TRANSPORT TECHNOLOGIES

Vol. 5, No. 1, 2024

Stepan Plesak*
Lviv communal enterprise “Lvivavtodor”
7, Pasiky Halutski Str., Lviv, 79000, Ukraine

© S. Plesak, 2024
https://doi.org/10.23939/tt2024.01.001

STUDYING THE EFFECTIVENESS
OF PROJECT SOLUTIONS USING THE TRANSPORT MODELING

Summary. One of the factors that lead to an increase in congestion on the road network is the
growth of motorization levels in the city. Under such conditions, the number of private vehicles on
city streets is increasing as delays at intersections and queues. As a result, the passage of the
intersection is delayed, as drivers are forced to wait longer for their turn. When reconstructing a
street or road, it is proposed to change the traffic management, the number of lanes and the
configuration of some intersections to solve the problems described above. However, after the
project is implemented, traffic flows are mostly redistributed, and the proposed changes may not be
effective. It is imperative to conduct transport modeling, which allows checking the effectiveness of
decisions and adjusting the project in the early stages, but not after implementation, to prevent the
negative impact of such situations. When performing transport modeling, unnecessary investments
that may arise after implementing the project can be avoided, or the feasibility of its implementation
can be checked.

The object of research is a section of the road network located in a settlement. It is worth
noting that all approaches to intersections have high traffic volumes, which should be taken into
account when creating project documentation. This article presents a design solution that includes
reconfiguring the intersection, increasing the number of lanes, and conducting transport
microscopic modeling of the existing and projected conditions to determine the effectiveness of
changing the traffic management on the studied section of the road network. According to the results
of the microscopic modeling, delays and queues on the approaches to the intersection have been
reduced, which indicates that the decision was correct. PTV VISSIM software was used to perform
transport modeling. After testing the simulation model and analyzing the results, it is possible to
assess the impact of design decisions on the road network and, if necessary, make adjustments.

Key words: level of congestion, traffic delays, queues before intersections, transport
modeling, project documentation, simulation model, traffic management.

1. INTRODUCTION

An increase in motorization levels, especially in large cities, leads to increasing vehicle traffic and
congestion on the road network. It, in turn, leads to longer traffic queues and delays on the approaches to
intersections, congestion on city streets, longer travel times on a street or road section, and increasing
traffic conflicts and accidents [1]. Also, under such conditions, the convenience of driving is significantly
reduced as vehicle drivers have to wait longer to pass the intersection in traffic jams [2]. Therefore, it is
also worth paying attention to the environmental factor, since as the amount of traffic and the time it takes
for vehicles to pass a section of the street to get through the queue increases, so do the emissions of
harmful substances into the air, which negatively affects the environment.
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There are several ways to solve these problems. One of them is to reconstruct streets and increase
the number of traffic lanes for private vehicles, which will increase traffic capacity and reduce traffic
delays. Also, residents should be encouraged to use public transportation to reduce the number of private
transport in the city. However, it is necessary to ensure passenger comfort, which includes the following
factors: ensuring adherence to schedules, short intervals between trips, and speed of travel to achieve this
effect. To fulfil these conditions, a sufficient number of vehicles on the route and allocating dedicated lanes
for public transport are necessary. At the same time, it is becoming clear that the uneven development of
residential areas and the limited infrastructure capabilities of municipalities will not provide a level of
mobility at which the use of private cars is impractical. Therefore, optimizing traffic at intersections by
changing the distribution of traffic flows is a relatively cheap and effective way to reduce time delays for
public and private transport. However, before implementing the changes, transport modeling should be
carried out, after which the effectiveness of a particular project proposal will become clear.

2. RESEARCH STATEMENT

Many methods have been researched to solve the problem of traffic delays in cities, including the design
of traffic junctions at different levels or roundabouts [3-4]. By avoiding the interaction with intersecting streets
or roads, vehicles do not need to stop, which, in turn, affects the formation of congestion.

Another effective method of reducing delays and queues at intersection approaches is analyzed in
[5-6]. However, to achieve this goal, it is necessary to rationalize permissive traffic light signals so that
vehicles from all approaches to the intersection would spend a minimum amount of time waiting.

An essential factor at the approaches to the intersection is the permitted left turn maneuver since,
under such conditions, as noted by the author [7], there is an increase in queues and delays. It is also worth
noting that this maneuver also affects traffic safety as it involves the interaction of a vehicle with an
oncoming vehicle.

