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Abstract: The main aim of this paper is to point out the assumptions of motorway operation effects
on local transport. We assume positive effects of starting motorway operation on the specific section
of road 1/11. This section connects the cities of Zilina and Cadca. It is considered as one of the most
problematic sections of the Slovak Republic because of the high intensity of individual transport and
freight or cargo transport. This transport issue is growing beyond the regional level and is reaching
alarming proportions. It needs to be solved as soon as possible. One of the available possibilities is to
start the operation of the mentioned motorway D3. We have created a simulation model of a current
state and also the state with the motorway. We have used intensities from the last national traffic
census as basic inputs for simulation. These intensity values have been recalculated by relevant
growth coefficients defined in Technical Conditions no. 102. Based on the results of a dynamic
simulation, we have compared the average speed, delay times, and the length of congestions in two
scenarios—the current state and effects of motorway operation.

Keywords: density; speed; delay time; traffic flow simulation

1. Introduction

At present, a network with a total length of approximately 18,072.1 km is used in the
Slovak Republic [1]. The forecast for the development of the degree of motoring for 2020
is 2.24 (446 passenger cars/1000 inhabitants), while in 2000, there was one passenger car
for more than four inhabitants [2,3]. Munich, Berlin, Hamburg, Vienna, and Zurich—the
largest cities in Germany, Austria, and Switzerland—have significantly reduced the car
share of trips over the past 25 years in spite of high motorization rates. The key to their
success has been a coordinated package of mutually reinforcing transport and land-use
policies that have made car use slower, less convenient, and more costly while increasing
the safety, convenience, and feasibility of walking, cycling, and public transport [4].

Road I/11 via Kysuce is an international route to the Czech Republic. The traffic load
is constantly increasing, especially in the case of freight transport, which represents 42% of
the total number of vehicles [5-7]. A number of factors affect the traffic flow [8-10]. The
traffic flow also influences its surroundings both quantitatively and qualitatively by its
behavior [8,11]. Analysis of the relationship between traffic flow parameters can make and
provide a basis for rational planning and efficient traffic management [12-14].

The transport performance of road freight transport is significantly growing [15-17],
while the importance of transport modes suitable for the transport of large volumes of
goods without excessive burden on infrastructure and the environment declines, or it is
completely negligible in the total transport volume [18,19]. Many studies [20-24] have
focused on traffic modeling using simulation, which is a cost-effective solution. Simulation
is used for answering the question “what if?” about things that are too complicated or
expensive to test in reality. The transport system is under intensive investigation through
modeling and simulation. The simulation model describes the specific abstractions of
the proposed one and is built in an effort to understand the system [25,26]. The behavior
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of vehicles and their interaction can be accurately imitated using dynamic simulation.
Traffic flow monitoring was performed on the first-class road 1/11, which is part of the
European road E75 [27]. Using simulation, the impact of the highway bypass on delay
time, maximum queue, and speed was verified. In [28], the authors focused on the impact
of the bypass on air pollution in the city.

The D3 motorway section of Zilina-Svréinovec should have been already completed
according to construction plans but the completion date is still shifting. The construction
of the Kysuce part of the D3 motorway will bring a safer transport solution for the region.
In addition, a comfortable connection will be created between Slovakia and neighbor-
ing Poland and the Czech Republic [29]. Statistics show that there are currently about
30,000 cars passing through. The EU forecast assumes an increase of up to 50,000 to
60,000 cars in 24 h. The current road has no chance to accommodate such a large amount
of transit traffic. Therefore, it is obvious that a complete motorway is needed throughout
the Kysuce region in its full profile [30]. Partial construction still only pushes the problem
up and down and never solves it. The missing motorway is a problem in Slovakia and an
international problem [31].

The completion of the D3 motorway (Figure 1) thus reaches the economic and political
level in terms of priorities. It is a question of mobility of Kysuce region and, in a broader
view, of transport corridors a European issue, but above all, it is a question of mobility
of the whole Slovakia. The missing part of the road network complicates the economic
development of the northern and eastern parts of Slovakia [32-34].
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Figure 1. Motorway D3 [30].

In our paper, we have set a hypothesis on how the traffic flow will be affected after
the completion of the D3 motorway. We have used traffic planning software to verify
this hypothesis.

2. Traffic Flow Modeling on the Selected Road Communication

The first-class road E75 connects northern and southern Europe [24]. It enters Slovakia
via the Svréinovec border crossing and leads to the town of Zilina with a length of 36.8 km.
The construction of the motorway is led along the foot and the peripheral parts of the slopes.
Their inclination sometimes reaches more than 25°. The new motorway section will be
connected to the existing road network and motorists will be able to use the interconnection
of the three states—Slovak Republic, Czech Republic, and Poland.

