
Organizer
University of Zagreb

Faculty of Civil Engineering
Department of Transportation

2nd International Conference on Road and Rail Infrastructure
7–9 May 2012, Dubrovnik, Croatia

Road and Rail Infrastructure II
Stjepan Lakušić – editor

Road and Rail Infrastructure II
Stjepan Lakušić – editor

Proceedings of the  
2nd International Conference on Road and Rail Infrastructure – CETRA 2012
7–9 May 2012, Dubrovnik, Croatia

KEynoTE LECTuREs

EduCATion

TRAffiC pLAnning And modELLing

infRAsTRuCTuRE pRojECTs

infRAsTRuCTuRE mAnAgEmEnT

RoAd infRAsTRuCTuRE pLAnning

RoAd pAvEmEnT

RoAd mAinTEnAnCE

sTRuCTuREs And sTRuCTuRAL moniToRing

RAiL infRAsTRuCTuRE pLAnning

RAiL TRACK sTRuCTuRE

innovATion And nEw TEChnoLogy

EnviRonmEnTAL pRoTECTion

gEoTEChniCs

inTEgRATEd TimETAbLEs

uRbAn TRAnspoRT pLAnning And modELLing

uRbAn TRAnspoRT infRAsTRuCTuRE

vEhiCLEs

TRAffiC sAfETy



✁✃
2nd International Conference on Road and Rail Infrastructure
7–9 May 2012, Dubrovnik, Croatia

TiTle
Road and Rail Infrastructure I I, Proceedings of the Conference CeTRA 2012

ediTed by
Stjepan Lakušić

iSbN
978-953-6272-50-1

PubliShed by
Department of Transportation
Faculty of Civil Engineering
University of Zagreb
Kačićeva 26, 10000 Zagreb, Croatia

deSigN, lAyouT & CoveR PAge
minimum d.o.o.
Katarina Zlatec · Matej Korlaet

CoPieS
600

A CiP catalogue record for this e–book is available from the National and University Library in Zagreb under 805372

Although all care was taken to ensure the integrity and quality of the publication and the information herein, 
no responsibility is assumed by the publisher, the editor and authors for any damages to property or persons 
as a result of operation or use of this publication or use the information’s, instructions or ideas contained in 
the material herein.
The papers published in the Proceedings express the opinion of the authors, who also are responsible for their 
content. Reproduction or transmission of full papers is allowed only with written permission of the Publisher. 
Short parts may be reproduced only with proper quotation of the source.



Proceedings of the  
2nd International Conference on Road and Rail Infrastructures – CeTRA 2012
7–9 May 2012, Dubrovnik, Croatia

Road and Rail Infrastructure II
ediToR 
Stjepan Lakušić
Department of Transportation
Faculty of Civil Engineering
University of Zagreb
Zagreb, Croatia



 4

✁✃
2nd International Conference on Road and Rail Infrastructure
7–9 May 2012, Dubrovnik, Croatia

oRgANiSATioN
ChAiRmeN

Prof. Željko Korlaet, University of Zagreb, Faculty of Civil Engineering
Prof. Stjepan Lakušić, University of Zagreb, Faculty of Civil Engineering 

oRgANiZiNg CommiTTee

Prof. Stjepan Lakušić
Prof. Željko Korlaet
Prof. Vesna Dragčević
Prof. Tatjana Rukavina
Maja Ahac
Ivo Haladin
Saša Ahac
Ivica Stančerić
Josipa Domitrović

All members of CeTRA 2012 Conference Organizing Committee are professors and assistants of the Department 
of Transportation, Faculty of Civil Engineering at University of Zagreb.

iNTeRNATioNAl ACAdemiC SCieNTifiC CommiTTee

Prof. Ronald Blab, Vienna University of Technology, Austria
Prof. Vesna Dragčević, University of Zagreb, Croatia
Prof. Nenad Gucunski, Rutgers University, USA
Prof. Željko Korlaet, University of Zagreb, Croatia
Prof. Zoran Krakutovski, University Sts. Cyril and Methodius, Rep. of Macedonia
Prof. Stjepan Lakušić, University of Zagreb, Croatia
Prof. Dirk Lauwers, Ghent University, Belgium
Prof. Giovanni Longo, University of Trieste, Italy
Prof. Janusz Madejski, Silesian University of Technology, Poland
Prof. Jan Mandula, Technical University of Kosice, Slovakia
Prof. Nencho Nenov, University of Transport in Sofia, Bulgaria
Prof. Athanassios Nikolaides, Aristotle University of Thessaloniki, Greece 
Prof. Otto Plašek, Brno University of Technology, Czech Republic
Prof. Christos Pyrgidis, Aristotle University of Thessaloniki, Greece
Prof. Carmen Racanel, Technical University of Bucharest, Romania
Prof. Stefano Ricci, University of Rome, Italy
Prof. Tatjana Rukavina, University of Zagreb, Croatia
Prof. Mirjana Tomičić–Torlaković, Univiversity of Belgrade, Serbia
Prof. Brigita Salaiova, Technical University of Kosice, Slovakia
Prof. Peter Veit, Graz University of Technology, Austria
Prof. Marijan Žura, University of Ljubljana, Slovenia



