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IMPACT OF PEDESTRIAN FLOWS
ON TRAFFIC DELAYS BEFORE ROUNDABOUTS

Summary. The paper examines a roundabout located in a residential district of Lviv city. The
area has many attraction points, so traffic and pedestrian flow volumes are large. All approaches to
the roundabout have unsignalized pedestrian crosswalks, three of which lack safety islands. Field
studies were conducted on peak and off-peak periods, collecting primary indicators of traffic and
pedestrian flows. Traffic flow delays were determined on the approaches to the roundabout under
existing traffic conditions with the help of the PTV VISSIM software. Three options were proposed
for arranging pedestrian crosswalks on approaches to the roundabout. The first option was an
arrangement of safety islands on all pedestrian crosswalks. The second option was an arrangement
of underground pedestrian crosswalks. The third option was the implementation of adapting traffic
light control with a call button for pedestrians. Traffic simulation was carried out for all three
proposed options with the finding of the delay per vehicle and the values of the average and
maximum length of the queue of vehicles on the approaches to the roundabout. All three options
showed better results of traffic delay than existing conditions. However, there were delays caused by
the traffic flow itself. These delays are seen in the results of the simulation of option two. Traffic
delays are the smallest at this option. Option one showed the highest values of traffic delays in
comparison with the other two options. The advantages and disadvantages of each option for
arranging pedestrian crosswalks are determined. Recommendations are given regarding the
feasibility of locating various types of pedestrian crosswalks on the approaches to the roundabout.
Given the research results, the best option from the view of traffic and pedestrian flows, their delays
and safety is the third one.

Keywords: traffic flow, pedestrian flow, roundabout, road safety, traffic simulation,
unsignalized pedestrian crosswalk.

1. INTRODUCTION

Not enough attention is paid to road users who use alternative means of movement, namely walking,
cycling, or electric scooters, to solve the problems caused by the increasing the number of cars in cities.
Along with transport infrastructure, pedestrian and bicycle infrastructure in Ukraine is underdeveloped.
Very often, there is an unsatisfactory condition of pedestrian paths, lack of bicycle paths, insufficient
number of pedestrian crosswalks, or presence of underground or aboveground pedestrian crosswalks with
missing ramps or elevators for people with reduced mobility.

At the same time, there is the issue of pedestrian accessibility to points of attraction, especially in
residential areas. Cases are often observed when residential areas cross arterial streets of district or
citywide significance. At the same time, schools, kindergartens, shopping centers, etc., are located on both
sides of the street. At the same time, pedestrian crosswalks are either located in inappropriate places for
pedestrians or are absent. Another problem is unsignalized pedestrian crosswalks on such streets. First,
they create a danger to vehicles riding at higher speeds and having to slow down when pedestrians start to
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cross the roadway, and to pedestrians who may misjudge the intervals and start crossing the roadway when cars
are close enough to create a dangerous situation. Pedestrians also tend to violate traffic rules, abusing their right
of way when crossing unsignalized pedestrian crosswalks, not making sure the maneuver is safe, and suddenly
entering the roadway. Secondly, high values of traffic and pedestrian volumes with uncontrolled crossing of the
latter can cause significant delays for transport, especially during peak periods.

Roundabouts on arterial streets in residential areas require special attention. It is because at high
values of traffic volumes and a significant share of left-turning flow the Sectoral Building Norms of
Ukraine recommend designing large roundabouts (with a central island diameter of more than 60 m) [1].
Given the width of the roadway around this central island, the area of such intersections is very large and
creates significant problems with pedestrian accessibility. Therefore, pedestrian crosswalks at such
roundabouts are usually arranged as close as possible to the beginning of the circular flow to reduce the
distances pedestrians should walk, that affects both traffic safety and traffic delays.