The selected section of road E75 is relatively loaded with individual passenger trans-
port and road freight transport. It represents a major transit artery to neighboring states.
Congestions of vehicles (sometimes more than 10 km long) are an everyday part of this
road [35,36], especially around Cadca and Kysucké Nové Mesto during peak hour. The
main causes of the congestions” occurrence around these places are intersections, which are
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limited by their maximum capacity. Except for these negative effects, it is also a section
with the highest number of traffic accidents in Slovakia [37].

The traffic situation in Kysuce is critical; buses and people traveling to the district
town are delayed for work. On average, 30 percent of buses run late during the working
days. More than 40 percent of buses running late during traffic peak from 14:00. to 17:00.
These problems increase even more during the winter. The motorway in this region is the
only way how to improve these traffic situations [38].

2.1. Road Safety on the Selected Section of Road Network

Road safety is usually determined by traffic accident indicators. Safety is a result of
risk and a degree of risk exposure. The risk is expressed by the number of traffic accidents
and a degree of risk exposure is expressed by intensity. The indicators are always related
to the same time period, in this case, a year. Based on that it is possible to determine the

intensity of traffic accidents (1).

N
1= )

where
- N—number of traffic accidents;
- t—time period [year].

The relative traffic accident rate is represented by the probability of accident occurrence
on a road section. It is calculated as the number of traffic accidents divided by transport
performance. When calculating this indicator, it is necessary to distinguish whether it is a
calculation of the relative accident rate at intersections or at the specific road sections [39,40].

N
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where

- R—relative traffic accident rate;
- N—number of traffic accidents;
- RPDI—annual average of daily intensities;
- t—time period;
- L—length of the selected road section.
A density of traffic accident rate is another indicator that is used for the evaluation of
transport safety. This density is related to the number of traffic accidents and the length
of the road section. It does not take into account intensity. It can be calculated by the

following formula:
N

H= Tt 4)

where

- H—density of traffic accidents;

- N—number of traffic accidents;

- L—length of the selected road section;
- t—time period.

Table 1 shows that a relative accident rate, dependent on the traffic performance, is
not critical in any case. It should be noted that minor incidents were not taken into account
because these statistics were not available. Otherwise, the relative accident rate would
have achieved higher values. The highest value of traffic accident density was recorded on
section 1/11, Cadca—Kysucké Nové Mesto, in the number of 1.17 accidents per kilometer
per month. Minor accidents were not included in the calculations in this case either.
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Table 1. Indicators of traffic accidents (own study).

Section

N [Number of H [Number of TA

RPDI [veh/24 h] L [km] R [%]

TA/month] */km/month]
D3-Zilina 28,541 14.5 4 0.32 0.28
v ll_l\léoi‘:f;'[i’t’z“ké 18,559 35.15 4 2.09 117
1/11—Cadca 16,620 15.07 4 0.53 0.27
1/12—Cadca 3027 15.48 1 0.71 0.06

* TA—Traffic Accidents.

Completion of highway construction would significantly increase traffic safety on the
selected section of the road network, decrease the total travel time and negative effects
of transport on the environment due to reduction of emissions produced in congestions,
the number of vehicles’ stops would be reduced (waves of overflowing traffic, which
often lead to secondary accidents, would be eliminated) and the drivers” well-being would
be increased.

2.2. Traffic Simulation Model

The simulation model includes mathematical and logical relations, which represent
parts of the simulated system related to the aim of simulation. Random effects are included
in form of probabilistic characteristics.

The model allows us to perform calculations repeatedly and change input data. The
transport simulation model tries to describe the mathematical issue of interaction of vehi-
cles and infrastructure [41]. The infrastructure consists of a road network and its opera-
tional parts. Transport simulation models are divided into two categories—microscopic
approaches and macroscopic approaches.

Microscopic models of traffic flow simulate a single-vehicle driving unit. Dynamic
variables of models represent microscopic attributes as position, speed, etc. of a driving
unit [42]. The models seek to understand the behavior of the operating vehicle that creates
a traffic flow. Among the best-known models is the car-following model, which describes
the modeling of a vehicle’s movement (speed and position).

Due to drivers with different individual behaviors, it is possible to look at the traffic
flow from a macroscopic point of view. The macroscopic simulation model evaluates
the flow of traffic as an entity regardless of the individual vehicle’s characteristics in the
operation of the traffic flow. In this case, the term “flow variables” leads to a macroscopic
description of the traffic flow. Flow variables are as follows [43]:

e Intensity (or volume)—it is a distribution of vehicles in time (veh/h);
e  Density (or concentration)—it is a distribution of vehicles in space (veh/km).

