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Executive summary

Background

Roundabouts have been akey form of junction in the UK for many years. They are used on all
classes of road in both urban and rural areas for the efficient and safe control of traffic, particularly
where side road flows are high. Roundabouts are the most common type of control used at motorway
intersections, and are heavily used throughout the UK's trunk and principa road network, as well as
on local authority roads.

The UK Geometric Design Standard for Roundabouts at the time of thisreview (TD 16/93) is based
on extensive research which led to predictive relationships incorporating the critical variables found to
influence safety and capacity. Entry width and sharpness of ‘flare’ were established as the primary
determinants of capacity/delay whilst a combination of entry deflection and entry width was their
equivalent for safety. However, it was recognised that although roundabouts performed well in terms
of overall safety, the involvement in accidents of pedal cyclists and motor cyclists at thisjunction type
was relatively high. More recently, concerns about pedestrians and equestrians, and the prevention of
large goods vehicle roll-over accidents at roundabouts have become issues.

The main objective of the report is to provide a comprehensive review of international roundabout
design that will lead to arevised Design Standard to meet the needs of modern roads. Mini-
roundabouts are to be part of a separate UK standard, but a comparison of the key design elementsis
included for consistency.

Review
Where possible, the review is based on the guidelines or standards for the country concerned that were
in current usein early 2004. In afew cases, a conference paper on the main design elements has been

used, because of difficulty in obtaining the standard and to avoid the need for tranglation. It is not
known to what extent the standards or guidelines are adhered to.

Compared with TD 16/93, the roundabout designsin the guidelinesin Germany, France and the
Netherlands are notably smaller and have tighter geometry which leads to lower circulating speeds.
This generally smaller design is reflected in the fact that in those countries, roundabouts are mainly
used for reasons of road safety. In line with this, design features that are used to increase capacity on
UK roundabouts (e.g. flared entries and segregated left turn lanes) are not recommended in Germany,
France and the Netherlands, because they tend to lead to higher circulating speeds.

Single lane roundabouts are generally preferred over double lane roundabouts on safety grounds (the
French guidelines do not even provide recommendations for urban double lane roundabouts and the

German guidelines on urban double lane roundabouts are considerably |ess detailed and prescriptive
than the single lane ones).

Australian guidelines appear to be more comparable with the UK standard, probably because of the
greater emphasis given to capacity than in continental Europe.

The American guidelines provide arange of different types of roundabouts, in which higher capacity
designs (for use on arterials) are more comparable with the UK and Australian design standards and
compact designs (for use on local urban roads) show more similarity to the German, French and
Dutch designs.

The amount of information traced on Swedish, Danish and Norwegian guidelines was relatively
limited, but showed designs that are generally larger than those in Germany, France and the
Netherlands.

Detailed information on the design of cyclist provision is given in German, French and Dutch
guidelines. A more limited description of cycle provision is given in the Danish, Australian, UK and
American guidelines.
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A notable differenceisthat al of the overseas guidelines studied recommend outward crossfall on
roundabouts, whereas, with the exception of mini-roundabouts, inward crossfall is recommended in
TD 16/93.

Conclusions
The conclusions were as follows:

. Theinscribed circle diameter should not be unnecessarily large. In particular, if the roundabout
is at-grade, the inscribed circle diameter should not exceed 100m.

. A truck apron (overrun areai.e. raised low-profile area around a central idand) should continue
to be used at small roundaboutsif thereis sufficient land-take to use a solid island roundabout
rather than a mini-roundabout. The edge profile of atruck apronin TD 16/93 is allowed to be
up to 50mm. In order to be consistent with the Traffic Calming Regulations, the vertical face
should not exceed 15mm. The apron should be capable of being mounted by the trailer of a
large goods vehicle, but be unattractive to cars e.g. by having a lope and/or textured surface.

. Outward crossfall should be permitted on smaller roundabouts in urban areas.
. Lane widths at entry should remain at 3m to 3.5m at multilane entries, but at single lane entries,
the width should be 4.5m.

. Adding an extralane at roundabout entries should require justification rather than being
automatic. The recommended effective flare lengths of 5m (urban) and 25m (rural) should

remain.

. Suitable values for the entry (kerb) radius are 20m at larger roundabouts, 10-15m at smaller
roundabouts.

. Suitable values for the exit (kerb) radius are 20-100m at larger roundabouts, 15-20m at smaller
roundabouts.

. Suitable values for the entry angle are 20 to 60 degrees, particularly at smaller roundabouts.

. Flaring should continue to be used in preference to a segregated | eft turn lane as this requires
less land take and is safer for non-motorised road users.

. The entry path radius on any approach should not exceed 100m. It should not exceed 70m at
small urban roundabouts.

Cycle lanes should not be used on the circulatory carriageway. Cyclists should mix with traffic at
urban roundabouts with low flow. External cycle paths that do not form part of the circulatory
carriageway are the best facility at larger urban roundabouts.

Where vehicle flow islow, an informal crossing (a dropped kerb) is generally adequate for
pedestrians. At medium flows, where thereis a substantial pedestrian demand, aformal crossing
should be provided close to the roundabout (but upstream of any flaring). Where asignal controlled
pedestrian or cycle crossing is provided, it should be either at 20m or at least 50m from the give way
line to avoid confusion with the roundabout itself and to minimize queueing back onto the circul atory
carriageway.

On dual carriageway roads, or single carriageway roads with along splitter island, visibility to the
right may be limited by use of planting or other screening (at least 2m high) until vehicles are within
15m of the give way line, to reduce excessive entry speeds.

The possibility of rollover of large vehicles should be minimized by keeping approach speeds low and
ensuring that roundabouts have no abrupt changes in geometry.
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Recommendations

There is scope for introducing in the UK Standard a new “compact” roundabout with single lane
entries, exits and circulatory carriageway. This style of roundabout would be most appropriate on low
flow roads. In urban areas, the design would incorporate tighter geometry and outward crossfall, in
order to dow traffic; these could have substantial numbers of pedestrians or cyclists. This compact
roundabout would form part of a design hierarchy to depend on road type, whether the speed limits on
the approach roads exceed 40mph and on the levels of vehicle and non-motorised user flow. If
required, pedestrian provision would comprise Zebra crossings at 5m from the give way line. No
specia provision for cyclists would be necessary.

New design hierarchy

Thetypes of roundabout are Signalised, Grade Separated, Dual Carriageway (one or more approaches
isdual carriageway), Normal (all approaches are single carriageway and design broadly follows

TD 16/93), Compact (“continental style’, with single lane entry, exit and circulatory carriageway) and
Mini Roundabout.

The various factors for the design hierarchy are asfollows:
*  Speed limit within 200m of give way line (>40mph, <40mph)
» Single or dual-carriageway
* Leve of vehicleflow
* Level of cyclist flow
* Level of pedestrian flow

At aroundabout with one or more dual carriageway arms, or a busy single carriageway roundabout,
the design should be similar to that in TD 16/93. If there is a non-motorised user need, it should be
catered for by use of asignalised crossing (Puffin, Toucan or Equestrian as appropriate). In
circumstances where there is a need for a signalised crossing on more than one arm, a signalised
roundabout may be preferable.

At asingle carriageway roundabout with medium flow, the design will again be similar to that in TD
16/93. If warranted, either asignal controlled or a Zebra crossing should be used, depending on the
speed limit and the level of flow.

Where total inflow is below 8,000 vehicles per day, cycle facilities are not necessary, but on some
occasions, a pedestrian crossing (a Zebra or possibly asignal controlled crossing) should be provided.
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1 Introduction

1.1 Background

Roundabouts have been a key form of junction in the UK for many years. They are used on all classes of
road in both urban and rural areas for the efficient and safe control of traffic, particularly where side road
flows are high. Roundabouts are the most common type of control used at motorway intersections, and
are heavily used throughout the UK's trunk and principal road network, as well ason local authority roads.

The current UK Geometric Design Standard for Roundabouts TD 16/93 (DMRB 6.3.2) is based on
extensive research which led to predictive relationships incorporating the critical variables found to
influence safety and capacity. Entry width and sharpness of flare were established as the primary
determinants of capacity/delay whilst a combination of entry deflection and entry width was their
equivalent for safety. However, it isrecognised that although roundabouts performed well in terms of
overall safety, the involvement in accidents of pedal cyclists and motor cyclists at this junction type was
relatively high. More recently, concerns about pedestrians and equestrians, and the prevention of large
goods vehicle roll-over accidents at roundabouts have become issues.

1.2 Aim of project

The main objective of the project isto provide a comprehensive review of international roundabout design
that will lead to arevised Design Standard to meet the needs of modern UK roads. The review considers
the following issues:

. The need for different geometric design standards for roundabouts on rural and urban roads and
developing a hierarchical approach

. Whether, and under what circumstances, “continental” roundabout designs, with much greater
emphasis on vulnerable road users, might be introduced

. The case for outward crossfall

. Reviewing the current capacity calculation procedures (TD 16/93 Annex 1) and possible
alternatives, including micro-simulation

. Concerns relating to the current standard

. The problem of large vehicle roll-over accidents

1.3 Report structure

Some countries have only recommended guidelines rather than a Standard. Some, e.g. the UK have full
Standards that only apply to high classroads. Where possible, the review is based on the standards or
guidelines for the country concerned that were current in Spring 2004. Details of Scandinavian designs
were taken from conference proceedings because of difficulty in obtaining the relevant standards and to
avoid the need for trandation. They vary considerably in their level of detail, ranging from minimum
dimensions and general recommendations to the prescription of different combinations of design
dimensions, with the Australian and American guidelines providing methods for calculating dimensions
rather than ranges of values. For simplicity, all arereferred to as guidelinesin what follows. It isnot
known to what extent recommended designs are adhered to.

Mini-roundabouts (which are capable of being driven over) are to be part of a separate UK standard, but a
comparison of the key design elementsis included for consistency.

Section 2 of the report gives an overview of the differencesin design between different countries and the
underlying rationale. Section 3 compares dimensions of individual design featuresin different countries,
whilst Section 4 looks at safety studies. Section 5 considers roundabout modelling. Section 6 summarises
the findings, whilst Section 7 outlines the new design hierarchy. Appendix A liststhe key design
parameters on a country-by-country basis.
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2 Oveview

2.1 Introduction

A roundabout consists of anumber of arms spaced round a central island with a circulatory carriageway.
In modern designs, vehicles entering the roundabout must give way to traffic from the right (in the UK)
i.e. that already circulating, or entering from the previous arm at a small or mini-roundabout.

In the UK, all roundabouts have broadly the same design, whether they are mini-roundabouts or form part
of alarge grade-separated junction. Entry flaring, usually by adding either one or two lanes at the give
way line, is recommended even if it is not required to increase capacity.

A typical UK roundabout layout is shown in Figure 1, with aerial views of three and four-arm roundabouts
in Figures 2 and 3. Note the flaring from one to two or from two to three lanes.

a Traffic deflection
island

Figure 1: Plan of atypical UK 4-arm normal roundabout

Fig 2: Aerial view of typical UK 3-arm Fig 3: Aerial view of typical UK 4-arm
roundabout roundabout

2.2 Roundabout categories

Guidelinesin countries other than the UK tend to categorise roundabouts by size, the distinction being
between the number of lanes:

» Single lane roundabouts have one lane entries and exits on all arms, with a one lane circulatory
carriageway

TRL Limited 6 PPR206
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» Double lane roundabouts have two lane entries and exits on all arms and a two-lane circulatory
carriageway

» Threelane roundabouts have three lane entries and exits on all arms and a three-lane circulatory
carriageway (only in the Australian and French guidelines)

There are often separate designs or recommendations for rural and urban roads, and in some countries, for
arterial and local roads. Mini-roundabouts and compact urban roundabouts are used mainly on loca
roads.

