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CHANGE IN TRAFFIC VOLUMES IN CONSTRUCTION WORK ZONES

Summary. The problem of bottlenecks on the road network is relevant, especially in cities
with radial and radial-ring schemes, since in case of their occurrence on arterial radial streets, it is
difficult to choose an alternative route due to the low capacity of secondary streets. One of these
bottlenecks is the repair work area, where, due to the closure of one street, the detour is carried out
by parallel routes, which increases the load on local streets and driveways. Traffic flow volumes in
the repair work areas are investigated in this paper. A site was selected where repairs were carried
out in 2023. A citywide street of signalized traffic was closed due to repair work. The authors have
forecasted the volumes of traffic flow that will be moving. After the start of the repair work, the
actual traffic volume was determined by field surveys. The research was conducted over three
months. The results showed that in the first week, the volumes were 2 % higher than predicted; in
the second week, they corresponded to the predicted values, and starting from the third week, they
began to decrease. Approximately the same volumes were observed between the seventh and twelfth
weeks of the study. They were 18 % lower than forecasted at the beginning of the study. Since the
research results showed that drivers need about a month to choose an alternative route to bypass the
most congested sections of the road network, a recommendation was made to install road signs
informing about the detour a month before the start of the repair work. In our opinion, this
recommendation will allow drivers to plan and choose an alternative detour route in advance so
that the detour section is less congested at the beginning of the repair work.

Keywords: traffic flow, field research, arterial street, traffic volume, traffic forecasting, road
network, traffic capacity.

1. INTRODUCTION

Constant traffic congestion and delays have been a significant problem in modern cities for quite some
time. This is because of the growing number of cars on the road network and insufficient capacity reserves.
Therefore, drivers usually choose the optimal route and time of travel to avoid places of constant congestion.
However, there are cases when such places are formed for unpredictable reasons, such as traffic accidents,
complicated road conditions due to bad weather, and repair work. In such cases, informing residents about such
bottlenecks is essential so that alternative routes can be built. The media usually make such notifications.
However, if road traffic accidents occur occasionally, the repair work usually takes a long time. And we are
talking not about current repair work but about arterial street repairs with the development of temporary traffic
management schemes during repair work, indicating the streets that will be detoured.

When it comes to cities with radial and radial-ring schemes, there is an additional problem when repair
work is carried out on arterial streets with high traffic volumes. In such cases, the detour is carried out via local
streets whose capacity is not designed for such traffic volumes, which causes additional congestion.
Over time, drivers find alternative routes to avoid such places. Therefore, the question arises of the
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of installing road signs that would warn residents about the repair work a specific time before it begins so
that they have time to adapt and choose the best route and method of transportation. Thus, when such
repair work begins, the load on the detoured streets will be less.

2. RESEARCH STATEMENT

The State Standard of Ukraine [1] does not contain information on how long in advance it is
necessary to install road signs with warning of repair work on a street section and the need to detour this
section. The information provided only states that residents must be notified in advance when setting speed
limits. However, when they are informed in advance that their usual routes will be changed, they can plan a
new route to avoid the most congested areas.

Therefore, the study aims to investigate changes in traffic volumes in the places where the repair
works are carried out. The following tasks need to be accomplished to achieve this goal:

— to analyze the detour scheme during the repair work on the studied areas;

— to conduct field studies to collect data on the traffic volumes on the studied section of the road

network;
— to forecast the traffic volume of the traffic flows that will make the detour;
— to analyze changes in traffic volumes throughout the duration of the repair work.

3. THE ANALYSIS OF THE MAIN LITERARY SOURCES

The issue of studying the state of traffic flow is complex and multifaceted. It is well known that the
main cause of traffic congestion on the road networks of cities is the formation of bottlenecks [2]. Traffic
accidents, repair work on the road network, the impact of weather conditions on traffic flow parameters,
public events, and ineffective traffic management measures or unsatisfactory street planning parameters are
among them [3]. Some authors [4, 5] distinguish between closing streets or their sections, or reconstruction
of a part of the road network, and bottlenecks as different phenomena. However, if we consider them as
places on the road network where the volume has reached capacity [3], then repair work will also be
considered a bottleneck. An analysis of scientific research on determining the parameters of traffic flows
during repair work shows that the topic has not been studied in recent years. Most of the publications are
by foreign authors. Most studies have been conducted for areas where only a part of the street or road is
blocked, so research has focused on traffic safety in repair areas [6—7], the capacity of the roadway
narrowing section [8], or reducing traffic speed [9] in repair areas. The authors [10] studied driver behavior
on a section of an arterial street where repair work was underway (two of the five lanes were closed). The
research showed a decrease in traffic speed under free conditions from 80 km/h to 60 km/h and an average
speed from 45 to 40 km/h. Observations also showed that as the roadway's width decreased, road users'
behaviour became more aggressive. The authors [11] also confirm the decrease in traffic speed.

