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1 INTRODUCTION 

The urban street networks are the vascular system of settlements and they have linking and 

space functions at the same time in the everyday life of people. From this point of view, the 

streets are the main environment of settlements, which ensure the connection between society, 

economy, and ecological part of life. The different periods in history and geographic regions 

inspired several types of street networks, which are highly researched topics nowadays [1], [2]. 

At the beginning of XX. century, researchers started describing the cities with urban landscape 

models, for instance, Burgass’ concentric zone model [3], Hurd’s [4] and Hoyt’s [5] sector 

model, and Harris and Ullman’s multiple nuclei model [6].  

Urban structures and scope of activities are changing at a different speed in time and space. 

These factors can be slowly and rapidly changing factors over time [7]. Urban structure, 

landscape, and land use are very slowly changing factors. The locations and numbers of 

workplaces and homes are slowly changing factors. People who live and worke at settlements 

are rapidly changing factors. Passenger and freight transport are the fastest-changing factors. 

The structure of the urban street networks can only follow up on the demands of citizens in the 

most cases. 

The street networks of settlements provide links between neighbourhoods of cities, regardless 

of the land use types and locations [8], [9]. Next to a similar scope of activities, the street 

networks could have different layouts. 

The grid-based street network is one of the most ancient planned networks, and it has been used 

several times over historical periods. It was commonly used until the first part of the XX. 

century. From the XX. century several new kinds of network layouts have appeared, for 

instance, fragmented and warped parallel, culs-de-sac, loops and lollipops [10], [11]. 

There are three main ways to describe connections and layouts of street segments. Mental 

mapping, which approach describes objective and subjective ways, how people perceive their 

living environment [2], [12]. Morphological analyzation of street networks describe the number 

and ratio of street segments (intersections and streets) and do not take into account the direct 

connections among them [13]. Graph approach takes into account streets as links and 

intersections as nodes. This approach is able to describe several ways the connections of street 

segments at a detailed complex level [14], [15]. 

Marshall works and outcomes are well developed and summarised, which describe street 

networks in a morphological way [1] at different historical periods. These ideas were developed 
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further by others, for instance, intersection density, street section density, and connectivity 

index [13], [16]. 

Several papers have been written for understanding and determining the laws of road traffic, 

and effects of the environment and layout of street networks [17], [18], which were analysed 

with microscopic and macroscopic traffic modelling approaches [19]–[21]. Traffic modelling 

is a well-known approach in everyday life, but only a few papers were written in the topic of 

street network analysing. 

The aims of the Ph.D. thesis were analysing street networks with different built landscape and 

road capacity analysis of street networks at neighbourhood level. 

 

1.1 GOAL AND STRUCTURE OF THE DISSERTATION 

The aims of my Ph.D. thesis were analysing and understanding the structure of street networks 

and their effects for traffic flow. My research had two main parts. In the first part, I analysed 

the street networks of 4 built landscape zone by topological measures based on subdistricts of 

Budapest. I determined similarities and differences among them (Thesis 1., 2.). In the second 

part, I analysed the traffic capacity of grid networks by microscopic and macroscopic traffic 

modelling. During this part of my work, I was able to compare the performance of the street 

networks and I determined the effects of the specific street blocks based on several traffic 

quality indicators (Thesis 3., 4.). I also analysed the street network of real estates with the same 

approach (Thesis 5.). In this way, I was able to determine the differences of streets and their 

effects to everyday car traffic. 

 

The doctoral thesis has 5 main chapters, overall it has 9 chapters.  

Chapter 1. contains a short summary of the connection between settlements and street networks, 

traffic demand and traffic management. The layout of the thesis is detailed at the end of this 

chapter. 

Chapter 2. represents the literature review of the research topics. Chapter 2.1 contains the 

literature review of the street network analysing methods, and Chapter 2.2 contains the literature 

of microscopic, macroscopic traffic simulation and former investigations. 