The categories used in this report to compare the different design guiddines are:

1. Mini-roundabouts

2. Urban roundabouts
2a. Singlelane
2b. Double lane

3. Rural roundabouts
3a Single lane
3h. Double lane

2.3 Capacity versus safety

Although the safety record of roundabouts is generally better than that of other junction types,
roundabouts in the UK are mainly regarded as a high capacity junction. Thistradition hasled to large
roundabouts with high speed circulating traffic.

In most other countries, roundabouts have been introduced much more recently. The main emphasisison
their speed-reducing capability and safe performance compared to other junction types, with the high
capacity seen asabonus. This emphasis on safety is, not surprisingly, reflected in the design standards.
Roundabouts are usualy smaller and the geometry tighter, than in the UK.

Features such as entry flares and segregated |eft turn lanes (right turn lanes in countries that drive on the
right) that are used in the UK to increase capacity tend to be considered poor design in many countries,
because they allow higher speeds.

Early examples of roundabouts other than in the UK were al single lane as these were expected to have a
lower accident rate than double lane ones. This has been confirmed by various studies (e.g. Briide and
Larsson, 1999, both in Sweden, and van Minnen, 1998, in the Netherlands), although double lane
roundabouts still have lower accident rates than other junction types (van Minnen, 1998). More recently,
double lane (and occasionally three-lane) roundabouts have been introduced on dual-carriageway roads,
although they are not universally recommended. It is known that some roundabouts in other countries
have a mixture of single and double lane arms, but this design is not included in any of the guidelines.

The use of roundabouts for safety is particularly notable in Germany, France and the Netherlands.
Scandinavian designs mainly address saf ety concerns, but are somewhat larger with less tight geometry.
Herland and Helmers (2002) attribute these differences to alarger Swedish design vehicle.

Although safety aspects play an important role in roundabout design in Australia, more importanceis
given to capacity than in most countries on the European continent. Correspondingly, Australian designs
show greater similarity to the UK.

Use of roundaboutsin the USA isrelatively recent and therefore design draws on guidelines from the UK,
France and Australia. For larger roundabouts, greater emphasis is placed on the Australian and UK
Standards, whereas for smaller roundabouts, design ismore similar to that in Northern Europe. Thisis
illustrated by the use of two types of urban single lane roundabout. The “urban compact” typeis similar to
designs in Germany, France and the Netherlands, whereas the design for arterialsis closer to that used in
Australiaand the UK.

2.4 Design guidelines

The UK Standard isintended for trunk roads, but iswidely used by local highway authorities. Some
sections of the Standard are mandatory on trunk roads, others are advisory. Some of the information
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traced for other countriesisin the form of recommended guidelines rather than astandard. Details of
Scandinavian designs were taken from conference proceedings because of difficulty in obtaining the
relevant standards and to avoid the need for trandation. For simplicity, all of the sources are referred to as
guidelinesin thisreport. They vary considerably in the level of detail given, ranging from minimum
dimensions and general recommendations to the prescription of different combinations of design
dimensions. The Australian and American guidelines provide methods for cal culating dimensions rather
than arange of values.

3 Roundabout design features

3.1 Number of arms

In the UK, the recommended number of armsis 3 or 4, but larger roundabouts with more than 4 arms are
relatively common. Thereis no mention of roundabouts with more than 4 arms in guidelines from most
countries. However, it is known that these exist (e.g. France has roundabouts with up to 7 arms and the
new German guiddlinesillustrate a 5-arm roundabout).

3.2 Central area of roundabout
3.21 Inscribed circle diameter
For a symmetrical roundabout, the inscribed circle diameter isthe diameter of the largest circle that can be

fitted into the junction outline (Figure 4). Where the outline is asymmetric, the local value in the region of
the entry should be used.

D Inscribed circle diameter

Fig 4: Inscribed circle diameter at a normal roundabout

UK roundabouts often have large inscribed circle diameters. This arose historically, from the 1960s when
the priority rule was to give way to traffic entering the roundabout which could lead to gridlock when
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traffic demand was high and therefore long ‘weaving lengths were used. Thistradition of designing for
capacity also led to flaring and tangential entries. Although beneficial from the point of view of capacity,
large roundabouts encourage higher speeds and increase geometric delay (journey time) not just for
vehicles but also, in urban areas, for pedestrians, and for cyclists who cross as pedestrians. Roundabouts
at grade separated junctions (Figure 5) are particularly large unless replaced by a‘ dumbbell’ interchange
with asingle bridge and two roundabouts (Figure 6).

)
I

a superfluous
circulating carriageway
if no 'u' turns present

Fig 5: Grade separ ated roundabout Fig 6: Dumbbéell interchange

The UK standard recommends a minimum inscribed circle diameter of 28m for both urban and rural
roundabouts. Thisisthe minimum diameter that, with a central island diameter of 4m, can be negotiated
by the design vehicle (a 15.5m long articulated vehicle with asingle axle at the rear of thetrailer). For
inscribed circle diameters bel ow this, a mini-roundabout should be used. No maximum is given in the
standard, although the version of TD 16/93 used by Essex County Council advocates a maximum of 100m
to avoid high circulating speeds. In practice, values for roundabouts at grade-separated junctions may
exceed 250m. Many large roundabouts in the UK have been signalised in recent years, particularly grade-
separated roundabouts of the design shown in Figure 5.

Other countries specify both a minimum and a maximum inscribed circle diameter, as shown in Table 1.
Minimarange from 24 to 36m. Maxima range from 30 to 90m for a single lane roundabout and from 20
to 90m for a double lane roundabout.
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Table 1. Inscribed circle diameter
Singlelane Double lane
Country Min (m) Max (m) Min (m) Max (m)
Australia Urban / rural - 80 - 80
France Urban 30 - - -
Rural 24 30 24 50
Germany Urban 26 35 40 -
Rural 35 45 40 -
Netherlands Urban / rural 32 32 20 38
Rural 36 36 20 38
Norway Urban/ rural 26 45 26 45
Sweden Urban / rural 30.8 90 30.8 0
UK Urban/ rural 28 - 28 -
USA Urban 25-30 30-40 45 55
Rural 35 40 55 60

Both Alphand et a (1991) in France and Brilon and Stuwe (1991) in Germany concluded that larger
roundabouts have higher accident rates than smaller ones. The German definition of larger roundabouts
was those with an inscribed circle diameter of 40 to 142m, with smaller roundabouts having an inscribed
circle diameter of 28 to 40m.

Briide and Larsson (1999) in Sweden found that a central idand diameter greater than 50m increased
accident risk and suggested that a diameter between 20 and 50m is probably optimal. Islands with
diameters of lessthan 10m often give a straight driving path with potentially high speeds, whilst those
with diameters greater than 50m also result in straighter paths, enabling higher speeds.

» Conclusion: Theinscribed circle diameter should not be unnecessarily large. If the roundabout is at-
grade, it should not exceed 100m.

3.2.2 Shapeof central idand

Most guidelines advise against the use of non-circular central islands, which arise mainly for historical
reasons or where roundabouts are conversions from other junction types rather than being new-build.
Alphand et a (1991) concluded from an analysis of accidents in France that oval shaped roundabouts had
considerably higher accident rates than circular ones.

3.2.3  Width of circulatory carriageway

The width of the circulatory carriageway is determined by the maximum entry width and should be
constant. Inthe UK, flared entries give rise to acirculatory carriageway that tends to be wider thanin
many other countries (Table 2), with values ranging from 1 to 1.2 times the maximum entry width, up to a
maximum of 15m. The maximum recommended width for double lane roundabouts in the guidelines
studied (other than in the UK) is 10.8m. As might be expected, rural values tend to be larger than urban
ones. Circulatory carriageways in Germany and the Netherlands are the narrowest, with those in France
more similar to the UK.
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Table 2: Width of circulatory carriageway
Singlelane Double lane
Country Min (m) Max (m) Min (m) Max (m)
Australia Urban/ rural 4.6 7.6 8.4 10.3
France Urban 6-7 9 7 9
Rural 6 9 7.2-84 10.8
Germany Urban 4.65 5.6 - -
Rural 5.75 6.5 - -
Netherlands Urban 55 8 10
Rural 5.25 8 10
Sweden Urban / rural 5 104 5 104
UK* Urban / rural 7.2 15 10.8 15
USA Urban / rural calculated 8.7 9.8

1 UK minimaare based on 1.2 x an entry width of 6m for single carriageways (2 lanes of 3m width) and 1.2 x
9m (3 lanes of 3m width) for dual-carriageway roads

2 Double lane roundabouts are not recommended; dual-carriageway roads should be narrowed upstream of the
junction (lower value only where heavy vehicle flow is very low)

3 Austrdiaaso gives values for 3-lane roundabouts

3.24 Central isand diameter

The inscribed circle diameter, the width of the circulatory carriageway and the central island diameter are
not independent, the third being determined automatically once the other two are decided. In the UK, a
mini-roundabout should be used where the centra idand diameter is 4m or less. Most normal
roundabouts have considerably larger values for the central island diameter. In other countries, the range
is from a minimum of 5m to a maximum of 80m — although not all countries give a maximum value
(Table 3). Where quoted, Germany and the Netherlands have low maxima, with Norway and Sweden
allowing rather higher values.

Table 3: Central idand diameter (including truck apron where applicable)

Singlelane Doublelane

Country Min (m) Max (m) Min (m) Max (m)
Australia Urban / rural 5 8-10+ 5 10+
France Urban 5 18 - -

Rural 16 - 30 -
Germany Urban 14.6 25.7 10 -

Rural 22 335 10 -
Netherlands Urban 21 21 10 30

Rural 255 255 10 30
Norway Urban / rural >5 >25 >5 >25
Sweden Urban / rural 10 80 10 80
UK Urban / rural 4 - 4 -
USA Urban / rural Depends on design vehicle 254 41.8
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3.25 Truck apron

A truck apron is araised low profile overrun area around the central island used at small roundabouts
where large vehicles would otherwise have trouble negotiating the roundabout (Figure 7). It is designed to
be capable of being mounted by large vehicles, but unattractive to light vehicles e.g. by having a kerbed
edge or by using cobblestones. It can aso help to increase deflection for light vehicles.

a Maincentra isand

b Central overrun area, where
provided

¢ Remaining circulatory carriageway
width = 1.0-1.2 X maximum entry
width

d Vehicle
1m clearance minimum

f  Inscribed Circle Diameter

Fig 7: Use of trunk apron at small island roundabout

TD 16/93 alows the use of atruck apron at sites with a small inscribed circle diameter, to enable the
design vehicleto negotiate the roundabout. Thereis an inconsistency in that TD 16/93 allows the edge
profile to be up to 50mm, whereas according to the Traffic Caming Regulations, the vertical face should
not exceed 15mm (6mm for the edge of a mini-roundabout).

There are anecdotal reports of problems with truck aprons:
* Motorcyclists, particularly in the dark, may fail to notice them
» Edges may require maintenance (Figures 8 and 9)

France and the Netherlands recommend truck aprons for both urban and rural single lane roundabouts,
whereas Germany, USA and Australiarecommend them only in urban areas (US and Australia only for
“urban compact” roundabouts).

Australiaaso allowstruck aprons on rural double lane roundabouts but “only when “over-dimensional”
vehicles are expected”.

Conclusion: Truck aprons should continue to be used where it isimportant to minimise land-take but a
mini-roundabout is not suitable. The vertical face of the truck apron should comply with the
Traffic Calming Regulations. The surface should be sloping and/or textured in order to
discourage light vehicles from mounting the apron.
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Fig 8: Truck apron used at roundabout at Fig 9: Truck apron at “continental-style’ roundabout
Heworth Green, York (photograph from in Nottingham (photograph from
York City Council) Nottinghamshire County Council)

3.26 Crossfall

All guidelines studied other than TD 16/93 recommend outward crossfall of 1.5 to 3% on the circulatory
carriageway. Thisisconsidered to aid drainage and make the circulatory carriageway more visible.