In [12], the authors point out that the long duration of repair work or its large area causes irritation to
drivers, which leads to a decrease in traffic safety. Therefore, the authors recommend minimizing their
negative impact on traffic flow, dispersing vehicles in time to avoid congestion, and installing warning
signs indicating the duration of the repair work.

The authors of [13] studied the perception of warnings about road works ahead using road signs and
applications on mobile phones. The study results showed that drivers are more likely to perceive a warning
about a hazard ahead that sounds on a smartphone or sounds and is additionally displayed on a smartphone
screen than a warning on road signs.

Another aspect is the use of alternative traffic routes to avoid congestion on the road network. The
authors of [14] studied drivers' choice of alternative routes when traffic on congested arterial streets is
high. The studies showed that drivers would choose small side streets over arterial streets even if the time
loss before traffic lights on arterial streets and the time loss caused by various restrictions on side streets
were the same.
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Paper [15] investigated the impact of controlled traffic signs on the route changes of taxi and truck
drivers in different traffic situations. Thus, options were considered when controlled traffic signs indicated
information about the type of obstacle ahead, the cause of the traffic jam, and the impact on the complexity
of road conditions, expressed quantitatively or qualitatively, and information about available alternative
routes. The research results showed that the latter two options have a more significant impact on the
propensity of professional drivers to change their route.

Paper [16] considers the impact of repair work on a section of the road network in the case of
complete closure and the arrangement of alternative detour routes. The authors propose various options for
arranging detours: on territories of different sizes or various alternative routes. Thus, the study's results
indicate that as the detour area increases, the travel time decreases. Regarding the share of drivers who
follow the recommended alternative route, the results showed that the optimal share of drivers with the
least time loss is 30 %, and 70 % usually follow their routes. In addition, if there are several alternative
routes (the authors considered options for one, two, or three such routes), the greatest time loss is observed
if there are three routes and the share of drivers who follow them is 20 %. When comparing time losses
during a partial block of a street section for repairs to a complete block, the best option, according to the
research, is complete blockage with alternative routes.

The authors [17] conducted a study to develop a method for arranging alternative traffic routes to
avoid congestion on sections of the road network based on machine learning. However, they acknowledge
that the method does not predict the point at which too many people will choose the same alternative
routes. However, researchers [18, 19] propose an approach where each vehicle that can communicate with
the central traffic control point in the city will receive information on the optimal route considering the
current situation on the city's road network.

Thus, the question arises of the possibility of installing traffic signs that warn of the closure of a
street or its section due to repair work a specific time before the closure begins so that drivers can use
alternative travel routes to avoid areas with congestion.

4. RESEARCH RESULTS

The study of traffic volumes during the repair works was carried out on the section of Shevchenka
Street in Lviv. Shevchenka Street is an arterial street of citywide significance with signalized traffic,
located on the border of Shevchenkivskyi and Zaliznychnyi districts of Lviv. The street is one of the radial
streets that connects the peripheral parts of the city with the center, so there is a significant traffic flow
there.

Field surveys were conducted to collect data on the traffic volume in the study area. The volumes
were measured in the areas between the intersections, which were assigned corresponding numbers. The
highest volumes on Shevchenka Street were observed between intersections 8-9 and 9-10 and were 2252
and 2291 veh/h in both directions, respectively. The study of the existing traffic volume before the repair
work was carried out during a week. The study results are the average traffic volumes during peak periods,
considering the daily and weekly coefficients of irregularity. The research results are presented as a graph
in Fig. 1.