2. RESEARCH STATEMENT

Nowadays, in many large cities of Ukraine, including the city of Lviv, there are arterial streets in the
residential areas with four or more lanes for traffic in one direction where significant volumes and speeds
of traffic are presented. Residential areas mean unequivocally high volumes of pedestrian flows, especially
during peak periods, when residents go to work, educational institutions, shopping centers, etc. Therefore,
the problem of pedestrian accessibility in these areas should be solved first place. Namely, sufficient
number of pedestrian crosswalks is needed while ensuring pedestrian safety and minimizing traffic delays.
One more problem for pedestrians is the intersection of arterial streets, as their area is usually large, which
creates additional inconvenience in getting to the destination. With lacking alternatives, pedestrians are
forced to cross at such places. Given the high values of pedestrian volumes and frequent violations of
traffic rules by pedestrians, it creates significant inconvenience for traffic flows approaching the
intersections. In the Frankivskyi district of Lviv city, there are three roundabouts with large areas, and
many attraction points near them. In addition, they are located in a residential area. Pedestrian crosswalks
are installed at the approaches to all these intersections. Some of them have safety islands, but all of them
are unsignalized. During peak periods, there is an almost continuous flow of pedestrians trying to cross the
roadway, so vehicles first must stop before the pedestrian crosswalks to let pedestrians through, then again
before the circular flow to let through vehicles moving around the central island and finally when exiting
the circular flow, to also allow pedestrian flows cross the roadway.

State construction norms of Ukraine [2] determine that on streets with two or more traffic lanes in
one direction, it is necessary to arrange safety islands at unsignalized pedestrian crosswalks or to
implement traffic light signaling. As for the construction of aboveground or underground pedestrian
crosswalks, they can be arranged only on arterial streets with continuous traffic, in compliance with all
requirements for people with reduced mobility.

Therefore, the aim of our study is to analyze the impact of pedestrian flows on the delays of traffic
flows on the approaches to the roundabout. We considered four options: unsignalized pedestrian crosswalk
without safety islands (existing traffic conditions), unsignalized pedestrian crosswalk with existing safety
islands, signalized pedestrian crosswalk, and underground pedestrian crosswalk.

It is necessary to complete the following tasks to achieve the aim:

— carry out field studies at the roundabout in peak and off-peak periods to determine the primary

indicators of traffic and pedestrian flows and existing traffic conditions at the intersection;

— carry out traffic simulation with the determination of the delay of vehicles on the approaches to

the roundabout under existing traffic conditions;

— carry out traffic simulation for three options for arranging pedestrian crosswalks before

roundabouts;

— provide recommendations on the expediency of using various options for arranging pedestrian

crosswalks before roundabouts.
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3. THE ANALYSIS OF THE MAIN LITERARY SOURCES

The interaction of traffic and pedestrian flows has been studied for a long time. The increasing
number of cars causes delays for traffic and pedestrians who want to cross the roadway at unsignalized
pedestrian crosswalks. Conversely, the significant pedestrian volumes in places of concentration of
attraction points can have a negative impact on traffic delays.

The authors [3] draw attention to the impact of pedestrians crossing the roadway in unauthorized
places on traffic flow delays. It was found that smaller vehicles, due to their larger maneuverability, had
slightly lower delay values than trucks. In general, the violation of traffic rules by pedestrians led to
forming the conditions corresponding to the level of service E, which is close to traffic jam conditions.
Therefore, the authors concluded that it is necessary to improve the pedestrian infrastructure and increase
the number of pedestrian crosswalks in locations with high pedestrian volumes to prevent the formation of
such situations.

The authors [4] studied traffic delays before unsignalized pedestrian crosswalks on different types of
sections: in the area of the intersection and outside it. It was determined that the highest delays were
observed at intersection in secondary directions. It is because here, the vehicles were affected not only by
pedestrians crossing the roadway, but also by vehicles moving along the main road.

The authors [S] point out that at unsignalized pedestrian crosswalks, significant traffic delays are
created by pedestrians waiting to cross directly on the roadway, forcing drivers to brake urgently.
Therefore, the authors recommend strictly regulating the places allowed for pedestrians to wait on the
roadway.

