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IMPACT OF TRAFFIC VOLUME AND COMPOSITION
ON THE CHANGE IN THE SPEED OF TRAFFIC FLOW

Summary. The problem of the change in the speed of traffic flow at different traffic volumes
and compositions is researched in this study. The section of the road network with different
geometric parameters (descent, ascent and horizontal section) was chosen for the study. The method
of investigation of traffic flow's speed and factors which have an impact on the reduction of road
network capacity are analyzed. The change in the coefficients of the unevenness of traffic flow by
hours of the day in the studied area was determined and a graph of the distribution of traffic volume
by hours of the day was built. A diagram of the section was built to determine the speed of the traffic
flow, on which the movement along the horizontal section, uphill and downhill movement is present.
It was established that at a traffic volume of 700-800 p.c.u./h, the traffic flow moves at a constant
speed (up to 10-15 km/h). Cumulative curves of traffic flow speed’ distribution characterizing
modes of traffic flow on the road network were built. It is determined that at volume-capacity ratio
0< z £ 0,4 on three investigated sections traffic flow moves with the speed from 35 km/h to 59 km/h.
In the specialized software product PTV VISSIM, the simulation of the traffic flow on the horizontal
section, ascent and descent has been developed. Using the MATHLAB software environment, it is
shown how the speed of the traffic flow changes depending on the volume-capacity ratio and the
share of the heterogeneous traffic flow. It was established that the highest speed of the flow is
observed during the downhill movement — 58.62 km/h at the volume-capacity ratio — 0.13 and the
share of heterogeneous traffic flow — 1.0 (100 % cars). At a volume-capacity ratio of 0.88 and existing
road conditions, the speed of traffic flow on the horizontal section and during uphill movement is
almost the same (the average deviation is 6 %). It can be explained by the fact that at a volume-
capacity ratio of 0.88, traffic flow is in the traffic jam, hence, the speed of movement on the three
sections is the same.

Keywords: road network, traffic flow, traffic volume, speed of movement, capacity, volume-
capacity ratio, traffic simulation, field research, geometric parameters.

1. INTRODUCTION

With the increase in the motorization level, many questions arise that are related to the functioning
of road transport, road safety, rational use of the road network, and the speed of traffic flow. Undoubtedly,
the most important task is ensuring the safety of road users [1, 2]. According to statistics on traffic
accidents, the main cause of traffic accidents, which resulted in the death and injury of road users, is the
inconsistency of the selected speed with specific road conditions — more than 30 % [3, 4]. This problem
can be partially solved by identifying the regularities of the influence of the speed of the traffic flow on the
capacity with different geometric parameters (descent, uphill and horizontal section). The availability of
such methods will make it possible to scientifically substantiate the areas of effective application of project
solutions and, thereby, to improve the quality of road traffic organization [5].
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2. PROBLEM STATEMENT

One of the main problems of the city's road network congestion in the conditions of the growth of
the car fleet and the volume of transportation is the uniformity of the traffic of the road network, volume-
capacity ratio at its sections and the speed of the traffic flow [1, 6-8].

It is known that the geometric parameters of the roadway (length of ups and downs, number of
traffic lanes), as well as traffic composition and volume are the most important factors influencing the
speed of the flow. It has been studied that the average speed of the flow on slopes up to 40%o decreases by
15 km/h compared to horizontal sections [9]. Traffic composition and volume affect the uniformity of the
traffic flow. The deviation of the speed from the uniform one increases with the increase in traffic volume.
The deviation of the flow speed at high traffic volume can be explained by the occupation of the lane with
vehicles and the formation of a column on the sections between intersections [8, 10].

The dependence on traffic flow composition is explained by the difference in the dynamism and
speed of movement of freight transport and cars [2]. The most uniform is a complete freight flow (or bus
flow). In this kind of flow, a smaller number of maneuvers is observed, which ensures greater uniformity
of flow movement [6]. The most uneven movement will be observed in the flow with a significant share of
cars (60 %) and along with it, there are trucks that, due to the peculiarities of the movement, create
obstacles for cars that move more dynamically [10]. As a result, the number of braking, accelerating and
other maneuvers increases, and forced groups of cars are formed. All these factors directly affect the
overall evenness of traffic flow.