These variables are used in models that characterize traffic flows. Macroscopic models
are able to describe the dynamic development of traffic on road networks.

2.3. Calibration and Validation of Model

Model calibration addresses the relationships between the model and real data. There-
fore, it is necessary to adjust the partial parameters of the model in order to achieve the
greatest possible match with the real behavior of the traffic flow. The software contains a
large number of editable parameters, so it is not possible to calibrate them all. Validation
is considered the final test of the created model. It is important to know that due to the
stochastic nature of the elements, the modified data will never equal reality. A confidence
level of around 70% is considered low, but 95% is a very good match. A confidence level of
90% is therefore recommended [44,45].

Road I/11 is very busy, and the D3 motorway (Figure 1) is being built in parallel
to relieve the Kysuce region of increasing traffic. Another section of the mentioned D3
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motorway, Cadca—Svréinovec (marked in red), was put into operation in December 2020.
Due to this fact, a dynamic simulation was performed using the simulation software
Aimsun. The aim of the simulation was to verify the impacts resulting from the launch of
this section, on the town of Cadca and on the rest of the road I/11.

2.4. Modeling of the Selected Road Section

For the need of creating a transport model, we used a base map on a specific scale. The
transport network was created on this map. This network copies the actual road network
with set parameters such as the speed of vehicles, lane widths, etc.

The most important nodes (origins and destinations) were created on the road network,
which can be seen in the following Figure 2. The whole modeled network is simplified in
form of a graph considering its length of 36 km.

Skalité
Zborov nad

Bystricou
. Zilina
& Oscadnica I— )
/Evréinovec L]

L
CZ

Kysucké Noyé Mesto

Krakno nad

Figure 2. Simplified road network map as a graph (own study).

Maximum speeds on the road sections were set from 30 km/h to 100 km/h. These
settings are based on the actual vehicles” speed on the road network. At the roundabout,
the speed of traffic is chosen in the range of 20—40 km/h. For the needs of traffic modeling,
a value of 30 km/h was chosen, which is suitable for a smooth and safe passage [46,47].
The next step was to set up signal plans at the three intersections, which form significant
transport nodes.

It was also necessary to create a matrix of transport relations between each district
and redistribution according to specific vehicle categories. Based on the available statistic
transport surveys data, the following two situations were compared:

e  Current state of traffic without the influence of D3 motorway;
e  Prognosis with the influence of D3 motorway operation.

In both cases, an average density, speed, travel time, and delay time were compared.
The input intensity of simulation was the same for both compared cases.

3. Transport Data Collection

The monitored section of the road belongs to the main road transit routes in Slovakia.
According to the prognosis of the average daily intensity of traffic, on the most loaded
section of road 1/11, it is assumed the intensity of 24,097 veh/24 h in 2020, which on
average represents 1004 veh/h (an orange node in Figure 1) [33].

For simulation creation (an origin/destination matrix), data from the last national cen-
sus of transport (2015) were used. These traffic intensities were multiplied by the relevant
forecast coefficient according to TP 007 (technical regulation)—forecast of intensities on the
road network until 2040 [48,49].

The composition of the traffic flow was different on each road. Three types of vehicles
were considered, and their average composition in the simulation model was as follows:
individual passenger cars (61%), trucks (37%), and buses (2%). The values of intensities
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between origins and destinations were modified in a way that the results of simulation
correspond as much as possible to reality. Another important step was to modify the
centroids of the roads, so generating vehicles in the dynamic model reflected real data.
Basically, it was a percentage between two origins (destinations) of the route, which were
generated from one source. Specifically, it was a centroid CZ and Skalité, where there is a
choice between two roads—the D3 highway and the road 1/11 (Figure 2).

There are three intersections with traffic lights, where congestions occur regularly on
the selected road section because of a high number of passing vehicles. The biggest traffic
issue occurs in front of the intersection in the direction from Svréinovec to Cadca and at
the intersection near Kysucké Nové Mesto (see Figure 3).

Kysucké
8 /é Me #7 Cadca
Cadca W‘“ N Nové Musto/l /
A m— K ysucké N ll,
B 7 ? ‘,—"f Nové /
L — —~ = e i 1N
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Y/ ;)
7
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Figure 3. Intersections in road I/11 in the city of Cadca and Kysucké Nové Mesto (own study).