The problems with congestion at the approaches to the intersection can be solved by changing the
geometric parameters or configuration of the intersection [8]. For example, an unsignalized intersection
can be changed to a roundabout if the required area is available, which, in turn, will increase traffic safety
at the intersection and equal priority at the approaches to it. It is possible to increase the number of lanes by
reducing their width in limited conditions, which will increase the intersection capacity.

However, there are cases when it is impossible to solve the problem with delays at the approaches to
intersections using one of the described methods. In some cases, it is necessary to approach the problem
comprehensively. For example, simultaneously change the duration of the permissive traffic light signal
and the number of lanes on the approaches to intersections.

Although transport modeling has gained popularity, not all cities use it or use it not to the fullest
extent. The importance of using software to perform simulation modeling cannot be overemphasized, as it
can be used to determine the effectiveness of changes in the road network and, if necessary, make certain
adjustments. Such measures will help achieve the most effective result, which will reduce congestion,
especially in densely populated cities.

The sources that have been analyzed make it clear that there is no standard method of solving
problems with congestion. Each method has its advantages and disadvantages that should be taken into
account. It is not always appropriate to transfer the experience of solving problems with congestion in a
particular place to all problem areas since each node has its characteristics that should be considered.
Transport modeling is a relevant and essential tool for making decisions about changing traffic
organization or optimizing traffic light signaling.

The relevance of the research presented in this article is to conduct transport simulation modeling
when developing a street reconstruction project before implementation to obtain an efficient project and
reduce or avoid unnecessary investments.

The object of the study is a transport node on the city's road network with high traffic volume, and
the subject is the patterns of queue changes and delays on the approaches to it.
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The aim of the study is to determine the effectiveness of the transport node reconstruction project
using transport modeling. It is necessary to solve the following tasks to achieve the aim of the study:
— carry out field studies to determine traffic volumes on the approaches to the intersection;
— create an existing and designed transport model of the studied node in the PTV VISSIM
software environment;
— compare the results of modeling the existing and design conditions and determine the
effectiveness of design solutions.
The expected result of the transport modeling is to obtain the results of the existing and design
conditions, determine the effectiveness of design solutions, and point out the importance of using software
to perform transport modeling.

3. CHARACTERISTICS OF THE RESEARCH OBJECT
The object under study is a section of the road network in the city of Lviv. It is worth noting that it
has significant traffic volumes, as one of the streets connects two arterial streets. The studied transport
node (Fig. 1) has three intersections, one of which is a signalized intersection. Street C is an arterial street
that connects the bypass road and the central part of the city. Street A connects arterial street C to another
arterial street, so there is quite a lot of traffic. The width of the traffic lanes on the studied streets is 3.75 m.
In the current conditions, two-way traffic is organized on the streets.
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Fig. 1. The study area on the road network with traffic data collection points marked

Field studies were carried out during peak periods of the day on weekdays to determine the traffic
volume at the approaches to the intersections (Fig. 2), the composition and distribution of traffic flows
(Fig. 3), the traffic light cycle and phase departures (Fig. 4 and Fig. 5).
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Fig. 2. Traffic volume graphs on the approaches to the intersection
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Fig. 3. Distribution of traffic flows in the study area: a — by direction; b — by composition

Fig. 4. The existing graph of traffic signal operation, which is included in the PTV VISSIM software environment

As can be seen from the graphs shown in Fig. 2, the highest traffic volume is observed on Street A
and Street C. It is explained by the fact that Street C is an arterial street, and Street A connects arterial
Street C and another street. Private vehicles prevail in the traffic flow, which accounts for 67 % of the total
traffic, but there is also a large share of freight traffic (30 %). Also, straight traffic flows prevail at the
intersection, and there is an almost equal number of turning traffic. The intersection of Street A and Street
C is controlled by traffic lights. The duration of the traffic light cycle, according to the existing graph of
the traffic signal facility, is 56 seconds, and the number of control phases is 2.
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Fig. 5. Phase departure at studied intersection with traffic light control

4. MAIN PART

As of today, PTV Group is a favorite in creating software for transport modeling. It has implemented
several digital products for transport simulation modeling that can perform different tasks using different
methods, such as macroscopic, microscopic, and others. We use microscopic modeling to reproduce the
studied intersection, traffic conditions, and the interaction between pedestrians and vehicles in detail. It can
be used to determine the effectiveness of the design solution on the studied section of the road network.
For this purpose, we use the PTV VISSIM software [9, 10]. The main indicators that will be studied are:

— average queues;

— maximum queues;

— average delays.