3. RELEVANCE OF THE STUDY

The capacity and speed of movement on the road network before ascents, descents and horizontal
sections depend on many factors. They are road-planning factors (relief of the area, the number and width
of traffic lanes, the presence of curves in the plan and profile, urban development, etc.); transport factors
(volume and speed of traffic, traffic flow composition, etc.); environmental factors; regulatory factors
(duration of permissive traffic light signal, presence (or absence) of parking zones, etc.); psychophysiological
characteristics of drivers. These factors significantly affect the speed of traffic flow. Therefore, it is
relevant to study the change in the speed of the traffic flow at different traffic volumes and compositions
with different geometric parameters (descent, ascent and horizontal section).

4. AIM AND THE TASKS OF THE STUDY

The aim of the study is to research the change in the speed of the traffic flow at different traffic
volumes and compositions. Therefore, it is necessary to carry out field studies in the high-speed mode of
traffic flow on the sections of the road network with different geometric parameters (descent, ascent and
horizontal section).

The following tasks have been formulated to achieve the goal:

— to analyze the methods of research of traffic volume, speed, and composition;

— to develop the method of performance of traffic simulation in program software PTV VISSIM;

— to study the change in traffic speed at different traffic volumes and compositions.

5. ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

The successful operation of the road transport complex depends on the efficiency of its components.
The main elements of the city's road transport complex are traffic flows, road network and traffic
management [2].

The speed of the traffic flow is the primary indicator affecting the total costs of the road transport
complex [11]. The speed characteristics of urban traffic are determined by the presence of a speed limit by
road traffic rules, traffic intensity, the presence of pedestrian and bicycle traffic, the possibility of using
multi-lane traffic, etc.
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In the city, the efficiency of transport operation is achieved if traffic flow moves at an optimal speed
[3]. The optimal speed is the speed that would ensure the minimum total costs for road maintenance and
vehicle operation [10].

The analysis of the road network parameters showed that about 60 % of the streets do not meet
modern operational requirements for speed parameters. All dangerous areas can be divided into two
groups:

— the first group: permanently dangerous areas caused by road design features (narrowing of the

roadway, serpentines, long or steep descents, etc.);

— the second group: temporarily dangerous areas, where it is difficult to predict the time of

occurrence of a natural and climatic factor (solar glare, fog, ice, etc.).

An important indicator that characterizes the efficiency of highway operation is the volume-capacity
ratio (z) — the ratio of traffic volume (N) to the roadway capacity (P) [1, 7, 12]. At volume-capacity ratio
7z=0.3 — 0.45, the most stable traffic flow is observed. Changing lanes is practically unlimited. The closer
the z value is to one, the higher the traffic flow density, the lower the speed and the more difficult the
traffic conditions [13].

To achieve uniform traffic on the arterial street, it is necessary that the volume-capacity ratios of
individual sections do not have sharp differences and are in the range of 0.3—0.45. In the presence of such
differences, the driving speed on the street decreases, and the risk of road accidents increases [7, 13].
Therefore, volume-capacity ratios assessment on the section and the development of measures to improve
traffic conditions is one of the tasks during the improvement of traffic management methods. It will make
it possible to eliminate indicators of volume-capacity ratio that exceed optimal values, and to equalize
indicators on individual sections to ensure uniform movement [13—15].

Based on the above, it can be concluded that one of the most important factors that characterize the
uniformity of traffic on the road network is the volume-capacity ratio at its sections and the speed of the
traffic flow [10].