Topic of Chapter 3 is the morphological analysis of street networks. Chapter 3.1 reveals 

connections between living functions and built landscapes, shows the analysed built landscapes 

(housing estates, closed rows, free-standing on a plain, free-standing on a hillside) and the 
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chosen subdistricts in Budapest which were analysed in the research. Chapter 3.2. contains the 

research methodology and 6 morphological indicators, which were used in street network 

structure analysation. Outcomes and results are included in Chapter 3.3.  

Chapter 4. contains the research of capacity analysis of street network by a microscopic and 

macroscopic traffic modelling approach. At this work, several grid-based and real street 

networks were analysed. Chapter 4.1. contains the applied methodology, Chapter 4.2. shows 

and discusses the outcomes and results. 

Chapter 5. contains new scientific results, which are followed the Utilisation of the results and 

further research and the Summary. The Acknowledgement and Bibliography are located at the 

end of Thesis. The Appendix is the end of the Thesis. It is an important part of my scientific 

works, it contains several methodologies and results in details. 

 

2 METODOLOGY 

The morphological analysation of street networks at settlements’ subdistricts 

48 subdistricts’ street network were analysed in Budapest, and they have different built 

landscapes as housing estates (11 cases), closed rows (13 cases), free-standing on a plain (13 

cases), free-standing on a hillside (11 cases). The following morphological indicators were used 

in street network structure analysation: 

‐ Street Network Density, 

‐ Street Section Density, 

‐ Intersection Density, 

‐ Connectivity Index, 

‐ Shape Ratio Index, 

‐ Ratio of One-way Streets. 

 

The independency level of the built landscape street networks was determined with the Mann-

Whitney U test using the morphological indicators. 

 

 

The capacity analysis of street networks with a traffic modelling approach 
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The capacity of the street network was analysed in microscopic and macroscopic traffic 

modelling level. During Ph.D. work, grid street networks and real, housing estates street 

networks were analysed in three different ways (Figure 1.): 

1) analysing grid street networks with a microscopic traffic simulation  

(Microscopic model I.),  

2) analysing grid street networks with a macroscopic traffic simulation  

(Macroscopic model I.),  

3) analysing real, housing estate street networks with a macroscopic traffic simulation  

(Macroscopic model II.).  

	

Figure	1.:	Analysed	street	network	types	and	applied	traffic	modelling	

 

In the first case, the traffic capacity of 6 different grid based street networks (two-way street 

network with conventional layout, one-way street network with conventional layout, one-way 

street network with Malcher-system layout, one-way street network with circular-system 

layout, two way street network with loops layout, two-way street network with dead-end layout) 

was analysed at the microscopic level. Traffic to and from the street networks were taking into 

account in 54 different cases at every grid based street network. 

In the second case, the traffic capacity of 23 different grid-based street networks at the 

macroscopic level was analysed. Traffic which leaves the street network was only taking into 

account in several traffic conditions. 

Figure 2. shows the used nomenclature of street segments and intersection at the research. 

	

Figure 2.: Location and nomenclature of street segments and intersections 
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During Ph.D. research, based on the number and location of intersections, number and location 

of street sections 8 street building blocks were analysed with 8 traffic conditions.  

23 street networks were defined to analyse the effects of every street building blocks to traffic 

capacity. Following street building blocks were analysed, which were separated into 6 groups 

during evaluation: 

1) location of exit intersections, 

2) number of exit intersections, 

3) number of arterial roads, 

4) size of street network area, 

5) shape of street network area, 

6) distance of living streets, 

7) location of collector roads, 

8) one-way living streets. 

 

Street networks were compared with each other with 8 traffic quality conditions 

a) average travel time - traffic volume, 

b) average speed - traffic volume, 

c) ratio of used street segments - traffic volume, 

d) length of congestion at the used street segments - traffic volume, 

e) ratio of congested streets at the used street segments - traffic volume, 

f) capacity utilisation at used street segments - traffic volume, 

g) slowness - average speed, 

h) average intersection delay at exit intersections - traffic volume 

 

During the evaluation process, the outcomes of 23 street layouts were grouped into 8 street 

building blocks and were analysed based on 8 traffic conditions. Effects of different street 

building blocks on street networks were able to determine in this way. 

