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Summary

Roundabouts are safer than intersections because they reduce the number of potential conflicts
between road users and lower the driving speed. In the Netherlands, replacing an intersection by a
roundabout is estimated to reduce the number of severe casualties by approximately 46%. The traffic
flow is usually better on roundabouts than on intersections, and exhaust emission and noise decrease,
certainly when compared with signalized intersections. Roundabouts, however, take up more space.
There has been discussion for a long time already about whether it is safer or less safe for cyclists and
moped riders to have priority on roundabouts with separate bicycle tracks. Roundabouts with priority
for cyclists appear to be less safe, but due to mobility reasons cyclists and moped riders generally
have priority on Dutch urban roundabouts.

Background and content

Homogenous use of the infrastructure is one of the Sustainable Safety requirements. On urban main
road intersections, where all traffic types meet, this homogeneity requirement translates into reduction
of the number of potential conflicts and lower driving speeds. Roundabouts meet this requirement
because of their features. The roundabout was introduced in the Netherlands about thirty years ago.
According to the Dutch National Road Register (NWB) there were about 3,900 fully fledged
roundabouts in the Netherlands in 2010. Approximately 1900 of these roundabouts have a diameter of
between 20 and 30 m; roundabouts with this diameter are generally single-lane roundabouts. About
three-quarters of the 3,900 roundabouts can be found on municipal roads. Since the introduction of
roundabouts, various aspects have been subject to discussion: the priority regulation for traffic on the
roundabout, the various types of roundabout, and the priority regulation for separate cycle paths - are
cyclists safer with or without priority?

What causes intersection crashes?

In a road network, intersections are the links between different roads. The flow function on
intersections is generally subordinate to the exchange function (see SWOV Fact sheet|Functionality |
land homogeneity). In principle, intersections on distributor roads - i.e., urban and rural through roads
with speed limits of 50 and 80 km/h respectively - are usually intersections at grade. Therefore, on
these roads there are more conflicts at intersections than on road sections which are characterized by
large differences in direction, speed, and mass. In addition, road users face a more difficult driving

task because of the more complex traffic situation at an intersection. In a brief moment drivers have to
make decisions about their route, steer their vehicle, and also allow for (unexpected) manoeuvres of
other road users — see also the SWOV Fact sheet|Types of junctions|

To which extent are roundabouts responsible for unsafe situations at intersections?

During the period 2006-2009, 44% of all registered traffic casualties (fatalities and serious road
injuries) in the Netherlands can be attributed to intersection crashes. More than three quarters of these
casualties are in crashes at urban intersections.

Only a very small proportion of these casualties are in crashes at roundabouts. However, the exact
proportion is unknown as, although the number of roundabouts is known (see above), the number of
intersections is not. According to an estimate (Slop, 1995) there are approximately 300.000
intersections in the Netherlands, of which (only) several thousands are at locations comparable to
those where roundabouts are found.

What types of roundabout are there?

There are different types of roundabout. The most important types are the single-lane roundabout and
the two-lane roundabout; in addition, a special type of two-lane roundabout is the so-called turbo-
roundabout. As the name indicates, single-lane roundabouts only have one driving lane. If there is
much vehicle traffic a second lane is needed, thus resulting in a two-lane roundabout. At two-lane
roundabouts there are sometimes conflicts due to weaving. This problem is solved by the turbo-
roundabout which makes it possible to exit the roundabout without conflicts with other vehicles.

SWOV Fact sheet 1 © SWOV, Leidschendam, the Netherlands
January 2012
Reproduction is only permitted with due acknowledgement


http://www.swov.nl/rapport/Factsheets/UK/FS_Functionality_homogeneity.pdf
http://www.swov.nl/rapport/Factsheets/UK/FS_Functionality_homogeneity.pdf
http://www.swov.nl/rapport/Factsheets/UK/FS_Junctions.pdf
http://www.swov.nl/fact-sheets

The great advantage of the two-lane roundabout is its larger capacity (see Table 1), but there are also
disadvantages compared with single-lane roundabouts: the higher speeds because of the wider traffic
lanes, the more complex traffic situation caused by lane changing and weaving on the roundabout,
cutting-in conflicts on exit roads, and longer crossing distances for mopeds, cyclists, and pedestrians.
This last problem can be solved by using single instead of double access ramps, this, however, does
indeed diminish the roundabout's capacity. In addition, a single exit ramp ensures a lower speed and,
thereforeﬂ a lower collision speed. It also prevents the danger of vehicles being obscured by other
vehicles.

Roundabout type Annual average
daily traffic, AADT Conflicts (pcu/h)
(veh/day)
Single-lane 20,000 — 25,000 1,500
Two-lane with single access and exit 22,000 — 30,000 1,500
ramps
Two-lane with double access and 35,000 — 40,000 2.100 — 2,400

exit ramps

Table 1. Rules of thumb for roundabout capacity (CROW, 1998).