By contrast, most roundaboutsin the UK have inward crossfall of 2-2.5% close to the central island,
allowing drivers taking the second exit to maintain arelatively high speed through the junction. Inward
crossfall close to the central island can be achieved in various ways.

@ dish-shaped roundabout

(b) crown linejoining deflection idands (Figure 10)

(© crown line dividing the carriageway in theratio 2:1 (Figure 11)
(d) two crown lines (Figure 12)

Thereis concernin the UK that outward crossfall may increase accident risk, and might affect large
vehiclerollover. The latter is considered to be a problem at roundabouts where the crown line is not
smooth.

4
d a Crown fine

— Y a2

a Crown Line B [ Y
Section x-y i |
Section x-y
Fig 10: Using one crown lineto join traffic Fig 11: Using one crown lineto divide the carriageway in
deflection idands theration 2:1
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Fig 12: Using two crown lines

Crown lines mean that a vehicle may haveto crossa‘ridge’ at an angle from one camber to another,
possibly leading to an increased likelihood of rollover for heavy goods vehicles because of the high centre
of gravity and the need to negotiate a bend at the same time as the change in camber. Research has shown
that articulated vehicles can overturn at speeds as low as 15mph on a bend.

Unpublished research by TRL and MV A suggests that a change from inward to outward crossfall would
have only a small effect on speed, and therefore the use of outward crossfall should be primarily for
reasons other than limiting speed, i.e. to increase conspicuity of the central island and to ease construction
(Figure 13).

Inicy or wet conditions, vehicles may start to slide at much lower values of lateral acceleration than in dry
conditions and use of outward crossfall may decrease the safety margin, particularly for two-wheelers.
Similarly the likelihood of rollover for heavy goods vehicles may be increased unless speeds are kept low.
There istherefore concern that use of outward crossfall should not be advocated at rura roundabouts, or
without changes in geometry at urban roundabouts.

Research from France, quoted in NCHRP 264 (1998) and reproduced in Table 4 below, suggests that
inward crossfall is associated with a higher accident frequency. However the table quotes only accident
frequencies and takes no account of traffic flow.

Table 4: Accident frequency with inward and outward crossfall at French roundabouts

Inward crossfall Outward crossfall
(42 roundabouts) 21 roundabouts)
Total accidents per year per roundabout 0.50 0.28
Accidents due to loss of control on entry 0.12 0.06
Accidents due to loss of control on the 0.09 0.00
circulatory carriageway
Entering-circulating accidents 0.14 0.09

If atruck apron is provided, an outward slope of between 3 and 4% is recommended to discourage their
use by other motorists. It isnoted in the French Setra guidelines that if the gradient were any steeper, it
could result in trucks shedding their load.
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In summary, outward crossfall could be permitted in the UK, where circulating speeds are likely to be low.
The ease in construction would apply particularly to sites on a gradient, where it is often very awkward to
build inward crossfall.

There are already a small number of UK roundabouts with outward crossfall:

a) A4010 junction with Cressex Road (High Wycombe, Buckinghamshire, close to M40 J4), 4-arm,
with single lane entries, central island diameter of 14m

b) Junction of Parley Drive and St Johns Road (Woking, Surrey), 5-arm

c) A31(T)/ A341 roundabout (Wimborne Minster, Dorset), 4-arm, large with high proportion of
goods vehicles

d) A26/A275 roundabout (Lewes, East Sussex), 3-arm (see Figure 14)

The accident history for sites a, b and ¢ showed no particular problems. The accident history has not been
obtained for sited.

Conclusion: Outward crossfall should be allowed on smaller urban roundabouts.

Fig 13: French roundabout near Boulogne with Fig 14: UK roundabout with outward crossfall
outward crossfall A26/A275 roundabout - L ewes, East Sussex
(photo courtesy C Sawer s) (photo courtesy C Sawers)

3.3 Entriesand exits

3.3.1 Deflection or splitter island

All guidelines recommend the use of deflection or splitter iSlands on the approaches to roundabouts. The
islands are generally kerbed (sometimes hatched at mini-roundabouts) and are usually shaped so asto
deflect traffic to ensure it passes the central island on the correct side. In urban areas where speeds are
lower, France, Germany and the Netherlands have radial arms with splitter islands parallel to the entering
arm.

The French guidelines list the main purposes of a splitter island:

() it increases driver awareness of the intersection;

(i) it can act as a pedestrian refuge;

(iii) it separates the entry and exit movements,

(iv) it increases capacity since exiting drivers can be identified earlier;
(v) road signs can be sited there;
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(vi) it limitsthe risk of ‘going the wrong way’ round the central island

Several countries, notably the UK, USA and Australiarecommend that, particularly in rural areas, the
kerbline should lie on an arc which, when projected forward, either meets the central idand tangentially or
passes to the left of it. Thereis strong anecdotal evidence that failure to do this can lead to single vehicle
accidents on high speed roads. TD 16/93 states that care should be taken to ensure that as aresult, entry
path curvatureis not too great and the entry angle is not too low. Some local authoritiesin the UK,
notably Kent, allow the projected kerbline to bisect aradius of the central island (Figure 15).

Conclusion: Except at small urban roundabouts, the kerbline of the deflection island or median should be
on an arc which, when projected forward, meets the central island tangentially, in order to
reduce he likelihood of vehicle paths overlapping.

v

Arcta ngeritial
to central island

Figure 15: Example of how the arc projected from the splitter island meets the roundabout

3.3.2 Radial or tangential entries

The UK standard shows roundabout arms as radial, but in practice the combination of the use of flaring
and the recommended values for entry angle tend to creates tangential entries. For the purposes of
comparison with other countriesin Appendix A, this arrangement is described as tangential.

Continental designs have radial arms in urban areas. Swedish guidelines recommend radia entries and
tangential exits. Australian has tangential entries and exits, the entries following the projected curve of the
splitter isand and the exits tangential to the central island.

3.3.3 Entrywidth

Entry width is defined as the length of a perpendicular from the corner of the splitter island to the nearside
kerb (Figure 16). For capacity and safety assessment, it should be the width used by drivers. The
maximum valuein TD 16/93 is 10.5m for single and 15m for dual-carriageways (Table 5).
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Fig 16: Approach half width and entry width

Wider entries tend to increase both capacity (Kimber, 1981) and accident risk (Maycock and Hall, 1984).
As roundabouts are often designed for flows in 15 years time, there may be operationa problemsif flows
inthe early yearsarelow. In this case, the standard suggests that not all lanes should be made available
initialy.

Kimber (1981) measured the capacity of roundabouts in the UK and suggested that it is entry width rather
than the number of lanes at entry that increases capacity. The standard requires lanes to be not less than
3mwide at the give way line. The West Midlands Region Road Safety Audit Forum (1997) suggests that
lane widths should be between 3 and 4m. Both TD 16/93 and the French guidelines state that additional
narrow lanes do not increase capacity and do increase accident risk.

Other countries mainly recommend values between 3 and 5m for single-lane roundabouts.

For double lane roundabouts, Australia recommends awidth of between 3.4 and 4m per lane. France
recommends widths between 6 and 7m for urban and 6 and 9m for rural double lane roundabouts. The

Dutch guidelines recommend improving safety by narrowing entries to single lane with a maximum width
of 4m.

Conclusion: Lane widths at entry should remain at 3 to 3.5m at multilane entries, but at single lane
entries, the width should be 4.5m.
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Table 5: Entry width
Singlelane Double lane
Country Min (m) Max (m) Min (m) Max (m)
Australia Urban/ rural 34 4-5 6.8 8
France Urban 25-3 4 6 7
Rural 4 4 6-7 9
Germany Urban 3.25 35 - -
Rural 35 4 -
Netherlands' Urban / rural 35 4 35
Sweden Urban / rural 35 35 7 7
UK? Urban / rural - - - 10.5
USA Urban / rural 43 4.9 6 -

1 Inthe Netherlands, 2 lane entries on dual-carriageway roads are permitted, but not recommended

2 Inthe UK, widespread use of flaring means that very few roundabouts are single lane entry

334 Entryflare

Entry flaring is the widening of the entry from the approach half width to the entry width. TD 16/93 states
that it is good practice at normal roundabouts to flare entries to allow multiple vehicle entry. Mini-
roundabouts may be with or without flared entries. The sharpness (S) of theflareis given by:

S=1.6(e-v)/I'

and is ameasure of the efficiency of the flare. If thereis no flare on an entry, only the approach width is
used by traffic. If thereisalong gradual flare, then al of the available entry width can be used. Where
there is no need for additional capacity, use of aflarein the UK islargely historic, being originally
intended to allow for the frequent breakdown of cars at the give way line (Brown, 1996).

In the UK, the effective flare length i.e. the effective length over which the entry widensis calculated as
shown in Figure 17. The maximum value is 100m, with little benefit beyond 25m (Kimber, 1981).
Effects beyond 30-40m are based on extrapolated data. Suggested flare lengths are 5m in urban areas and
25min rura areas.
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1. AB =e(entry width)

2. GH =v (approach half width at point G which isthe best estimate of the start of the flare)

3. GDisparald to AH and distance v from AH (v is measured along aline perpendicular to both AH and GD
and therefore the length of AD isonly equal tov if AB isperpendicular to the median at A)

4, CF'isparalel to BG and distance ¥2 BD from the kerbline BG

Figure 17: Average effective flarelength

To determine the average effective flare length, |':

e Construct curve GD parallel to the median HA (centre line or edge of central reserve or splitter
island) and distance v from it

e Construct curve CF' parallel to curve BG (the nearside kerb) and at a constant distance of ¥2 BD
from it, with F' the point where CF' intersects line DG

» Thelength of curve CF isthe average effective flare length I'.

In cases where the line AB is NOT perpendicular to the median, the length AD will differ dlightly
fromv.

By contrast, with the exception of Australia, most countries advise against the use of flares at roundabouts,
although they are permitted in Germany, Switzerland and the US as an intermediate between single lane
and double lane roundabouts. In the US, recommended flare lengths are 40m in urban and 50m at rural
roundabouts; however, it isnot clear how flare lengths are calculated in the US.

Shorter flares, or the absence of aflare, tend to aid pedestrians by reducing geometric delay (journey time)
for pedestrians crossing theroad. They are aso likely to aid cyclists whether they mix with traffic or cross
as pedestrians.

Conclusion: Adding an extra lane at roundabout entries in the UK should require justification rather than
being automatic. The average effective flare lengths of 5m (urban) and 25m (rural) should
remain.
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3.35 Entrykerbradius

Theentry radius (or entry kerb radius) is defined as the minimum radius of curvature of the nearside kerb
linein theregion of the entry (Figure 18). In TD 16/93, avaue in the range 6 to 100m is recommended,
with aminimum of 10m if there are large goods vehicles. Large entry kerb radii can lead to high entry
speeds, because it is difficult to get sufficient deflection. A value of 20m is considered good practice.

r Entry kerb radius

Fig 18: Entry kerb radius

For single lane roundabouts, the maximum recommended entry radius in the German, French and Dutch
guidelinesis 15m (Table 6). The French value is aso required to be less than the radius of the inscribed
circle. A typical entry radius for both urban and rural roundabouts in Norway is 20m, comparable with the
UK. Most countries have minimum radii that are higher than in the UK, the exceptions being “urban
compact” roundabouts in the US and “speed reducing” roundabouts in Sweden. For roundaboutsin rural
areas, Australian guidelines recommend an entry radius greater than 30m.

For double lane roundabouts, Australian and Norwegian guidelines recommend entry radii that are
comparableto, or larger than, the UK value of 20m; the Dutch and French guidelines recommend entry
radii in the range 12 to 20m (French guidelines for rural double lane roundabouts only).