Analysis of pedestrian behavior is one of the most difficult issues in studying the interaction of
traffic and pedestrian flows. In a study [6], the behavior of pedestrians when crossing unsignalized
pedestrian crosswalks was studied. Roundabouts were investigated here. It was determined that pedestrians
who crossed the roadway on the main street, where higher traffic volumes were observed, violated traffic
rules less. In addition, the authors include older people and those who crossed a wider roadway into this
category. As for violations of traffic rules on secondary roads, they mainly occurred because people had a
long way to go to the pedestrian crosswalk.

The authors [7] investigated the effectiveness of relocating pedestrian crosswalks from the
intersection zone to the street section between two intersections. From the view of transport, this scenario
is efficient, but the authors agree that the absence of pedestrian crosswalks at the intersection will
encourage pedestrians to cross the roadway in unauthorized places with violation of traffic rules.

In general, the issue of pedestrian accessibility is quite relevant, especially in the case of
roundabouts, since they occupy large areas of the road network. In addition, pedestrians create obstacles in
the movement of traffic since the latter must stop before the pedestrian crosswalks for priority passage of
pedestrians through the roadway. Such situations create delays in the movement of cars and reduce the
capacity of the roundabout. Thus, the authors [8, 9] indicate that the presence of unsignalized pedestrian
crosswalks immediately before the roundabout, especially when there is only one traffic lane, significantly
reduces the capacity of these lanes when exiting the intersection. In addition, vehicles that exit the
intersection and are forced to stop before the pedestrian crosswalk block traffic on nearby approaches to
the intersection. The solution is to move the pedestrian crosswalks outside the roundabout, which,
according to the authors, increases the capacity of the traffic lane when exiting the roundabout by 10 % [8].

The authors [10—12] also studied the capacity, but on the approach to roundabouts, taking into
account the movement of pedestrians at unsignalized pedestrian crosswalks. The authors [10] studied the
conditions under which pedestrians are allowed to move through the territory of a roundabout. The results
showed a negative impact of increasing the pedestrian volume on the capacity of approaches to a
roundabout. For example, data are provided that with the same traffic volume of 500 p.c.u./h, the capacity
in the absence of pedestrians and with their volume of 350 ped./h is reduced by more than half.

The authors [13, 14, 15] concluded that safety islands at unsignalized pedestrian crosswalks before
roundabouts makes the crosswalk safer and more predictable for pedestrians. In addition, the authors [13]
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point out that with a dividing line, pedestrians can cross the roadway outside the pedestrian crosswalk. If
there is no safety island, pedestrians cross the roadway more carefully and in compliance with traffic rules.
Therefore, the authors advise, along with the installation of safety islands, the installation of pedestrian
fences to limit the access of pedestrians to the roadway outside the designated space. The authors of [16]
generally point to the positive effect of applying various solutions, such as a flashing yellow signal, safety
islands, and the introduction of traffic light signaling, on increasing pedestrian safety at roundabouts.

As for the implementation of traffic light control at roundabouts, the results of studies of the
effectiveness of installing traffic lights at pedestrian crosswalks before roundabouts using a cellular
automaton model are given in [17]. Two options were considered: a traffic light with a call button for
pedestrians and a conventional traffic light with fixed-time control. It has been determined that with high
volumes of traffic and pedestrians, it is more appropriate to install a traffic light with a call button since, in
such a case, lower values of delays for transport are observed. Implementing traffic signals is generally
ineffective solution at low traffic and pedestrian volumes. The authors also point out that pedestrians create
obstacles for cars when exiting a roundabout, even at low pedestrian volumes. The authors [18] propose
the arrangement of an adjustable stepped pedestrian crosswalk to reduce traffic delays at roundabouts. Its
essence is that at the entrance to the intersection, the pedestrian crossing is located closer to the central
island than at the exit from the roundabout. The authors also suggest implementing traffic light control
with priority given to pedestrians if their volume is low and to vehicles if pedestrian volume increases.

4. RESEARCH RESULTS
The intersection of Kulparkivska — Vyhovskoho — Volodymyra Velykoho Str. was chosen to study
the influence of pedestrian flows on vehicle delays before roundabouts. PTV VISSIM software was used to
simulate traffic and pedestrian flows. All the streets on the approaches to the intersection are arterial streets
with two lanes in each direction.

