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CASE STUDY ON IMPLEMENTING TRAFFIC CALMING DEVICES: AN EXAMPLE FROM
THE STREET AND ROAD NETWORK IN KHARKIV

The continuous growth of the car fleet and the underdevelopment of city streets and road networks
require constant improvement in traffic management. The article suggests considering modern means,
such as traffic calming, an essential component of strategies for ensuring road safety and creating a
comfortable public area.

The analysis of existing traffic calming devices and their application practice abroad have proved
the need for their widespread implementation to reduce vehicle average speeds to a safer level, reduce the
number of road accidents and the severity of their consequences, and improve the conditions for
movement on the street and road network for all road users.

The article analyses the implementation of three schemes of traffic management at a pedestrian
crossing, namely, with the use of road signs and road markings only; with the provision of an elevated
pedestrian crossing, road signs and road markings; with the use of road humps, road signs and road
markings. The dependences of the average length of the traffic jam, the average delay time, and the
average number of stops of one vehicle on the intensity of traffic and pedestrian flows when arranging a
pedestrian crossing under the three options are obtained, which can be used for a preliminary assessment
of their arrangement at pedestrian crossings.

It is substantiated that the average value of the traffic jam length, the average number of stops, and
the average delay per vehicle are influenced by the traffic flow intensity, where the estimated indicators
increase with their increase. As the area of influence of traffic calming devices and their geometric
characteristics increases, the evaluation indicators also increase, i.e., since an elevated pedestrian crossing
has smaller geometric parameters than a complex of pedestrian crossings with road humps, we have lower
values of the evaluation indicators.

Keywords: traffic calming devices, pedestrian crossing, intersection, road hill, markings, transport
modelling, criterion, analysis.

INTRODUCTION

Traffic calming is a set of measures and strategies to reduce vehicle speeds and create a safe and
comfortable public space for all road users. These measures may include various engineering, educational
and legal aspects. The main objective of road calming is to reduce the risk of road traffic accidents (RTAS)
and the severity of their consequences, as well as to improve safety for pedestrians, cyclists, and other road
users. Around the world, traffic calming is an essential component of road safety and public realm strategies
that have been widely adopted, including the “three E's" (engineering, education, enforcement), and help
create a safer and more harmonious environment for all road users. It also reflects a modern approach to
urban planning and infrastructure.

Adequately applied traffic calming measures reduce vehicle average speeds to a safer level, reduce the
number of RTAs and the severity of their consequences, improve conditions for pedestrians, cyclists, and
public transport, and reduce transit traffic [1]. This type of measure has rarely been considered in the national
urban planning literature and has not been applied in our country.

ANALYSIS OF LITERATURE DATA AND FORMULATION OF THE PROBLEM

Traffic calming is achieved by street and road network (SRN) changes and technical measures.

First, when creating traffic calming zones, transit traffic through the city centre is eliminated by
turning through streets into loop streets, dead-ends, etc. In addition, vehicle speed limits are imposed, which
can dramatically reduce the number of conflicts between traffic and pedestrian flows [2]. We want to
emphasise that when designing calming zones, street landscaping and space design play a vital role and are
considered as a means of influencing traffic modes. The zones are often serviced by public transport, which
is given priority in the city. Therefore, it is possible to combine, for example, pedestrian traffic and tram
lines (Strasbourg, Saint-Etienne) or pedestrian traffic and bus routes (Dijon). The organisation of street
space, landscaping, and design ensure the priority of pedestrian and cyclist movement and stimulate a
reduction in vehicle speed. In particular, it allows the capacity of the SRN or some of its sections to be
reduced [3].

The range of techniques and means of traffic calming is extensive: organisation of parking zones;
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sewerage, lane separation; use of sharp turns; deviation of the trajectory at the intersection; use of road
humps (speed bumps); narrowing of streets; restriction of access; use of roadway elevations with a change in
road surface texture; application of restrictions on the size of vehicles; use of dead-end streets;
redevelopment of streets; use of roundabouts; use of traffic control elements [4].

When determining the effectiveness of traffic calming, the following main results are achieved by this
method: reduction in the number and severity of road accidents in cities at intersections and crossings,
reduction in vehicle speed, and reduction in transit traffic in the city.