Conclusion: Use 20mfor the entry kerb radius at larger roundabouts, 10-15m at small roundaboults.
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Table 6: Entry radius
Singlelane Double lane
Country Min (m) Max (m) Min (m) Max (m)
Australia Urban / rural - - 30 -
France' Urban 8 15 8 15
Rural 10 15 10 15
Germany Urban 10 12 - -
Rural 12 14 - -
Netherlands Urban / rural 8 12 12 12
Norway? Urban / rural 10 100 10 100
Sweden Urban / rural 25 25
UK? Urban / rural 100 100
USA Urban 10 30 calculated
Rural calculated calculated
1 In France, the entry radius must be less than the radius of the inscribed circle

2 UK and Norway typically use 20m

3.3.6 Exitwidth

Exit widths are typically similar to, or slightly less than, entry widths (i.e. exitstend to have less flaring),
asshown in Table 7 and illustrated in Figure 19. TD 16/93 states that the ‘ principle of easy exits, i.e. the
need to provide a clear exit route with sufficient width to avoid conflicts, applies. Large exit radii making
exits tangential assist this (see Section 3.3.10). However, they tend to increase exit speeds and this may be
undesirable e.g. in urban areas where there are pedestrians.

20-50m

NT0T5m /o

\\\. .”I

A/
{(
P
| R
l.' =3 ._:_:_ -
8m min

a = Exit kerb radius 20-100m

Fig 19: Typical single carriageway exit at a normal roundabout with along splitter island
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Table 7: Exit width
Singlelane Double lane

Country Min (m) Max (m) Min (m) Max (m)
Australia Urban/ rural 4 5 6.8 8
France Urban 4 45 - -

Rural 4 5 6 7
Germany* Urban 3.25 3.75 - -

Rural 35 4.25 - -
Netherlands” Urban / rural 4 45 4* 45"
Sweden Urban / rural 35 45 7 7
UK Urban / rural 7-7.5 10-11

1. Double lane exits are not recommended in Germany unless roundabout is signalised

2. Doublelane exits are not recommended in the Netherlands even on dual carriageway roads

3.3.7 Exit (kerb) radius

Theexit radius (or exit kerb radius) is defined in asimilar manner to the entry kerb radius. The
perpendicular from the corner of the deflection island to the kerb defines the region where exit radius

should be determined. The UK standard recommends an exit kerb radius between 20 and 100m, with 40m

asuitable average.

German and Dutch exit radii are smaller than in the UK, ranging from 12 to 20m (Table 8). French
guidelines recommend 15 to 20m in urban areas and 15 to 30m for rural areas.

Norway and USA recommend exit radii comparable with those in the UK with those in Sweden much
larger. Australian guidelines recommend exits “ as easy to negotiate as practicable’.

Conclusion: Use 20-100m for the exit kerb radius at larger roundabouts, 15-20m at small roundabouts.

Table 8: Exit radius

Singlelane Doublelane
Country Min (m) Max (m) Min (m) Max (m)
Australia Urban / rural - - - -
France' Urban / rural 15 20 15 20
Germany Urban 12 14 - -
Rural 14 16 - -
Netherlands Urban / rural 12 15 15 15
Norway? Urban / rural 20 100 20 100
Sweden Urban/ rural 100 200 100 200
UK? Urban / rural 20 100 20 100
USA Urban / rural 10-15 calculated 10-15 calculated

1 Must be greater than radius of central island

2 UK and Norway typically use 40m

3.3.8 Entryangle

The entry angle (¢) isused in the UK as a geometric proxy for the conflict angle between the entering and
circulating traffic. There are three separate definitionsin TD 16/93. Thefirst appliesto large roundabouts
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where the arms are well separated and the circulatory carriageway is curved (Figure 20). The second
appliesto old style roundabouts where the circulatory carriageway between an entry and the next exit is
approximately straight (Figure 21). This should probably be removed from the Standard as being
outdated. Thethird appliesto smaller, modern design, roundabouts (Figure 22).

q) Entry Angle
Fig 20: Roundabout with curved circulatory carriageway

® Entry Angle

Fig 21: Roundabout with straight Fig 22: Modern design small roundabout
circulatory carriageway
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Figure 22 shows how the entry angle is measured for a large roundabout. The curve A'D' is the locus of the mid-
point of (the used section of) the circulatory carriageway and is a proxy for the average direction of travel for traffic
circulating past the arm.

»  Congtruct the curve EF as the locus of the mid-point between the nearside kerb and the median line (or the
edge of any splitter idland or central reserve)

e Construct BC as the tangent to EF at the give way line

»  Congtruct the curve AD as the locus of the mid-point of (the used section of) the circulatory carriageway (a
proxy for the average direction of travel for traffic circulating past the arm)

* Theentry angle, o, is the acute angle between BC and the tangent to AD.

Where the circulatory carriageway between an entry and the next exit is approximately straight, the entry angle is
measured as shown in Figure 23. AD is parallel to the straight circulatory carriageway, where A is the point of
maximum entry deflection at the right hand end of the give way line and D is the point nearest to A on the median of
the following entry. AD replaces the tangent to the curve A'D' as the line from which the angle is measured at the
point of intersection.

For smaller roundabouts, the entry angle is measured as shown in Figure 24. This construction is used when thereis
insufficient separation between entry and adjacent exit to be able to define the path of the circulating vehicle clearly.
In this case, circulating traffic which leaves at the following exit will be influenced by the angle at which that arm
joinsthe roundabout. The angle between the projected entry and exit pathsis measured and then halved to find ¢:

e Construct line BC asin Figure 22.

»  Congtruct the curve JK in the next exit as the locus of points midway between the nearside kerb and the
median line (or the edge of any splitter idand or central reserve).

e Congtruct the line GH as the equivaent of line BC i.e. the tangent to the curve JK at the point where JK
intersects the border of the inscribed circle.

e ThelinesBCand GH intersect at L. The entry angle, o, ishalf of angle HLB.
¢ = [angle HLB]/2
Note that if angle GLB exceeds 180 degrees, ¢ is defined as zero.

Conclusion: The case shown in Figure 21 is no longer built and should be removed from the standard.

A method to clarify which procedure should be used was derived as part of an unpublished study into
roundabout capacity by the University of Southampton. The three vehicle paths (entry, exit and
circulatory carriageway medians) should be constructed, and the entry and exit paths projected towards the
roundabout centre. The choice of construction for ¢ depends on where these projections meet: if the
meeting point is closer to the centre of the roundabout than the arc of the circulatory carriageway median,
then the construction shown in Figure 21 should be used; if they meet outside that area, then the
construction illustrated in Figure 23 should be used. In the limiting case where all 3 mediansintersect at a
point, it is common for the circulatory carriageway median approximately to bisect the angle between the
other two medians, so that the two methods become equival ent.

The recommended range in TD 16/93 is 20 to 60 degrees, but some local authorities recommend 30 to 40
degrees and The West Midlands Region Road Safety Audit Forum (1997) recommends 30 degrees. Small
values may result in too little entry deflection (Figure 23) and may cause a problem for right hand drive
vehicles or for older drivers who may have trouble looking over their shoulders. Large values may result
in excessive entry deflection (Figure 24); in rura areas, this may lead to vehicles hitting the central island
or braking sharply, possibly causing shunt accidents. It is not clear whether both definitions of entry angle
have a similar recommended range. Guidelinesin other countries do not refer to entry angle. Davieset a
(1997) suggest that a value of approximately 30 to 45 degreesis consistent with continental roundabout
design.

Conclusion: Continueto allow the full range of 20 to 60 degrees for the entry angle particularly at
smaller roundabouts.
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Entry Angle ®
Fig 23: Exampleof too low an entry angleand also | Fig 24: Example of too high an entry
substandard entry deflection angle and also excessive entry
deflection

3.3.9 Segregated left turn lane

Segregated left turn lanes (right turn in countries that drive on the right) now form part of a separate
standard in the UK (DMRB 6.3.5 TD 51/03) and, in addition to flaring, are a recognised method of
increasing capacity at roundabouts where a high proportion of the flow turnsleft. The French, Dutch,
German and American guidelines all advise that they can lead to high speeds. In the latter two guidelines,
a segregated left turn lane is recommended in preference to flaring at single-lane roundabouts where there
is aneed to increase capacity.

Conclusion: Continueto use flaring in preference to a segregated |eft turn lane asthis requiresless land
take and is more appropriate in urban areas.

3.3.10 Entry path curvature and design speed

Entry path curvature is ameasure of the deflection at an entry to aroundabout and is one of the key
variables used for accident prediction in the UK (Maycock and Hall, 1984). It wasoriginaly defined at a
4-arm roundabout for a vehicle taking the fastest ‘ahead’ s path in the absence of other traffic (Figure 25).
The vehicle follows a 2m wide path keeping to its own side of the road but otherwise ignoring lane
markings, keeping the centre of the path at least 1m from the kerb. The entry path curvature is the
maximum value occurring in the region of the give way line, that is, the inverse of the minimum entry
path radius.

TRL Limited 25 PPR206



Published Project Report Version: 1

== = 1
s L 1m min
— : =i i
o ; 4 L 1mmin
= = \ = _/’
e i/ L
1m minimum

My

a Entry path radius should be measured over the smallest best fit circular curve over a distance of 25m
occurring along the approach entry path in the vicinity of the give way line, but not more than 50min
advance of it.

b  Commencement point 50m from the give way line and at least 1m from the nearside kerb or centre line
(or edge of central reserve)

Figure 25: M easur ement of entry path radius

Entry path radius is measured as follows:

Draw the fastest vehicle path alowed by the geometry. Thisisthe smoothest, flattest path
that a vehicle can take through the entry, round the central island and through the exit (in the
absence of other traffic) (see Figure 27).

The path is assumed to be 2m wide so that the vehicle following it would maintain a
distance of at least one metre between its centreline and any kerb or edge marking. The
path starts 50m in advance of the give way line.

The entry path radius is the smallest radius of this path on entry that occurs as it bends to the
left before joining the circulatory carriageway. It isthe radius of the best fit circular curve
over alength of 25m, measured in the vicinity of the give way line. Itis.

In TD 16/93, avalue of 100m for the entry path radius is suggested, broadly equivalent to an entry speed
of 30mph (50km/h), with 60m more typical at urban roundabouts. No minimum is quoted, but it is not
considered good practice to use very low values because of the increased risk of single vehicle accidents.
A minimum of 70m is suggested by the West Midlands Region Road Safety Audit Forum (1997).

In both France and Australia, the maximum value of the entry path radiusis also 100m (Table 9).

TRL Limited 26 PPR206



Published Project Report Version: 1

The Australian and US guidelines for double lane roundabouts are based on a 2m wide vehicle path for
which the centre passes no closer than 2.5m from the central island compared with the 1m value used in
the UK.

Table9: Entry path radius

Singlelane Double lane
Country Min (m) Max (m) Min (m) Max (m)
Australia Urban / rural - 100 - 100
France' Urban - 100 - 100
Rural 48 100 48 100
UK Urban / rural - 100 - 100
USA Urban / rural 54 73 65 93

1 Rura France—4 x radius of inscribed circle

Other countries specify design speeds rather than entry path curvature to assess deflection. Switzerland
(Spacek, 2004) definesthe ‘angle of deflection’ as the angle between the approach centre line and the
tangent to the central isand. Kennedy et a (1998) used angles as a measure of deflection at mini-
roundabouts.

The American and Australian guidelines give details of the approximate relationship between path radius
and design speed asfollows:

VZ=127R (e+f) (1)
where:
\% is the design speed through the roundabout in km/h
R isthe radius of the pathin m
e isthe super elevation in m/m (negative for outward crossfall)
f isthe coefficient of friction developed between the vehicle tyres and the road

Suggested valuesfor f in Australiaare 0.2 at 50km/h and 0.3 at 25km/h. Cal culations using equation
show that the predicted effect of 2% crossfall on speed isrelatively small (Section 3.2.6).

