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INTRODUCTION 
The beginning of the existence of roundabouts gave the circular intersections, which were 

consecutively established in 1768 in Bath in England, 1899 in Brautwiesenplatz in Görlitz in Germany, 1907 
in Charles de Gaulle in Paris and in 1904 in Columbus Circle in New York [37]. The first roundabout was 
created in 1907 in San Jose, California, it was designed by John McLaren. In Europe, the first roundabout 
was built in 1909 at Letchworth Garden City in England [2,13]. 

The extensive use of modern roundabouts began in Great Britain in the 1960s, thanks to engineers 
from the Transport Research Laboratory. Currently, there are approx. 5,000 roundabouts in the United States, 
in France about 62,000, in England about 20,000, in Australia about 15,000, while in Poland about 14,000 [14]. 

The aim of the work is to present the basic characteristics of roundabouts and a description of selected 
examples. 

CHARACTERISTICS OF SELECTED ROUNDABOUTS PARAMETERS 
By definition, the roundabout is an intersection with the central island and unidirectional road around 

the island, where vehicles drive the central island counter-clockwise in countries with right-hand traffic or in 
the direction of traffic in countries with left-hand traffic [33]. An exception to these rules are mini 
roundabouts, where long vehicles can pass through the passing island [14,33]. 

The basic features of modern road roundabouts include [25]: 
 priority check on all inlets, 
 forcing the movement of all vehicles around the central island, 
 reduction of vehicle speed through appropriate geometric parameters. 
Selected features and elements of the roundabout construction are shown in Fig. 1, while Fig. 2 

describes the basic geometrical dimensions. 

 
Figure 1 – Selected features and elements of the roundabout construction. Based on [25,33] 
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Figure 2 – Selected technical parameters of the roundabout construction. Based on [26,33] 

 
There are four types of roundabouts depending on the diameter of the center island and the outside 

diameter of the roundabout. The characteristics of particular types of roundabouts with the scope of their 
applicability in urban areas are presented in Table 1. 

 
Table 1 – Types of roundabouts in the building area. Based on [33] 

Type of 
roundabout 

Diameter of the 
central island [m] 

The outer diameter 
of the roundabout 

[m] 

Application - road class, roundabout 
position 

Mini 4-10 14-22 Estate – street Z, L, D 
Small - one-lane: 

10 (5) -28 
-two-lane: 

17-25 

- one-lane: 
26 (22) – 40 
- two-lane: 

37,5-45 

Roads class G, Z, L on city inlets, in 
suburban zones 

in urban estates and on their outskirts, 
in the city center zone with moderate 

pedestrian traffic 
Medium - one-lane: 

29-33 
- two-lane: 

25-37 

- one-lane: 
41-45 

- two-lane: 
45-55 

Class G roads, Z-class multilane roads, 
in suburban areas, 

at the inlets to the city, on the outskirts 
of housing estates 

Large >37 >55 Not recommended in built-up areas. It 
is allowed 

on the border of the building area 
 
Roundabouts are becoming more and more popular due to improving safety and increase traffic 

efficiency. The main benefits of using roundabouts are [1,7,11,16,21,23,24,34,35]: 
 environmental factors – often reduce vehicle time delays when approaching an intersection and 

the number and duration of a stopover compared to some intersections with traffic lights. In the 
circumstance that the traffic at the roundabout is high, the vehicles slowly move in queues 
towards the intersection, rather than stop completely. This reduces noise as well as improves air 
quality and reduces fuel consumption by reducing the number of accelerations/brakes and idle 
time of vehicles, 

 traffic calming - low driving speeds forced by the geometry of the roundabout construction, which 
has a positive effect on safety, 

 pedestrian safety - the safety of pedestrians and cyclists traveling around the intersection is 
increased due to the reduced speed of motor vehicles during travel and driving around the 
roundabout. In addition, the use of the pedestrian island gives you the opportunity to focus on the 
traffic flow when passing/crossing the road, 

 aesthetics - the central island gives the opportunity to develop them with the help of, for example, 
monuments, greenery, which has a positive effect on the image of the cities, 

 operational and maintenance costs - roundabouts have lower operating and maintenance costs 
compared to intersections with traffic lights, due to the lack of technical equipment, signal 
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controllers, etc. Roundabouts also reduces maintenance costs due to the reduction of collisions 
and accidents, 