With the problems of a two-lane roundabout in mind, the turbo-roundabout was developed (see

Figure 1). This roundabout has non-concentric markings, which makes it possible to exit a two-lane

roundabout without the risk of lateral conflicts i.e. situations in which vehicle sides can touch one

another. In essence, a turbo-roundabout has the following features:

— no weaving takes place on the roundabout;

— ftraffic entering the roundabout has to give way to traffic on two lanes;

— each segment has one single lane on which traffic can choose whether or not to leave the
roundabout.

Figure 1. Turbo-roundabout.

For long vehicles such as lorries and buses, roundabouts can be an awkward obstacle. This must be
allowed for in the design of the roundabout, particularly on roads with a lot of freight traffic. For
geometric design characteristics of the various roundabout types we refer to the Dutch guidelines
(CROW, 1998; 2002a and 2002b; 2008).

! Danger of one vehicle being obscured by another: if traffic on the one traffic lane hinders the crossing traffic's view on the
other traffic lane, thus increasing the risk of a crash when crossing over.
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What road safety effect do roundabouts have?

A roundabout reduces the number of potential conflicts at an intersection and ensures that, in addition
to less serious rear-end conflicts, only one (lateral) conflict type remains (see Figure 2). A roundabout
also reduces the approach speed of traffic. The correct approach speed is approximately 30 km/h
because in many cases crashes between motor vehicles and pedestrians or cyclists end without fatal
injury at this speed (Wegman & Aarts, 2006). However, in order to guarantee this approach speed the
roundabout should meet the specific design requirements regarding the consecutive bends that motor
vehicles have to follow when approaching and driving on a roundabout. The current requirements
(CROW, 1998) use an approach speed of about 35 km/h. CROW (1998) provides arithmetical
directions for designing a roundabout with lower approach speeds.
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Figure 2. Potential conflicts on various intersection types.

Urban roads

Various studies have been carried out in the Netherlands about the safety effects of replacing an
intersection by a single-lane roundabout (Van Minnen, 1990; 1995; 1998; Dijkstra, 2005). Churchill et
al. (2010) evaluated the effects of approximately 2000 roundabouts that were constructed during the
period 1999-2005. They found a 76% reduction of the number of fatalities and a 46% reduction of the
number of serious casualties (fatalities and serious road injuries). These reductions are smaller than
those found by Van Minnen (1998). The roundabouts in the latter study, however, had been
constructed much earlier. These roundabouts probably replaced intersections that were much more
dangerous than those that were replaced by roundabouts that were constructed during the more
recent period.

Elvik (2003) studied 30 before-and-after studies about roundabouts from various countries, made
corrections, and found an average net effect of 30-50%.

Rural roads

Fortuijn (2005a) studied the effects of replacing 58 intersections by 51 single-lane roundabouts and
seven turbo-roundabouts on provincial roads in the province of Zuid-Holland. All roundabouts had
separate bicycle tracks and had no priority for cyclists. The study showed a decrease in the number of
injury crashes (including those with slight injury) of more than 80% on both single-lane and two-lane
roundabouts. After correcting for the 'diminishing safety returns' described above, the percentage
decreases to 70%.

What are the mobility and pollution effects of roundabouts?

The flow of traffic on a roundabout is determined by the amount of traffic on the approach roads. A
well-balanced distribution over these roads ensures a good traffic flow. With a steady arrival of
vehicles, a roundabout can have a shorter waiting time than a signalized junction. On intersections
with unequal volumes, roundabouts can have a longer waiting time at certain access ramps. During
the quiet hours, roundabouts have hardly any waiting time. It is not possible to give priority to a
particular approach road by, for example, lengthening its green light time; which is possible at an
intersection. In general, the waiting time for cyclists and pedestrians is shorter on a roundabout, even
without priority, than at signalized junctions.

According to Hydén & Varhelyi (2000) the exhaust emission increases by 6% for CO and 4% for NO,
when a priority intersection is replaced by a roundabout. When a signalized intersection is replaced,
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the emission goes down by 29% for carbon monoxide CO and 21% for nitrogen oxide NO,. The noise
emission decreases in both cases.

For which road types are roundabouts suitable, and is that where they are?

In principle, roundabouts are constructed at intersections of distributor roads both at urban and rural
locations. Roundabouts are also constructed at other locations, but are then less functional.
Roundabouts cannot be constructed everywhere; lack of space is often a factor here. Furthermore,
using a roundabout must be logical at the structural level, and the intended section speed must be
taken into account. With regard to the homogeneous traffic flow, a distributor road may not have too
many connections. A roundabout cannot be used at very large traffic volume (see Table 1), or when
there are large differences in volume between the approaching traffic flows (which hinders traffic from
other directions accessing the roundabout.