The specific results of a successful traffic calming policy can be illustrated by the example of Bruges
[3], where traffic calming was introduced in the historic city centre in 1992. The following results were
achieved: a 30% reduction in traffic intensity in the city centre; an increase in bus speed from 19 to 22 km/h;
a 10% reduction in the number of vehicles arriving in the city centre (by 600 vehicles/h); a 33% increase in
the number of residents using the bus; a 20% increase in the number of residents using bicycles; a 36%
reduction in the number of road accidents in the city centre.

Data on the implementation of traffic calming in Graz (Austria) also indicate positive results: in
particular, speed limits significantly impacted traffic safety and contributed to a positive assessment of traffic
calming measures by residents and drivers.

In the United States, the first major experiment to implement a calming zone was the Stevens
Neighbourhood in Seattle. The project, completed in early 1973, resulted in a 56% reduction in traffic
intensity and a 0% reduction in road accidents.

Traffic calming is used to redistribute traffic to the SRN. It should be noted that using calming and
speed limit zones implies that maintaining vehicles is performed by other sections and elements of the SRN.
This is well confirmed by the data from surveys carried out in the places where these measures are
implemented. According to the literature, namely [5], data analysis from 43 international studies showed that
using traffic calming measures in cities reduces road accidents by 8-100%. At the same time, there was not a
single case of road accidents increasing after introducing these devices, i.e., positive results and feedback
were obtained in all cases.

According to [6], there are three groups of traffic calming devices:

1. Arrangement of obstacles on the carriageway (implemented using road humps, elevated
pedestrian crossings and elevated intersections);

2. Change the trajectory of traffic (implemented using chicanes, mini-roundabouts, sewerage, and
blocking traffic flows).

3. Change the width of the carriageway (implemented using chokers and inserts along the road axis).

Foreign studies in this area are aimed at comparing the number of accidents before and after the
introduction of means of traffic calming. So, in [7], an analysis of data on road accidents with fatal
consequences and injured on road sections showed that the introduction of means of vertical deceleration
reduces the number of dead and injured by 60%; placement of safety islands with horizontal marking and
flexible reflective poles - by 72.7%; and the placement of safety islands on the main road - by 35.7%.
Interesting developments in [8], where the best measures for slowing down traffic are marked - a raised
pedestrian crossing and narrowing of the lane. At the same time, the authors insist that even better results can
be obtained when more than one means is used along the street to limit movement, the distance between
which is not too large. In [9], the same authors compare the speed reduction from the introduction of
increased pedestrian crossings and narrowing of traffic lanes. But it should take into account the effect of the
driver's memory, which is stored along the entire length of the narrowed carriageway (for example, due to
parking zones), when after the passage of an increased pedestrian crossing the driver does not save slow
speed.

A number of other studies highlight the positive impact of using traffic calming techniques on roads,
in which the authors see them as an effective tool for achieving peace, ensuring safety and improving the
situation on the roads [10], a combination of strategies to reduce the negative impact on the environment,
improving the safety and separation of the impact of the vehicle to assess the impact on the individual and
society as a whole [11], a combination of predominantly physical measures to reduce the negative impact of
vehicle, correct driving style and create better conditions for other road users, including pedestrians and
cyclists [12]. Analysis of these sources revealed that traffic calming measures could be classified into 13
broad categories and take the form of diverse combinations or additional applications to existing SRN.

Analysis of domestic theoretical studies on the use of means of traffic calming shows that they mainly
have a recommendatory nature of their use in Ukraine, based on the effectiveness of their use abroad. For
example, in [13] it is indicated that raised pedestrian crossings contribute to the safe movement of
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pedestrians through the carriageway and should be common in our country, despite the high cost of their
arrangement. The work [14] points out the spread of the use of means of traffic calming in some cities of
Ukraine, an important advantage of which is the possibility of simultaneous speed control and restriction of
transit traffic. Much attention is paid to the effectiveness of introducing mini-rings [15], but the authors note
the need to study the design features of mini-roundabouts with the establishment of design parameters for
use in domestic design practice, as well as the need for a detailed study of methods for determining the
throughput at the junction entrance, since this issue is poorly studied in our country. To assess the level of
safety and service efficiency at the design stage of mini-roundabouts, it is recommended to use transport
simulation packages.

