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ABSTRACT
The current state of mobility in our cities is still showing worse and worse transport, security and environmental 
conditions. The most common problem of traffic services in cities is the inability to arrange the conditions for the 
transport of persons and the transport of goods and services. Inappropriate conditions are evident mainly in traffic 
congestion, which cause significant time losses for all users of the means of transport (mass transport of persons 
is not exemption). The daily practice proves that one of the crucial conditions not only for the satisfaction of the 
inhabitants, but also for the city’s own functionality is the high-quality, fast, safe and dynamic transport and also 
parking on its territory. Increasing and widespread traffic collapse in cities is caused by two factors. The first is an 
enormous increase in car traffic which significantly limiting other types of transport. The second is an inappropriate 
localization of various activities and facilities. Unregulated urban development is caused by disregarding the land-
use plan and cities have unregulated construction. This results in inadequate traffic requirements in specific areas, 
which significantly exceed the capacities of transport communications. In our papers are described mentioned 
problems and, as a deterrent example, we introduce the city of Žilina.
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1. Introduction

The current state of traffic services and mobility of our cites 
is making not only worse and worse transport conditions, but 
also environmental conditions for all residents, visitors and users 
of public space. The failure of city’s transport services causes an 
inability to provide the right conditions for the transport of persons, 
goods and services. This is obvious in traffic congestion, causing 
considerable time losses for all users of means of transport - public 
transport has not exemption. Poor state of traffic services is causing 
not only a lot of economic loss, resentment, but also worsening of 
environmental conditions in the city.

The consequences of problems with traffic services are commonly 
show as [1, 2]:

• delayed arrival at the destination (workplace, doctor, etc.),
• delayed delivery of goods and services,
• more emissions, noise, dustiness...,
• deterioration of living conditions in the city,

• reduced attractiveness and functionality of urban spaces,
• degraded humane space.

This state is generally known, it is said about it at all levels – from 
the people to the government and parliament. The consequences 
of underestimating the modal split in urban mobility have been 
remedied in whole Europe for decades.

Disregarding the need to systematically solve mobility problems, 
solutions are developed “spontaneously” without an objective 
knowledge of the context or causes of this state. Usually, the new 
solutions are based on wrong information, superficial comparisons 
with other situations, the need to carry out an electoral program 
or they are made under pressure of media, social groups, civic 
associations, and important individuals, especially those who do 
not work at this field!

This type of solutions does not only allow, but also supports 
popular, “modern”, generally “recognized solutions” of the problem. 
The typical example from this group of solutions are circular 
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junctions in settlements, located anywhere with any size and capacity. 
Making of one way streets is also very popular action, because it 
should improve a parking situation, but regardless of their transverse 
arrangement, the link to the superior communication network, or 
the 30-50% increase in traffic and environmental consequences.

Very rarely, the solution reflects mobility problems in cities, 
spatial planning, traffic planning and traffic engineering issues, 
and it also ensure the functionality of the system.

At present, the decision making is the task of local governments 
that do not have sufficient expertise and financial resources. This 
also highlights the lack of importance of a systematic and qualified 
solution to the “transport problem”. Construction of bypasses around 
cities does not remove the traffic collapse, because the significant 
number of vehicles is just beginning and ending in them [2].

2. Causes of mobility worsening

The complexity of the traffic situation in the city is conditioned by 
the specific character of cities in which various transport systems are 
concentrating, distributing and intersecting together and also with 
cyclist and pedestrians. Without the realization of the movement of 
all traffic participants, the city could not fulfil its social functions. 
The city’s transport infrastructure must therefore fulfil the needs of 
automotive, public transport, cycling and walking throughout the 
city and its agglomerations. Here, complete segregation of transport 
is virtually impossible. Complex security of these basic needs for city 
transport services and mobility underestimated and often ignored.

Cities, despite their generally wrong attitude to public transport 
and parking policy, have come to a situation where they cannot 
cope with the high demands on transport and parking. Satisfaction 
of demand is the necessary basic condition for city mobility 
and transport services. Effective parking regulation must take 
into account and ensure all the conditions and needs of its users, 
residents, entrances, as well as the humidity of the street and the 
whole area. In European cities, such measures are implemented on 
the basis of the approved parking policy of the city, which is part 
of the General Transport Plan and Land Use Planning Regulation 
Documents.

It is also similar with the quality and level of technical and 
organizational security of mobility needs. Current solutions do not 
resolve and do not take into account the specific situation in the 
space. Although solutions are in line with current standards, they 
cannot always take account of specific transport conditions in cities; 
very similar is also in the sphere of organization and management 
of transport.