uRbAN TRANSPoRT iNfRASTRuCTuRe 1005

deSigN elemeNTS of modeRN RouNdAbouTS
Mario Njegovec, Željko Stepan, Ana Rigo
University of Zagreb, Faculty of Civil Engineering, Croatia

Abstract

Roundabouts are used in the transportation system all around the world. Design elements 
of German, Swiss and Austrian guidelines are analyzed in the paper. Different approaches 
in determining design elements and their differences and similarities are discussed. The 
advantages of roundabouts when compared to conventional intersections are based on the 
appropriate geometric design. Based on implemented and designed roundabouts in the co-
unty of Varaždin a comparison to the guidelines is shown. Options in geometry optimization 
for increasing the efficiency of the analyzed roundabouts are also presented.

Keywords: roundabouts, geometric design, intersection planning

1 Introduction

Today modern roundabouts are the most attractive kind of intersections in many countries. 
They are characterized by the improved safety, time saving and road capacity.  
The modern roundabout was developed in the United Kingdom in the 1960s by introducing a 
rule of that required entering traffic to give way to circulating traffic. This changed the design 
and the analysis of intersection capacity. Traditional roundabouts where circulating traffic 
yields the right of way to any entering vehicles are designed with a large diameter which 
provides more longer circular segments for path overlap, and stopping in the circulating lane 
causes a total congestion in the intersection. The new rule provides the reduced size of a 
roundabout with equal road capacity, increased traffic safety and the prevention of the con-
gestion at the very intersection. 
Positive experiences with modern single–lane roundabouts contributed to further research 
and development of other types of roundabouts. Substantial practical experiences initiated 
the formation of guides for designing such roundabouts. The recent achievements in this field 
for Germany [1], Austria [2], Switzerland [3] and the United States of America [4] are shown in 
the Table 1. Geometric design is crucial for appropriate operation of roundabouts in terms of 
the safety and the road capacity.

Table 1  Overview of the guides

Country Guides Year
Germany Merkblatt für die Anlage von Kreisverkehren 2006
Austria Plangleiche Knoten–Kreisverkehr – RVS 03.05.14 2010
Switzerland Schweizer Norm SN 640 263 1999
USA NCHRP: REPORT 672, Roundabouts: An Informational Guide, 2nd Ed. 2011

7–9 May 2012, Dubrovnik, Croatia
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2 Achievements in different countries 

2.1 General

The basic principle of the geometric design is to induce the desirable vehicular speeds resul-
ting in improved intersection safety. Types of roundabouts are defined by spatial limitation, 
location and traffic capacity (Table 2). 
Mini–roundabouts are a type of roundabout characterized by a small external diameter and 
traversable central island for large vehicles. They are commonly used in urban environments 
with average operating speeds of 50 km/h or less. 
Single–lane roundabouts represent a standard solution and they are characterized by single 
entry lane, exist lane and circulatory lane. There is a non–traversable central island and they 
are used both in urban and rural environments. Their geometric design typically includes 
raised splitter islands.  
Multi–lane roundabouts have two or more entry and exit lanes which means that more ve-
hicles can travel side by side in circulatory lane. Due to a possibility of path ovelap at the 
entry and the exit as well as higher speeds these multi–lane roundabouts are less safe in 
comparison with single–lane roundabouts.

Table 2  Types of roundabouts

Germany
(D)

Austria
(A)

Switzerland
(CH)

United States 
of America
(USA)

Types of 
roundabouts

Mini Mini Mini Mini
Small single lane Single lane Single lane Single lane
Small with two lane 
curculatory lane

Multi lane Multi lane

Big with traffic lights

2.2 German guides 

Mini–roundabouts have a diameter of 13 m to 22 m and the road capacity of 18000 veh/day. 
A central island is traversable and has truck apron raised by 4 cm–5 cm, and 12 cm maximum 
in the center. The width of circulatory lane is beween 4 m and 6 m with transversal inclination 
of 2.5% outwards. The entry and exit radius is from 8 m to 10 m.
Small single–lane roundabouts have the road capacity of 25000 veh/day. The external dia-
meter is from 26 m to 45 m, the entry radius is from 10 m to 16 m and the exit radius is from 
12 m to 18 m. These dimensions provide great traffic safety. Smaller radii are used in urban 
environments. Distance of transit traffic around the central island should not be less than 
double widths of approach lane. Circulatory lane being 6.5 m–9 m wide consists of driving 
and traversable part used by large vehicles.
Small double–lane roundabouts have one or two lane entry with the entry radii of 12 m–16 m, 
depending on the traffic load and one lane exit with the exit radii of 12 m–18 m. In the circula-
ting area there are two traffic lanes with the total width of 8 m–10 m, but they are not marked 
with the horizontal signalization. Diameter varies from 40 m to 60 m with the maximum road 
capacity of 32000 vehicles a day. 
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Figure 1 Types of roundabouts in German guides