Table 10 compares recommended design speeds on entry in different countries. Where the design speed
on the circulatory carriageway itself is specified separately, it is either equal to or less than the design
speed on entry to the roundabout.

Conclusion: Entry path radius should apply to the fastest movement through the junction rather than
simply that between opposite arms at a 4-arm roundabout or acrossthe head of the T at a 3-
armroundabout. Continue to use 100m for the maximum entry path radius at most
roundabouts, 70m at compact urban roundabouts.
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Table 10: Recommended design speed on entry (km/h)

Country Singlelane ‘ Doublelane
Australia Urban / rural <65km/h and no more than 10-15km/h above speed on rdbt
Denmark Urban 15 N/A
France Urban 35 50
Rural 50 50
Germany Urban/ rural 20-40 -
Netherlands Urban 30 40-45
Rural 30-35 40-45
uUKk?! Urban / rural 50 50
USA Urban 25-35 40
Rural 40 50

1  50km/h (30mph) is taken to be equivalent to an entry path radius of 100m

3.3.11 Approach curvature and alignment

Approach curvature is a measure of the amount of curvature in advance of any flaring. It affects vehicle
speeds on the approach to the roundabout. It can be positive or negative depending on whether the nearest
bend isto theright or the | eft.

It is not good practice to generate entry deflection by sharply deviating the approach roads to the right
close to the roundabout and then to the left at entry. Approach curves should be fairly gentlein order to
ensure there is adequate forward visibility. Maycock and Hall (1984) found that aright hand bend leading
to left hand entry deflection is safer than a gentle left hand bend.

The US guidelines state that roundabouts should be located such that the centre lines of all approaches
pass through the centre point, for optimum visibility of the central idand. If thisis not possible, any dight
offset should be to the left.

The UK, Norway and Australian guidelines suggest that entries may be staggered to increase deflection
(Figure 26).

a Centre line offset
15-20m

Figure 26: Staggering of armsto increase deflection

TRL Limited 28 PPR206



Published Project Report Version: 1

3.4 Provison for pedal cyclists
The various forms of provision for pedal cyclists are:
* Mix with traffic (no specia provision, cyclist mixes with other vehicles)
»  With-traffic cyclelane on circulatory carriageway (1.5 to 2m wide, often coloured)
With / without priority for cyclists
With / without separation kerb
» Cycle path round outside of roundabout (rather than on the circulatory carriageway) or a
With / without priority for cyclists
»  Separateroute for cyclists
An example of a Dutch roundabout with acycle path is shown in Figure 27.

o

Figure 27: Single-Haneroundabout in Enschede, Holland, with separ ate cycle path (photo from
ELTISwebsite)

Provision for cyclistsin the UK isfairly rare, with afew exceptions (see e.g. Layfield and Maycock, 1986,
Lawton et a, 2003). It is generally recommended in guidelines for countries other than the UK that
cyclists should mix with traffic where overd| traffic islight; at busier roundabouts, a cycle path should be
provided round the outside of the roundabout with cycle crossings or combined pedestrian/cycle crossings.
In most countries, cyclists give way to motorised traffic at cycle crossings. The aternative, in which
cyclists have priority, is used on some urban roundabouts in the Netherlands and in Sweden, but is
regarded as being less safe. Even where cycle paths are provided, some cyclists may continue to mix with
the traffic because of the delay involved in the use of a cycle path, as shown in Figure 28.
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Figure 28: Cautious cyclist on cycle path at roundabout in Francewhilst experienced cyclist
mixeswith traffic at same roundabout

Various authors (Brilon, 1996, in Germany, Bride and Larsson, 1999 in Sweden, and Botma, 1997,
Minnen and Braimaister, 1994, and Weijermars, 2001, in the Netherlands) found that a cycle lane on the
circulatory carriageway itself (Figure 29) was associated with more accidents than those in which cycles
mixed with other traffic or had a separate cycle path, probably because this layout puts cyclists directly in
the path of entering traffic and it resultsin cyclists not being in the direct line of sight of entering drivers.
This concern was addressed at a UK roundabout in Y ork by moving the cycle lane closer to the central
island. However, although this approach is promising, there is not enough evidence to be sure whether or
not it works. There was a reduction in accidents when the roundabout was introduced, but the comparison
was with a priority intersection. Even where cycle paths are provided, some cyclists may continue to mix
with the traffic because of the delay involved in the use of acycle path.

Figure 29: Roundabout with cycle lane on circulatory carriageway (continental Europe)

Where cycle paths are used, it is generally agreed that cyclists should give way to motorized traffic at the
crossings. Wherethisis not the case, e.g. at some urban roundaboutsin the Netherlands, Finland and
Sweden, it is recommended that the cycle crossings are only used in one direction (the direction of travel
on the roundabout) when motorists must give way to cyclists. Conflict observationsin Finland, where
driving is on the right (Rasdnen and Summala, 2000), showed that motorists turning right onto the
roundabout frequently failed to see cyclists approaching from the right.

Both Alphand et a. (1991A) for French roundabouts and Briide and Larsson (1996) for Swedish, Danish
and Dutch ones found that single-lane small roundabouts are safest for pedal cyclists. Briide and Larsson
(1996) adso found that mixing with traffic was satisfactory at low flow roundabouts, while acycle path
was the best option at busier roundabouts.

TRL Limited 30 PPR206



Published Project Report Version: 1

The concern that motorists would not see a cyclist using a cycle lane on the outer edge of the carriageway
has been addressed for the UK Heworth Green roundabout in Y ork by moving the cycle lane closer to the
central island (Figure 30). This roundabout has two additiona features

» Advanced give way linesfor cyclists

» Cyclelanesthat split into an exiting lane and acirculating lane

However, athough this approach is promising, there is not enough evidence to be sure whether or not it
works. There was areduction in accidents when the roundabout was introduced, but the comparison is
with a priority junction.

I LB — : 5

Figure 30: Roundabout at Heworth Green (photograph from York City Council) showing green
cyclelanesin advance of the giveway line and on circulatory carriageway away from periphery

In the American guidelines, cycle lanes are terminated on the approach to the roundabout and cyclists mix
with other traffic. The Australian guidelines recommend the use of cycle paths where special provision is
deemed to be required.

Pedal cycle facilities are not mentioned in the Norwegian guidelines studied (see Appendices A4 and A5),
possibly because the guidelines were only a summary. Separate cycle paths with cycle crossings are the
most common form of provision for cyclists in Sweden.

Conclusions: Cyclists should mix with traffic at urban roundabouts with low flow. External cycle paths
are the best facility at larger urban roundabouts. Cycle lanes should not be permitted on the
circulatory carriageway.

35 Pedestrian facilities

Pedestrian facilities at roundabouts fall into the following categories:
e Dropped kerb (with central refuge)
e Zebracrossing
e Signal controlled crossing

e Subway or footbridge

3.5.1 Uncontrolled (Zebra) crossings

In many countries, urban roundabouts have Zebra crossings on al arms, often adjacent to a cycle path.

Recommended values for the distance of Zebra crossings from the edge of the circulatory carriageway are
between 1 and 3 car lengths (Table 11). It should be noted that where arms are radial, the measurement of
the crossing location is straightforward. However, it needs to be defined for UK roundabouts. A suitable
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definition isto measure along the kerb from the point at the end of the give way line to the edge of the
studs closest to the roundabout.

In the UK, the provision of Zebra crossings at roundaboutsis relatively rare and they are often sited on
only one or two arms. No specific distanceis quoted in TD 16/93, but they should be beyond any flare
(typically 5min urban areas). Where there is a need for an adjacent cycle path, a Toucan crossing is used
rather than a Zebra (see Section 3.5.2).

Cycle paths in the UK commonly have a signal-controlled Toucan crossing for both cyclists and
pedestrians rather than an uncontrolled crossing.

Recommended values in other countries for the distance of uncontrolled crossings from the edge of the
circulatory carriageway are between 1 and 3 car lengths.

Table 11: Distance of Zebra crossing from give way line

Single lane Doublelane

Country Min (m) Max (m) Min (m) Max (m)
Australia 6 12 6 12
France 2 5 2 5
Germany - - 5 6
Netherlands 5 5 5 5
Norway 5 12 10 12
USA 75 75 75 225

3.5.2 Signal-controlled crossings

Countries other than the UK mostly do not appear to use signal controlled crossings at roundabouts. An
exception is France at double lane roundabouts, where they must be sited at |east 15m from the give way
line. One possible reason for the lack of use may be the potential confusion over the form of junction
control. Loca Transport Note 2/95 states that a Zebracrossing is preferred for just this reason. However,
for asample of roundabouts in Nottingham, Thomas, LIoyd and Gallear (1990) found that the presence of
a Pelican crossing did not affect accidents between entering and circulating vehicles and concluded that
there was no evidence that Pelican crossings were confused with signalised roundabouts.

Harper (PTRC, 1985) found a reduction in accident frequency when Pelican crossings were used to
replace Zebra crossings in Swindon. He also found that the accident frequency was lower at Pelican
crossings near roundabouts than at those el sewhere, possibly again due to lower speeds and greater
alertness on the approach to roundabouts.

TD 16/93 recommends that signal-controlled crossings are sited sufficiently far back to prevent “entry
starvation” i.e. the entry capacity on the roundabout arm being limited by the capacity of the crossing
(Hunt and Jabbar, 1995). They point out that this displacement potentially increases geometric delay
(journey time) for pedestrians: if facilities do not then coincide with the routes pedestrians may to take
(“desirelines’), this may lead to risky behaviour as pedestrians try to minimise the time required wish to
negotiate the roundabout. For example, a displacement of 21m allows storage for 3 vehicles per lane but
increases pedestrian journey time by 35 seconds (at awalking speed of 1.2m/s).

Signal-controlled crossings should not be placed between 20m and 65m from the give way line, sinceit is
recognised that beyond 65m, the crossing is separate from the junction; up to 20m, speeds are still low
(Rainbird, 2003). There needs to be a balance between the flared geometric design, which tends to push
the crossing location away from the merge roundabout, and the increasing speed of vehicles asthey leave
the roundabout, pulling it nearer to the roundabout (Middleton, 2004).

LTN 2/95 states that if a signal-controlled crossing is provided, it should preferably be staggered, with the
entry side closer to the roundabout than the exit side, in order to avoid traffic queuing back on to the
roundabout.
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The combination of this advice suggests that signalised crossings should be sited at about 20m (or well
away from the roundabout). The use of Puffin crossings rather than Pelicans will ensure that drivers are
stopped only when necessary. If thereis ahigh pedestrian flow and signalised crossings are used on more
than one arm, there may be a case for signalisation of the entire roundabout.

Conclusion: Where traffic flow islow, a dropped kerb is adequate. At medium flows, wherethereisa
substantial pedestrian demand, use a crossing close to the roundabout (but upstream of any
flaring). If signal-controlled, the crossing should be either at 20m or at least 60m from the
give way line to avoid confusion with the roundabout itself and minimize queueing back onto
the roundabout.

3.6 Vishbility requirements

3.6.1 Approach vishility

The UK Standard requires the desirable minimum stopping sight distance as givenin TD 9/93 to allow
driversto judge the required braking distance for the layout ahead. The West Midlands Region Road
Safety Audit Forum (1997) statesthat it is not good practice to site roundabouts on the top of hillsor
hidden round bends because of the potential problems with overshoots.