It follows that the approach to problem solving needs to be 
changed. According the current state of responsibilities, cities have 
a responsibility to deal with the functionality of cities and their 
agglomerations; they are responsible for removing or reducing the 
deficiencies in the space they manage. It seems that cities are not 
sufficiently equipped for this task at present [2, 3].

The causes of mobility worsening can be summarized in the 
following points [1, 2]:

• The absence of systematic land-use planning. As part of these 
procedures, there is important prognosis of the development 

of activities and their deployment, with an assessment of the 
consequences of transport demands between them, their size 
and the possibilities of the transport system.

• Insufficiency and inadequacy of:
• transport network and transport equipment,
• means of transport,
• management and regulatory system.

This state is caused by activity during the preparation of land-
use planning, especially by ignorance and underestimation of the 
basic factors of the emergence of transport needs.

3. Žilina as an example of a non-
conceptual solution

3.1 Characteristics of the city Žilina

The city of Žilina is the centre of north-western Slovakia and 
the fourth largest city in the Slovak Republic, with an area of 80.03 
km2 and by December 31, 2011 had 84,514 inhabitants. The city 
with its gross domestic product (GDP) per capita is ranging from 
second and third place in Slovakia. The transport network is created 
of road connections and junctions. The city of Žilina is one of the 
eight regional towns in Slovakia. Transport plays a very important 
role in it. Žilina is the fourth largest city in Slovakia. Currently, the 
city has 83,449 inhabitants after population census in 2016 [4, 5].

The current state of road infrastructure can be characterized 
by a relatively dense road network. Only a small amount of these 
connections are roads from upper categories, like expressways and 
motorways. The total length of the roads in Žilina was 321.496 km 
on 1st of January 2017. From the annual data about length of road 
communications is clear that during last 10 years there were only 
11 kilometres of new roads built in Žilina. From the data it is also 
obvious that total length of first class roads (I) is 77.730 km, second 
class roads (II) have 53.776 km and third class roads (III) have 
longitude of 180.254 km. The motorways make up only 9.736 km. 
The density of the road network characterized as a ratio between 
length of the roads and the area is 0.394 km/km2. This value of 
density is higher than Slovak average which has value of 0,366 km/
km2. Other indicator is not so positive. The density of road network 
calculated as length of roads per 1000 inhabitants is 2 061 km/1000 
inhabitants. This means that Žilina belongs to Slovak cities with the 
smallest density  [4,5].

The most important basic document for the strategy of 
development of the city of Žilina was a new city plan, which was 
approved after 17 years of changes in 2012. Its acceptance was 
important due to the fact that the previous plan was accepted 30 
years ago. Previous plan could not be used for the needs of the city, 
because there were fundamental socio-economic changes after 
1989. After 1989 there was an uncontrolled developer’s construction 
that caused today’s significant traffic problems.
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3.2 Basic communication system of the city

Th e basic communication system of the city of Žilina is radial-
circular. Currently, it is created by its main radials, but it also 
consists of three circuits. Nowadays, the fourth circuit is in 
construction. Th e fi rst circuit around the historic area of the city is 
part of a supplementary city network. Th e second circuit is situated 
around the central city zone with an obvious central city zone. Th e 
circuit is made up of two-lane urban communications and one-level 
junctions, usually with separate turning lanes.

Th e third – fast circuit is the key traffi  c route of the city. 
Currently, this circuit is necessary for transit transport and also for 
external source and destination transport as well as to distribute the 
city’s internal transport. It must to serve the city transport, until the 
construction of the fourth circuit and the surrounding motorway 
network will be done.

Th e planned fourth circuit is an important part of the 
communication system. Th is circuit is designed to connect the 
eastern part of the city and the industrial sector in the south-western 
and southern parts of the city.

Th e circuits are connected to the outer road network by radial 
communication system (11 radials). Th ey also provide a connection 
between the city and the city centre. Th e arrangement scheme of 
the basic communication system with the main radials is shown in 
the Fig. 1.

Fig. 1. Arrangement scheme of the basic communication system [4]

3.3 Traffi  c problems in the city of Žilina

Currently, two complicated traffi  c problems are obvious in Žilina:
• Košická Street, which is begins on the junction of the roads no. 

I/18 and I/18A (Košická).
• Vysokoškolákov Street.

Th ese communications are a demonstration of unregulated 
construction. In the Fig. 2 are shown these mentioned radial 
communications on the map of the city.