 road safety - numerous studies have shown a significant increase in safety at conventional 
intersections modified to a roundabout intersection. The shape of the roundabout eliminates the 
number of conflict points, thus reducing the number of accidents. The total number of breaks 
decreased by 35%, while accidents with the number of victims by 76%, 

 efficiency - in the case of throughput, roundabouts are characterized by lower time delays of 
vehicles than intersections with traffic lights. The reduction of time losses is the highest during 
off-peak hours. Such benefits are common in that the requirements for the number of lanes 
between intersections are reduced. It also contributes to reducing the cost of constructing new 
roads. However, compared to intersections with traffic lights, roundabouts do not give priority to 
the passage for a specific group of users, i.e. emergency vehicles, transit vehicles, trams, 

 width of entry roads - roundabouts can reduce the width of access roads to the intersection 
compared to alternative crossings. Intersections with traffic lights often need additional left-
handed or right-handed traffic, however roundabouts need more space for the central island. 

The main limitation of using small one-lane roundabouts, despite the fact that they are one of the 
safest types of roundabouts (the smallest number of collision points), is their throughput, which ranges from 
2000-2500 V/h [7,17-19]. For this reason, at intersections, with high traffic volume, two-lane roundabouts 
were built. However, on large two-lane roundabouts there are large distances between the inlets, as a result 
of which the drivers drive through them at higher speeds than at one-lane roundabouts [16, 17]. 

TWO-LANE ROUNDABOUTS 
As mentioned, two-lane roundabouts are designed for higher traffic volumes. According to the 

requirements of the design guidelines, the diameter of such roundabouts in the inner city should be between 
37.5 and 55m, while outside the urban area 40 to 65m [33]. The geometric layout of the two-lane roundabout 
allows drivers to change lanes across the entire roundabout. 

Therefore, vehicles moving at high speed on the inner lane cross the flow of vehicles from the 
neighboring lane. Accident situations in this case are rare, but if they do, they significantly reduce the overall 
efficiency of such roundabout solutions [30]. A two-lane roundabout with an outside diameter reduced to 
50m is characterized by a drop in throughput, as cars rarely use the internal lane, because the small outer 
diameter does not allow controlling the space behind the vehicle using mirrors. Drivers are also afraid that 
they will not leave the roundabout with a desirable departure, due to the high traffic volume of vehicles 
moving along the outer lane [16]. On the basis of a literature study on the use of lanes at the inlets to the two-
lane roundabout, the following features can be observed [15,18,19,20,28,32]: 

 drivers are more likely to choose the right lane at the inlet than the left lane; experimental studies 
in Poland show that 62-87% of drivers choose the right lane, depending on the intensity of traffic, 
high traffic volumes at inlets, cause an increase in the choice of the left lane to 34-45%, 

 based on the results of experimental studies, it can be seen that older drivers are more likely to 
choose the right lane at the inlet, 

 the correlation between vehicle type and the choice of a lane on the roundabout is that lorry 
drivers are much more likely to choose an outer lane on the two-lane roundabout. 

TURBO ROUNDABOUTS 
As a modification of the two-lane roundabout in 1996 in the Netherlands L.G.H. Fortuijn designed a 

turbo roundabout [16, 27]. It has a number of advantages over the classic two-lane roundabout. Such a 
solution by installing barriers separating traffic lanes on the roundabout forces drivers to select a lane on the 
inlet, depending on where they want to go (horizontal signs). Turbo roundabouts are characterized by higher 
throughput than classic two-lane roundabouts, while maintaining the level of security as on single-band 
roundabouts [16]. The number of collision points on the turbine roundabout is significantly lower than on the 
two-lane roundabout. For a two-lane roundabout, this number is 24, while for a turbine roundabout only 14, 
which significantly reduces the number of collisions and accidents [30]. 

The concept of a turbo roundabout has been adopted in many European countries, including in 
Germany, Slovenia, the Netherlands, Denmark and Poland [31]. Experimental research shows that the use of 
a turbo roundabout results in a 40-50% reduction in accident rate and 20-30% in the number of injured 
compared to a two-band roundabout [34-37]. 