3.6.2 Visihility to theright

Similarly, the UK standard requires that at 15m back from the give way line drivers should be able to see
the full width of the circulatory carriageway to their right for a distance appropriate to the stopping sight
distance for the circulatory traffic. Figures 31 and 32 show the visibility required to the right on entry and
at 15m from the give-way line.

a Visibility Distance N
b Half lane width "
¢ Limit of visibility splay

Area of circulatory cammageway over

which visibility must be obtained
from viewpoint

Fig 31: Visibility toright required at entry
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a \isibility Distance N
b Half lane width . h
c Limit of visibility splay

\\'\ Area of circulatory carriageway
over which visibility must be
obtained from viewpoint <

Fig 32: Visbility toright required at 15m back from giveway line

The West Midlands Region Road Safety Audit Forum (1997) suggested that providing suitable visibility
to the right when the vehicle is more than 15m in advance of the give way line could increase the
likelihood of the driver making the decision to continue through the roundabout too early, misjudging the
speed on the circulatory carriageway, or failing to see atwo-wheeler (see a'so Davies et al, 1997).

Conclusion: On dual carriageway approaches to roundabouts (or single carriageways with a long splitter
island), planting or other screening can be used on the median to limit the visibility to the
right until the driver iswithin 15m of the give way line, in order to minimise the danger of
drivers over-shooting the give way line.

3.6.3 Forward visibility at entry

Forward visibility must enable drivers to see the full width of the circulatory carriageway for a distance
depending on the inscribed circle diameter (the whole junction for diameters of less than 40m). Thisis
illustrated in Figure 33.
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a Visibility Distance along
centre line
b Half lane width

¢ Limit of visibility splay Area of circulatory carriageway over

which visibility must be obtained
from viewpoint })v

Fig 33: Forward visibility required at entry

Guidelinesin Germany, France, the Netherlands, USA, and Australia recommend the obstruction of the

forward visibility by the central island, at the same time ensuring that the outer area of the central island is
free from obstacles, so that circulating vehicles can ill be seen.

3.6.4 Circulatory visibility

For sight distance while travelling on the circulatory carriageway, guidelinesin Germany, France, the
Netherlands, USA and Australia recommend that the first quarter to the left (right for countries driving on
the right) can be seen. The UK Standard requires a stopping sight distance on the circulatory carriageway
depending on the inscribed circle diameter, varying from the whole junction if the inscribed circle
diameter isless than 40m to 70m if theinscribed circle diameter exceeds 100m (see Figure 34).
Circulatory visibility is affected by planting or objects on the central idand and it is therefore important to
leave a space round the edge of the central island that has at most low planting.

a Visibility Distance
c Limit of visibility splay

Area of circulatory carriageway over
which visibility must be obtained
from viewpoint

Circulatory Visibility

Fig 34: Circulatory visibility
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3.6.5 Exitvishility

Thereis no requirement in TD 16/93 on visibility for vehicles exiting the roundabout, although TD 9/93
(DMRB 6.1.1) should apply once traffic has fully turned. TD 50/04 (DMRB 6.2.3) shows junction inter-
visibility zones across stoplines but thisis intended mainly for pedestrians. The West Midlands Region
Safety Audit Team suggests that adopting a desirable minimum stopping sight distance of 90m may be
appropriate ‘ up to the border of the inscribed circle diameter’. Another possibility isto assume adesign
speed of 50km/h (30mph) on the circulatory carriageway, in line with the 200m maximum entry path
radius and use the associated distance from TD 9, namely 70m.

Conclusion: the exit visibility should be consistent with the requirements for stopping sight distance on the
circulatory carriageway until the vehicle crosses the inscribed circle diameter after which TD 9 should

apply.

3.6.6 Pedestrian crossing visihility
In TD 16/93, it is arequirement that:

» Drivers approaching a pedestrian crossing should have a minimum stopping sight distance
corresponding to the design speed of the link)

» Atthegiveway line, drivers should be able to see the full width of a pedestrian crossing across
the next exit if the crossing is within 50m of the roundabout (see Figure 35).

le<20m

4

oo

b Half lane width
¢ Limit of visibility splay
d Pedestrian intervisibility zone {see TD50 for details)

Figure 35: Visibility on entry to roundabout to pedestrian crossing at next exit (within 50m)

3.7 Landscaping

V egetation can be used to improve the aesthetic qualities of aroundabout. However, it can lead to
maintenance issues and the outer part of the central island at |east needs to be kept clear in order to avoid
restricting visibility (see section 3.6.5 and e.g. Safety Auditor’s Perspective — New Zealand). The French
guidelines recommend keeping the outer 2m clear. In TD 16/93, it is recommended that islands with a
diameter of 10m or less are not planted.
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3.8 Signing and marking

3.8.1 Road markings

In the UK, road markings at roundabouts are part of a separate Standard (DMRB 6.2.3 TA 78/97). This
states that arrow markings at the give way line are generally used only if thereis uneven approach
gueueing for example due to a dominant straight ahead or right turn movement. A right turn arrow in the
offside lane can be confusing, particularly for drivers from countries other than the UK.

Destination markings are sometimes used on the approach and circulatory carriageway. West Midlands
Region Road Safety Audit Forum (1997) recommends abbreviated place names rather than road numbers,
except for motorways.

Lane markings on the circulatory carriageway are used mainly at large roundabouts and may be
concentric, partially concentric or spiral. They are used on signalised and partially signalised roundabouts
and gyratory systems.

In overseas guidelines, double lane roundabouts often have concentric markings. Despite not being
recommended in the French guidelines, they are used on some roundabouts.

3.8.2 Chevron markings on the central isand

Worthington (1992) reported that the use of reflective block-paved chevrons on the central island of a
roundabout (see Figure 36), in conjunction with lighting to full standards:

e enhanced roundabout conspicuity during both night and day time conditions

e reduced approach speeds

» reduced accidentsinvolving vehicles overrunning the central island and related damage to traffic
signs

Chevrons are now common in the UK.

Section x-x

Figure 36: Chevron markings

3.83 Signing

Signing at UK roundabouts is dealt with in the Traffic Signs Manual and has the following main elements:
. A map type advance direction sign

. A flag type direction sign on each exit, usually on the deflection island
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. Keep left bollards

. L eft turn sign with chevron markings sited on the central island (sometimes emphasized by aring of
chevrons)

. A triangular “roundabout” warning sign with “reduce speed now” plate on high standard roads

3.9 Lighting

Lighting is commonly used at roundabouts because the central island presents an obstacle to traffic and
there istherefore aneed to see the junction at the required visibility distance, which is not possible with
headlights alone on high speed roads (Jacoby and Pollard, 1995).

Lighting at the roundabout should be different from that on the approachesto aid drivers awareness of the
junction. Thereisaneed to consider alignment and vegetation. Peripheral lighting with columns placed
symmetrically round the roundabout is preferred in most countries, since at large roundabouts, a central
light column would have to be very tall to illuminate the whole of circulatory carriageway, which could
waste energy and be environmentally intrusive. By contrast, the Australian guidelines suggest the use of a
central mast at the island centre at small roundabouts.

Lighting columns need to be placed where there islittle risk of their being hit e.g. well back from the
circulatory carriageway. The Australian guidelines suggest avoiding their location on small deflection
islands.

Lighting in the UK should be to British standards BS5849 Parts 4 (at-grade roundabouts) and 5 (grade-
separated roundabouts). BS 5489 Part 4 recommends lighting for at least 60m along exit roads, but
approach lighting may detract from roundabout conspicuity.

In some circumstances, thereis apotential conflict between lighting and environmental considerations.
Trials were undertaken for the Highways Agency of environmentally friendly low impact lighting on one
guarter of the Crosthwaite roundabout on the A66 in Cumbria. Guidance lighting is provided by coloured
ground-mounted light emitting diode (LED) clustersin the form of road studs, intended to outline the road
boundariesi.e. the nearside kerb edge, the central island and the deflection islands. The effect on safety
has not yet been evaluated. Another trial at the A616 Flouch roundabout in Derbyshire, suggested that,
subject to monitoring of accidents, reduced levels of light may be adequate at rural roundabouts.

Conclusions: Roundabouts should normally belit; LED lighting should be considered in environmentally
sensitive areas.

3.10 Skiddingresistance

A high value of skid resistance is required on the approach to roundabouts if the 85th percentile speed is
greater than 90km/h. On the circulatory carriageway, because speeds are lower, skidding resistance is
derived from the micro-texture, that is, the surface of the aggregates that form the road. West Midlands
Region Road Safety Audit Forum (1997) points out that it isimportant to maintain skidding resistancein
wet conditions at roundabouts, especialy on the approaches where heavy braking occurs.

3.11 Urban mini-roundabouts
The information on mini-roundabouts is included for compl eteness.

3.11.1 Number of arms at mini-roundabouts

Mini-roundabouts generally have 3 or 4 arms, but in the UK, they occasionally have up to five arms where
they are used to replace another junction type. In this case, one or more of the arms may be very lightly
trafficked or an access rather than a public road. Typical 4-arm mini-roundabouts are shown in Figures 37
and 38.
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' V b Hatched traffic

deflection island

b Kerbed traffic

a Traffic deflection island
deflection island

Fig 37: Mini-roundabout with flaring Fig 38: Mini-roundabout without flaring
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3.11.2 Inscribed circle diameter at mini-roundabouts

The recommended values for inscribed circle diameters at mini-roundabouts in the guidelines studied
ranged from a minimum of 10m to a maximum of 28m (Table 12).

Table 12: Inscribed circle diameter

Min (m) Max (m)
UK - 28
France 15 24
Netherlands 10 20
Norway - 25
Sweden - 28
USA 13 25

3.11.3 Central isand of mini-roundabout

The recommended diameter and height of the central island in TD 16/93 for mini-roundabouts (from 1 to
4m and maximum 125mm respectively) are comparable with those in other countries (Table 13). Sawers
(1996) advocates a maximum of 6m. Theidand is generally constructed of white thermoplastic and may
be domed. Some mini-roundabouts have islands with alow kerb or are constructed of granite setts.
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Table 13: Central idand dimensions at mini-roundabouts

Diameter Height
Min (m) Max (m) Min (m) Max (m)
UK 1 4 0 0.125
France 15 25 0.1 0.15
Netherlands - - 0.1 0.14
Norway 15 4 - -
Sweden - 4 - -
USA 4 calculated - 0.125

3.11.4 Crossfall at mini-roundabouts

Crossfall often follows the road on which the mini-roundabout is constructed. In the UK, either inward or
outward crossfall may be used. Other countries use outward crossfall of between 1.5 and 3%.

3.11.5 Entry width at mini-roundabouts

The recommended entry width for mini-roundaboutsin the UK (>2.50m per lane) is comparable with that
in other countries (Table 14). In contrast to the guidelinesin other countries, TD 16/93 alows flared
entries on mini-roundabouts, although they are much less common than on normal roundabouts.

Table 14: Entry and exit widths at mini-roundabouts

Entry width Exit width
Min (m) Max (m) Min (m) Max (m)
UK 25 - - -
France 25 35 2.75 35
Sweden 35 -

3.11.6 Provision for pedal cyclists
Pedal cyclists generally mix with traffic on mini-roundabouts, dthough acycle lane is occasionally used.

3.11.7 Pedestrians at mini-roundabouts
Both Zebra and Pelican crossings are used at mini-roundabouts in the UK.

4 Accident analysis

4.1 Introduction

All countries have found roundabouts to be arelatively safe form of junction. The reasonsfor their low
accident rate were summarised in NCHRP Synthesis 264 (1998) as.

