (assumed to be 40% of the current year's
hourly wage rate).

To conduct a quick comparative assessment of the ecological effect per hour of vehicle movement
per 1 km of road, based on modelling harmful emissions volumes, it is advisable to use the methodology
[19]

AEi - |:ZCI ' (giexist -0 rational) : k|N i}-loﬁ, (4)

i=1

where Ci is the damage from the emission of one tonne of the i-th pollutant, UAH/tonne;

Oi exist, Ui rational 1S Specific emissions of the i-th pollutant by the main car models in comparable road traffic
conditions, g/km;

k; are a correction coefficients for the transition from basic car models to those studied during the
calculation of harmful emissions and fuel consumption;

Ni is the number of cars of the specified model passing through a section of road within an hour.

As is well known, developing cycling infrastructure requires significant capital investment. The
average payback period for capital investments in cycling infrastructure depends on the scale of the
project, local conditions, the volume of use of cycle lanes, and the methodology used to assess the effect.
However, the experience of EU countries shows that, in most cases, the average payback period for
cycling infrastructure is between 3 and 10 years.

The payback period for cycling infrastructure on the section of the street-road network under
consideration is determined by the ratio of total investment costs to the annual economic effect,
including socio-economic and ecological effects

K

- (5)
SE

PB

where K is the capital investment for the establishment of 1 km of cycling infrastructure.

The implementation of the proposed approach is illustrated by the example of the street-road network
of Kharkiv (a section of Silikatna Street). The city authorities, guided by international experience and
national standards, incorporate European approaches into their bicycle transport development concept,
particularly through public information and support for sustainable mobility. The area's characteristics
are conducive to the development of pedestrian and micromobility traffic. Pedestrian traffic is popular
among Kharkiv residents. At the same time, micro-mobility is primarily undertaken by the population
on bicycles for domestic and recreational purposes. According to open data, walking accounts for
approximately one-third of the modal split in Kharkiv. Analysis of cycling intensity data shows that
most cyclists use it as a full-fledged individual mode of transport. The priority direction for the
development of cycling in Kharkiv is to connect the most densely populated areas of the city and the
largest centers of attraction. Given the remoteness of residential areas from the city center, it is necessary
to ensure that routes are as short and direct as possible, with minimal disruption to bicycle traffic.
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Silikatna St. is located in the Osnovyanskyi district and reflects the district's typical mixed urban
structure. The Osnovyanskyi district is located in the southern part of the city and combines historical
development, industrial areas, and modern residential neighborhoods. The district is centered on the
historic area of Osnova. It is distinguished by distinctive natural and landscape features, owing to its
location at the confluence of the Lopan and Kharkiv rivers. This creates a well-developed network of
recreational spaces. Elevated risks for road users - typical for streets in this district are driven by intense
motor vehicle traffic, insufficient systems for transport prioritization, suboptimal traffic light operation,
and the absence of informational signage for micromobility users, including cyclists. These risks
increase further at night due to inadequate lighting on both the roadway and the sidewalks. Typical
streets in this district exhibit a diverse development pattern, combining multi-storey residential buildings
with low-rise private housing. Such a layout increases demand for convenient, safe, and efficient
transport solutions, including cycling routes as alternatives to car travel (Fig. 3). The varying density of
development generates demand for cycling routes as an alternative to motorised transport, as well as the
potential to develop local bicycle paths that are comfortable for residents of the private housing sector.
This requires adapting infrastructure solutions to the specific characteristics of each zone.

Fig. 3. Curren condition of the road surface on Silikatna St. (Kharkiv)

Silikatna St. in Kharkiv has basic public transport connections to other parts of the city. Bus services
connect the metro station to the recreational area and provide convenient connections between different
parts of the city; however, bus intervals exceed 30 minutes. A trolleybus route additionally covers this
part of the city, providing an alternative to bus services. The tram line is far from the area. Thus, this
street lacks adequate transport connections, as it is served primarily by bus and trolleybus routes. The
development of cycling infrastructure on this street could significantly improve transport accessibility
for residents of neighboring areas, reduce congestion, and enhance the urban environment.

An alternative route for cyclists is often the sidewalk, which is not designed for bicycle traffic. This
situation results in frequent conflicts between cyclists and pedestrians, particularly in areas with high
pedestrian traffic. This once again highlights the lack of a well-thought-out and balanced transport policy
at the district level.