Light signalization is used at big roundabouts. Their diameter is more than 60 m and they 
have two or more lanes in entry, exit and circulatory lanes.  
According to the German guides the designing of small double–lane roundabouts is not 
allowed due to the reduced safety. The solution of the problem of increased through traffic 
is found in the use of roundabouts with the spiral traffic course, the so called 'turbo rounda-
bouts'. This type of a roundabout was developed in the Netherlands and it provides the safety 
characteristics of a single–lane rotary with the capacity increased up to 30% in comparison 
with a double–lane roundabout. The idea of the turbo roundabouts is based on lane change 
maneuver prior to entering the intersection and on the spiral traffic course to the desired exit. 
The entry is perpendicular to the circulatory lane. Lanes are separated by spiral horizontal 
signalization and physically splitted by small cambers. A number of conflict points is reduced 
from 16 to 10 when compared to classical double–lane roundabouts [5] and [6]. Several such 
roundabouts, with certain modifications, are built all over Germany. Lanes are separated only 
by road surface marking. The guides for such roundabouts are expected to be issued. The 
concept of turbo roundabout is shown in the Figure 2.

2.3 Austrian guides

Table 3 shows the main characteristics of roundabouts with the basic geometric design ele-
ments. The geometric elements in mini–roundabouts are determined on the basis of curve 
of the course of design vehicles. It is recommended that single–lane roundabouts have the 
external diameter of 35 m to 40 m and that multi–lane roundabouts have the external dia-
meter of 50 m to 60 m.

Figure 2 Basic concept of turbo roundabout and its design in the Netherlands and Germany
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Table 3  Design elements of roundabouts in Austria

Mini roundabouts Single–lane 
roundabouts

Multi–lane roundabouts

Environment urban urban or rural urban or rural

External diameter < 26 m ≥ 26 m ≥ 40 m

Circulatory lane single lane single lane multi lane

Entry lane single lane single lane single or multi lane

Exit lane single lane single lane single or multi lane

Central island traversable non–traversable non–traversable

Entry radius – 10–14 m (12–16 m) 10–14 m (12–16 m )

Exit radius – 12–16 m (15–25 m ) 12–16 m (15–25 m)

Circulatory 
lane width

– 6.5–9.0 m 8–10 m

Maximum capacity 10000 veh/day 25000 veh/day 30000 veh/day

2.4 Swiss guides

Mini roundabouts and single–lane roundabouts are designed with the entry radii of 10 m to 
12 m, while the approach radius is five times larger. In a properly designed entry the entry 
angle α has to be as large as possible. The exit radius is from 12 m to 14 m. Small roundabouts 
with circulatory lane width of 7–8 m are characterized by external diameter of 14–16 m. Sin-
gle–lane roundabouts have external diameter of 26–40 m. The deflection angle of ß>45 gon 
has to be reached for achieving the necessary deflection.  
The Figure 3 left shows the design elements of Swiss roundabouts. Appropriate operation 
at low entry and circulatory lane speeds by defining the entry/exit radius is regulated by the 
entry angle (Figure 3 right) and the deflection angle.

Figure 3 Design elements and entry angle at Swiss roundabouts

2.5 USA guides

All the geometric components are interrelated in order to provide basic features of rounda-
bouts, i.e. safety and road capacity. In the design of the intersection characteristics have to 
be tested through the fastest path for all the directions. 
The Table 4 shows the basic design characteristics and the Figure 5 shows types of rounda-
bouts according to the American guides. 
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Table 4  Basic design characteristics 

Design elements Mini roundabouts Single–lane roundabouts Multi–lane roundabouts
Desirable maximum 
entry design speed

25–30 km/h 30–40 km/h 40–50 km/h

Number of entering 
lanes per approach

1 1 2+

External diameter 13–27 m 27–55 m 46–91 m

Central island 
treatment

Fully traversable Raised (may have 
traversable apron)

Raised (may have 
traversable apron)

Typical daily 
capacity (veh/day)

≤ 15000 ≤ 25000 ≤ 45000 (for two 
lane roundabout )