Fig. 2. The mentioned radial communications in Žilina [edited from 

Mapy.cz]

3.3.1 The Košická Street

Junction between the fi rst class roads no. I/18 and I/18A 
(Košická Street) is a one-level junctions. According to its ground 
plan, it is the cross-type junction and from the construction view, it 
is the traffi  c-light-controlled junction. Th is junction allows a real-
time traffi  c management or a traffi  c-dependent control. Th erefore 
it is possible to change and optimize traffi  c values (for example 
the length of the green signal). In this junction the detectors are 
placed in front of the stop line. Th ey detect the immediate presence 
of vehicles. On all entrances are also pedestrian traffi  c signs and 
traffi  c lights accompanied by acoustic pedestrian information. 
Over 54,000 vehicles go through intersection in 24 hours. Th e 
junction is controlled by various signalling plans, which are started 
aft er the detector prompts. It is controlled in 5 phases. If aft er the 
end of the second phase there is no requirement for green signal, 
controller will start directly the fourth phase.

Th e main disadvantage of this junction is frequent traffi  c jams on 
its entrances. During the traffi  c lights failure, there is also a problem 
that drivers do not respect the priority in driving according to Act 
no. 8/2008 [6]. When the traffi  c accident is occurred on the road 
no. I/18, the junction becomes impassable and the entire city 
communication network has problems.

On the junction we performed 8 hours traffi  c survey on 22nd of 
February 2018. During the whole traffi  c survey, 45 110 vehicles go 
through junction. Th e morning peak hour was from 7:45 to 08:45 
a.m. During this interval there were 6,742 vehicles counted. Peak 
hour is shown by diagram in the Fig. 3. Traffi  c fl ow is composed by 
80% of passenger cars, so the traffi  c fl ow is homogenous in this case. 
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Fig. 3. Intensity diagram of the junction [own study]

Comparison with traffi  c surveys which were performed in 2006 
and 2010 shows following alarming results: Th ere is an increase of 
133.1% in volume of vehicles at the junction compared with 2006 
and the increase of 63.83% compared with 2010.

Despite these problems, competent authorities in Žilina allowed 
the construction of the Sconto store. Its building is located behind 
the junctions in the busiest direction to Martin where a traffi  c-light-
controlled junction with dynamic mode. In September 2018 the 
store started its activity and the traffi  c-light-controlled junction was 
launched and in a very short time there were congestions in the all parts 
of Žilina. Th e biggest delay times of public transport vehicles were up 
to 58 minutes. Th ey were detected from the on-board computers and 
they were caused by the fact that there is no preference in the city. 
Aft er several protests, traffi  c lights were turned off , but the problems 
were not resolved. With the increasing number of vehicles, problems 
can get worse and traffi  c in Žilina will have diffi  culties during peak 
hours. Th e problem will  be solved aft er completion of the tunnel 
Višňové on the D1 motorway. Its completion is still being extended. 
Th e latest completion date is 2022. In November 2018 the traffi  c 
survey was performed on the junction.

Junction modelling

Th e TSS-Aimsun soft ware was used for creating the transport 
model. Th e number of performed simulations was 40. Aft er last 
simulation, the average was compiled. Two diff erent situations 
were simulated – before and aft er building the Sconto store. Th e 
following fi gure shows the state of the intersection before building 
the aforementioned shopping centre [7, 8].

Fig. 4. The traffi  c situation before and after shopping centre 

accomplishment [own study]

From the Fig. 4 it is obvious that traffi  c jams are formed in 
the direction from the city, but their lengths are relatively short. 
Vehicles go through the junction in the fi rst or second cycle of the 
junction. Th e traffi  c situation aft er shopping centre accomplishment is 
signifi cantly worse.

From the above-mentioned simulation, it can be seen that 
the road which connects the city of Žilina and Martin is blocked. 
Th ere are also frequent a large traffi  c jams from the junction near 
Sconto shopping centre to above mentioned junction.

Th e simulation results are shown in the following fi gures and 
tables. In all of the pictures there is following arrangement: on the 
left  there is a situation before open a shopping centre and on the 
right is the situation aft er building a shopping centre.

Fig. 5. Comparison of the delay before and after opening the 

shopping centre [own study]

In the next fi gure is performed simulation of travel time and 
stop time. Th ey reach signifi cantly worse values aft er opening the 
shopping centre Sconto.

Fig. 6. Comparison of the stop time and after opening the shopping 

centre [own study]

In the following table are important data from simulation 
which increased.