There are several points of attraction
nearby — office premises and a shopping
center. Therefore, high values of traffic and
pedestrian volumes are observed. There is an
unsignalized pedestrian crosswalk without
safety islands at each approach to the
intersection. The only existing safety island
is present at the approach to the roundabout
from the side of Kulparkivska Street in the
direction of the city center. The intersection
is large in area — the radius of the central

island is 34.1 m, which makes it possible to
classify the roundabout as large, according to
the classification of roundabouts [1]. The
Kulparkivska Street scheme of the roundabout, drawn in the PTV
Fig. 1. Scheme of researched roundabout VISSIM software, with located road signs, is
shown in Fig. 1.

Volodyp,
, Yimyra
Velykono Street

At the intersection, field studies of traffic and pedestrian volumes during the peak (morning peak
period — from 9:00 to 10:00, lunch peak period — from 13:00 to 14:00 and evening peak period — from
18:00 to 19:00) and off-peak (from 11:00 to 12:00) periods were carried out. Summary values of traffic
volumes for each peak and off-peak period are given in Table 1, the pedestrian volumes — in Table 2.

Here, we can observe higher traffic volumes during the morning and the evening peak period, and
the value of the morning peak volumes is higher by 810 %, which may be related to the regulated start of
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the working day. The value of traffic flow volume in the lunchtime peak period is closer to the off-peak
volumes; however, as expected, the peak volumes in the lunchtime period are higher, and the difference is
approximately 31-33 %.

Table 1

Results of the study of traffic volumes at researched roundabout

. Values of traffic flow volumes at each approach to roundabout, p.c.u./h
Period of the day No. 1 No. 2 No. 3 No. 4
Morning peak period 1355 1519 1468 1189
Off-peak period 682 761 725 583
Lunchtime peak period 897 1014 969 779
Evening peak period 1256 1397 1361 1079
Table 2

Results of the study of pedestrian volumes at researched roundabout

Period of the day Values of pedestrian flow volumes at each approach to roundabout, ped./h
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8
Morning peak period 167 177 151 159 143 149 178 171
Off-peak period 114 111 109 122 112 121 109 128
Lunchtime peak period 149 172 133 141 128 152 169 144
Evening peak period 159 181 141 155 138 169 168 147

As we can see, the distribution of pedestrian flows by direction is uniform; there are no more or less
busy directions at the roundabout. Regarding the distribution of volumes between periods of the day, here
we see a slight difference between the number of pedestrians who cross the roadway during the lunchtime
and evening peak periods. Such a difference between the distribution of volumes between traffic and
pedestrian flows can be explained by the fact that people are more inclined to go out for lunch during their
lunch break to establishments which are located within walking distance. In addition, during this period,
classes end in most educational institutions, and pupils or students return home. The highest values of
pedestrian volumes, as well as for traffic flows, are observed in the morning peak period.

Based on the results of field studies, a model of the studied roundabout was developed in the PTV
VISSIM software environment. After simulating traffic flow movement at the intersection, we determined
the average delay at the intersection per vehicle and the average and maximum length of the queue, which
is formed under the existing traffic conditions at the studied roundabout. The average values are given for
all approaches to the roundabout together, as the results of field studies show insignificant differences in
the traffic volumes at different approaches. The results of the traffic flow simulation are given in Table 3.

Table 3

Results of traffic flow simulation under existing traffic conditions taking
into account pedestrian movement

Period of the day Average fielay per one Ave.rage length of Max%mum length of
vehicle, sec vehicles queue, m vehicles queue, m
Morning peak period 15.94 259 74.0
Off-peak period 11.02 19.9 64.1
Lunchtime peak period 15.01 23.9 70.9
Evening peak period 14.99 25.3 69.3

According to the simulation results, there is a correspondence between the traffic volume and the
values of the average delay and the length of the queue of vehicles, as well as their maximum queue length
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at the approaches to the intersection. The difference in the values of the average delay per vehicle in the
lunchtime and evening peak periods is less than 1 %, and the average and maximum queue lengths are 5
and 2 %, respectively. The difference in the values of the indicators for the morning and evening peak
periods is 5-8 %. The values of the simulation results for the off-peak period are the lowest, which also
corresponds to the field studies' results.