Long queues of vehicles are formed every day in these places. The length of the
queue exceeds several kilometers and the delay time of vehicles reaches more than 1 h;
of course, the longest queue and highest delay time occur during traffic peak hour. We
have assumed the reduction of the number of vehicles passing through the intersections
in Cadca by a half when traffic is diverted on the motorway. This solution includes also
a reduction of negative impacts of transport on the city of Cadca. On the other hand, we
have expected also a higher volume of vehicles at the intersection in Kysucké Nové Mesto.
Vehicles redirected on the motorway will not waste time in congestions and will move
faster to this intersection. It can be assumed that the delay time that vehicles would spend
at the intersection in the city of Cadca will be shifted to the delay time spend in front of
this intersection in Kysucké Nové Mesto. The considered facts and hypothetical questions
were verified using dynamic simulation.

3.1. Results of Dynamic Simulation

The aim of the computer simulation was to verify the consequences of the decision to
start the operation of the selected section on the behavior of the transport system, identify
where road weaknesses and problems are, and what their permeability is. A total of
50 simulations were performed (each simulation lasted 1 h). From these simulations, the
average for both compared cases was generated. Simulated data were evaluated every
10 min. The principles of descriptive statistics are most often used to evaluate the measured
data from traffic surveys. The most used characteristics of the position of one-dimensional
distributions are the average value (arithmetic average), median, mode, and quantiles [48].

Based on the results of the dynamic simulation for three investigated quantities,
the answers to the above questions were sought. The investigated quantities were the
average speed, the delay time of the vehicles, and the length of the congestion on the
established network. First, a simulation that did not include the possibility of using the D3
motorway was performed—the current state. The results of this simulation were compared
to the results of the second simulation reflecting the impact of motorway completion and
operation. The simulation should be used at the beginning of the project because the
highest potential of parameters’ improvement can be achieved in the initial phase. In both
cases, the most problematic sections were compared, sections near mentioned junctions.
The first section was in front of the junction in the city of Cadca and the second one in front
of the junction in the city of Kysucké Nové Mesto (see Figure 2). The commissioning of the
motorway will have the greatest impact on these sections.
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Following Figure 4 shows the basic characteristics of the macroscopic model as a
simulation result of a whole road network (these are average values). The intensities of
vehicles can be considered as requirements entering the service system from the theory of
collective service point of view. Delay time of vehicles at the intersection represents in this
case a time of service.

T T
) 7:10 7:20 7:30 7:40 7:50 8:0(
Time (min)

®
L !

Density (veh/km)
o
1 1

r T T T ]
7:10 7:20 7:30 7:40 7:50 8:0(
Time (min)

Flow (veh/h)

r T
7:10 7:20 7:30 7:40 7:50 8:0¢

Time (min)

Figure 4. Simulation outputs—intensity, speed, and density of traffic flow (own study).

Figure 4 represents averaged values of the three basic characteristics of traffic flow. The
highest intensity of 2330 veh/h was recorded at 7:40. The speed of vehicles was decreasing
with increasing intensity. For a more detailed comparison, we chose two sections of the
road network, which are described in the next chapter.

3.2. Currant State

The total number of vehicles entering the simulation was 3169 per hour. The highest
number of vehicles according to traffic census was on the sections Svr¢inovec—Cadca
(average simulated intensity of 447 veh/h) and Krasno nad Kysucou—Kysucké Nové
Mesto (average simulated intensity of 418 veh/h). Following Figures 5 and 6 show the
simulation outputs of speed, delay time, and length of queue for each particular section.
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Figure 5. Current state—speed, delay time, maximum queue as simulation outputs on the Svré¢inovec—
Cadca road section (own study).

Figure 5 represents the running of speed, delay time, and queue in 10-minute intervals,
which were recorded as a simulation average. Vehicles on the selected section reached a
speed of 50 km/h at the beginning of the simulation; however, it started to decrease, and at
the end of the simulation, speed decreased to 10 km/h. This fact caused that delay time at
the end of simulation exceeded 500 s and vehicles had to wait for the green signal in front
of the intersection. Regarding the exceeded delay time, the maximal length of the queue
after 50 min of simulation running achieved 114 vehicles and then started to decrease. The
length of the queue reached 684 m (it is assumed that one vehicle has an average length of
6 m). The mentioned facts describe with sufficient precision the development of the traffic
situation on this section of the road at present.

Figure 6 describes a similar situation as in the previous case, but in front of the next
intersection at Kysucké Nové Mesto. In this case, according to the simulation, the vehicle
speed was reduced from 55 km/h to 6 km/h. The delay time of vehicles in front of the
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intersection increased to 270 s at the end of the simulation and the length of the queue
reached 49 vehicles or 294 m.