That is why, as part of this work, we will study implementing traffic calming measures for group 1
road traffic using transport modelling.

PURPOSE AND OBJECTIVES OF THE STUDY

The study aims to evaluate the effectiveness of traffic calming measures, namely, the introduction of
various forms of pedestrian crossing organisation, using the example of the SRN in Kharkiv.

Road conditions and traffic and pedestrian flow parameters must be studied to achieve this goal. Based
on this, simulation transport models of intersections in the PTV Vision VISSIM software environment can be
developed.

RESEARCH RESULT

Fig. 1 shows typical pedestrian crossings near secondary education institutions in Kharkiv, where one
can see typical conditions: a residential street (Vasyl Melnykov Street) and a main street of district
importance (Oshchepkov Street, Biblik Street, Hromadianska Street) have one lane in each direction of
traffic with a width of 3.0 to 4.0 m each. A pedestrian crossing is arranged opposite the main entrance to the
educational institution. Due to tree plantations, the visibility of road signs 5.38.1 and 5.38.2 — Pedestrian
crossing is limited. There are no road markings indicating a pedestrian crossing. The straight section of the
street provokes vehicles to drive at high speeds. Public transport routes are organised on Oshchepkov Street
and Biblik Street (before the war): trolleybus and bus routes. In the morning and evening, when children are
brought and picked up, many vehicles are parked near educational institutions, further limiting the visibility
of the pedestrian crossing.
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Secondary school No. 80 (Biblik Street) Technological Lyceum No. 9 (Hromadyanska Street)
Figure 1 — Organisation of pedestrian crossings near secondary schools in Kharkiv

DSTU (State Standards) 4123:2020 has arranged traffic calming measures near educational
institutions, such as road humps or elevated pedestrian crossings, to improve road safety. To pass these
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artificial road bumps, drivers must slow down regardless of whether pedestrians are on or in the pedestrian
crossing zone. Here, the question of studying the impact of traffic calming devices on the functioning of the
transport network arises.

The following indicators will be used as criteria for assessing the effectiveness of traffic calming

devices [16-18]: the average delay per vehicle, s (T,, —min), the average length of the traffic jam, m (

L. — min), and the average number of vehicle stops, units ( N,,, — min ). To evaluate the effectiveness of

traffic calming devices at a pedestrian crossing, the model analysis was set up in the PTV Vision Vissim
software (see Table 1).

Table 1 — Analysis parameters

Parameter name Parameter description
1. Length of traffic jam The average length of traffic jam, m
2. Length of traffic jam (max) The maximum length of the traffic jam during the simulation, m
3. Vehicles (all) The number of vehicles travelling in a given direction, vehicles.
4. Service level (traffic quality) (all) Traffic quality level (A...F) according to the assigned service
levels
5. Vehicle delay time (average value) Average vehicle delay time, s
(all)
6. Idle time (average) (all) Average idle time of each vehicle, s
7. Stops (all) Number of vehicle stops, excluding stops on car parks and units.

The pedestrian crossing in front of the Technological Lyceum No. 9 on Hromadyanska Street was
taken as a prototype for studying traffic and pedestrian flows. A model of a pedestrian crossing was
developed for three options: option 1 — organisation of a pedestrian crossing using road signs and road
markings; option 2 — organisation of a pedestrian crossing using an elevated pedestrian crossing, road signs
and road markings; option 3 — organisation of a pedestrian crossing using road humps, road signs and road
markings.

When analysing the methods of traffic calming and the use of traffic calming devices for this purpose,
it was determined that the parameters for assessing the SRN functioning, namely pedestrian crossings, are
influenced by such input characteristics as the input intensity of the traffic flow and the input intensity of the
pedestrian flow. It is also known that the values of these intensities change significantly during the hours of
the day. Therefore, to vary the model's input parameters, the following indicators were determined in this
study: traffic flow intensity and pedestrian flow intensity.

