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Abstract

The aim of the study was to compare the safety of cyclists at roundabouts and at other types of junctions.

Different solutions for the passage of cyclists at roundabouts have been studied. The number of lanes, the

size of the roundabout and the number of cars and cyclists were taken into consideration. Both Swedish

and foreign data and experience were utilised. Single lane and comparatively small roundabouts seem to

offer the best safety. Furthermore, it must be emphasised that the study was limited and no extensive

conclusions can be drawn. Further studies are recommended.
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Foreword

The project is part of the subject Design of roads and streets commissioned by the Swedish

Transport and Communications Research Board (KFB). The project was financed jointly with

the Swedish National Road Administration (SNRA).

Ulf Brude was project leader. The project was carried out in cooperation with J'o'rgen Larsson.

Contacts with the KFB and the SNRA were established through Lars Wede and Osten

Johansson. The report has been examined by Hans Thulin. SiV Britt Franke was responsible

for the final editing of the report.

The project made use of data collected from the Danish Road Directorate and the Dutch road

safety research institute, SWOV, and also from the Swedish municipalities of Linkoping,

Norrkbping, Jonkoping, V'axjo and Kalmar, all in Region Southeast of the SNRA. Valuable

Viewpoints on the content of the report were obtained from Professor Christer Hyde n, Lund

Institute of Technology, and Professor Per Garder, University of Maine, USA.

This documentation is to be considered as an interim report. Hopefully, new nationwide

Swedish data concerning roundabouts will be available during the next three year period

1997 99.

Ulf Briide Jorgen Larsson
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The safety of cyclists at roundabouts -

a comparison between Swedish, Danish and Dutch results

by
Ulf Briide and JOrgen Larsson

Swedish National Road and Transport Research Institute

SE-581 95 LINKOPING Sweden

Summary

It has become increasingly important to study the safety of cyclists at roundabouts. The

number of roundabouts has increased considerably in recent years and the increase is expected

to continue. Roundabouts offer increased safety for car drivers but at the same time there is

insufficient knowledge of how the safety of unprotected road users, above all cyclists, is

in uenced.

The aim of the study has been to compare the safety of cyclists at roundabouts and at other

types of junctions.

The analysis tool was an earlier designed Swedish model for predicting the number of cycle

accidents at junctions. Actual accident and injury figures at a number of Danish, Dutch and

Swedish roundabouts were compared with the predicted number according to the model.

The following solutions for cyclists have been studied:

a) a roundabout with a separate cycle path and an ordinary cycle crossing

b) a cycle lane within the roundabout

c) no specific cycle facility

The number of lanes, the size of the roundabout and the number of cars and cyclists have been

considered.

The results show that the safety of cyclists at roundabouts ranges from normal to extremely

low. The most important prerequisites for good safety seem to be single lane and

comparatively small roundabouts.

The study also indicates that a separate cycle path with anordinary cycle crossing is the safest

design, at least for large car traffic ows. No specific facility at all for cyclists may also be

acceptable under certain circumstances. Cycle lanes within the roundabout seem to be a

doubtful solution.

The study was limited. For several reasons further studies are recommended. If possible, these

should be based on an inventory of all Swedish roundabouts.
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1 Background and aim

In recent years the number of roundabouts has increased considerably both in urban areas and

rural environments. This applies not only to Sweden but also to several other countries
[Ourston L., Bared J.G., 1995].

Undoubtedly, roundabouts improve the safety of car drivers at urban junctions, i.e. the number

of injured (including killed) car drivers is reduced. Does this fact also apply to roundabouts

outside urban areas? Above all, how does it in uence the safety of unprotected road users,
especially cyclists?

Which design is the best or the least unsatisfactory for cyclists? Separate cycle paths with

ordinary cycle crossings in connection with the roundabout, a special cycle lane within the

roundabout or no specific facility at all for cyclists? The designs of the three different

solutions are illustrated in Figure I , from a Dutch study [Schoon C.C., van Minnen J ., 1994].

Except for mini-roundabouts, separate cycle paths with cycle crossings are the most common

solution in Sweden. In Denmark, cycle lanes within the roundabout are common, even at

larger roundabouts.

          

Figure I . Roundabout with (a) a separate cycle path and an ordinary cycle crossing, (h) a

cycle lane within the roundabout and (c) no speci cfacility at allfor cyclists.