 Table 1. Results from simulation with increased values [own study]

Parameter With Sconto
Without 
Sconto

Units Increase [%]

Delay Time 250,98 512,4 sec/km 104,16%

Density 33,74 53,55 veh/km 58,71%

Stop Time 222,28 502,40 #/veh/km 126,02%

Travel Time 318,53 587,22 sec/km 84,35%

Number of 
Stops 0,87 0,91 #/veh/km 4,60%

In the Table 1 it is possible to see an increase in the individual 
values of the indicators for all vehicle categories. Th e stop time has 
the most signifi cant increase. Its growth is worth up to 126.02% 
aft er the opening a shopping centre. Th e number of stops increased 
only by 4.60% and it is the smallest increase.
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Table 2. Results from simulation with decreased values [own study]

Parameter With Sconto Without 
Sconto Units Decrease 

[%]

Flow 5033,3 3817,1 veh/h 24,16%

Speed 20,16 18,92 km/h 6,15%

Some values decreased during the simulation. The value of 
intensity decreased by 24.16%. Other parameter – intensity decreased 
by 6.15%. All the simulation results, numerical and also graphic, 
confirm the fact that the situation after opening the Sconto store is 
getting worse. 

3.3.2 The Vysokoškolákov Street

The Vysokoškolákov Street is one of the most important transport 
communications in the city’s transport network. After wrong decision 
in the past, the traffic-light-controlled junctions were rebuilt to 
circular junctions. Nowadays, these small circular junctions cause the 
significant traffic problems.

The road on Vysokoškolákov Street is 2.7 kilometres long. The 
surrounding area with exception of dormitory and residential 
area was defined as sport part of the city before 1989. After Velvet 
Revolution the area was reorganised without regional planning. 
Then civic amenities were built: 5 large shopping centres, 3 
petrol stations, a polyclinic, a Europalace with a post office and 
a client centre of the Ministry of the Interior of the SR. This wild 
construction has caused huge traffic problems. Representatives of 
the city wanted to resolve the bead traffic situation in the city. They 
made a very unfortunate step and built 4 circular junction instead 
traffic-light-controlled junction, which were there for many years. 
The traffic problems have been getting worse. Communication is 
the third worst accident section in Žilina. This street is usually 
impassable during the peak hours.

We did the profile traffic survey of all circular junctions on 
Thursday 12nd October 2017 in time from 6 o’clock a.m. to 6 
o’clock p.m. After the evaluation of traffic survey we found out to 
following information. The most loaded junction is a small circular 
junction near the shop Lidl. During the time of traffic survey, 28,893 
vehicles come through this junction. The least loaded junction is 
the small circular junction near the shop Kaufland, where 23,236 
vehicles come through during survey. The difference between these 
two junctions is caused by vehicles, which have used exits number 
8, 6 and 5. We have used the conversion coefficients according to 
Technical Conditions 102 for calculating from real vehicles to unit 
vehicles. The following table shows the conversion coefficients from 
technical conditions.

From the profile traffic survey we have found peak hours for 
each circular junction. Peak hours were in different time intervals 
of the day. Peak hours of junctions near Kaufland and Dubeň are 
from 3 o’clock p.m. to 4 o’clock p.m. Third junction has a peak hour 
from 12 o’clock p.m. to 1 o’clock p.m. The intensity from 3:00 p.m. 
to 4:00 p.m. is lower by 132 vehicles.

We have also performed the second type of traffic survey - the 
directional traffic survey, because we have needed to know the 
direction of each vehicle. This survey we did on Thursday 19th 
October 2017 in specific time interval from 3:00 p.m. to 4:00 p.m. 

We have recorded the video with the video camera situated on 
street light column or on the roof of the vehicle. Thanks to the 
record, we have found out the direction of each vehicle which has 
come through the junction. It was very important material for 
creating a traffic model in special software [9].

From each record we could see not only directions of vehicles, 
but also the composition of traffic flow during peak hour from 
3:00 p.m. to 4:00 p.m. The passengers cars were the most common 
vehicles, 3,663 cars have passed the junction. Only 7 motorcycles 
have come through junctions, so it is the smallest group of vehicles 
in traffic flow. Totally we have counted 3,806 vehicles in this specific 
part of traffic network. Passenger cars make 96.24% of traffic flow.