In the spring of 2023, repair work was carried out on the section of the street from the intersection
with Turyansky Street to the intersection with Bortnyansky Street (sections 11-12 and 10-11), so the
section of Shevchenka Street from the intersection with Turyansky Street to the intersection with Y.
Mudroho Street (sections 11-12, 10-11 and 9-10) was closed to traffic.

Under these conditions, we predicted how the traffic volumes will be distributed in the area of repair
works — Turyanskoho Street — Zolota Street (sections 12-2,2-3,3-4,4 -5, and 5 - 9), or Yunakiva Street —
Bortnyanskoho Street — Oleny Stepanivny Street — Yaroslav Mudroho Street (sections 13 — 18, 18 — 19, 19 —
20, 20 — 26, 26 — 27, 27 — 28, 28 — 29, and 29 — 9) in the direction of the center and Kleparivska — Zolota —
Yeroshenka Streets (sections 6 —5,5-4,4-3,3-2,2-1and 1 - 13) in the direction from the center.
The work area includes the streets along which detour routes are laid and the section where the repair work
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is carried out. The motion was predicted according to the methodology presented in [20]. The forecasting
was performed using the formula:

Ne =No-(L+5)" (2)
where N, — forecasted traffic volume for the t-th period, auto/day; N, — initial traffic volume, auto/day;
[ average increase in traffic volumes (calculated by interpolating the traffic volumes observed on the
street that was closed for repairs and on the streets that were detoured); t — perspective period.
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Fig. 1. Graph of traffic volumes on the studied section of the road network

The section with the highest volumes was closed for repair work, so the side streets will experience
significant increases in volumes, sometimes at the capacity level, as there are no other arterial streets with
high capacity values in the study area. The forecasting results are shown in Fig. 2.
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Fig. 2. Graph of forecasted traffic volumes on the studied section of the road network during repair works
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A survey was conducted among drivers as part of this study. Since any survey should be
representative of the sample size of the general sample, all age groups of the amateur population of Lviv,
who, according to the current legislation, can hold a driver's license, participated in the survey. It is worth
noting that the share of drivers who pass the study area irregularly — those who do not live in Lviv and
potentially will not be aware of the need for a detour — was not considered. Drivers were asked: “How will
your route be formed during repair work on one of the street sections you are traveling?” The proposed
answers were:

“l will follow the usual route and bypass streets, taking into account the changed traffic
scheme”;

- “I will move according to the recommendations of the navigator through the area of repair

work’;

- “l'will follow the recommendations of the navigator while detouring the area of repair work”;

- “l'will follow my alternative route”;

- “l'will stop using my private car for the duration of the repair work”;

— “other”.

The number of responses received was 250. Among the respondents, 36 % were women and 64 %
were men.

As for age categories, the distribution was as follows:

— 18to 25 years old — 19 %;

— 251040 years old — 31 %;

— 40to 60 years old — 29 %;

— over 60 years old — 21 %.

As for the respondents' employment status, 32 % are students, 42 % are employed, and 26 % are
retired.

The general results of the survey are shown in Fig. 3.
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= | will follow the recommendations of the navigator through the area of repair work
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Fig. 3. Results of the survey of drivers on the choice of route in the area of repair works

According to the survey, most respondents plan to follow the usual route, of which 35.5 % will
follow a self-selected route, and another 38.8 % will follow the recommendations of the navigator. As for
the alternative route, 10.6 % plan to detour using a navigator, and another 4.1 % plan to use a self-built
alternative route. In addition, 2.8 % of respondents plan to refuse to use a car for the duration of the repair
work.
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The survey results were also analyzed by category. As for the results by gender, women are more
likely to continue to move through the area of repair work — 57 %. Regarding using the navigator, 18 %
said they would follow the usual route around the repair area, and 39 % would follow the navigator's
recommendations. As for stopping using a car for the duration of the repair work, 23 % of women said yes.
As for men, 41.5 % answered the first question in the affirmative, and 27.5 % answered the second.
Regarding detours around the area of repair work, 8 % will follow the recommendations of the navigator,
and 9 % will follow a self-created route. For the duration of the repair work, 0.7 % of men plan to give up
using a private car. “Other” was indicated by 11.3 % of men. The results of the responses by employment
and by age category were similar. The distribution of responses by age category is shown in Fig. 4.
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Fig. 4. Results of the driver survey by age category

The distribution of responses by age category differed depending on the question. For example, the
number of responses to the first question was approximately the same. As for the second and third
questions, the number of responses decreased with the increase in the age category. The largest number of
answers to the second question — 14.4 % — was from drivers aged from 18 to 25. As for the age group over
60, we have only 5.3 % of answers to the second question. Regarding using a personal car for the duration
of the repair work, most affirmative responses were in the 18-25 age group and over 60 years old.