The VTl has previously presented prediction models for cycle accidents and pedestrian

accidents at junctions [Briide U., Larsson J., 1992, 1993]. Unfortunately, very few

roundabouts were included in the empirical data. However, there were indications that the

cycle accident rate (number of cycle accidents per passing cyclist) could be almost twice as

high for roundabouts compared with ordinary junctions or signalised junctions. At the same

time, there were indications of cycle accidents at roundabouts beeing less serious.

Cycle accidents in the Swedish prediction model also include accidents with moped riders but
such accidents form only a small proportion, less than 10%.
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During recent years, comparatively large studies concerning cycle accidents at roundabouts

have been carried out in Denmark [Jorgensen E., Jorgensen NO, 1994] and in Holland

[Schoon C.C., van Minnen J., 1993, 1994]. These studies contain several interesting results.

The summaries are presented in Appendices 1 and 2.

The aim of this study has been to make further comparisons between cyclists accident and

injury numbers at roundabouts and other types ofjunctions. There was also a wish to study the

possibilities of comparing and using the results and data from various countries.

The study was carried out with financial support from the Swedish Transport and

Communications Research Board and the Swedish National Road Administration.

12 VTI meddelande 810A



2 Data and method

Efforts have been made to collect further Swedish data. The collection was limited to

roundabouts used by cyclists in one of the SNRA s seven regions, Region Southeast.

Furthermore, data from the Danish and Dutch studies were kindly placed at the disposal of the

VTI.

The method used was to compare the actual number of observed cycle accidents (alternatively

the number of injured cyclists) and the predicted number according to the VTI model.

For several reasons it is difficult to compare accident numbers for different countries. The

definitions of accident types, traffic intensity etc. may differ. The differences in the accidents

and casualties reported by the police may be an even greater problem. Furthermore, there may

be differences in matters such as priority rules and their practical application.

VTI meddelande 8 10A 13



3 Predicted values according to the VTI model

Figure 2 illustrates the predicted annual number of cycle accidents (CACCPERYEAR), both

personal injury and material damage only accidents at junctions for various numbers of

incoming motor vehicles (TOTINC) and the number of passing cyclists per day (TOTCYC).

The empirical data for the model mainly consists of ordinary junctions and signalised

junctions. The predicted number of injured cyclists at roundabouts can be obtained

conventionally by multiplying the predicted number of accidents by 0.71 (number of injured

per accident).

0.52 0.65

CACCPERYEAR = 0.0000180*TOT|NC * TOTCYC

Cycling accidents per year Total incoming

l ' 5 i n - - - - - _ - - - - - _ - _ _ - - - ' - ' ' ' - ' " ' '' ' "'; motor

uvehlcles

q I per day
E(24 hrs)

  

0

Total passing cyclists (in thousands) per day (24 hrs)

Figure 2. Predicted number ofcycle accidents according to the VTI made].
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4 Comparison with Danish roundabouts

The obtained Danish material comprises 39 roundabouts with 4 legs, 31 in urban areas and 8

in rural areas. They all have one traffic lane. The diameter of the central island (the inner

diameter) varies between 4 and 26 m for the roundabouts in urban areas. The diameter of the

central island is slightly larger for roundabouts in rural areas. The number of motor vehicles

per day is comparatively small, which also applies to the number of cyclists.

The majority of Danish roundabouts have a special cycle lane within the roundabout (see

Figure I).

Table 1 shows the results obtained.

For roundabouts in urban areas a total of 7.17 cycle accidents is predicted by the VTI model.

The actual result, 12 accidents, is almost double.

For roundabouts in rural areas a total of 0.32 cycle accidents is predicted. The actual result is

O.

The proportion of personal injury accidents of the cycle accidents at the Danish roundabouts is

0.67, which is well in accordance with the Swedish result.
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Table 1. Cycle accidents at Danish roundabouts.

  