Traffic simulation was conducted at the studied roundabout for three options for arranging
pedestrian crosswalks to assess the impact of pedestrians crossing the roadway at an unsignalized
pedestrian crosswalk on the delays of vehicles approaching a roundabout. These options are:

— option 1: arrangement of safety islands on an unsignalized pedestrian crosswalk;

— option 2: arrangement of underground pedestrian crosswalk on all approaches to the roundabout,

connecting them to each other under the central island;

— option 3: implementation of adaptive traffic light control with a call button for pedestrians.

Simulation results are given in Fig. 2—4.
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We can observe the tangible impact of changing the traffic organization at pedestrian crosswalks on
the delays of vehicles before a roundabout. The arrangement of an underground pedestrian crosswalk has
the most significant effect since, in this case, there is an absence of influence of pedestrians on the
movement of vehicles on the approaches to the roundabout. The reduction in delay compared to existing
traffic conditions is 28-33 %, depending on the period of the day. The delay for the second option ranges
from 7.8 to 11.5 sec, which, in fact, is a delay due to the significant traffic volume at the intersection.

As for the first option for arranging the pedestrian crosswalks, i.e. adding safety islands — here, the
delay reduction is 15.4-21 % compared to the existing traffic conditions. The difference between the traffic
delay under the existing conditions and the third option is 23.9-28.2 %, depending on the period of the
day.

The difference in delay reduction between the first and second options of arranging pedestrian
crosswalks is 10.3—-12.6 %, and between the first and third option — 2.9-11.1 %. It is worth noting that the
difference in delay between the second and third options is less than one second; the exception is the
lunchtime peak period — here, the difference is larger in favor of the second option. It can be explained by
the fact that, under existing traffic conditions, at much lower traffic volumes, pedestrian flows have almost
the same volumes as in other peak periods. Therefore, eliminating pedestrian crosswalks and replacing
them with underground ones significantly improves traffic conditions at the intersection.

As for the average queue length, in general, the situation here corresponds to the results of the
average delay per vehicle. The decrease in the average queue length compared to the existing traffic
conditions is by 16.3-20.8 % with the first option of arranging the pedestrian crosswalk, by 29.4-33.2 % in
the second option, and by 24.9-29 % with the third option.

The decrease in the maximum queue length is 11.83—-15.8 m, or 17.6-21.4 % — with the first option
of arranging pedestrian crosswalks compared to the existing traffic conditions; 19.56-21.04 m, or 28.5—
33.7 % — with the second option; 17.64-20.55 m, or 26.4-28.9 % — with the third option. It is worth noting
that with somewhat smaller values of the maximum queue length in the evening peak period compared to
the morning peak for the existing traffic conditions, with the first option of arranging the pedestrian
crosswalk, the values of the maximum queue length in the evening period are somewhat higher than in the
morning peak period.
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In general, we can say that, compared to the third option for arranging pedestrian crosswalks, the
second option has not have much lower values of the average delay per vehicle and the average and
maximum length of the queue. The exception is the lunchtime peak period, but here, the difference is due
to the presence of many attraction points, which causes the relatively high values of pedestrian volumes.
Such a situation allows us to state that it is more appropriate to use the third option, taking into account the
high cost of construction of underground pedestrian crosswalks and the obvious advantage of surface
crosswalks over underground ones for the population with reduced mobility.

The difference in the values of the maximum queue length for the first and third options for
arranging the crosswalks is for the morning peak period — 5.7 %, for the afternoon peak period — 6.3 %, for
the evening peak period — 11.3 %, and for the off-peak period — 9.1 %. This difference can be explained by
the fact that the presence of safety islands allows pedestrians to cross the road more confidently, sometimes
violating traffic rules, which is confirmed by the analysis of literary sources. The larger differences
between options 1 and 3 in the off-peak and evening peak periods, in our opinion, are due to the peculiarity
of the location of the intersection in the area of a large number of attraction points, which means a constant
flow of pedestrians who want to cross the roadway.