It is determined that the intensity of the traffic flow will vary in the range from 150 vehicles per hour
to 750 c vehicles per hour in increments of 150 vehicles per hour, and the intensity of the pedestrian flow
will vary from 150 pedestrians per hour to 550 pedestrians per hour in increments of 100 pedestrians per
hour. By searching for possible variations in intensity, we find the number of modelling options: 5 variants
for changing traffic flows and five variants for changing pedestrian flows; thus, 25 variants of input intensity
parameters for each of the three modelling scenarios should be modelled. For example, Fig. 2 shows changes
in estimated indicators depending on the intensity of traffic for the proposed study options, which indicate
the feasibility of using a particular means of traffic calming.
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Figure 2 — Comparison of proposed options by estimated indicators

DISCUSSION OF THE RESULTS OF THE STUDY

The analysis of the impact of traffic and pedestrian flows on the indicators of assessing the SRN
section functioning on the example of a pedestrian crossing using traffic calming devices can be seen in
Figures 3-5. Using the statistical analysis package Statgraphics Centurion, the dependencies of the average
value of the traffic jam length, the average number of stops and the average delay on the intensity of traffic
and pedestrian flows in different scenarios were found (see Table 2).

Table 2 - Dependencies of the average value of the traffic jam length, the average number of stops and
the average delay on the intensity of traffic and pedestrian flows in different scenarios

Scenario The resulting dependency
number
L =33-0.1-N, —0.15- N, +0.00007 - N, +0.0003- N, - N, +0.0002- N *
1 TT;” =40.4-0.07-N, —0.25-N_ +0.00003N,* +0.0003- N, - N, +0.0003- N /*
N = 2,24 -0.039- N, —0.01346N | +0.000001- N.? +0.00002- N, - N, +0.00002- N ?
L7 = 21.6—0.0948819N, —0.1001- N, +0.00009- N, +0.00022 - Nt - Np+0.000099 - N
) T%% —35.41-0.0718174N, —0.208- N_ +0.000044 N? +0.00025- N, - N, +0.0003- N ?
N2 —1.95-0.00402004N, —0.01- N, +0.0000025- N.? +0.000015- N, - N, +0.000015- N 2
@ =14.7-0.0901034N, —0.069- N, +0.00011- N,” +0.00022-N, - N , +0.000064- N pz
3 T —41.7-0.087- N, —0.44-N_ +0.00005- N.? +0.0003- N, - N, +0.00033- N ?

N =1.7 —0.00501171N, —0.00941- N, +0.000004 - N,” +0.000017- N, - N, +0.00001- sz

zup
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Figure 3 — Dependence of indicators on the intensity of traffic and pedestrian flows when organising a
pedestrian crossing with the use of road signs and road markings (scenario No 1)

These dependencies describe accurate indicators with a 91-96% reliability, meaning we can state that
the obtained models are adequate.

SUMMARY

It has been proved that the availability of traffic calming devices affects indicators of the SRN section
functioning at a pedestrian crossing, such as the average value of the traffic jam length, the average number
of stops, and the average delay per vehicle. The intensity of traffic flows also impacts—as they increase, the
estimated indicators also increase.

As the area of influence of the traffic calming devices and their geometric characteristics increase, the
values of the evaluation indicators also increase. In other words, an elevated pedestrian crossing has smaller
geometric parameters than a complex of a regular pedestrian crossing and road humps on both sides and,
accordingly, has smaller values of the evaluation indicators, i.e. the average length of the traffic jam, the
average number of stops and the average delay per vehicle.
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Figure 4 — Dependence of indicators on the intensity of traffic and pedestrian flows when organising a
pedestrian crossing using an elevated pedestrian crossing, road signs and road markings (scenario
No 2)
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Figure 5 — Dependence of indicators on the intensity of traffic and pedestrian flows when organising a
pedestrian crossing using road humps, road signs and road markings signs and road markings (scenario No 3)

As the area of influence of the traffic calming devices and their geometric characteristics increase, the
values of the evaluation indicators also increase. In other words, an elevated pedestrian crossing has smaller
geometric parameters than a complex of a regular pedestrian crossing and road humps on both sides and,
accordingly, has smaller values of the evaluation indicators, i.e. the average length of the traffic jam, the
average number of stops and the average delay per vehicle.

The obtained dependencies can be used in a preliminary assessment of installing specific traffic
calming devices at pedestrian crossings. In this case, the possibility of introducing an indicator into the
model that will take into account the road safety should be considered. The studies conducted provide a
useful basis for future, broader research in this area, which is planned to be directed to the use of
combinations of traffic calming measures on SRN cities in order to promote the creation of safe, healthy and
pleasant urban environments.
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