These are the main indicators which are used for analysis and comparison after transport simulation
modeling. It is necessary to display the existing conditions of the node in the PTV VISSIM software
environment (Fig. 6), indicate traffic volumes, traffic flow composition, its distribution, public transport
routes and schedules, traffic light signal graphs and phase departures, if any, and other indicators obtained
after field studies to determine the efficiency of a particular transport node. After entering all these
indicators and getting the results, it is necessary to create design conditions for the node and get the results
from it. It is worth noting that the quality of the modeling results directly depends on the accuracy of the
input data and model calibration.

Fig. 6. The model of the existing conditions of the study area in the PTV VISSIM software environment
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The design solution proposes the arrangement of a quasi-roundabout (Fig. 7), which provides for an
increase in the number of traffic lanes and the number of pedestrian crosswalks in the study area, the
installation of new traffic lights and changes in the cycle time of existing ones, and the introduction of
dedicated lanes for public transport.

Fig. 7. The designed scheme of traffic management with marked nodes from which
the modeling results will be obtained

After making changes to traffic management, designing traffic signal graphs and phase departures in
the PTV VISSIM software environment, we will calculate indicators that will be used to compare and
determine the effectiveness of the changes. A schematic representation with measurement points and their
numbers is shown in Fig. 8. Results of modeling are shown in Fig. 9-11.
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Fig. 8. Schematic representation of measurement point numbers _
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Fig. 9. Results of modeling the average queues at the existing
and designed conditions on the studied section of the road network
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The average queue values obtained through transport simulation modeling indicate an increase in the
indicators, mainly at the approaches to intersections. On the approach to measurement point 6, there is a
maximum increase in the average queue from 1 car to 36 cars (an increase of 3500 %).
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Fig. 10. Results of modeling the maximum queues at the existing
and designed conditions on the studied section of the road network

When analyzing the maximum queues, a similar increase in the obtained indicator is observed at the
same measurement point as the average queues. The maximum queues increase at measurement point six
from 7 cars to 44 cars (529 %) and measurement point two by 75 %. However, other approaches are
projected to decrease.
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Fig. 11. Results of modeling the average delays at the existing
and designed conditions on the studied section of the road network

The average delay duration obtained from the simulation results increases in four out of six
approaches. The highest indicators are observed at measurement point 2 —164 %, measurement point 4 —
500 %, and measurement point 6-983 %. It is a critical increase, which can result in longer queues, longer
travel times through the study area, and, as a result, more accidents.
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5. CONCLUSIONS AND RESEARCH PERSPECTIVES

Field studies were carried out to obtain data on the traffic volume, traffic flow composition, and the
share of turning vehicles, after which the results were analyzed. They will be entered into the PTV VISSIM
software environment.

A model of the existing conditions was created in the PTV VISSIM software environment based on
the data obtained during the analysis of field studies. Transport modeling of the existing conditions was
carried out, and results, such as average queue, maximum queue, and average delay, were obtained.

A model of the design conditions was created, which provides for changes in the configuration of
the intersection and the number of lanes, additional pedestrian crosswalks, graphs of traffic light cycle
operation at new traffic lights, and phase departures proposed in the project. After all the changes were
made, simulation modeling was performed, and the results were obtained and analyzed. It is worth noting
that the main indicators that were studied have increased to critical levels. The worst performance is
observed at measurement point 6, with average queues increasing by 3500 %, maximum queues — by 529 %,
and average delays — by 983 %.

After conducting transport simulation modeling of the existing and designed conditions and
analyzing and comparing the results, it becomes obvious that it is inexpedient to implement a project of
this configuration, as there is an increase in such indicators as average queues, maximum queues, and
average delays. If transport modeling had not been used, the implementation of this project could have led
to significant complications in the studied section of the road network and significant capital expenditures.
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JOCIIKEHHA EOEKTUBHOCTI HPOEKTHUX PIINEHDb
ITPU BUKOPUCTAHHI TPAHCIIOPTHOI'O MOJAEJIIOBAHHA