Therefore, taking into account the results of modeling traffic and pedestrian flows at a roundabout
and its impact on traffic safety, we can point to the feasibility of implementing adaptive traffic light control
with a call button for pedestrians. In further research, however, it is worth investigating the impact of such
measures on the traffic efficiency directly at and when exiting the roundabout.

5. CONCLUSIONS AND RESEARCH PERSPECTIVES

A roundabout in one of the residential areas of Lviv city was chosen for the study. The intersection
is equipped with unsignalized pedestrian crosswalks from all approaches to the roundabout. At these
crosswalks, except for one, there are no safety islands. In addition, there are significant traffic and
pedestrian volumes at the roundabout. The results of field studies showed the usual increase in the traffic
volume in the morning and evening peak periods. As for pedestrian flows, the difference in pedestrian
volumes in all peak periods, including lunchtime, is not large because of the many attraction points near
the intersection.

Traffic flow simulation was carried out under the existing traffic conditions and for three options for
the arrangement of pedestrian crosswalks: arrangement of safety islands at pedestrian crosswalks,
arrangement of underground pedestrian crosswalks, and implementation of adaptive traffic light control
with a call button for pedestrians. The average delay per vehicle and the average and maximum queue
length are determined. The average delay under existing traffic conditions, depending on the period of the
day, is 11.02—15.94 s; average queue length — 19.9-25.9 m; the maximum queue length is 64.1-74 m.

The arrangement of safety islands at pedestrian crosswalks made it possible to reduce the delay per
vehicle by 15.4-21 %, the average queue length by 16.3—20.8 %, and the maximum queue length by 17.6—
21.4 %. The efficiency of the construction of the underground pedestrian crosswalk was 2833 % higher
than the existing traffic conditions when finding the delay per vehicle, 29.4-33.2 % higher when finding
the average queue length, and 28.5-33.7 % higher when finding the maximum queue length. Simulation of
the implementing the adaptive traffic light control showed a decrease in the delay per vehicle by 23.9-28.2
%, the average queue length — by 24.9-29 % and the maximum queue length by 26.4-28.9 %. An insignificant
difference in the results between the second and third options for the arrangement of pedestrian crosswalks
and significant financial costs for the arrangement of the second option, made it possible to reject it as the
least effective. A decision was made on the feasibility of implementing adaptive traffic light control with a
call button for pedestrians, taking into account the results of the reduction of the delay per vehicle and the
average and maximum length of the queue for the first and third options for the arrangement of pedestrian
crosswalks, as well as traffic safety.
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Further research will be aimed at verifying the effectiveness of implementing such measures on
traffic flows directly at the circulating flow of the roundabout, as well as when traffic flow exits the
roundabout.

References

1. Automobile roads. Transport junctions in one level. Designing. (2016). HBN V.2.3-37641918-555:2016
from Ist Luly 2016. Kyiv: Ministry of Infrastructure of Ukraine (in Ukrainian).

2. Streets and roads of settlements (2018). DBN V.2.3-5:2018 from 1st September 2018. Kyiv: Minregion
Ukrainy (in Ukrainian).

3. Ameen, T., Rashid, W. & Ahmad, A. (2022) Estimation of vehicular delay in presence of illegally crossing
pedestrians and determination of LOS using cluster analysis at Midblock sections of Urban Roads, Innovative
Infrastructure Solutions, 8(1), 24. doi: 10.1007/s41062-022-00994-7 (in English).

4. Fornalchyk, Y., Koda, E., Kernytskyy, I., Hrytsun, O., Royko, Y., Bura, R., ... & Polyansky, P. (2023). The
impact of vehicle traffic volume on pedestrian behavior at unsignalized crosswalks. Roads and Bridges — Drogi i
Mosty, 22(2), 201-219. doi: 10.7409/rabdim.023.010 (in English).