Krasno nad Kysucou-Kysucké Nové Mesto
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Figure 6. Current state—speed, delay time, and maximum queue as simulation outputs on the
Krasno nad Kysucou-Kysucké Nové Mesto road section (own study).

3.3. Planned State—Prognosis

In the planned state, it is assumed that the opening of the motorway between Svr¢i-
novec and Cadca will alleviate the problematic section of the road between the above-
mentioned nodes. Vehicles passing along this section will avoid two traffic light intersec-
tions on the road I/11, which will shorten their travel time and delay time.

On the other hand, it is assumed that vehicles will move faster in front of the intersec-
tion in Kysucké Nové Mesto, which will cause an even higher increase of traffic load before
the mentioned intersection. These assumptions were confirmed using dynamic simulation.
First, the values of speed, delay time, and length of congestion were obtained for each
section. An average simulated intensity in Svré¢inovec—Cadca section was 228 veh /h, and
in Krasno nad Kysucou-Kysucké Nové Mesto section, it was 445 veh/h.

Figure 7 shows that on the first road section between nodes of Svré¢inovec and Cadca,
the average speed of vehicles decreased from 52.5 km/h to 51 km/h. The simulated delay
time was recorded in the range of 3 s to 5 s, which represents a very good result. The queue



Sustainability 2021, 13, 2467

10 of 19

of vehicles did not reach even one vehicle at the end of the simulation. We can state that
traffic flow was passing through the selected section without any disturbing effects.

Svréinovec—Cadca

53

Legend:
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7:10 7:20 7:‘30 7:40 7:50 8:0C
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Figure 7. Planned state—speed, delay time, and maximum queue as simulation outputs on the
Svréinovec—Cadca road section (own study).

Figure 8 describes the influence of the motorway on the second section of the road
network. In this case, the average speed decreased from 55 km/h to 6 km/h. Delay time
reached the value of 275 s, starting to increase 20 min after the beginning of the simulation.
The vehicle queue reached the value of 57 vehicles, 10 min before the end of the simulation.
It represents the queue’s length of 342 m.
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Krasno nad Kysucou-Kysucké Nové Mesto
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Figure 8. Planned state—speed, delay time, and maximum queue as simulation outputs on the Krasno nad Kysucou—
Kysucké Nové Mesto road section (own study).

4. Results and Discussion

In the previous figures, the measured values of two monitored sections were graphi-
cally processed. The following Figures 9-12 present the values as output from a simulation
to compare the speed, delay time, and length of queue.
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4.1. Comparison of Speed for Every Direction of the Traffic Flow

It is a graphical comparison of speed as an average of 50 simulations according to the
direction of the traffic flow in road sections. Therefore, it is a combination of simulation
outputs for the current state and prognosis (see Figure 9).

Speed on the road section Svréinovec - Cadca Speed on the road section Kr&no nad Kysucou
- KysuckéNovéMesto

5253 512 50.9 51.2 51.1 51
55 60 52.7

% 5 50
T < 40
£ % E
g_ 25 318 E 30
“ 15 &%
165 10
5 10.8 8.4 8.1 0 63 5.9 58
o 20 30 40 50 60 10 20 30 40 50 60
Time (min) Time (min)
—@— Current state —@— Planned state —@— Current state ~ —@— Planned state

Figure 9. Comparison of simulated speed on the two road sections for the current and planned states [own study].

On the left side of Figure 9, the speed of the current state reached the maximum
value of 50 km/h and then gradually decreased and at the end of the simulation reached
the value of 8.1 km/h. However, in the second simulation, after the motorway was put
into operation, its average value was 59% higher, 51.31 km/h. It means that according to
simulation results, the redirection of vehicles to the motorway has a positive effect on the
selected section of road I/11. The intensity of vehicles decreased by 67.7% from 878 veh/h
to 284 veh/h. The right side of Figure 9 describes the progress of speed on the second
selected road section. The average speed of traffic flow was in the current state higher by
18.6%, 31 km/h. The operation of the motorway confirmed the assumption that vehicles
move faster to the intersection near Kysucké Nové Mesto. This fact caused that the speed
decreased to 26.1 km/h and the intensity of vehicles increased by 9% on the Krasno nad
Kysucou-Kyscké Nové Mesto road section.