In general, according to the survey, the majority of respondents — 74.3 % — will continue to use their
usual routes through the area of repair work. Another 8.2 % chose “other”. The remaining 17.5 % said that
they would either detour around the repair work area or not use a private car during the repair work.

Further, we measured the traffic volumes during the entire period of repair work on the Shevchenka
Street section. The results are divided by week, considering the daily and weekly coefficients of
irregularity. The results are shown in Table 1.

Starting from the fourth week, traffic volumes were relatively constant — we combined the most
similar ones. The table shows the average volumes for weeks 4-6, 7-9 and 10-12.

Therefore, as we can see, the volume decrease in the first three weeks was significant, but after a
month, their values became relatively the same.
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Table 1
Results of studies of traffic volumes on the studied section
of the road network during the repair works
Average daily hourly traffic volumes over the weeks, auto/h

Name of the street Tt 2-nd 3rd 4-6-th 7-9-th 10-12-th
Zolota 2205 2128 2000 1783 1748 1750
Generala Yunakiva 908 903 821 780 747 753
Oleny Stepanivny 1003 990 930 813 803 806
Yaroslava Mudroho 1560 1549 1503 1321 1271 1272

We also compared the traffic volumes obtained by field studies and traffic forecasting. The
comparison results are shown as a graph in Fig. 4.
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Fig. 4. Results of comparing the forecasted traffic volumes
and the results of field surveys on the studied section of the road network

The results showed that, in practice, traffic volumes in the first week were 2 % higher than predicted. In
the second week, the results of the field studies corresponded to the results of traffic forecasting, and in the third
week, the volumes were 5 % lower than the predicted values. From the fourth to the sixth week, the volumes
decreased by another 10 %. From the seventh week until the end of the observations, the traffic volumes were
18 % lower than the predicted traffic volumes before the start of the repair work. It can be explained by the fact
that in about a month, 15 % of drivers found alternative routes to avoid the problematic section.

Therefore, if we assume, based on the results of the research, that drivers need about a month to choose
an alternative route to avoid the area of constant congestion, we can recommend that in addition to notifying the
public through media reports, road signs should be installed in the places where repair work is planned to be
carried out a month before the start of the work. It will allow drivers to choose and test an alternative route in
advance to reduce traffic congestion in the first weeks after the start of repair work on the sections
recommended for detour.

5. CONCLUSIONS AND RESEARCH PERSPECTIVES
The paper investigates the change in the traffic volumes in the places of repair works. Using field
studies, we determined the traffic volumes on the studied section of the road network, where, in 2023,
repair work was carried out with the closing of a part of Shevchenka Street in Lviv. The streets
recommended to be used as a detour from the repair area are analyzed, and the traffic volumes on these
streets are forecasted.
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A survey was conducted with drivers who frequently pass through the study area to determine which
mode of travel they would choose in the event of repair work. According to the results, 17.5 % of
respondents plan to detour around the area of repair works using their alternative route or a navigator or
plan not to use a private car during the repair works.

Traffic volumes were measured on the streets that were used to bypass the repair site. The study
lasted three months. The study results showed that in the first week, the volumes were higher than
predicted, but starting from the third week, they gradually decreased. The values were 15 % lower than
forecast from the fourth to the sixth week. The volumes remained approximately the same after the sixth
week and until the end of the study period. The actual results of the field studies were 18 % lower than the
results of the traffic forecasting conducted before the start of the field studies. At the same time, all the
streets detoured had volumes that reached the capacity level. Therefore, based on the research results, we
can recommend the installation of traffic signs warning of the start of repair work a month before the
beginning of the work so that residents of the adjacent areas can build alternative traffic routes.
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SMIHA IHTEHCHUBHOCTI PYXY TPAHCIIOPTHUX IIOTOKIB
Y MICIAX TPOBEAEHHA PEMOHTHUMX POBIT