In the third case, the traffic capacity of 5 housing estates street networks with 8 traffic condition 

approaches was analysed which were used in the second case. Street network of Békásmegyer 

I., Békásmegyer II., Gazdagrét, Kaszásdűlő, Pók street housing estate were analysed. The 

results show real street networks are more complex than grid-based street networks are. 
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3 NEW SCIENTIFIC RESULTS 

 

Topic I.: The morphological analysation of street networks at settlements’ 

subdistricts 

 

Thesis 1. 

I analysed the street networks of three built landscapes as a housing estate, closed rows and 

free-standing, at the last one I separated into two parts, free-standing on a plan and free-

standing on a hillside, altogether 48 subdistricts street network of Budapest with 6 street 

morphological indicators. I defined clear differences among street networks of built landscapes 

with Mann-Whitney U test based on applied indicators. 

 

Publication related to Thesis 1.: (1), (2), (3) 

Table T1 is the explanatory table of Thesis 1. 

Table T1:: Results of statistical test, green: different distribution, red: same distribution, significancy level:0,05. SND: street 
network density, SSD: street segment density, ID: intersection density, CI: connectivity index, SRI: shape ratio index, ONE: 

ratio of one-way streets, 1: Housing estate, 2: Closed row, 3: Free-standing on a plain, 4: Free-standing on a hillside 

SND 1 2 3 4 SSD 1 2 3 4 

1 - 0,0021 0,0091 0,0016 1 - 0,0045 4,09E-04 8,11E-04 

2 - - 0,2592 0,7281 2 - - 0,0313 0,0150 

3 - - - 0,0725 3 - - - 0,6430 

4 - - - - 4 - - - - 

ID 1 2 3 4 CI 1 2 3 4 

1 - 0,2025 6,40E-05 0,0013 1 - 2,09E-04 8,16E-05 0,5994 

2 - - 3,27E-05 0,0026 2 - - 1,65E-05 9,59E-04 

3 - - - 0,0725 3 - - - 3,90E-05 

4 - - - - 4 - - - - 

SRI 1 2 3 4 ONE 1 2 3 4 

1 - 0,49 0,49 0,79 1 - 1,31E-04 0,0077 0,4701 

2 - - 0,64 1,00 2 - - 1,65E-05 1,04E-04 

3 - - - 0,86 3 - - - 0,0929 

4 - - - - 4 - - - - 
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Thesis 2. 

At my research, I analysed the street networks of three built landscapes as a housing estate, 

closed rows and free-standing, at the last one I separated into two parts, free-standing on a 

plan and free-standing on a hillside, to sum up, 48 subdistricts street network of Budapest based 

on cumulative relative frequency distribution of length of street segments on 25m bases. I 

determined   exponential function has R2 = 0,99 correlation at the results. 

Outcomes show the uniform distribution of street lengths, which can be precision describe with 

a common function type. 

 

Publication related to Thesis 2.: (3) 

Figure T1 is the explanatory figure of Thesis 2. 

 

 

Figure T1: Cumulative relative distribution of street segments length 
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Topic II.: The capacity analysis of street networks with a traffic modelling 

approach 

 

Thesis 3. 

I analysed traffic calming area with microscopic traffic simulation by 6 grid-based street 

networks with different ratio of inward and outward traffic flow. Based on the simulation 

outcomes, I determined, when traffic to the area is higher than traffic from the area, traffic 

quality is better taking into account the average speed and travel time, than at the other case, 

when traffic from the area is higher than traffic to the area. 

 

The traffic was always generated along the living streets at applied traffic models. This traffic 

has to give priority to collector roads traffic (right turn from living street to collector road 

indicates 1, left turn from living street to collector road indicates 2 priority obligations), 

before it leaves the study area via exit intersections. Priority rules are different, when traffic 

comes from outside the study area to the living streets (right turn from collector road to living 

street indicates 0, left turn from collector road to living street indicates 1 priority obligation), 

the intersection delays are smaller at inner intersections in this way. 