* Reduced speeds/ increased awareness because of need to deflect from ahead path
* Low number of conflict points at a roundabout compared with other junction types
*  Separation of conflict points

*  One-way operation of circulatory carriageway
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However, it is noted that other countries claim a better safety record for their roundabouts than the UK.
Possible reasons for differences in the safety record are as follows:

* Higher flows at UK roundabouts

» Differencein definition of junction accident. For example, the distance at which an accident is
treated as non-junction is 20m from the give way line in the UK, but 50m at urban junctions and
100m (150m if thereis an acceleration lane) at rural junctionsin France (MVA, 2004). Inthe UK,
a 20m distance al so applies on the exit from the roundabout, but no distance is given for the exit in
the French guidelines

» Differencesin the definition of injury accidents:
fatal —e.g. death occurs within 6 days in France (30 days in the UK)
serious — e.g. more than 6 days in hospital in France (kept in hospital in the UK)

dlight —e.g. receives hospital treatment in France (taken to hospita / reportsinjury in the
UK)

e Cultura differences, for example, overseas drivers may be more cautious because they are till
relatively unfamiliar with roundabouts and are unsure about the priority rule

»  Other countries mostly use single lane roundabouts

* Themain UK study (Maycock and Hall, 1984) is old (based on datafrom 1974 to 1979). Itis
likely that improved roundabout design as aresult of their work, reductionsin two-wheeled traffic
over the past 25 years, together with improved vehicle safety will have reduced accident rates

Because of the differencesin driver behaviour, in accident reporting, and in sampling, it should be pointed
out that the international comparison of accident frequencies and rates in the following sections needs to
be treated with caution and isincluded for completeness. In addition to this comparison, the report
considers the effect of individual design elements on accident groups. Asfor all junction types, the
biggest effect on accident frequency at roundabouts comes from traffic flow. However, the effect of
geometric design can also be considerable.

4.2 Conversion from other junction types

In most countries, ‘ before-and-after’ studies have been undertaken to show the effect on safety of
conversion from another junction type to aroundabout. Large reductionsin all types of accidents have
been demonstrated (although part of the reduction may be due to site selection bias— see e.g. Hauer,
1997). The accident groups showing the smallest reductions are those involving two-wheelers.

For example, Schoon and Van Minnen (1994) in the Netherlands studied 181 junctions converted to
roundabouts. The mean reduction was 51%, from 1.3 casualties per year (over 5.3 years) to 0.37
casualties per year (over 2 years), with the greatest values being for cars (63%) and pedestrians (73%).
Cyclists had the smallest reduction (6%).

A study in France in which injury accidents were reduced by 78% from 1.42 per year to 0.31 per year is
reported in NCHRP Synthesis 164 (1998). In the US, a mean accident reduction of 51% at 11 sitesis
reported in FHA (2000) following conversion to aroundabout. In Australia, the casualty accident rate
decreased by 74% after roundabout installation (Arndt and Troutbeck, 1995) and by between 45 and 87%
in another study by Wadhwa (2003).

4.3 Accident frequency and severity

An accident study undertaken in conjunction with the current research determined the accident frequencies
by severity over afive year period (see Table 15 and Appendix B) for a sample of 1162 roundabouts. The
sample comprised all roundabouts in some loca authorities, but only the busier roundabouts from a few
others, making the sample dightly biased towards busier roundabouts.
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Table 15: Average accident frequency at UK roundabouts by number of arms 1999 to 2003 (current

study)
Accident frequency
Single Dual Grade Severity
No. of No. of cway cway Separated All (% fatal and
ams sites roads roads junctions roads serious)
3 326 0.63 1.28 2.70 0.79 9.3
4 649 1.08 2.65 5.35 1.79 7.1
5 157 172 3.80 7.67 3.66 7.1
6 30 211 4.62 8.71 5.95 5.2
All 1162 1.00 2.60 6.28 1.87 7.2

Table 15 shows an increase in accident frequency with road type, which serves as a proxy for flow.

As might be expected, there is a clear increase in accident frequency with number of arms (Figure 39). A
similar result is reported in NCHRP Synthesis 164 (1998) for a French study in which accident frequency
increases with inscribed circle diameter. It isin line with the manner in which the number of conflict
points increases with the number of arms.

Accident frequency (accidents per year)

6.0

4.0 —

2.0 4

Accident frequency

3 4 5 6

Number of arms

Figure 39: Accident frequency asafunction of the number of arms

The accident frequency of 1.79 for 4-arm roundabouts is much lower than that of 3.31 obtained by
Maycock and Hall (1984) — Table 16. In part, the difference may be attributed to improvementsin general
safety and in roundabout design over the 25 year period since data was collected for the earlier study. The
Maycock and Hall sample was biased so as to include a disproportionate number of sites with ahigh flow
and contained a number of poorly designed roundabouts with very little entry deflection. The present
study found that accident frequency at 4-arm roundabouts was lower on single-carriageway roads (1.08),
but higher on dual-carriageway roads (2.58) and at grade-separated junctions (5.34).

Mean values of accident frequency are available for a number of different countries. It should be noted
that the results obtained are very dependent on the sample of roundabouts chosen, the traffic flows (often
not measured, and the percentages of different road user types. Table 16 compares the mean accident
frequency for samples of roundaboutsin different countries.

The accident frequencies traced for roundabouts in other countries should probably be compared with the
recent UK average value for 4-arm roundabouts on single carriageways (1.08 accidents per year), although
it must be remembered that the UK value is for roundabouts with one lane flaring to two lanes on entry
while most of the other values are for single lane roundabouts. Guichet (1997) reported a frequency of
0.11 per year for French roundabouts, but more recently (2005) gave afigure of 0.05 based on
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approximately 27,000 roundabouts. Arndt and Troutbeck (1995) predicted avalue of 1 accident per arm
per year for atypical double lane roundabout in an urban environment in Australia, but thisincluded some
damage-only accidents. Harper and Dunn (2003) obtained average values of 0.42 accidents per year for
single lane roundabouts and 0.79 for double lane roundabouts in New Zealand.

Accident severity (percentage of accidentsthat arefatal or serious) islow, with only 7% in the current UK
study, much lower than the value of 16% in Maycock and Hall (1984). Thisdifferenceislikely to be due
to improvements in vehicle and roundabout safety.

Table 16: Accident frequency and severity at roundaboutsin different countries

Country Reference No. of Accident Severity
roundabouts frequency (% fatal
in study and serious)
Australia Quoted in NCHRP 264 (1998) 290 0.6 -
Australia® Arndt and Troutbeck (1995) - 4 -
Belgium Antoine (2005):
Rural 49 0.55 32
Suburbs 59 0.93 24
Urban 43 0.85 16
Denmark Jorgensen (1990) 63 1.0to1.25 -
France Guichet (1997) 12,000 0.11 2510 38
France Guichet (2005) 27,000 0.05 -
New Zealand Harper and Dunn (2003) 95 0.51 12
Netherlands” Schoon and Van Minnen (1994) 16 0.75 -
Netherlands® Van Minnen (1993) 46 0.23 -
Switzerland® Spacek (2004) 32 0.85 2210 42
UK Maycock and Hall (1984) 84 2.36t04.38 16
UK Current 1,162 1.77 7
us NCHRP Synthesis 264 (1998) 11 15 -
1 Estimated for double lane roundabouts; includes property damage only accidents
2 Casualties per roundabout per year
3 Estimated
4 Single lane roundabouts in Maryland and Florida

Table 17 (see also Table B9) shows the percentage of accidents involved by type of road user involved
and their severity. Both motorcycles and pedal cycles, but particularly the former, are over-represented.
The severity is much higher for motorcyclists and pedestrians than for other vehicle types.

Table 17: Accidents by type of vehicleinvolved (1999 to 2003)

% of
accidents | Severity
Pedal cycles 8% 10%
Motorcycles 14% 19%
Cars and taxis 7% 6%
Public Service Vehicles 36% 8%
Light goods vehicles 6% 6%
Heavy goods vehicles 9% 8%
Pedestrians 3% 23%
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44 Accident rate

Accident rate is more useful than frequency as an indicator of safety because it takes account of traffic
flow. However, this makes it more costly to measure and therefore fewer studies are undertaken and
sample sizestend to be smaller. It isusualy defined as accidents per 100 million vehicles passing through
thejunction. Valuesfrom anumber of different countries are shown in Table 18. They include only
injury accidents except where otherwise stated.

The value from the earlier UK study (Maycock and Hall, 1984) varied from an average of 21 accidents per
100 million vehicles at large roundabouts to 37 accidents per 100 million vehicles at small roundabouts. It
was not possible to obtain flows for most of the roundabouts in the current study; the mean accident rate
obtained was based on a small number of sites with high mean accident frequency, and was also fairly
high (36), based on a sample of 44 roundabouts, with flows ranging from 10,000 to 50,000 vehicles per
day, and a mean value of 28,000.

Ratesin Belgium averaged 14 accidents per 100 million vehicles entering the intersection. The mean
accident rate at urban roundabouts in France was 4.5 per 100 million vehicles (Alphand et a, 1991A),
much lower than the UK values. Swedish rates varied from very low to values similar to those for
Belgium. In Germany, the accident rate given by Brilon (2005) ranged from 53 to 162 per 100 million
vehicles, very much larger than other values as it includes damage-only accidents. The German rates are
all for single lane roundabouts, with flows in the range 5,000 to 25,000 vehicles per day.

It islikely that the rates in European countries other than the UK were obtained mainly, if not exclusively,
at single lane roundabouts.

Table 18: Accident ratesat roundaboutsin different countries

Country Reference No. of Accident rate Mean total vehicle
roundabouts (accidents per 100 inflow (vehicles per
million vehicles) day)

Australia® Austroads (1993) - 4108

Belgium Antoine (2005):
Rural 49 14 10,000
Suburbs 59 13 19,000
Urban 43 14 17,000

Denmark Jorgensen (1990) 25 14

France Alphand et al (1991A) 179 4.5

Germany’ Brilon and Stuwe (1993) - 124 to 658

Germany* Brilon (2005) - 53 to 162

Norway Brown (1995) - 5

UK Maycock and Hall (1984) 84 21to 37 32,000

UK Current (high flow) 44 36 28,000

Sweden Brude and Larsson (1999) 182 1.8t0 16

us Quoted in Wadhwa (2003)° 11 8

1 Includes property damage only accidents

2 Singlelane roundaboutsin Maryland and Florida

45 Accident modelling in the UK

In amajor cross-sectional study of accidents at 4-arm roundabouts, Maycock and Hall (1984) developed
accident predictive models based on vehicle and pedestrian flow and on geometry, using the technique of
generalised linear modelling. A similar study was undertaken by Kennedy et a (1998) for mini-
roundabouts. Models for both are now incorporated into ARCADY and SafeNET software (Binning,
2004, TRL, 1999).

The relationships took the form:
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A =kQ* 1)

where A is the number of accidents per year, Q isthe flow function and k and o are parametersto be
determined by the regression. Alternatively, two flow functions, each with different exponents can be
used:

A=kQ QzB (2

where A could be the number of entering-circulating accidents on an arm and Q, and Q, could represent
the entering and circulating flows respectively and k, o and p are parameters. These models were
extended to allow the effect of geometric and layout variables to be determined:

A=kQ" Q' exp(Xg Gi) ©)
where the G; are geometric variables and the g, are parameters.

Depending on the flow function adopted, these models are applicable either to the whole junction or to
each arm separately. The simplest models applied to the whole junction and used the cross product flow
function Qcr i.e. the product of total entering flows on one pair of opposite arms times the total entering
flow on the other pair of opposite arms:

A = 0.062 Qe (4)

4.6 Accident modelling in France

A simple model that islinear in flow is used for total accidentsin France:
A=015x10*Q

However, amodel similar in form to Maycock and Hall (1984) is also used (Guichet, 1997)::
A =024x10° Q"

where A is the accident frequency at the roundabout and Q is the total inflow.

4.7 Australian modelling approach

Arndt and Troutbeck (1995) developed models using multiple linear regression with independent variables
related to driver behaviour rather than geometric design. These include flow, 85th percentile speed,
vehicle path radius and changes in 85th percentile speed as the vehicle progresses through the roundabout.
For example, their model for approaching rear end shuntsis similar to (2) with an additional speed term:

A=q Qla QZB S+ Co (4)

where ¢, and ¢, are constants and S is the 85" percentile speed on the approach curve, whilst that for
entering-circulating accidentsis similar but takes into account the relative 85" percentile speeds on the
approach curve and the circulatory carriageway. The model for single vehicle accidents also takes into
account changesin speed at the start of each geometric “element”. Arndt and Troutbeck’ s models were
later refined to include variables such as the number of approach lanes, the vehicle path radius on each
geometric element and the length of the driver path on this element. The revised models are described in
the Queendand Road Planning and Design Manual, Chapter 14 (2002), including a speed prediction
model, and have been incorporated into the Arndt software.