Urban area:
Id Number of cars Number of Number of Number of Fred. number of

per day cyclists per day years cycle accidents cycle accidents*

1501 1984 638 2.50 0 0.16

1502 2572 802 3.33 0 0.27

1503 1950 520 7.00 0 0.38

1505 3108 390 4.67 0 0.27

1506 1772 1403 7.33 1 0.72

1507 4936 842 2.17 1 0.26

2001 5158 321 4.33 0 0.28

2002 3704 58 4.92 0 0.09

2005 4541 408 4.00 0 0.29

2008 2550 103 1.83 0 0.04

2009 3280 253 4.00 0 0.18

2010 798 274 4.00 0 0.09

2011 2554 220 2.00 0 0.07

2501 2364 133 3.50 0 0.09

2502 3316 367 4.00 0 0.23

2503 2076 98 3.08 0 0.06

2504 7098 357 2.00 0 0.17

2505 6734 270 3.00 1 0.20

2506 2024 101 2.25 0 0.04

2508 598 75 6.00 0 0.05

2510 1318 300 2.00 0 0.06

3002 5118 54 6.42 2 0.13

3503 6351 1313 1.50 2 0.27

4201 8540 286 2.08 1 0.16

5501 11097 957 6.58 1 1.30

5507 1746 329 2.25 1 0.09

6009 5338 1177 2.08 1 0.32

7001 8851 183 4.58 1 0.28

7003 5370 240 2.67 0 0.15

7004 4484 496 1.67 0 0.13

8004 4552 1028 2.75 0 0.36

Total 110.50 12 7.17

Rural area:
Id Number of cars Number of cyclists Number of Number of Fred. number of

per day per day years cycle accidents cycle accidents"

5001 3250 10 3.00 0 0.02

5002 3418 25 3.92 0 0.04

5003 2652 '13 3.08 0 0.02

6004 3378 93 2.50 0 0.06

6502 3384 20 3.25 0 0.03

7002 4118 66 2.50 0 0.05

7601 7185 48 3.92 0 0.09

8001 4990 48 1.08 0 0.02

Total 23.25 0 0.32

* Predicted number according to the VTI model.
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5 Comparison with Dutch roundabouts

The Dutch roundabouts have single lanes and are comparatively small. The external diameter

is approximately 30 m. The obligation to yield is the same as in Sweden, i.e. vehicles within

the roundabout are given priority over incoming vehicles. Normally, cyclists on the separate
cycle path must yield to cars.

There are three different solutions for cyclists: no specific facility at all, cycle lanes within the
roundabout or separate cycle paths with cycle crossings as in Sweden.

Comparisons with the Dutch roundabouts were made only on a very aggregated level since no
data on the separate roundabouts were obtained see Table 2.

 

Table 2. Injured cyclists at Dutch roundabouts.

Type Number of cars Number of Number of Number Number of Fred. number

of solution for per day, cars per day, cyclists of years injured of injured

cyclists class mean value per day, cyclists cyclists*
mean value

None < 6000 4041 1229 32.8 2 3.21

6000 - 10000 8131 1749 24.3 4 4.30

> 10000 12736 2120 8.3 2 2.10

Sum 8 9.61

Cycle lane < 7000 5293 2186 41.0 1 6.71

within the 7000 11000 8800 291 1 88.5 23 22.71

roundabout 11000 15000 13023 2648 54.2 26 16.04

15000 - 21000 17236 2577 34.3 29 11.53

Sum 79 56.99

Separate cycle < 7000 5191 467 37.2 0 2.21

path with cycle 7000 - 11000 8591 1.798 36.3 1 6.73

crossing 11000 - 15000 12026 2420 30.0 0 8.03

> 15000 18553 2197 13.7 2 4.32

Sum 3 21.29

Total 90 87.89

* Predicted number according to the VTI model.

On the whole, the total number of injured was approximately the same as the predicted

number at Dutch roundabouts. However, there were large differences depending on the type

of cycle solution and the intensity of cars.

In the case of none , the observed and predicted numbers of injured cyclists are

approximately the same.

Concerning the cycle lanes within the roundabout, the number of injured cyclists is generally

larger than predicted. Compare with the Danish results. The whole difference can, however,

be found at roundabouts with large car traffic ows. In the latter case, the actual number of

injured is two to three times larger than the predicted number.

At roundabouts with separate cycle paths and ordinary crossings, only 3 cyclists have been

injured compared with the predicted number of 21.
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6 Comparison with Swedish roundabouts

The Swedish roundabouts vary considerably both concerning design and traffic/cycle

intensity. The variations are also considerable concerning the accordance between observed

and predicted numbers of cycle accidents. See Table 3.

 

Table 3. Cycle accidents at Swedish roundabouts.