The characteristic features of the turbo roundabout include [12, 16, 29]: 
 the occurrence of no more than two lanes on the roundabout in the area at the inlets, 
 if the ring is not widened, it is impossible to turn back in one of the directions of movement, 
 no possibility of maneuvering of vehicle streams in the area of the roundabout, thanks to the use 

of spiral horizontal markings together with the spiral shape of the roundabout (reduction of the 
number of collision points), 
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 presence of more than one lane on the roundabout, 
 relatively low speed of passage through the roundabout, resulting from traffic separators and the 

specific roundabout geometry, 
 the ability to achieve higher bandwidth compared to a two-lane roundabout, 
 possibility to choose the direction of travel only at the entrance to the roundabout. 
 Turbo roundabouts have the following advantages [5,8,10,38]: 
 giving way to priority by drivers from inlets to a maximum of two streams of traffic moving 

across demarcated lanes, 
 minimizing the number of collision points, 
 the ability to achieve better throughput compared to a two-lane roundabout. 
CONCLUSIONS 
Roundabouts has been operating continuously for over 100 years, but there are still debates over 

which type of roundabout is best in terms of throughput, safety, environmental and geometric factors. These 
intersections continue to evolve from a one-lane, two-lane roundabout to new solutions, eg turbo type [21]. 

The popularity of turbo roundabouts in Poland is steadily growing, despite the fact that no guidelines 
and regulations regarding the design of this type of solutions have been developed so far. Most of the current 
solutions are built based on the Dutch guidelines [4,6]. The geometry shaping process is carried out in 5 
stages, ranging from the diameter of the roundabout and the width of the lanes. The spiral shape of the 
roundabout is usually obtained on the basis of shaping lanes based on an ellipse or Archimedes' spiral [36, 39]. 

However, it should be noted that due to technical problems (including the problem of snow removal, 
rainwater drainage, heavy vehicle traffic) and social problems (including the problem of the lack of 
acceptance of new road solutions by the public), for parts of roundabouts operating in the country there were 
no fixed road separators lifted above the road surface [16]. 

REFERENCES 
1. Akcelik, R. (1997). Lane-by-Lane Modeling of Unequal Lane Use and Flares at Roundabouts and 

Signalized Intersections: The SIDRA Solution. Traffic Engineering and Control 38(7/8), 388–399.  
2. BBC News (2007). "Roundabout Magic". Retrieved 13 May.  
3. Brilon W., Stuwe B., Bondzio R. (1993). Kleine Kreisverkehre – Empfehlungen zum Einsatz und 

zur Gestaltung. Ministerium Stadtentwicklung und Verkehr des Landes NRW, Duisburgm. 
4. Chodur, J., Bąk, R. (2016). Study of driver behavious at turbo-roundabouts. Archives of 

Transport, vol 32 (2). 
5. Corriere, F., Guerrieri, M. (2008). Performance analysis of basic turbo – roundabouts in urban 

context. Procedia – Social and Behavioral Sciences, volume 53, pp. 622-632. 
6. CROW. (2008). Turbo roundabouts. CROW Publication No. 257, 2008. 
7. Cunningham, R., Maryland’s, B. (2007). Roundabouts: Accident Experience and Ecoonomic 

Evaluation. Traffic Development & Support Division, Office for Traffic and Safety, State Highway 
Administration, Maryland Department of Transportation. 

8. Engelsman, J. C., Uken, M. (2007). Turbo roundabouts as an alternative to two lane roundabouts. 
26th Annual Southern African Transport Conference. 

9. Fortuijn, L.G.H. (2003). Pedestrian and bicycle - friendly roundabouts, dilemma of comfort and 
safety. Province of South - Holland and Delft University of Technology the Netherlands. Annual meeting of 
the ITE in Seattle, USA. 

10. Giuffre, O., Guerrieri, M., Gran,a A. (2009). Evaluating capacity and efficiency of turbo 
roundabouts. Transportation Research Board 88th Annual Meeting, Washington. 

11. Hughes, Ronald G., et al. (2011). Crossing Solutions at Roundabouts and Channalized Turn 
Lanes for Pedestrians with Vision Disabilities. Transportation Research Boards, National Academies of 
Science, Washington. 

12. Lejda, K., Mądziel, M. (2016). Ocena efektywności wybranych rozwiązań skrzyżowań 
wielopasmowych typu rondo. Autobusy, z. 12. 

13. Letchworth Garden City Heritage Foundation. (2006). "Sign of the Times". Archived from the original. 
14. Macioszek, E. (2012). Analiza prędkości przejazdu pojazdów przez skrzyżowania z ruchem 

okrężnym. Prace Naukowe Politechniki Warszawskiej, Transport z. 82, Warszawa. 
15. Macioszek, E. (2013). Analysis of the Effect of Congestion in the Lanes at the Inlet to the Two-

Lane Roundabout on Traffic Capacity of the Inlet. TST 2013: Activities of Transport Telematics. 
16. Macioszek, E. (2013). Stan bezpieczeństwa ruchu drogowego na rondach turbinowych w Polsce. 