In addition to the lack of cycle paths and lanes, the district lacks supporting infrastructure to promote
bicycle use and convenience (e.g., bicycle parking areas, navigation and information signs). This
significantly limits the use of bicycles as a daily means of transport for a wide range of residents and
exacerbates social inequality across segments of the population, including children, young people, the
working population, the elderly, people with disabilities, and people on low incomes. In addition, the
complete lack of conditions for bicycle transport adversely affects the overall mobility of the population,
contributes to motorization, exacerbates environmental problems, and contradicts the principles of urban
mobility development grounded in sustainable development, which modern European cities strive to
achieve.

To research the population’s needs for cycling infrastructure on Silikatna St., a survey was conducted
among residents and visitors to the area. Forty-one respondents of different ages, statuses, and modes of
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transportation were interviewed. The results allowed us to assess the current situation and identify
residents' problems and expectations. Most respondents (42%) consider the current situation dangerous
for cyclists and express support for the creation of safe, separate cycle paths, bicycle parking facilities,
and appropriate markings. A significant proportion of respondents (63%) are also willing to use bicycles
more often if high-quality infrastructure is available. These results demonstrate the importance of
designing bicycle infrastructure as part of comprehensive street and neighbourhood development,
thereby promoting sustainable mobility for the population.

The intersection of Silikatna St., Kamianetskyi v’izd, and Rudynska St. in Kharkiv was selected for
research due to its strategic location and characteristic features that reflect typical problems of bicycle
traffic organization in urban areas. This intersection connects a residential area with industrial and
recreational areas, resulting in dynamic traffic from various groups of road users, including pedestrians
and cyclists. In addition, the availability of spatial reserves in street cross-sections creates opportunities
for implementing bicycle infrastructure elements. That is why this intersection is a good example for
analyzing the impact of the street network's geometric parameters on the feasibility of integrating
sustainable solutions to organize bicycle traffic.

Based on field survey data, the intensity and composition of traffic flow (vehicles, bicycles, and
pedestrians) at this intersection were obtained to support a comprehensive safety assessment of two
alternative options for bicycle infrastructure development: constructing cycle paths and constructing
cycle lanes.

To comprehensively assess the safety of each intersection design option, a step-by-step calculation
was performed using the proposed methodology. At the first stage, accident rates were determined for
each potentially conflict point in the intersection based on the nature of interactions among traffic
participants (pedestrians, cyclists, and vehicle drivers) and traffic intensity. Next, based on the results,
a generalized traffic safety indicator was determined for each of the considered options. Based on the
selected efficiency criterion, it was determined that, under the existing option (without bicycle
infrastructure), this intersection is classified as very dangerous (Kaexis=15,4). According to the option
of equipping this section of the street with a cycle path, the intersection is classified as very dangerous
(Ka pah=12,7). In contrast, with the installation of a cycle lane, the level of danger increases to
(Ka 1ae=13,1). However, the overall level of danger at the intersection measured by conflict points
decreases from 0.6997 to 0.595 when cycle lanes are set up and to 0.577 when cycle paths are set up.
This demonstrates that implementing cycle paths at intersections will be more effective.

The results confirm the hypothesis that integrating cycle lanes not only improves safety but also does
not create significant obstacles to the overall operation of traffic light control. Taking into account the
current regulatory documents on the design of traffic light systems, a rational option for developing
bicycle infrastructure on such typical streets is to combine cycle lanes along the main route with cycle
lanes within intersections. This approach is justified because the street's width does not permit the
construction of full-fledged cycle paths along the entire length of the route without significant
interference with existing buildings or a reduction in motor-vehicle traffic lanes, which is contrary to
the regulations. Cycle lanes within the carriageway are an acceptable and recommended solution for
streets with limited space. At the same time, at intersections where the intensity of conflict between road
users increases, it is advisable to allocate separate cycle lanes to improve cyclists' safety and to
implement distinct traffic zoning.

Therefore, the most rational option for cycling infrastructure on Silikatna St. is a combined option:
constructing a cycle line and installing cycle paths at intersections, which will reduce traffic congestion
without compromising road-user safety and minimize environmental impact. The proposed solution,
grounded in sustainable mobility principles, underscores the need for an approach to developing a
sustainable urban bicycle network.