 

Publication related to Thesis 3.: (4) 

 

Thesis 4. 

Analysing inwards traffic of areas, which have different grid-based street networks layout with 

macroscopic traffic modelling approach, I determined street segments with critical location 

(street segments, which do not have bypass) and with the lowest capacity have the greatest 

impact on traffic capacity, and it determines that at the network level. When there are more 

than one critical segments exists with similar location and function, than their summarized 

traffic capacity determines the traffic capacity of street networks. This value can be determined 

as traffic limit value (Fh), which located at the edge of saturated and oversaturated traffic 

conditions. The applied traffic condition indicators have the following impacts on traffic limit 

value, which are represented at Table T2. 
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Table	T2.:	Connection	of	traffic	quality	indicators	and	traffic	flow	at	network	level	

Traffic quality conditions Traffic volume less than Fh Traffic volume higher than Fh 

a) Average travel time - traffic volume 

A convex  
exponential shape function can be 
fitted to the outcomes, with R2=0,95 
correlation with 85% likelihood. The 
values of function parameters depend 
on the street network layout. 

A concave  
exponential shape function can be 
fitted to the outcomes, with R2=0,95 
correlation with 95% likelihood. The 
values of function parameters depend 
on the street network layout. 

b) Average speed - traffic volume 

A convex  
exponential shape function can be 
fitted to the outcomes, with R2=0,95 
correlation with 85% likelihood. The 
values of function parameters depend 
on the street network layout. 

A concave  
exponential shape function can be 
fitted to the outcomes, with R2=0,95 
correlation with 95% likelihood. The 
values of function parameters depend 
on the street network layout. 

c) Ratio of used street segments - 
traffic volume 

The outcomes are almost constant. 
The outcomes show progressive 
increasing tendency. 

d) Length of congestion at the used 
street segments - traffic volume 

There is no congestion at the street 
networks. 

The outcomes show progressive 
increasing tendency. 

e) Ratio of congested streets at the 
used street segments - traffic volume 

There is no congestion at the street 
networks. 

The outcomes show progressive 
increasing tendency. 

f) Capacity utilisation at used street 
segments - traffic volume 

The outcomes are strictly 
monotonically increasing. 

The outcomes are almost constant. 

g) Slowness - average speed 
A convex   exponential shape function can be 
fitted to the outcomes, with R2=0,95 correlation with 95% likelihood. The 
values of function parameters depend on the street network layout. 

h) Average intersection delay at exit 
intersections - traffic volume 

A convex function can be fitted to the 
outcomes. 

The outcomes are not similar, they 
depend on the street network layout. 

 

I determined that applied street building blocks have unique and well-described impacts on 

traffic quality based on comparing similar traffic loads at street networks. Table T3. contains 

the outcomes. 

 

Table	T3:	Connection	of	street	building	blocks	(street	segments)	and	traffic	flow	at	network	level	

Street building blocks Traffic volume less than Fh Traffic volume higher than 
Fh 

Whole analytical range  

1) Location of exit 
intersections 

In the case of exit 
intersections with corner 
position, the average speed 
and ratio of used street 
segments are higher than in 
the case of exit intersections 
with edge position. 

In the case of exit 
intersections with corner 
position, the ratio of used 
street segments and average 
intersection delay are lower 
than in the case of exit 
intersections with edge 
position. 

In the case of exit 
intersections with corner 
positions, the congestions 
and capasity utilisation at 
used street segments are 
higher than in the case of 
exit intersections with edge 
position. 

2) Number of exit 
intersections, and their 
summarised traffic capacity 

Decreasing the number of 
exit intersections increase 
the intersection delay at exit 
intersections. 

- Decreasing the number of 
exit intersections increase 
capacity utilisation at used 
street segments, and 
congestions and Fh appear 
at a lower average speed 
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3) Number of arterial roads, 
and their summarised traffic 
capacity 

Increasing the number of 
arterial roads increase the 
ratio of used street 
segments. 