4.2. Comparison of Delay Time for Every Direction of Traffic Flow

The delay time can be defined as a time by which travel time is extended compared to
the time spent on the road without any obstacles in the same transport mode. Based on that
indicator, a degree of transport quality is assessed. As a second indicator, we compared the
average delay time of vehicles. Figure 10 shows the running of an average delay time in
the current state and in prognosis.

Delay time on the road section Svréinovec - Delay time on the road S?Cﬁon,KféEnO nad
Cadca 108 520 Kysucou - KysuckéNovéMesto
396 300 2714 272
= ) 242
o 400 = 265
£ £200 243
£ 200 2100 50
a 523 5 525 51 g 0 1 0
0 29 *—o—o 0
10 20 30 40 50 60 0 2 6 90 243 265
Time (min) Time (min)
—e—Current state —@— Planned state —@— Current state —@— Planned state

Figure 10. Comparison of simulated delay time on the two road sections for the current and planned states [own study].
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Simulated delay time on the first selected road section (on the left side of Figure 10)
reached much higher values in the current state, as shown in the figure. The maximum
delay time of 520 s was reached at the end of the simulation, which corresponds to high
intensity as was mentioned before. In the prognosis, delay time decreased significantly
by more than 98%. In this case, the average delay time reached the value of 4.71 s, which
reflects the best quality degree of traffic flow.

4.3. Comparison of Congestion Length for Every Direction of Traffic Flow

As the last indicator, the congestion length was compared, which used to occur in
front of the intersections because of a high number of passing vehicles (see Figures 11
and 12). In this case, we have compared two options. The first one includes the length
of congestion as a number of vehicles and the second one was recalculated to the unit of
length in meters. In this comparison, we have assumed a vehicle length of 6 m. We have
set this length of a vehicle in our simulation model.

Max queue on the road section Svr¢inovec - Cadca

600
3
400 S
o
3
200 =
® 020 0
Time (min)
Current state (veh) Planned state (veh) —@— Current state (m) —@— Planned state (m)

Figure 11. Comparison of the simulated maximum queue for the current and planned states on the Svré¢inovec-Cadca road

section (own study).

S D
o o

N
o

Max queue [veh]

Figure 11 graphically shows the process of creating congestion of vehicles as an output
of the simulation. According to simulation results, the congestion on the monitored road
section reached 79 vehicles on average in the current state. It represents the length of
congestion of 471 m. The highest value of 114 vehicles (684 m) was recorded after 50 min
of simulation.

As shown in Figure 11, congestion did not occur in the prognosis according to simula-
tion results. This means that the vehicles could pass through smoothly without any delay.

The following Figure 12 shows the running of the simulation results for the second
monitored section.

Max queue on the road section Kr&no nad Kysucou - KysuckéNovéMesto

342 400
297 300 E
s
200
49.5 48 S
| 3
100 =

0 0
10 20 30 40 50 60
Time (min)
Current state (veh) Planned state (veh) —@— Current state (m) —@— Planned state (veh)

Figure 12. Comparison of simulated max queue for the current and planned states on the Krasno nad Kysucou-Kysucké

Nové Mesto road section [own study].
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In this case, the congestions of vehicles reached zero values (for the current state and
for prognosis) during 10 min and 20 min of simulation. The change of zero values of
congestions was recorded after 30 min of simulation.

In the current state (on the Krasno nad Kysucou-Kysucké Nové Mesto road section),
the maximum length of queue reached the value of 50 vehicles, which represent 297 m, at
the end of the simulation. However, in the prognosis, the average length of queue increased
by almost 21%. Therefore, the number of vehicles in queue increased by 6.32 vehicles (40 m).
The maximum length of 342 m of queue was recorded at 50 min.

All comparisons mentioned above were processed into tables, using average and
maximum values. The results and their comparisons are shown in the following tables.
Table 1 represents the average and maximum values of the speed reached during the
simulation.

The average value of speed in the current state simulation reached 20.93 km/h in
the direction Svr¢inovec—Cadca. The maximum speed was set up at 50 km /h. After the
motorway section was put into operation, it was found that the average speed increased by
59.21% to 51.31 km/h, and the maximum speed increased by 4.82%.

When simulating the second road section, the average speed in prognosis decreased
by 18.56% and the maximum speed reached the same values of 55 km/h. This may be
due to the fact that during the simulation of the Svré¢inovec-Cadca section, putting the
motorway into operation had a positive effect on the current situation. Vehicles passing
through the city of Cadca were diverted from this route. The intensity of traffic flow in front
of the city of Kysucké Nové Meste started to increase and the average speed decreased by
26.13 km/h. As Table 2 shows, in the current state, the average speed was higher on that
road section (30.98 km/h), and the maximum speed stagnated.