6. PRESENTING MAIN MATERIAL

It is necessary to choose a section of the road network where the experiment will be carried out to
study the influence of the composition and intensity of the traffic flow on the average speed of its movement.
The following restrictions were made to assess the influence of the geometric parameters of the roadway
on the speed of movement:

— the research should be carried out on the street with one lane in each direction;
there should be descent (up to 40 %o), ascent (up to 40 %o) and horizontal section;
there should be a significant share of heavy and public transport;
the peak and off-peak periods should be clearly expressed.

The results of the study of the traffic flow speed under this system of restrictions make it possible to
choose a section of the road network in the city of Lviv. A section of the street of district importance
(Sakharova St.) between the intersections of Sakharova — Stryiska and Sakharova — Knyagyni Olgy was
chosen. There is an uphill and downhill section of the street; a horizontal section is observed (between the
intersections of Sakharova — Boykivska and Sakharova — Knyagyni Olgy streets), and the number of traffic
lanes is one in each direction.

The maximum hourly traffic volume and composition in the studied section (horizontal section,
descent and ascent) were determined by results of the field study. As a result of field studies, the value of
the coefficients of the daily unevenness of the traffic volume was established (Fig. 1).

A graph of the distribution of traffic volume by hours in the studied area was constructed (Fig. 2).

Graphs of peak loads of traffic volume in the studied area were constructed. The composition of
vehicles moving on the road network of the city is determined. The percentage ratio of transport categories
is shown in the diagram (Fig. 3).
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Fig. 1. The graph of changes in the coefficients
of the unevenness of traffic flow by hours in the studied area
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Fig. 2. Graph of the distribution of traffic volume by hours in the studied area
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Fig. 3. Diagram of traffic flow composition in the studied area
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The analysis of the field research data by traffic volume composition in the studied area showed that:

cars prevail in the studied area (68 %), a significant part is occupied by public transport (13 %),
freight transport is mainly up to 2 t (12 %), heavy vehicles with a load from 2 to 8 tons (6 %)
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usually serve the retail network, post office, garbage collection, delivery of construction cargo,
work of special emergency equipment, etc.;
— the studied section operates during the morning peak period in a busy mode: traffic delays are
from 15 minutes or more;
— the capacity of the studied area is reduced before the ascent.
Measurements of the speed of transport units on a horizontal section, ascent and descent were
carried out to study the influence of the traffic volume and composition. The scheme of the section for
determining the speed of the traffic flow is shown in Fig. 4.
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Fig. 4. The scheme of the section for determining the speed of the traffic flow

Empirical dependences of speed from the traffic volume, composition, and density were constructed
based on the results of field studies.
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Having analyzed the graphs shown in Fig. 5, we can see that at a traffic volume of 700-800 p.c.u./h,
the lines intersect in the graph. As a result, the traffic flow moves at a constant speed (up to 10-15 km/h).
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These indicators are valid for the averaged parameters of the sections of the road network in the city
of Lviv, where speed measurements were carried out. The indicated traffic volume during the peak period
was taken to analyze vehicle speed measurements on different sections of the road network. However, each
considered section has its own capacity. Therefore, volume-capacity ratios were calculated to compare the
results obtained on different sections of the road network.

Measurements in the speed of traffic flow were carried out on the horizontal section, descent and
ascent in the peak period. Cumulative curves of flow velocity distribution were constructed. Speed values
of 85 % — coverage, which characterizes the modes of movement of traffic flow on the road network, were
used to build the graph (Fig. 6).
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Having analyzed Fig. 6, we can see that at volume-capacity ratio 0< z < 0.4, the traffic flow moves
at speed from 35 to 59 km/h in the three studied areas. If we analyze the flow movement on the horizontal
section and the descent, we can see that the same structuring of the velocity occurs, but higher values are
observed on the descent. During the uphill movement, at volume-capacity ratio 0< z < 0.4, traffic speed is
from 24 to 38 km/h, at a higher volume-capacity ratio — 7-22 km/h. It is explained by the fact that groups
and packs of cars begin to form at load levels A and B, overtaking stops, and the flow moves in a column
at load levels C and D.

Therefore, the analysis of road conditions and their influence on the speed of flows in the city using
the derived dependencies showed that the main factors that determine traffic modes are traffic volume and
composition, and the presence of ascent (descent).