Decreasing the number of 
arterial roads increase the 
ratio of used street 
segments. 
Increasing the number of 
arterial roads increase the 
capacity utilisation of street 
segments and intersection 
delay at exit intersections. 
 

Decreasing the number of 
arterial roads, Fh appears at 
less traffic, and the average 
travel time gets higher with 
congestions. 

4), 5), 6) Size and shape of 
street networks, and 
distance of living streets 

Increasing the summarised 
length of street segments 
increase the average speed 
and ratio of used street 
segments. 

Increasing the summarised 
length of street segments 
increase the average travel 
time and ratio of used street 
segments. 

Decreasing the summarised 
length of street segments 
increase congestions and 
capacity utilization at used 
street segments when the 
number of arterial roads is 
the same. 

7) Location of collector 
roads 

When a collector roads 
intersection, which located 
at the inner part of the study 
area, located further from 
the centre of area, the 
average speed is lower. 

Increasing the distance 
between the centre of the 
study area and collector 
road intersection, which 
located at the inner part of 
the study area, increase the 
ratio of used street 
segments. 

Increasing the distance 
between the centre of the 
study area and collector 
road intersection, which 
located at the inner part of 
the study area, increase the 
average travel time, 
capacity utilisation at used 
street segments and 
intersection delay at exit 
intersections. 

8) One-way living streets In the case of one-way 
living streets, the average 
speed is lower than in the 
case of two-way living 
streets. 

In the case of one-way 
living streets, the capacity 
utilisation at used street 
segments is higher than in 
the case of two-way living 
streets. 

- 

 

 

Publication related to Thesis 4.: (5), (6), (7) 
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Thesis 5. 

Based on morphological analysation and macroscopic traffic modelling of street networks of 

five housing estates in Budapest, I determined that it cannot identify the clear connection 

between applied morphological indicators and traffic quality conditions taking into account all 

of them at the same time. When a few of morphological indicators are taking into account, it 

can identify that exit intersections and location of collector roads have great impact on traffic 

condition based on average travel time and speed, and street network layouts have great impact 

on ratio of used street segments. 

 

Exit intersections and location of collector roads have the greatest impact on traffic condition 

based on average travel time and speed. Jump appears at the outcomes of the ratio of used street 

segments between lower and higher values than Fh traffic flow if congestions appear at the street 

networks and traffic sprawls at the streets. When there is no jump at the outcomes, traffic 

sprawls before congestion appears at the street networks. 

 

Publication related to Thesis 5.: (7), (8) 

 

 

  



	
	

12 
	

4 UTILISATION OF THE RESULTS AND FURTHER 

RESEARCH 

My aim was the research of subdistricts street network layouts in Budapest to identify unique 

indicators which determine street network layouts at different neighbourhoods. The streets are 

the main parts of everyday traffic, it is important to understand how they work and how they 

look likes in different scope. The outcomes are useable to understand building blocks and the 

surrounds of street networks. The results ensure the main statistical indexes at applied 

morphological indicators and the distribution of length of street networks, next to the number 

of residents and homes. The differences from average value help to understand specialties of 

subdistricts’ street network layout, which could be useful during the planning process. I 

analysed traffic conditions at a network level with a microscopic and macroscopic traffic 

modelling approach. I determined the impacts of the building block on the traffic flow at the 

network level and identified which one has the highest impact. The applied methodology could 

be useful to identify critical street segments and building blocks at the network level and 

modelling different built landscapes at variable traffic volume. 

The morphological outcomes could be compared with block spots and sustainable indicators, 

to identify critical points at everyday traffic and living. The applied methodology for 

understanding traffic quality levels at street networks are useful to understand the whole picture. 

The simple structure of traffic models, which do not contain several items, can be useful just 

for some experts. These models and outcomes can be further developed with real traffic and 

geometry data at the well-detailed models. Using graph theory during street network 

analysation could ensure a better connection between morphological analysation of the street 

network and traffic modelling approach. 
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