5. Xin, X., Jia, N., Ma, S., & Mu, J. (2019). Empirical and simulation study of traffic delay at un-signalized
crosswalks due to conflicts between pedestrians and vehicles. Transportmetrica B: Transport Dynamics, 7(1), 637—
656. doi: 10.1080/21680566.2018.1460880 (in English).

6. Distefano, N., Leonardi, S., & Pulvirenti, G. (2022). Analysis of pedestrian crossing behaviour at
roundabout. Transportation research procedia, 60, 28-35. doi: 10.1016/].trpro.2021.12.005 (in English).

7. Abdullah, M., Oguchi, T., & Dias, C. (2021). Relocation of Intersection Crosswalks to Nearby Mid-block
Locations: Simulation-based Performance Evaluation. Jordan Journal of Civil Engineering, 15(3), 393-406 (in English).

8. Gracanin, D., Ruskic, N., Pavlica, T., Maric, M., & Ciric Lalic, D. (2023). Simulation modelling of
pedestrians influence on the roundabout capacity. International Journal of Simulation Modelling (IJSIMM), 22(3),
474-484. doi: 10.2507/1JSIMM22-3-656 (in English).

9. Petru, J., Krivda, V., Zitnikova, K., & Kludka, M. (2016). Modeling of the impact of a pedestrian crossing
on resulting capacity of a roundabout. In Advances and Trends in Engineering Sciences and Technologies II (pp.
841-846) (in English).

10. Bari, C., & Dhamaniya, A. (2022). Reduction in entry capacity of roundabout under the influence of pedestrians
in mixed traffic conditions. Komunikdacie, 24(4), 201-214. doi: 10.26552/com.C.2022.4.D201-D214 (in English).

11. Kang, N., & Terabe, S. (2019). Estimating roundabout delay considering pedestrian impact. In Scientific
and Technical Conference “Transport Systems. Theory and Practice 2018, (pp. 112—123). doi: 10.1007/978-3-319-
98618-0 10 (in English).

12. Duran, C., & Cheu, R. (2013). Effects of crosswalk location and pedestrian volume on entry capacity of
roundabouts. International Journal of Transportation Science and Technology, 2(1), 31-46. doi: 10.1260/2046-
0430.2.1.31 (in English).

13. Distefano, L., Leonardi, S., & Pulvirenti, G. (2021). Experimental analysis of pedestrian behavior at different
configurations of crosswalks at roundabout legs. J. Eur. Transp, 85(3), 15. doi: 10.48295/ET.2021.85.3 (in English).

14. Karwand, Z., Mokhtar, S., Suzuki, K., Oloruntobi, O., Shah, M. Z., & Misnan, S. H. (2023). Impact of
Splitter-Island on Pedestrian Safety at Roundabout Using Surrogate Safety Measures: A Comparative
Study. Sustainability, 15(6), 5359. doi: 10.3390/sul15065359 (in English).

15. Vignali, V., Pazzini, M., Ghasemi, N., Lantieri, C., Simone, A., & Dondi, G. (2020). The safety and conspicuity
of pedestrian crossing at roundabouts: The effect of median refuge island and zebra markings. Transportation research part
F: traffic psychology and behaviour, 68, 94—104. doi: 10.1016/j.tr£.2019.12.007 (in English).

16. Mako, E. (2015, October). Evaluation of human behaviour at pedestrian crossings. In 2015 6th IEEE
International ~ Conference  on  Cognitive  Infocommunications  (CoginfoCom) (pp.  443-447).  doi:
10.1109/CogInfoCom.2015.7390634 (in English).

17. Kodani, K., Nozato, A., Kuroiwa, H., & Fujioka, K. (2018, October). A Roundabout with Pedestrians:
Simulations Using a Cellular Automaton Model. In TENCON 2018-2018 IEEE Region 10 Conference (pp. 1102—
1105). doi: 10.1109/TENCON.2018.8650185 (in English).

18. Xu, H., Zhang, K., Zheng, Q., & Yao, R. (2018). Multi-level pedestrian signalisation at large four-leg
roundabouts. IET Intelligent Transport Systems, 12(8), 838—850. doi: 10.1049/iet-its.2017.0155 (in English).