Anomauia. Ilpobrnema 6y3vKux Micyb HA BYAUYHO-OOPOICHIU Mepedci € aKmyaibHoio,
0cobIUB0 Yy Micmax 3 padiaibHOK Ma padiaibHO-KilbYeso CXeMor, OCKLIbKU Y pa3i iX 6UHUKHEHHS
HAQ MA2ICMpPANbHUX paodianbHUX VIUYAX BANHCKO SUOpAmMU albMEPHAMUSHULL Mapupym pyxy uepes
HU3bKY NPONYCKHY 30amHICb OiuHux npoi30ie. OOHUM i3 MAKUX 6y3bKuX Micyb € OLIAHKU BUKOHAHHSL
PEMOHMHUX pOOIm, KOAU Yepe3 Nnepekpummsi OOHIEl eynuyi 00’130 30MICHIOEMbCS NAPATETbHUMU
wsxamu, wo 30LbUYE HABAHMANICEHHS. HA Micyesi @yauyi ma npoizou. Y pobomi 0ocniodiceHo
IHMEeHCUBHOCMI PYXy MPAHCNOPIHUX HOMOKIG ) 30HAX GUKOHAHHS pPeMOHMHUX pobim. Bubparno dinsanky,
oe y 2023 p. euxonysanu pemoHmHi pobomu. Bynuyio 3aeanvHomicbkoeo 3HAUEHHA PecyTib08AH020 PYXY
0y/10 nepekpumo 0 pyxy mpaHcnopmy uepes pemMoHmHi pooomu. Aemopu 30iUCHUTU NPOSHO3Y8AHHS
IHMEHCUBHOCII PYXY MPAHCNOPMHUX ROMOKIG. TTiciis nowamKy 6UKOHAHHSL PEMOHMHUX POOIm Memooom
HAMYpHUX O00CHIOJNCEHb BUSHAUCHO (DAKMUYHY THMEHCUBHICMb DPYXY MPAHCNOPMHUX NOMOKIS. Jloci-
02#CenHs 30IUCHIOBANU NPOMAZOM MPbOX Micayie. Pesynemamu nokazany, wjo Ynpoooeic Hepuiozo
MUdICHSL 3HAYEHHs THMeHCUBHOCmE Oyau suwumu 6i0 npoenoszosanux Ha 2 %, ynpodoeic Opyeoeo
8I0N0GIOAIU NPOCHO306AHUM, A NOYUHAIOYU 3 PEMbO20 MUNCHS NOYAIU 3meHulyeamucs. Midc coomum
ma 08AHAOYAMUM THUICHAMU OOCTIOJICEHb CROCMEPIeanucs NpUOIU3HO OOHAKOBI 3HAUEHHS. THMEeHCUs-
Hocmi pyxy. Bonu 6yau na 18 % Hudcuumu 3a npocHo3068ani Ha noyamxy OociiodcenHs. OcKinbKu
pe3yromamu  00CIONCEHb NOKA3AAU, WO B600iAM HeOOXIOHO NpubIU3HO Micayb, wob eubpamu
ANbMEPHAMUBHULL Mapupym pyxy 01a 00’i30y HAu3a8aHmManiCeHiuux OUISIHOK 8YIUYHO-00PONCHLOT
Mepedrct, mo po3pooIeHO PEKOMEHOAYTIO W00 6CMAHOGIEHHS OOPOJICHIX 3HAKIG, SIKI NOGIOOMIIAIOMb HPO
00130 OinAHKY, 30 MicsAYb 00 NOYAMK)Y BUKOHAHMS peMOHmMHUX podim. Taka pexomenoayis, Ha HauLy
OYMKY, Oacmb 600IIM 3MO2y CHAGHY8AMU Ma GUOPpamu aibMePHAMUSHULL Mapupym 00 30y
3az0ane2iov, Wob Ha NOYAMKY PEMOHMHUX POOIm OLIHKA 00 130y O)a MEHW 3A6aHMAICEHA.

Kntouoei cnosa: mpancnopmuuii NOmiK, HAmMypHi OOCHIONCEHHs, MAICMPAibHA 8YIuYys,
IHMEHCUBHICTN PYXY, RPOCHO3YBAHHS PYXY, VAUUHO-00POICHS Mepedca, NPONYCKHA 30amHiCmb.