As part of the research, simulation modelling was conducted using PTV VISSIM. Two transport
models were developed for the typical intersection in the Kharkiv case study: one without a dedicated
bicycle space (Fig. 4) and one with a dedicated bicycle infrastructure (Fig. 5).
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Fig. 4. Transport model of the intersection without a separate space for cyclists in the
PTV VISSIM software
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Fig. 5. Transport model of the intersection with a separate space for cyclists in the
PTV VISSIM software

The modelling was based on established quantitative and qualitative characteristics of vehicle traffic,
derived from hourly intensity and composition data on Silikatna St. The simulation results yielded values
for 17 indicators across 17 segments, including vehicle delays, pollutant emissions, and fuel
consumption per 1 km travelled. The statistical characteristics of the simulated parameters are presented
in Table 1.

Table 1. Results of the estimation of statistical characteristics of simulated parameters

Name of indicator Value of the indicator
Mathematical Mean squared deviation
expectation
Existing Rational Existing Rational
Vehicle delay time, s’km 149,55 43,67 318,85 12,06
Total emissions of pollutants per hour, g/km 17,65 8,20 49,22 4,56
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As a result of transport process modeling, it was established that introducing bicycle infrastructure
on Silikatna St. would reduce average transport delays by more than 106 seconds and reduce harmful
emissions by 50%. The results of annual environmental damage calculations indicate that passenger cars
have the most significant adverse ecological impact among all vehicle types, with annual damage from
their operation amounting to 4.5 thousand UAH/km, owing to their considerable share (537 units) of
total traffic. The total yearly ecological effect of implementing a rational bicycle infrastructure option
on Silikatna St. for a 1 km section considered in the modeling is 2,900 UAH/km.

The annual socio-economic effect of reducing vehicle delay time is 4.019 thousand UAH, estimated
based on the cost of 1 hour of driver/passenger time. The total economic impact of implementing a
rational bicycle infrastructure option is 4024.9 thousand UAH per 1 km, with a 5-year payback period,
which corresponds to the average payback period for investments in bicycle infrastructure development
in European Union countries and demonstrates the effectiveness and feasibility of the proposed solution.

Conclusions. In this paper, an approach to planning bicycle infrastructure in cities based on
sustainable development principles was proposed. The study focused on a detailed examination of the
planning process for bicycle infrastructure as an integral component of sustainable urban mobility.
Special attention is paid to the justification of bicycle traffic modeling methods, which enables not only
the identification of critical areas but also the objective assessment of the effectiveness of the proposed
solutions. The integration of statistical analysis, consideration of community needs, theoretical
approaches, and physical modeling practices has established a scientifically grounded basis for planning
bicycle infrastructure that accounts for current regulations and standards.

The analysis of stakeholder interaction across all stages of planning and implementation shows that
the effective operation of bicycle infrastructure is impossible without well-established cooperation
among local authorities, project organizations, investors, construction companies, community activists,
and residents.

The proposed approach is examined using a typical section of Kharkiv’s street-road network as an
example (on Silikatna St.). The assessment of the current state of the network, particularly in the city's
residential and industrial areas, indicates fragmentation and a critical shortage of bicycle infrastructure.
Primarily, this increases risks at intersections for all road users, particularly cyclists and micromobility
users. Therefore, there is an urgent need to develop approaches for planning justified, safe, and
functional infrastructure solutions.

Safety is a key factor that encourages the use of bicycles as an everyday mode of transportation,
which defines the choice of the efficiency criterion. The road safety indicator assesses the risk of traffic
accidents in planning bicycle infrastructure, employing a systemic approach that focuses on objective
performance indicators and residents' needs to create a sustainable, comfortable, and safe urban
environment.

Based on the efficiency criterion, it was determined that, when developing alternative options for
bicycle infrastructure at the intersection, the overall level of danger decreases from 0.6997 to 0.577
when a bicycle lane is implemented. However, given the current regulatory documents and spatial
planning for a typical section of the network, the most rational option for bicycle infrastructure is a
combination of bicycle lanes along the main street corridor and bicycle paths within intersections.
Bicycle lanes, as part of the roadway, are an acceptable and recommended solution for streets,
particularly in situations with limited space. At the same time, at intersections where the intensity of
conflict points between road users increases, it is advisable to allocate separate bicycle paths to enhance
cyclist safety and to implement distinct traffic zoning.