Municipality: Diameter Number of Number of Number of Number Number Predicted

of central lanes in cars cyclists of years of cycle number of

Id island approach per day per day accidents cycle accidents"

and within

roundabout

Vaij 1 18 1 11000 4000 3.0 1 1.50

V'axjo 2 20 1 12000 1800 3.0 0 0.93

Vaij 3 mini 1 18000 2500 2.0 2 0.95

Vaxjo 5a mini 1 11000 900 1.5 0 0.28

V'axjo 5b 20 1 1 1, 000 900 1.0 0 0.19

V'axjo 6a mini 1 14000 1 100 1.5 0 0.37

V'axjo 6b 20 1 14000 1100 1.0 0 0.24

Kalmar 1 24 1 10000 350 5.0 1 0.49

Kalmar 2 8 1 12700 150 2.0 1 0.13

Kalmar 3 9 1 6950 250 5.0 0 0.32

Kalmar 5 16 1 12550 100 3.0 0 0.15

Kalmar 7 24 1 9900 300 3.0 0 0.26

Sum 5 5.81

Jénképing 1 38 1 17300 900 5.0 0 1.20

Linkéjping 1 27 2 31 100 200 5.0 6 0.61

Linkoping 2 38 2 18600 2030 5.0 2 2.11

Linképing 3 25 2 18660 1070 5.0 3 1.39

Norrképing 1 55 2 36150 358 6.0 22 1.16

Norrkoping 2 60 2 35317 458 6.0 18 1.34

Norrkbping 3 87 2 46200 35 8 6.0 6 1.32

Norrk'dping 4 30 2 41317 575 6.0 8 1.69

Sum 65 10.82

1 Predicted number according to the VTl model.

At roundabouts with only one traffic lane on the approaches and within the roundabout itself,

with small or medium sized central islands, approximately the same number occurred as was

predicted.

At large roundabouts, especially those where the intensity of cars was considerable, up to 20

times more accidents occurred compared with the number predicted.
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7 Conclusions

The study indicates that there may be possibilities of increasing knowledge of the safety of
cyclists at junctions by using data and results from different countries.

The study also shows distinctly that the safety of cyclists at roundabouts may vary
considerably, from normal to extremely low.

The most important conditions for obtaining good safety of cyclists seem to be single lane and
comparatively small roundabouts.

The results also indicate that a separate cycle path with an ordinary cycle crossing is the safest

design, at least in the case of large car traffic flows. No specific facility at all for cyclists

may also be acceptable under certain circumstances, while a cycle lane within the roundabout

seems to be the most doubtful solution from a traffic safety point of view. The conclusions are

well in accordance with German experience [Brilon W., Stuwe B., 1993].

Since this study was on the one hand very limited and on the other hand only used roughly

estimated cycle ows and incomplete data on details, further studies are recommended.

Concerning Swedish conditions a nationwide study is recommended.

A nationwide Swedish study should comprise not only junctions in urban areas but also

roundabouts in more rural environments. The safety of car drivers will also be studied. In

recent years it has become increasingly common to construct roundabouts also on roads

generally with a speed limit of 90 km/h. Among other things, it is important to know which

capacity conditions will justify making an exception for single lane roundabouts.
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Summary of the Danish study

[Jargensen E., Jargensen N.O., 1994]
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English Summary

This report contains a description of the results of a study concerning the safety

of 82 Danish roundabouts built after 1985. The study is structured as a before

and after study with control groups. The analysis takes into account the

possibility of bias by selection. The roundabouts are compared to the give-way

intersections which were present earlier at the locations where the roundabouts

have been built.

Many important questions concerning the safety of roundabouts have not been

covered and further studies should be carried out, e.g. concerning the safety

of cyclists.

The results of this study have been compared to an earlier Danish study and

a study from the Netherlands. Broadly speaking the results are in good accor

dance.

Roundabout types

The study comprises 63 4-arm roundabouts 49 roundabouts in urban areas

and 14 in rural areas. The urban roundabouts have been built on roads having

a speed limit of either 50 or 60 km per hour. The rural roundabouts have been

built on roads with speed limit 80 km per hour. The general speed limits in

Denmark are 50 km per hour in urban areas and 80 km per hour in rural areas.

Another 19 roundabouts - some 3 arm, some 5 arm, some on roads having

other speed limits - have been surveyed. Data are not sufficient to yield

reliable results.

Reconstruction of 4-arm give-way intersections into roundabouts, urban

areas. '

The study- shows that the reconstruction of give way intersections into round

abouts leads to a considerable reduction in injury accidents for cars, in fact

about 85 %. For cyclists there was no safety benefit from the reconstruction of

give-way intersection into roundabouts - the number of cyclist injury accidents

was unchanged.

The injury accidents have become less serious. The number of injured from all

road user groups decreased from 13 injured per injury accident to 1,0 in the

roundabouts. A few fatalities have been reported in the give-way intersections

while there were no reports on fatalities in the roundabouts. '

VTI meddelande 810A
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The injury accidents in roundabouts are mainly cyclist accidents. The most

important accident category is one where an entering car driver collides with

a circulating cyclist.