Doumen & Weijermars (2009) have found that in the Netherlands, the construction of roundabouts at
potentially desirable urban locations has not yet been completely realised; this backlog is even larger
for rural distributor roads.

What is safer, priority or no priority for cyclists on separate bicycle tracks on a roundabout?
'Predictable behaviour' is a Sustainable Safety requirement for infrastructure. This requirement is
closely related to 'recognizability' and 'uniformity'. This is where roundabouts leave much to be
desired. Besides the various types of roundabouts, there are also differences in the type of bicycle
facilities and in the priority regulations for cyclists on separate cycle tracks. Because roundabouts with
separate bicycle tracks have a much lower number of casualties per roundabout than roundabouts
with bicycle lanes, van Minnen (1995) advises against bicycle lanes.

To achieve uniformity in priority on roundabouts, CROW (1998) advises not to give priority to cyclists
on separate bicycle tracks on rural roundabouts, but to indeed give them priority on urban
roundabouts. Cyclist do now no longer have priority on nearly all rural roundabouts, in agreement with
the CROW recommendation. They have right of way on 60% of the urban roundabouts. According to
CROW (1998), roundabouts where cyclists have priority are "slightly less safe" than those where they
do not have right of way. Dijkstra (2005) gives more accurate information about what "slightly less"
means: 52-73 extra inpatients a year. Fortuijn (2005b) concludes that the number of injury crashes on
roundabouts with priority for cyclists was more than twice the number on roundabouts where they
have no priority. CROW's recommendation to give cyclists priority on roundabouts has got nothing to
do with safety, but is motivated by mobility reasons in favour of the bicycle.

Dijkstra (2005) gives two possible explanations for the fact that roundabouts with priority for cyclists
are less safe than roundabouts without priority for cyclists. The first one is that drivers incorrectly
assume they have priority over cyclists, which confusion may be due to the lack of uniformity in
roundabout priority regulations. The second explanation is that drivers have to make (too) many
observations in a brief time span, resulting in them noticing cyclists too late.

In 1998, SWOV supported the 'cyclists with priority' recommendation, provided the CROW
recommendations for the roundabout layout were followed. SWOV expected that roundabouts with
that layout would indeed be safer. Unfortunately, in practice the recommendations are often not
followed. Even if this is the case, there is no proven safety benefit (Dijkstra, 2005).

What are the costs and benefits of constructing a roundabout?

We estimate that the costs of converting an intersection into a single-lane roundabout are
approximately €400,000 (Wijnen et al., 2010). These costs vary with the roundabout's size. The costs
of a two-lane roundabout are approximately €600,000 (DHV, 2000). It remains to be disputed whether
all costs of a conversion should be attributed to road safety. Roundabouts also benefit the traffic flow.
The social benefits of a roundabout may be derived from the number of casualties that are prevented.
This number covers the entire period during which a roundabout remains functional; this period is
generally considered to be thirty years. Churchill et al. (2010) found that the 2000 roundabouts that
were investigated, saved 102 serious casualties in the year 2006. The casualties saved can be can be
used to calculate the saving over a thirty year period; see SWOV Fact sheet{Cost-benefit analysis of |
|road safety measures| The saving will amount to 1,515 serious casualties. Over this thirty year period
an amount of about 1,27 billion euros can be saved on the social costs of those casualties; see SWOV
Fact sheet|Road crash costs| If the costs per roundabout are 400,000 euros, the benefit-cost ratio is
1,57. If one takes account of the fact that not all costs are road safety costs, the benefit-cost ratio will
be more favourable. Dijkstra (2005) has shown that changing the priority regulation for cyclists from
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priority to no priority (mainly by adapting the road markings) also leads to a favourable benefit-cost
ratio.

Conclusions

A roundabout reduces the number of conflicts at an intersection and leaves only the lateral conflicts. A
roundabout also reduces the speed of approaching traffic. During the period 1999-2005, the
conversion of intersections into roundabouts led to a reduction of about 46% in the number of severe
casualties. On rural roads, replacing an intersection, either a priority intersection or a signalized one,
by a single-lane roundabout led to a 70% reduction in injury crashes, including those with slight injury.
This reduction of 70% in injury crashes can also be assumed valid for turbo-roundabouts. It is
necessary to take the mobility effects and extra space needed into account. The pollution effects, i.e.
harmful exhaust emission and noise, are positive if a roundabout replaces a signalized intersection.
When a roundabout replaces an unsignalized intersection, the result is slightly more exhaust emission,
but less noise hindrance. The conversion of an intersection into a roundabout is cost-effective, as is
changing priority for cyclists into no priority.

Recommendations

It is advisable to replace intersections by roundabouts at suitable locations.

There is no consensus about the priority regulations for cyclists on roundabouts with separate bicycle
tracks. CROW recommends priority for cyclists on urban roundabouts, but no priority on rural
roundabouts. However, from a road safety perspective cyclists should have no priority on urban
roundabouts either.
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