Received 21.08.2023; Accepted in revised form 30.10.2023.



32

R. Bura, R. Rohalskyy

BIIVINB IIIIIIOXIAHUX ITOTOKIB HA 3BATPUMKHU TPAHCIIOPTY

HEPEJ CAMOPEI'YJIBOBAHUMMU NNIEPEXPECTAMMU

Anomauia. Y pobomi poseisinymo camopezyibosane nepexpecms, posmauio8ame y HCumio-
oMy pationi M. JIveosa. Ha noxayii poamiweno 6aecamo mo4ox npumseants, momy iHmeHCueHoCmi
MPAHCNOPMHUX MaA  NIWOXIOHUX nomokie eucoki. Ha ycix nioxodax 0o nepexpecmsi HASAGHI
Hepe2ynibosani NiWOXIOHI nepexoodu, 3 SKUX HA mpbox eiocymui ocmpieyi Oesnexu. IIposedero
HamypHi  00CRiONCeHHs. 31 30UPAHHAM NEPEUHHUX HOKAZHUKIE MPAHCNOPMHUX MA NIULOXIOHUX
NOMOKI8 Y NIKOGI ma Midcnikoei nepioou. 3a 0onomoeorw npozpamuoco 3abesneuennss PTV Vissim
BU3HAYEHO 3aMPUMKU MPAHCNOPMHUX HOMOKI8 HA NIOX00ax 00 camope2yib08aH020 nepexpecms 3a
DEANbHUX YMO8 pYX). 3anponoHo8aHo mpu 8apianmu 6iauimy8aHHs NIUOXIOHUX nepexoodié Ha
nioxodax 00 camope2ynbosanux nepexpecmo. Illepwuii sapiaum nepedbauas oO6IAUINYEAHHSL
ocmpisyie besneku Ha 6CIX NIUWLOXIOHUX nepexoodax. [pyeum eapianmom OYI0 0OIAUIINYEAHHS
nio3emMHux niuoxionux nepexodie. Tpemiil sapianm — 6nposaodI’CeHHs A0ANMUBHO20 CEIMI0POPHO20
PecYNIOBaHHA 3 NRPUCHMPOEM BUKIUKY ONIsL NiU0X00i6. 30ICHEHO MOOeT08AHHS PYXY 3a YCIX MPbOX
3aNpPONOHOBANHUX 8APIAHMIE i3 BUZHAYEHHAM 3AMPUMKU, AKA NPUNAOAE HA OOUH MPAHCHOPIMHUL
3acib, 3Ha4eHb cepedHbOi Ma MAKCUMATLHOL 00BIICUHU Yepau MPAHCROPMHUX 3aco0i8 HA nioxodax
00 camope2ynb08aH020 nepexpecms. Yci mpu eapianmu nokazauu Kpawji pe3yivmamu 3MeHuleH s
MPAHCNOPMHOI 3aMPUMKY, HIJC 34 HUHIWHIX YMoe pyxy. llpome cnocmepieanucsi 3ampumiu,
CNPUYUHEHT CaMuM MPAHCNOPMHUM nomokom. LI 3ampumku eusnaueHo 3a pe3yrvmamamu
MoOento8anHs Opyeoeo eapianma. Y yvbomy GURAOKY 3HAYEHHS MPAHCNOPMHOL 3aMpUMKU €
Hatinuxcuumy. Haveuwyi 3HayeHHs 3ampuMoK, NOPIGHAHO 3 THWMUMU 8APIAHMAMY, CHOCMEPIanucs
3a nepuiozo eapianma. Busnaueno nepesacu ma HeOONIKU KONMCHO2O 13 8APIiaHmMIE 00IQUIMYEaANHs
niwoxionux nepexodie. Ilodano pexomenoayii wo0o OOYitbHOCMI PO3MIWEHHs DI3HUX 6UOI8
RIUWOXIOHUX NEPEX00i8 Ha NIOX00AX 00 CaMoOpe2yib08AH020 NEePexpectsl.
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