Table 2. Comparison of average and maximum speed values as outputs from the simulation (own study).

Current State Planned State

Comparison [%]

) o Speed [km/h] Speed [km/h]
Section/Direction Avrg St. dev Max Avrg St. Dev Max Avrg * * Max
Svréinovec—Cadca 20.93 0.49 50 51.31 0.69 52.53 +59.21 +4.82
Krasno nad
Kysucou—Kysuckeé 30.98 0.39 55 26.13 0.56 55 —18.56 0.00

Nové Mesto

* St. dev—standard deviation, Avrg—average, Max—maximum. Green is a positive change and red is a negative change.

The average and maximum differences from the data shown in Figure 10 are shown
in Table 2. The following Table 3 represents the delay time values and their comparison
and evaluation.

Table 3. Comparison of average and maximum delay time values as outputs from the simulation (own study).

Current State Planned State

Comparison [%]

Delay Time [s] Delay Time [s]

Section/Directi
ection/rection Avrg St. dev Max Avrg St. dev Max Avrg Max
Svréinovec—Cadca 288.67 2.61 520 471 293 525 —98.37 —98.99
Krasno nad
Kysucou—Kysucké 101 2.54 265 139.83 2.76 274 +27.77 +3.28

Nové Mesto

St. dev—standard deviation, Avrg—average, Max—maximum. Green is a positive change and red is a negative change.
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At the current state, the delay time obtained a value of 288.67 s on the Svréinovec—
Cadca road section, while the maximum value was 520 s. In the planned state, delay time
recorded a huge decrease by 98.37% and for maximum values 98.99%. The unsatisfactory
condition of the traffic became excellent.

On the second monitored section, it behaved exactly the opposite. At the current state,
it had an average value of 101 s and reached a maximum of 265 s. At the prognosis, it
increased by 27.77% (on average) and 3.28% (maximum value), which is 139.83 s and 274 s
in absolute numbers.

Lastly, the average and maximum values of the queue length were compared (Table 4).
As can be seen in Table 4, there was an almost 100% decrease in the first chosen section.
This means that at the planned state, there was no traffic congestion, and the movement of
traffic flow is smooth without any interferences.

Table 4. Comparison of average and maximum queue values as outputs from the simulation (own study).

Current State Planned State Comparison [%]
Max Queue Max Queue
Section/ [veh] Length [m] [veh] Length [m]

Direction Avrg  St. dev Max Avrg Max Avrg St.devn Max Avrg Maxi Avrg Max
s"rg:c‘l’;ec_ 785 323 114 471 684 0005 401 0033 0033 0199 —99.99 —99.97
Krasno nad

Kysucou— 5 85 297 495 1491 297 3117 3.77 57 187 342 +20.28  +13.16

Kysucké Nové
Mesto

St. dev—standard deviation, Avrg—average, Max—maximum. Green is a positive change and red is a negative change.

In the second monitored road section (on the right side of Figure 10), the highest value
of delay time (274 s) was reached in the prognosis. An average delay time in the current
state decreased by 28% and reached the value of 101 s. The fact that the negative effect
caused by motorway commissioning has shifted from the first monitored section to the
second one was confirmed. However, on the other hand, in the second monitored section,
the queue of vehicles at the planned state has increased compared to the current state. This
change was reflected in absolute terms at 20.28%. The queue was extended by 6.32 vehicles
(37.9 m). At the maximum value, there was a lower decrease, only by 13.16% (45 m). Due
to the fact that the permeability of traffic flow increased (speed increased, while delay time
and length of queue decreased) on the first monitored road section, we can state that the
opening of motorway D3 has a positive effect on traffic in this section. However, in the
second case, this change has a negative effect because the monitored quantities achieved
the opposite results.

In the study of [50] on the studied road section, the authors found under the restrictions
of flow type by simulation a reduction of intensity by 23-30%. In our study, there was a
decrease in intensity at the monitored intersections in the town of Cadca by 67%.

According to the study [51], the results of the performed research on the probable
benefits of bypasses showed that the average speed on the bypass should be 1.57 times
higher than on the original route.

We recorded an increase of 59% in average speed, compared to the bypass condition.
Vehicles driving on any type of fuel release 35% less carbon monoxide into the air. A
bypass generates less noise caused by the higher speed of vehicles, which can increase by
three times on average. The delay time is decreased by six times during traffic peaks. The
authors of the study of the analysis of traffic flow during road construction in urban road
networks [22] found out that the more closed lanes a network has, the faster the network
speed decreases at a certain network density. They also found that in various cases, there is
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a relatively fixed range of road construction impact and that the right proportion of vehicles
detour can improve the efficiency of road network operation in semi-enclosed construction.