Prace Naukowe Politechniki Warszawskiej, z. 96, Warszawa/ 
17. Macioszek, E. (2012). Safe Road Traffic on Roundabouts as an Element Assisting Efficient Road 

Transportation System Development in the Upper Silesia Region. [w:] R. Janecki, S. Krawiec, G. Sierpiski 
(red.): Contemporary Transportation Systems. Selected Theoretical and Practical Problems. The 



 

126 

Transportation as the Factor of the Socio-Economic Development of the Regions. Monograph 386. 
Publishing House: Silesian University of Technology, Gliwice. 

18. Macioszek, E. (2012). Geometrical Determinants of Car Equivalents for Heavy Vehicles Crossing 
Circular Intersections. In: Mikulski, J. (ed.) TST 2012. CCIS, vol. 329, pp. 221–228. Springer, Heidelberg. 

19. Macioszek, E. (2013). Modele Przepustowości Wlotów Skrzyżowań Typu Rondo w Warunkach 
Wzorcowych. Open Access Library, Gliwice. 

20. Macioszek, E. (2011). The Influence of Motorcycling and Cycling on Small One-Lane 
Roundabouts Capacity. In: Mikulski, J. (ed.) TST 2011. CCIS, vol. 239, pp. 291–298. Springer, Heidelberg. 

21. Madani, H. (2003). Dynamic vehicular comparison between a police-controlled roundabout and a 
traffic signal. Transportation Research Part A. 

22. Mauro, R. (2010). Calculation of roundabouts. Capacity, waiting phenomena and reliability. 
Springer-Verlag Berlin Heidelberg. 

23. Persaud, B., Retting, A., Garder E., Lord D. (2010). Crash Reductions Following Installation of 
Roundabouts in the US. Insurance Institude for Highway Safety, Arlington, Virginia. 

24. Rodegerdts, L., Blogg, M., Wemple, E., Myers, E., Kyte, M., Dixon, M., List, G., Flannery, R., 
Troutbeck, R., Brilon, W., Wu, N., Persaud, B., Lyon, C., Harkey, D., Carter, D. (2007). Roundbaouts in the 
United States. National Cooperative Highway Research Program Report 572. Transportation Research 
Boards, National Academic of Science, Washington, D.C.. 

25. Roundabouts Technical Summary. (2010). U.S. Department of Transportation. Federal Highway 
Administration. 

26. Roundabouts: an information guide. (2000). U.S. Department of Transportation. Federal Highway 
Administration. 

27. Sarić, A., Lovrić, I. (2017). Multi-lane Roundabout Capacity Evaulation. Front. Built Environ. 
28. Sierpiński, G. (2012). Theoretical Model and Activities to Change the Modal Split of Traffic. In: 

Mikulski, J. (ed.) TST 2012. CCIS, vol. 329, pp. 45–51. Springer, Heidelberg, 2012. 
29. Sierpiński, G. (2011). Travel Behaviour and Alternative Modes of Transportation. In: Mikulski, J. 

(ed.) TST 2011. CCIS, vol. 239, pp. 86–93. Springer, Heidelberg. 
30. Silva ,A.B., Santos, S., Gaspar, M. (2013). Turbo-roundabout use and design. CITTA 6th Annual 

Conference on Planning Research Responsive Transports for Smart Mobility, Coimbra, Portugal. 
31. Strona internetowa dotycząca ilości wybudowanych rond turbinowych, dostępna pod adresem: 

http://www.dirkdebaan.nl. 
32. Tollazzi, T., Rencelj, M., Rodosek, V., Zalar, B. (2010). Traffic Safety of Older Drivers in 

Various Types of Road Intersections. Promet 22(3), 193–201. 
33. Tracz, M., Chodur, J., Gaca, S.  (2001). Wytyczne projektowania skrzyżowań drogowych, część 