Traffic simulation was used in the PTV VISSIM software environment to investigate the influence
of traffic volume and composition on its average speed. Previous studies show that the speed of the
heterogeneous flow has a curvilinear dependence from the volume and composition of the flow. Let us
simulate the traffic flow on the horizontal section, ascent and descent according to the given algorithm:

1. A single-lane section (3.75 m wide) with a length of 1,000 m has been created, and there is a

horizontal section, ascent and descent.
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2. The input traffic flow is given; the actual traffic volume varied from 100 to 800 p.c.u./h. The
capacity of the traffic lane was assumed to be 800 p.c.u./h.
A homogeneous and heterogeneous traffic flow were created (the share of the heterogeneous

flow is 0.8; 0.6; 0.4; 0.2, and 0 % (fully freight and bus flow)). In addition, a corresponding
speed value is set for each type of vehicle:

o for cars — 45 km/h;
o for freight vehicles — 30 km/h;
o for buses — 25 km/h.

Traffic simulation of traffic lane operation at different traffic volumes and compositions was carried

out to obtain more reliable data. The simulation results for the horizontal section, ascent and descent are
shown in Fig. 7.
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Fig. 7 shows how the speed of the traffic flow changes depending on the volume-capacity ratio and
the share of the heterogeneous traffic flow using the MATHLAB software environment.

As the results of the simulation of the change in the speed of the traffic flow in the various studied
areas show, the highest traffic speed is observed on the descent — 58.62 km/h at the volume-capacity ratio
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of the roadway — 0.13 and the share of the heterogeneous traffic flow — 1.0 (100 % cars). If, under the same
traffic conditions, the speed of the traffic flow is compared for the horizontal section and on the ascent, we
can say that the traffic speed decreases and is 52.63 km/h and 42.1 km/h, respectively. An increase in the
volume-capacity ratio of the roadway (z = 0.88) and under the existing traffic conditions (share of
heterogeneous traffic flow — 0.8), the speed of the flow on the horizontal section, ascent and descent is
7.2 km/h, 6.3 km/h and 7.5 km/h respectively. Having compared the average value of the speed of the
traffic flow on the considered sections, we can say that it (speed) is almost the same (the deviation is 6 %
on average). It can be explained by the fact that at the volume-capacity ratio (z = 0.88), the traffic flow is
in traffic jam, so the speed of movement in the three sections is the same.

7. CONCLUSIONS AND FUTURE RESEARCH PERSPECTIVES

Therefore, traffic modes obtained by modeling the movement of the traffic flow on a horizontal
section, ascent and descent (using the PTV VISSIM and MATHLAB software products) were determined
to study the traffic speed at different traffic volumes and compositions. The average traffic speed takes into
account the influence of several factors simultaneously. They are the volume-capacity ratio of the roadway,
the share of heterogeneous traffic flow, and the length of the section. The conducted studies allow considering
the traffic conditions more completely when justifying the estimated speed of the traffic flow. As a result,
the capacity of the street-road network increases.

Further scientific research in this direction aims to develop a recommendation for increasing the
capacity based on assessing the interaction of traffic and pedestrian flows on a horizontal section, ascent
and descent.
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BIIVIMB IHTEHCUBHOCTI TA CKJIAAY
TPAHCIIOPTHOI'O IIOTOKY HA 3MIHY ¥MOTI'O MIBUAKOCTI