The proposed planning approach, based on analyses of the transport situation, spatial planning, and
the assessment of the effectiveness of the proposed solutions, enabled justification not only of the
technical feasibility but also of the social, environmental, and economic benefits of integrating a bicycle
component into the urban transport system. The positive results of the financial impact assessment
confirm the effectiveness of the solutions proposed in the research.

The results of this study could inform a new urban transport policy focused on inclusiveness,
environmental sustainability, and improved residents' quality of life.
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Ils1anyBaHHS BeJIOCUIIEAHOT iH(PPACTPYKTYPH ISl CTAJIOI MiCbKOI MOOLJIBHOCTI:
TeMATH4YHe J0CJTiKeHHs XapKoBa

Anomauia. Y xoumexcmi no80EHHOI peKOHCMPYKYIT YKPATHCOKUX MIC NPIOPUMEMHICIb PO3GUMKY
cmanoi 8enocunednol iHpacmpykmypu 3pocmae, OCKIIbKU CMBOPEHHs CYHacHoi ma 0Oe3nedHoi
BE/IOMEPENHCE € KAHOYOBUM eNeMeHMOM (OpMYBAHHA CMINIKUX | [HKIIO3UBHUX MICbKUX npocmopis. ¥
cmammi  npeoCmasieH0 KOMNAEKCHUU NiOXi0 00 CmpameziuHo20 WNIAHYSAHHS 6elOCUNEOHOT
IHpacmpyrmypu sik 8axHcAIUB0T CKIA080I cmanoi Micbkoi MoOiibHOCI. J[0CIi0NCEHHS OXONIIOE AHATI3
NPOCIMOPOBUX Y MO8, MOOETIOBAHHS 8eI0CUNEOHO020 PYXY MA OYIHIOBAHHA e(eKMUBHOCMI IHHCEHePHUX
piwens 6 micmi Xapkosi (ha npuxnaodi eyn. llasna Tuuunu). 3anpononosanuii nioxio nepeobauac
00IPYHMY8AHHS PAYIOHANTBLHO20 BAPIAHMTY GENOIHGPACMPYKMYPU 3 YPAXYEAHHAM HAAGHUX 0OMENHCEeHD
BYIUUHO20 NPOCMOPY Ma HOmped MewKaHyie y Oe3neyHomy ma KOM@OpmHOMY nepecy8amHi, wo
0036801UMb 3MEHWUMU 3ATEeHCHICMb HACeNeHHA 8i0 npueamHozo asmomparcnopmy. Ocobaugy yeaey
NPUOLNIEHO 3ACMOCYBAHNHIO OUHAMIUHO20 MoOemosanHs y cepedosuwi PTV VISSIM ma suxopucmaniio
IHOUKamopa pieHs Hebe3neKu nepexpecms 0s KibKicHOI oyinku epexmusnocmi. Pesynomamu ananizy
MPAHCNOPMHUX HOMOKIG, COYIONO2IYHO20 ONUMYBAHHA MaA adanmayii 3apyOidcHUX NpaKmux
niOmMeepONCYIOMb 3HAUHUN COYIANbHUL, eKOJNO2IYHULL [ eKOHOMIYHUU eghekm 6I0 6NpPOBAONCEHHS
3anpoNnoHOBaHUX piulenb. 30Kpema, NOCOHAHHA BeNoCMy2 V3008C OCHOBHO20 Mapwpymy 3
001AUMYBAHHAM 8ENO0OPINCOK Y Mexcax nepexpecmv 00380IUN0 3MEHWUMU NOKA3HUK Hebe3nexu
nepexpecms, CKOpOMumu 3ampumMKy MpaHCnopmy ma ompumamu exono2iynutl egpexm. Ompumari
pesyivmamu  MOdXiCymv Oymu SUKOPUCTIAHI Op2aHaMU MICYEB020 CAMOBPSIOYEAHHS, NPOEKMHUMU
Op2aHizayiamMu ma 2pOMadCbKUMU THIYiamueamu nio 4ac niany8aHHs Cmanol MicbKoi MOOLIbHOCHI.

Knwuogi cnosa: senocuneona ingpacmpykmypa, cmanuti MicbKuti mpascnopm, mpancnopmue
NIaHY8aHHs, De3nexa, eKono2iuHul epexm

Jlama nepuwoeo naoxooxcenus cmammi 00 sudanns 21.10.2025

Lama npusinsmms 0o opyky cmammi 24.11.2025
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