II Ronda. GDDP Warszawa. 
34. Varhelyi, A. (2002). The effects of small roundabouts on emissions and fuel consumption: a case 

study. Transportation Research Part D. 
35. Varhelyi, A., Hyden, C. (2000) The effects on safety, time consumption and environment of large 

scale use of roundabouts in an urban area: a case study. Accident Analysis and Prevention 32. 
36. Verweij C. A., et al. (2009). Roundabouts – Application and design; A practical manual. Ministry 

of Transport, Public Works and Water management, Partners for Roads. 
37. Was alles in Görlitz erfunden wurde - Alles-Lausitz.de". (2017). Alles-Lausitz.de.  
38. Yperman, I., Immers, B. (2003). Capacity of a turbo-roundabout determined by microsimulation 

study. 10th World Congress on ITS. 
39. Grabowski, R. (2012). Ronda turbinowe jako alternatywa dla rond klasycznych z wyspą 

środkową w kształcie koła. Drogi i Mosty z.3. 
ABSTRACT 

MĄDZIEL Maksymilian. Characteristics of roundabouts. Visnyk of National Transport University. Series 
«Technical sciences». Scientific and Technical Collection. Kyiv. National Transport University. 2019. Vol. 3 (45). 

The purpose of the article is to present the main characteristics of the ring intersections and a description 
of the selected examples. The article presents a brief history of the origins of road traffic interchanges and their 
stages of development. The article also deals with issues related to roundabouts in terms of their geometric 
parameters and structural elements, as well as the main difference between roundabouts in terms of shell size. 
This analysis also takes into account measures to improve the level of safety on the roads and measures to 
introduce elements of road structures to ensure the movement of vehicles around the circle. 

The characteristics and purpose of two types of ring intersections - two-lane and turbine - are 
considered in more detail. The purpose of such intersections is to reduce delays in traffic, improve the safety 
of cars and pedestrians, more efficient use of the intersection area, as well as reducing the total cost of 
maintaining them. The effectiveness of the use of two-lane and turbine ring intersections, as well as the 
stages of construction of such intersections. 
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Despite the significant advantages of roundabouts, they have drawbacks that can be applied to 
technical and social ones. The former are characterized by the duration of construction and the possibility of 
integrating such structures already into the road network, while the latter are not by the desire or lack of 
strong thought about the benefits of circular intersections. 

KEYWORDS: RING ROAD, GEOMETRY OF THE RING ROAD, CONSTRUCTION OF THE 
RING ROAD, TWO-WAY RING CROSS, TURBINE RING CROSS. 

РЕФЕРАТ 
МАДЗИЕЛ Максиміліан. Характеристики дорожних рондо / МАДЗЫЕЛ Максиміліан // Вісник 

Національного транспортного університету. Серія «Технічні науки». Науково-технічний збірник – К.: 
НТУ, 2019. – Вип. 3 (45). 

Метою статті є представлення основних характеристик кільцевих перехресть і опис вибраних 
прикладів. Стаття представляє коротку історію витоків існування автодорожніх кільцевих розвязок та їх 
етапи розвитку. У статті також розглядаються питання, пов'язані з кільцевими розв'язками з точки зору їх 
геометричних параметрів та елементів конструкції, а також основна відмінність кільцевих розвязок з 
точки зору розміру оболонки. При даному аналізі, також враховуються заходи по підвищенню рівня 
безпеки на автошляхах і заходи по впровадженню елементів дорожніх споруд по забезпеченню руху 
транспортних засобів по колу. 

Більш детально розглядається характеристика і призначення двох типів кільцевих перехресть – двох-
смугового і турбінного. Призначення подібних перехресть полягає в зменшенні затримок в дорожньому 
русі, підвищенню безпеки автомобілів і пішоходів, більш ефективному використанню площі перехрестя, а 
також зменшення загальних витрат на їх утримання. Проаналізовано ефективність використання двох-
смугових і турбінних кільцевих перехресть, а також етапи будівництва таких перехресть. 

Незважаючи на значні переваги кільцевих розвязок вони мають недоліки, які можна поділти на 
технічні та соціальні. Перші характеризуються тривалістю будівництва і можливістю інтеграції подібних 
споруд вже існуюсу дорожню мережу, а другі – не бажанням або відсутністю сусільної думки відносно 
користі кільцевих перехресть. 

КЛЮЧОВІ СЛОВА: КІЛЬЦЕВА РОЗВЯЗКА, ГЕОМЕТРІЯ КІЛЬЦЕВОЇ РОЗВЯЗКИ, 
КОНСТРУКЦІЯ КІЛЬЦЕВОЇ РОЗВЯЗКИ, ДВОХСМУГОВЕ КІЛЬЦЕВЕ ПЕРЕХРЕСТЯ, ТУРБІННЕ 
КІЛЬЦЕВЕ ПЕРЕХРЕСТЯ. 
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