Anomauia. Oonum i3 YUHHUKIG, AKUU NPU3BOOUMDb 00 30i1IbULEHHS DIBHS 3A8AHMAICEHHS HA
BYAUYHO-O0POAUCHIUL Mepedici, € niosuujenHs pieHs asmomooinizayii y micmi. 3a makux ymos
3pocmae  KiibKicCmb NPUBAMHO20 MPAHCNOPMY HA SYIUYAX MICM, 3AMPUMOK HA Ni0Xodax 00
nepexpecms ma uepe. YHAcniook yb02o npoi3o nepexpecms 8i00y8acmMbCs i3 3aMpPUMKOIO, OCKIIbKU
600ii MpancnopmHuux 3acodie smyueni 0osuie oyiKyeamu ceoci yepeu. [l upiuients onucanHux
npobiem ni0 4ac peKOHCMPYKYil eyauyi yu 00pocu 3aNpONOHOBAHO 3MIHIOBAMU OP2AHI3aAYTI0
00POICHLO2O PYXY, KIbKICMb cMye pyxXy ma Kougieypayito Oeskux nepexpecmo. Ilpome nicas
peanizayii npoexmy 30e0iibuto20 8i00Y8AEMbCs NEPepo3NO0Ll MPAHCHOPMHUX HOMOKIG, NIC/IA AK020
3anponoHOBaHi 3MiHU MOJCYymb cmamu HeeexkmusHumu. LLo6 3anobiemu HecamusHOMY 6NAUGY
maxux cumyayii, 0008 ’s13k080 He0OXiOHO BUKOHAMU MPAHCNOPMHE MOOEN08aHHSA, N0 4ac K020
MOJICHA nepesipumu epexmueHicms NPULHAMUX pilenb ma Kopueyeamu npocKm uje Ha PaHHIX
cmaodiax, a He nicia peanizayii. 30TUCHIONYU MPAHCROPMHE MOOEMOBAHHS, MOJCHA VHUKHYMU
3aUBUX KANIMALOBKIAOEHb, SIKI BUHUKAIOMb NIC/IS peanizayii npoekmy, abo nepesipumu OOYiIbHICMb
11020 6NPOBAVIICEHHS.

O06’exmom  00cniOdceHHs: € OLISIHKA  BYIUYHO-O0PONCHLOI  Mepedici, pPO3MAuo8ana y
HaceneHomy nyHkmi. Bapmo 3asnauumu, wo 6ci nioxoou 0o nepexpecmv € 0080i IHMEHCUSHUMU,
wo eapmo 6paxyeamu ni0 4ac CMEOPeHHs NPOEKmMHOI doxymenmayii. B yiil cmammi HasedeHo
npoEKmHue piuienHs, sike nepedodauae 3miny KoHgicypayii nepexpecmsi, 30iibuleH s KilbKOCMI CMye
PYXy ma mpamcnopmme MIKpOCKONiuHe MOOeMO6aHHs HASIBHO20 Md NPOEKMHO20 CMAHI8, woo
BUBHAYUMU  eQEeKMUBHICMb 3MIHU Opeanizayii 0OPOICHLO2O PYXY HA O00CHIONCYBAHTU OLIAHYI
BYIUYHO-00PONCHLOT Mepedci. 3a pe3yrbmamamu MIKPOCKORIYHO20 MOOENI08AHHS CHOCMEPI2AEMbCsL
3MEHUIeHHsT 3aMPUMOK ma Yepe Ha nioxo0ax 00 nepexpecms, wo Cei0uums npo NpPAGUIbLHICTY
NPUiHAMO20 piuenHs. s GUKOHAHHSA MPAHCHOPMHO2Z0 MOOEMOSAHHSA BUKOPUCTNAHO NPOSPAMHE
sabesneuennsi PTV VISSIM. [licia anpobayii imimayitinoi moleni ma ananizy pesyivmamis €
MONCAUBICMb OYIHUMU BNIUE NPOEKMHUX DPIlleHb HA 8YIUYHO-OOPONCHIL Mepedci ma, 3a Heoo-
XiOHOCMI, BHOCUMU KOPUSYBAHHS.

Knrouoei cnosa: pigenv 3a6anmadicents; mpancnopmHi 3ampumKu;, yepeu neped nepexpec-
MAMU;, MPAHCNOPMHE MOOENBAHHS; NPOEKMHA OOKYMeHmayis, imimayiina mooennb; opeanizayis
00POHCHBO2O PYXY.