Figure 4 Types of roundabouts according to the American guides

Mini–roundabouts are most commonly used in urban environment with low speed entries. 
Splitter islands have to be raised, traversable or only marked. The design according to design 
vehicle. The width of circulatory lane in single–lane roundabouts varies from 4.8 m to 6 m. 
Circular shape of a central island is recommanded, but oval, irregular or raindrop shapes can 
also be used. The entry radius is from 15 m to 30 m and the exit radius is from 15 m to 60 m. 
The traversable portion of a central island is 50–75 mm raised. 
Multi–lane roundabouts have at least one entry with two or more lanes which requires a 
wider roadway in circulating part of the intersection so that at least two vehicles can travel 
side by side. When driving through multi–lane roundabout lanes do not need to be changed. 
When entering and exiting a multi–lane roundabout, vehicle must travel by its natural path 
in order to avoid overlap path. Reaching appropriate deflection along natural vehicle path 
represents an optimally designed multi–lane roundabout. The width of circulating double 
lane is from 8.5 m to 9.8 m and of circulating triple lane is from 12.8 m to 14.6 m. Firstly an 
entry is designed with a smaller radius of 20 m to 35 m, and then with a radius of 45 m and 
more. The entry lane can be moved to the left in order to obtain increased deflection which 
reduces it at exit (Figure 5 left). Radius of the fastest path is between 53 m and 84 m which 
results in design speed of 40–50km/h in the intersection. Determining of the fastest path in 
a multi–lane roundabout are shown in the Figure 5 right. 



uRbAN TRANSPoRT iNfRASTRuCTuRe1010
cetra 2012 – 2nd International Conference on Road and Rail Infrastructure

Figure 5 Design of multi–lane entry and determining the fastest path

3 Roundabouts in the Varaždin county

The advantages of roundabouts have been recognized by the institutions dealing with ma-
nagement, maintenance and construction of road infrastructure. In the last 10 years City offi-
ces, County road offices and the Croatian roads ltd. have been using roundabouts in recon-
structing and building intersections.  
12 roundabouts are already built and two more are planned. It is important to point out that 
79 % of y and T junctions were coverted to roundabouts and the rest 21 % of them are new 
intersections. According to the types they are small roundabouts with one circulating lane, 
one entry and one exit lane. In 36% of intersections a bypass lane was designed to increase 
the road capacity  and to take right turning vehicles outside of a circulating lane (Figure 6).
The geometric design analysis shows the implementation of modern design elements (Ta-
ble 5). 

Figure 6 Single–lane roundabout with additional lanes for the right turn

Table 5  Design elements of roundabouts in the Varaždin county

Single–lane roundabouts

urban rural

External diameter 29 m – 33 m 36 m– 48 m

Entry radius 12 –16 m 12 m–20 m 
Exit radius 14 m –16 m 14 m –20 m 

Circulatory lane width 7 m–8.5 m 6.5 m–7.5 m

Vehicle distance from the central island by the value of two lanes provides low speed in the circu-
latory lane in all the roundabouts. Although 90% of roundabouts are designed to have traversa-
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ble central island only 40% of them are built as paved surfaces (granite blocks) when related to 
asphalt circulatory lane. It is recommended for the central island to by made of different material 
and raised up by apron which increases the safety conditions from a number of aspects. 
The Figure 7 shows the roundabout in Ludbreg with splitting and central island raised by blocks 
and a mound covering the view of the opposite entry lane. The central ring is made of granite 
blocks which provide the circulating traffic to stay in the lane and it provides additional width to 
be used only by larger vehicles. 

Figure 7 The roundabout in Ludbreg

4 Conclusion

The insight into achievements in roundabouts design is characterized by the basic principle of 
speed controlling through the geometric design resulting in the improved safety of intersec-
tion. Different types and their basic characteristics show uniformity in all the countries that 
were considered. Single–lane roundabouts represent a standard solution. There are different 
elements of geometric design defining the basic characteristics of single–lane roundabouts. 
The Swiss guides define an entry angle and a deflection angle while the American guides test 
the fastest path speed. In all the countries mini–roundabouts are used with a diameter of 27 
m and less and a traversable central island. 
There are some differences in the design approach with multi–lane roundabouts. The German 
guides allowing only one exit lane at double–lane roundabouts have a restrictive approach. In 
the American guides the entry and exit radius are increased due to the principle of a natural 
path in order to avoid path overlap while entering and exiting.
Disadvantages of multi–ane roundabouts can be eliminated by using turbo roundabouts.
The design of roundabouts in the Varaždin county follows the modern guides. The solution of 
the traffic safety also has to be found in the use of other types of roundabouts. Creating the 
national guides based on positive experiences from all around the world could significantly 
contribute to the safe and unified use of roundabouts. 
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