Anomauin. [ocniosxceno npobiemamuxy 3MiHU WEUOKOCMI MPAHCHOPMHO20 NOMOKY 3d
Ppi3HOI IHmencusHocmi ma ckaady oo pyxy. ns 0ocuiodcenns Oyno oOpano OLISHKY 8VAUYHO-
00POIHCHLOI MepedrCi 3 PISHUMU 2e0MeMPUYHUMU NApaMempamuy (CnycK, niouom ma copu3oHmManlbHa
dinsnka). Ilpoananizoeano memoou 00CHiONCEeHHs WUBUOKOCHI MPAHCHOPMHO20 NOMOKY, d MAKOIC
YUHHUKY, AKI GNIUBAIOMb HA 3HUNCEHHST NPONYCKHOI 30AMHOCMI BYIUYHO-O0POICHLOT MePediCi.
Busnauerno sminy xoeghiyicumis HepisHOMIPHOCI PYXYy MPAHCROPMHUX NOMOKIE 34 200UHAMU 000U
Ha docnioxcysani Oinsanyi ma nob6yo008arHo epagix posnoodiny IHMEHCUBHOCTI PYXY NO 200UHAX
006u. Ilobyoosano cxemy OiNsHKU Ol GUSHAYEHHS WUEUOKOCTI MPAHCNOPMHO20 NOMOKY, HA SAKIU
NPUCYMHIL PYX 20PU3OHMANILHOIO OLIAHKOI0, PYX HA niotiom ma cnyck. Bcmanoeneno, wo 3a inmen-
cusnocmi pyxy 700-800 00./200 mpancnopmuull NOMIK pyXaemvcsi 3i Cmanor weuoxicmio (0o 10—
15 km/200). Tlobyoosano kpuei po3noodiny weuoKoCmi NOMoKy, Wo XapaKmepusyoms PeXcumu pyxy
MPAHCNOPMHUX NOMOKIE HA BYIUYHO-00POJICHIL Mepedci. Busnaueno, wo sxuo pieenv 3agam-
maxcenns 0< z < 0,4, Ha MpboxX 00CHIONHCYBAHUX OLIAHKAX MPAHCNOPMHUU NOMIK PYXAEMbCA 3i
weuoxicmio 8i0 35 km/200 00 59 km/200. ¥V npoepamnomy cneyianizosanomy npodykmi PTV VISSIM
PO3POONIEHO MOOETIOBAHH MPAHCHOPIMHO20 NOMOKY HA 2OPUBOHMANbHINU OilsHYl, niouomi ma
cnycky. 3 suxopucmantsim npoepammozo cepeoosuua MATHLAB noxazaro, sk sMiHIOEMbCS WUO-
Kicmb mpancnopmuo20 NOMOKY 3ANeNHCHO 8i0 Pi6HA 3A8AHMANCEHHS MA YACKU 3MILUAHO20 MPAHC-
HOpMHO20 NOMOKY. Bemanosneno, wo Haubinbua weuoKicms HOMOKY CROCMEPI2acmvpCsl niod 4ac pyxy
Ha cnyck — 58,62 km/200 3a pisHs 3aeanmadicents npoiznoi wacmunu — 0,13 ma uacmxu 3smiwiano2o
mparncnopmuoco nomoxy — 1,0 (nosnicmio neckosuii nomik). 3a pieHs 3a6aHMANCEHH NPOI3HOT
yacmunu (z = 0,88) ma 3a icuylouux ymoe pyxy wmeuoKicmes HOMoK)Y HA 20PU30HMAIbHINU OUISIHYL RIO
yacy pyxy Ha niouom NpaKmuyHo € OOHAKO8A (8IOXUWleHHs 6 cepedHbomy cmanosumsv 6 %). Lle
MODCHA NOSICHUMU MUM, W0 34 pieHs 3asanmadicennsi (z = 0,88) mpancnopmuuii nomix nepebysace y
3AMOPOBOMY CMAHI, 8I0NOBIOHO WEUOKICb PYXY HA MPbOX OLIAHKAX € 00HAKOBOI0.

Knrouoei cnosa: 8ynuuno-0opodsicus mepedica, mpaHCROPMHULL NOMIK, IHIMEHCUBHICb DYXY,
WBUOKICMb PYXY, NPONYCKHA 30AMHICHb, DIBeHb 3A8AHMANCEHHS, MOOETO8AHHS DYXY, HAMYPHI
00CIONHCEHHS, 2eOMeMPUYHT NAPAMEMPU.