This accident category has been studied more detailed through the police

documents. There are indications that car drivers during the entering phase

where they must give way'to both cars and cycles tend to look out mainly for

cars and thereby miss the circulating cyclist. This phenomenon is known also

from give way intersections. As an explanation it has been suggested that this

could be an example of a general principle that road users more or less

unconsciously look out for the road users who represent a danger to themselves

and in a sense the cyclist is not directly dangerous to the car driver.

This problem becomes more pronounced at roundabouts where all entering cars

must give way than at give way intersections. However, the total number of

cyclist injuries is unchanged because the increasing number of accident with

entering cars is balanced by a decreasing number of crossing and left turn

accidents.

Material damage accidents at roundabouts are dominated by single car acci-

dents. Such accidents in darkness are conspicuous in the data. This indicates

that the lighting of roundabouts is of particular importance.

Reconstruction of 4-arm give-way intersections into roundabouts, rural

areas.

The study of rural roundabouts showed that the number of injury accidents was

reduced by about 85% compared to the number of injury accidents at rural

give-way intersections. No cyclists were injured at these roundabouts while in

the before period one cyclist was killed at a give-way intersection.

The number of injured persons per injury accident was reduced from 2,1 at

give way intersections to 1,25 at roundabouts. The accidents at the give way

intersections were often very serious. There were a number of fatalities. No

fatality has been registered in the after periods after the reconstructions.

Cyclist facilities at roundabouts, urban and rural conditions.

Most of the new roundabouts (about 80%) have been constructed with a

separated cycle track or a cycle lane in the circulation area. It has not been

possible to show any safety difference between the two types of construction.

About 20% of the roundabouts have neither cycle track nor cycle lane. Cycle

traffic at these roundabouts is somewhat lower than where cycle tracks or cycle

lanes are provided. There are no indications of higher risks at these roun

dabouts compared to roundabouts with cycle tracks or cycle lanes.
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Parameter values for the geometric design of roundabouts.

The report gives a number of suggestions for the selection of geometric

parameters for the design of roundabouts. The suggestions are based on

engineering judgements from the available accident data. The data have not

permitted that optimal values for the geometrical elements could be estimated

through proper statistical analyses.
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Summary of the Dutch study

[Schoon C.C., van Minnen J., 1993]
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Accidents on roundabouts II

Second study into the road safety aspects of roundabouts, in particular

with regard to cyclists and moped riders

The rst accident study into roundabouts carried out by the SWOV in

1990 related to 46 roundabouts. It was found that roundabouts were con-

siderably safer than intersections. No statement could be made about

which types of engineering facility were most suitable for cyclists and

moped riders.

Since about 300 roundabouts have been built in the meantime, a second

study into the road safety aspects of roundabouts has been carried out.

This study selected 201 roundabouts which were put into service prior to
January 1, 1991. These roundabouts were all constructed on the basis of

the new priority rule, with one lane and radially oriented access roads.

Two main subjects were investigated:
1. The safety level after conversion of an intersection to a roundabout.

2. The differences in safety between the various roundabout designs.

The second point devoted particular attention to the three possible engi-

neering facilities catering to cyclists and moped riders: a separate cycle

path, a bicycle lane on the roundabout or no speci c cycle facility.

It was established that substitution of an intersection by a roundabout has

a particularly favourable effect on road safety: a reduction of 47% in the

number of accidents and 71% in the number of road accident victims

(after trend correction). However, the various categories of road user did

not all pro t from the change to the same degree: a large reduction in

road accident victims was noted amongst occupants of passenger cars and

pedestrians (95% and 89%, respectively) and a slight reduction amongst

cyclists ( only 30%).

It was established that for the three types of engineering facility for

cycles, no major difference in the number of accidents could be demon-
strated

Based on the registered number of casualties, it was determined that at

a daily traf c intensity of over 8,000 motor vehicles, approx., a separate

cycle path clearly scores more favourably than both other types of cycle

facility. At lower motor vehicle and cycle intensities, it is not possible

to indicate which of the three types of cycle facility is preferable. It is

recommended to base selection on the design of the connecting roads.

In consideration of the marked fluctuation in victim statistics as the age of

roundabouts increases (duration of use), it is recommended that the future

development of the number of accidents and road accident victims on

roundabouts continues to be monitored.
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