Most of the recent studies were carried out in big cities suffering from chronic issues
of congestion, so the aim of research [52] was to analyze the impacts of bypasses in small
and non-congested cities using the traffic model of Bajdoza (Spain). This research resulted
in the conclusion that small cities without congestion issue should plan bypass as near as
possible to the city because they are the most economical, can redirect more vehicles, hence
decreasing the delay time, and reduce most of the CO, emissions from the city center, as
was recorded also in our research. An alternative to reducing emissions from the city center
may also include a car-sharing system, preferably electric. The authors in [53] focus on
calculating the consumption of equipment in urban traffic. In this way, it is possible to
focus on modeling to optimize the energy consumption of vehicles.

Another interesting study [54] includes the research of noise impact on the quality
of life and mental health of the population during a bypass building. However, they
concluded that no evidence was provided that the construction of the bypass would have a
negative impact on the population in terms of the examined factors. In [55], the authors
of the analysis found that during the construction of the bypass only two changes in
the vehicles routing significantly affected the city in all examined areas—the number of
accidents and their consequences, i.e., distribution of places of their occurrence within the
city borders, land prices in various districts in the city, the spatial distribution of housing
and commercial activities, and land use (including agriculture). Nyongesa et al. assessed
the functions of the eastern bypass in Nairobi, specifically to determine road composition
and traffic flow characteristics, current and future levels of congestion, and congestion
based on traffic volumes, origin and destination, travel time, and delay time. They found
out that after the opening of the bypass, it attracted unexpectedly high intensities of traffic
and ceased to function as a bypass in a short time [56]. In line with other published studies
dealing with the construction of the bypass, our study also brought positive results of the
impact of the construction of the highway bypass on the city of Cadca. We proved that
on the investigated section of the road there was an increase in the average speed and a
decrease in the delay time and the maximum queue. This fact also has a significant impact
from the economic point of view due to losses during the delay time. This also includes
reducing CO, emissions from the city center.

5. Conclusions

Bypass functions and their impacts have been evaluated in several world studies.
These ways are significant when solving traffic congestion, air pollution, and environment,
traffic accidents, and urban economic growth. The goal of this paper was to describe the
assumptions of the impact of putting the D3 motorway into operation on the local transport.
We have focused on the specific road network section of the road I/11, which connects
the cities of Zilina and Cadca. This section belongs to the most problematic in Slovakia.
We have used data from the last national transport census as inputs for the analysis and
evaluation. The next step was to perform two simulations (current state—no highway,
planned state—with the highway), each consisting of 50 repetitions, and an average was
created. We were interested in the three basic characteristics of traffic flow—speed, delay
time, and length of congestion. Based on the simulation results, we chose the two most
loaded road sections of the road 1/11 and compared the results. Based on the comparison
results, we verified the hypothesis.

An increase and decrease in speed, delay time, and queue length can already be seen
in the graphical comparison of the simulation. We compared the current state and the
planned state for each chosen road section. The analysis and comparison of individual
sections showed that the number of vehicles in the first section was decreased by 67.7% and
in the second section increased by 9%. In the first section, the delay time was decreased to a
minimum in the planned state; it was almost by 100%. This is the result of redirecting indi-
vidual passenger vehicles and transit transport to the motorway. Delay time decreased due



Sustainability 2021, 13, 2467 17 of 19

to lower intensity of traffic flow at the selected road section and reduction of congestions.
The speed also increased and the queue of vehicles reached zero value. On the other side,
in the second road section, the motorway had an opposite effect. The speed was reduced
by 27%, which caused an increase in delay time by 19%. The length of the vehicle queue
was extended by 40 m.

Based on the findings, it can be argued that the commissioning of the motorway will
have a positive effect on increasing the quality of traffic flow on the first monitored section.
The D3 motorway will decrease the intensity of traffic flow on the road I/11 mainly in the
urban areas and transit transport. Transit transport includes passenger vehicles and trucks.
Nowadays, it is more than 14,000 vehicles per day, where 35% of this intensity is road
freight transport. The Transport Research Institute estimates that traffic intensities in the
northern part of the city will be reduced to 4000 vehicles per day from the current traffic
volume of around 17,000 vehicles, which represents a decrease of 76.45%. This solution will
improve the quality of life and safety for inhabitants of Cadca and city surroundings by
unburdening the negative effects of transport such as noise, emissions, and traffic accidents.
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