Modelling of the road communication

We have used a map data in scale for creating of traffic model. 
Example of map data is shown in the Fig. 4. This network simulates 
real traffic network with set parameters. These parameters were 
the capacity and speed of vehicles. For creating traffic network 
we have used transport planning software Aimsum from Spanish 
company Transport Simulation Systems.

 We have set the maximum speed 50 km.h-1 on the all of the road 
sections. Lower speed was set on the circuits of circular junctions. Its 
value was 30 km-1. This setting is based on real traffic network. In 
the whole city is a speed limit of 50 km-1. The interval for speed on 
circuit is from 20 to 40 km-1. For the purpose of transport planning 
we chose the value 30 km-1, which is appropriate for smooth and 
safe driving through small circular junctions [10, 11].

The next important step was the creation of a matrix of 
transport relations between each area. These transport relations 
were distributed according to types of vehicles. 

We performed two simulations according traffic surveys:
1. The first created traffic model was the current state. This model 

consists of three consecutive small circular junctions. This 
configuration of junctions is called “Snowman” among the 
inhabitants of Žilina. 

2. The second compiled traffic model was a network, which consists 
of three junctions with traffic lights. This model respects width 
of roads, so it is possible to transform each junction. 

In total we have performed ten simulations for each model. 
Every simulation has lasted for 2 hours long and we have simulated 
the traffic during peak hour. From the output numbers we have 
done average and then we have recorded data according the types 
of vehicles. We have recorded data for 5 categories of vehicles 
according Technical Conditions 102. These categories are:

• passenger cars,
• trucks,
• heavy trucks,
• motorcycles and
• bicycles.

Indicators like delay time, travel time, speed, number of stops and 
stop time were significant for our research. Graphics comparison of 
indicators is in following figures. Graphs of current state are shown on 
the top position and the new proposal is below.
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Table 3. Outputs from simulation [own study]

Time Series Roundabouts
Light-

crossed 
Junctions

Units
Decrease 

[%]

Delay Time 
- All 267.39 68.74 sec/km 74.29

Density - All 47.58 14.65 veh/km 69.21

Number of 
Stops - All 1.17 0.39 #/veh/km 66.67

Stop Time 
- All 241.47 56.14 sec/km 76.75

Travel Time 
- All 341.14 136.01 sec/km 60.13

Some parameters from simulation have increased. The traffic 
network in specific area was not blocked, so the intensity of traffic 
flow has increased by 7.56%. Therefore the traffic network is not 
so busy. Speed parameter has increased from 18.33 km.h-1 to 31.99 
km.h-1. It is increasing by 42.70% in comparison with the current 
state.

It is clear that the reduction of the above mentioned indicators 
also leads to a reduction of the different types of emissions produced 
by vehicles on the transport network. Software TSS – Aimsun allows 
choosing between two ways of calculating emissions: QUARTET, 
1992 and Panis et al, 2006. The second alternative was chosen for 
calculating emissions according to predefined parameters. In 
software there were 4 emission categories recorded: IEM Emission 
CO2, NOX, PM and VOC. Their values obtained and also percentage 
decreases are shown in the Table 4 [11].

Table 4. Decrease of emission values [own study]

Time Series Roundabouts
Light-crossed 

Junctions
Units Decrease [%]

IEM 
Emission - 
CO2 - All

2 413 918.49 1 485 629.56 g 38.46

IEM 
Emission - 
NOX - All

5 483.24 3 464.60 g 36.82

IEM 
Emission - 

PM - All
679.49 351.83 g 48.22

IEM 
Emission - 
VOC - All

4 531.24 2 061.73 g 54.50

4. Conclusion

This analysis of the traffic situation in the city of Žilina can be 
applied to other cities in Slovakia. Removing the causes of transport 
chaos in cities will enable a gradual improvement of the transport 
situation. The goal is to achieve a sustainable development of 
transport for the complex development of cities with improving the 
environment [12-14].

The main conclusions and recommendations are:
• In the area of spatial planning, it is necessary to focus on the 

protection of cities against the uncontrolled expansion of 
passenger cars. Important is using of public transport, the 

supporting of cycling and pedestrian traffic, the provision 
of differentiated, more environmentally friendly transport 
services and the transportation of goods through the cities 
with the avoidance of undesired transit.

• Strengthen the importance of transport planning and related 
documents.

• Improve the quality of transport management and decision-
making by creating conditions for employing of qualified 
professionals in government and public services that will manage 
transport and make related decisions.

• Adopt legislative measures to develop relevant transport 
documentation in the field of planning, design and management 
of transport at all levels of government (state, region, city and 
zone) [15-17].
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