4.8 Swedish modelling approach

Brude and Larsson (1999) devel oped simple models for collision and injury accident rates (accidents per
million vehicles entering the junction).

Collision rate = 0.1353 x 0.86%¥M x 1.88%%070 x 1 pp2aes

where the dummy variables represent the number of arms (3arm= 1 if there are 3 arms, O with 4 arms), the
maximum local speed limit (speed70= 1 if the maximum local speed limit is 70km/h, O if 50knvh) and the
number of entry lanes (2lanes= 1 if there are 2 entry lanes, 0 with 1 entry lane).
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Theinjury accident rate is given by:
A =0.8178 x (collision rate)-%"

An alternative model predicts that the accident rate increases by about 40% if the speed limit within 600m
of the roundabout is higher than the local speed limit.

4.9 Accident groups
The main accident groups identified in the Maycock and Hall study were:

* entering-circulating accidentsin which an entering vehicle collides with avehicle already on the
roundabout

e approaching accidentsi.e. rear shunts and lane-changing accidents on the approach

» single vehicle accidents involving a vehicle calliding with some part of the junction layout or with
street furniture

» ‘other’ vehicle accidents including circulating vehicles colliding with each other, circulating
vehicles colliding with vehicles exiting the junction, exiting vehicles colliding with entering
vehicles and with other exiting vehicles and afew other miscellaneous accidents

» pedestrian accidentsin which a pedestrian is hit by avehicle

Some of the above categories are split in other countries e.g. failure to give way on entry, single vehicle
accidents on the approach, rollover accidents, single vehicle collision with central island, rear shunts on
exit, accidents involving two circulating vehicles etc. Accidentsinvolving cyclists are also often treated
Separately.

The proportion of accidentsin each group depended on the type of roundabout. Small island roundabouts
(not mini-roundabouts) had a much higher proportion of entering-circulating accidents (71% compared

with 20%), whilst conventional and dual-carriageway roundabouts had much higher proportions of single
vehicle and approaching accidents. There were very few pedestrian accidents even at urban roundabouts.

The most important geometric variables found to affect accidents were;

» Entry path curvature (deflection of the vehicle path on entering the roundabout) is an important
determinant of accidents; increasing deflection had the effect of reducing entering-circulating
accidents, but increasing approaching accidents and single vehicle accidents. Entry path radiusis
the inverse of entry path curvature

» Entry width has the effect of increasing entering-circulating accidents but reducing approaching
accidents; the entering-circulating effect is generally more important

e Ratio factor isafunction of theratio of the inscribed circle diameter to the central island diameter;
it was used mainly to distinguish between conventional and small roundabouts

» Proportion of motorcycles in the flow has the effect of increasing entering-circulating accidents;
the proportion of pedal cycles was not found to be statistically significant despite the fact that
pedal cyclesare also at risk.

Other variables found to have an effect on accidents were:
»  Anglewith next arm measured between the centre lines
»  Approach width indicates the amount of flaring on the arm when compared with the entry width

e Approach curvatureistheinverse of the radius of the bend in the road on the approach to the
roundabout

Table 18 compares the percentage of accidents by accident group at French and UK roundabouts. There
were notably more approaching accidents and fewer single vehicle and entering-circulating accidents at
the UK roundabouts. In the current study, however, only 14% of the total were single vehicle accidents.
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Table 18: Percentage of accidents by accident group at roundaboutsin various countries

% of total Single Approaching Entering- ‘Other’ Pedestrian

vehicle accidents circulating vehicle accidents
accidents accidents accidents

Australia— Arndt and Troutbeck (1995) 18 22 51 9

France — Guichet (1997) 28 7 37 15 10

Germany” — Brilon and Stuwe (1993) 28 17 30

New Zealand — Harper and Dunn (2003) 19 21 45 15

Switzerland — Spacek (2004) 16 10 59 15

UK — Maycock and Hall (1984) —

conventional and dual-carriageway 30 25 20 18 6

Small island 8 7 71 10 4

1 Includes property damage only accidents

49.1 Single vehicle accidents

Maycock and Hall (1984) found that at 4-arm roundabouts in the UK, the risk of single vehicle accidents
increased with wider entries and with greater entry path curvature, but decreased where there was greater
approach curvature. The latter has the effect of reducing the approach speed for vehicles. If the entry
speed istoo great, then vehicles will not be able to negotiate the roundabout safely. Maycock and Hall
also found that greater sight distance to the right (Ieft in countries that drive on the right) was associated
with an increase in single vehicle accidents, although this variable was not used in their preferred models.

Thereis anecdotal evidence that single vehicle accidents are more frequent where;

» thereis poor delineation of the roundabout approach
» there are high speeds on the approach and the median line does not lie on an arc that is tangential
to the central island

In an evaluation of the effect of geometric parameters on accident rates at roundaboutsin Australia, Arndt

(1991) confirmed that roundabout arms with alarge entry path curvature and high approach speeds tend to
have more single vehicle accidents and that risk for this accident group isincreased if the central island is

difficult for drivers to recognise from the approach arms.

Raobinson (1998) reported on roundabouts in New South Wales in Australia and concluded that excessive
approach speed isamajor cause of single vehicle accidents.

A French study by Alphand et a (1991A) found that out of 33 single vehicle accidents on the circulatory
carriageway, 17 involved mopeds and 5 motorcycles. These were thought to be due mainly to excessive
speed for vehicles turning left (right in countries that drive on the left) and sometimes the presence of il
or gravel.

4.9.2 Approaching accidents (lane changing and rear shunts)

Maycock and Hall (1984) found that at 4-arm roundabouts in the UK, wider entries had alower risk of
approaching accidents.

In an Australian study of 100 roundaboutsin Queendand, Arndt and Troutbeck (1995) concluded that, in
order to minimize rear shunt accident rates, it isimportant to limit the 85th percentile speed on the
approaches to roundabouts to around 60 km/h.

4.9.3 Entering-circulating accidents

At 4-arm roundaboutsin the UK, Maycock and Hall (1984) found that the effect of entry path curvature
on entering-circulating accidents was considerable. Roundabouts with no deflection had accident rates
about 8.5 times those with maximum deflection, aresult that led to modern roundabout design. The same
study showed that wider entries are associated with higher risk of entering-circulating accidents. The
authors concluded that roundabouts with heavily flared entries should have substantia entry path
deflection.
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In Australia, Arndt (1991) observed that roundabouts with a high speed approach have increased risk of
entering-circulating accidents. Arndt and Troutbeck (1995) concluded that the speed of entering relative
to circulating vehicles should be limited to around 35km/h, in order to reduce entering-circulating accident
rates. They suggested using a small radius approach curve, narrowing the entry, exit and circulatory lanes,
better positioning of the entry and exit arms and increasing the central island diameter as ways of reducing
the relative speeds between entering and circulating vehicles.

49.4 Other vehicle accidents

Literature relating to ‘ other vehicle' accidents includes accidents to vehicles exiting the roundabout and
accidents involving the rollover of heavy goods vehicles (HGVs).

Exiting accidents

Arndt (1991) noted that exits with small deflection islands and a small exit radius can result in accidents
between entering and exiting vehicles. Anecdotal evidence in the UK suggeststhat large exit radii are
desirable.

Rollover accidents

There are about 50 to 60 injury accidents per year in the UK involving rollover of HGVs. Load shedding
is frequent at some grade-separated roundabouts where large changes in crossfall are combined with tight
reverse horizontal curvature on moderately steep down gradients of about 5% (Brown, 1995). Even when
thereis no persona injury, this type of incident is expensive and can cause considerable delay.

When going ahead at a roundabout, a vehicle must follow a double bend rather than the continuous arc of
acircle, which leads to load transfer and possible rollover for articulated vehicles. Unpublished research
by TRL has shown that a double bend with aradius of curvature less than 50m, common at roundabouts,
cannot be negotiated safely by articulated vehicles at speeds of more than 50kmvhr. Articulated vehicles
can overturn at speeds as low as 24km/hr on a curve of radius 20m (Kemp et al, 1978) and rollover is
twice aslikely asfor rigid vehicles. Vehicleswith high centres of gravity are most at risk. The TRL
research did not allow for any effects of crossfall, but the simple analysisin Section 3.3.10 suggests that
the effects are dightly worsened by outward crossfall but dightly improved by inward crossfall.

Arndt (1991) found in Australiathat large diameter elliptical roundaboutsin high speed environments with
adverse crossfall on the circulatory lanes can lead to instability for heavy goods vehicles.

Alphand et al (1991A) reported that of 202 accidents at 179 urban roundabouts in France, 11 involved an
HGV, of which onewasaloss of control accident on the circulatory carriageway. Another paper by the
same authors (Alphand et al, 1991B) suggests that roundabouts are not suitable where there are large
numbers of HGV's, stating that rollover accidents are fairly frequent on some types of roundabout.

Unpublished research by TRL suggests that problem roundabouts have 5 main characteristics:
» Long straight high speed approach
» Little deflection before give way line
* Low circulating flow past entry
» Good visibility to the right
e Significant tightening of turn radius part way round the roundabout

Thefirst four characteristics all make it easy for the driver to be deceived into approaching faster thanis
advisable and the fifth, atightening of the turn part way round, is atrap for the unwary.

Conclusion: This advice should be propagated to designers and to freight operators.
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495 Pedestrian accidents

UK studies (Maycock and Hall, 1984, Kennedy et al, 1998) show arelatively low proportion of accidents
involving a pedestrian at both urban roundabouts (4% at small island and 8% at conventiona roundabouts)
and mini-roundabouts (15%). To some extent, the low proportion at UK roundaboutsis due to:

» their location commonly being suburban rather than in the town centre
e pedestrians crossing beyond the flare may be outside the 20m limit of junction accidents

The latter does not apply to mini-roundabouts (which have at most avery short flare), however, suggesting
that other explanations apply. Both types of junction benefit from a splitter idand on the arm to assist
pedestrians crossing the road. Drivers need to slow down as they approach the junction and may therefore
be more aert than at other parts of the network. It isrecognized, particularly in the US, that roundabouts
may be harder to negotiate for people with avisual impairment than some types of junction.

Maycock and Hall did not find any design features that contributed to pedestrian accidents at roundabouts.
They did not investigate the effect of pedestrian crossings.

49.6 Accidentsinvolving two-wheelers

Accidentsto peda cyclists were not recorded separately by Maycock and Hall (1984), but alater study of
these accidents at UK roundabouts (Layfield and Maycock, 1986) based on the same data showed that the
risk for pedal cyclists and motorcyclists relative to carsis higher at roundabouts than at other junction
types. Pedal cycleswereinvolved in about 13 to 16% of accidents and motor cyclesin 30 to 40%. About
two-thirds of the 210 cycle accidents involved a cyclist on the circulatory carriageway and, in about half, a
cyclist on the circulatory carriageway was hit by an entering vehicle. Later research (e.g. Davieset dl,
1997) suggests that two-wheelers are most at risk when other traffic should give way to them.

Similarly Alphand et al (1991A) found that about half of entering-circulating accidents at 194 French
roundabouts involved a two-wheeler, mostly at entries with more than one lane, and Harper and Dunn
(2003) recorded for New Zealand roundabouts that two-wheelers were involved in 34% of al accidents
and 64% of entering-circulating accidents. Robinson (1998) found similar figuresin New South Wales
(Australia) - 39% and 48% respectively.

Layfield and Maycock (1986) developed models for pedal cyclists and motor cyclists as separate groups.
Theresults were similar to those for al vehicles, with entry path curvature and entry width again being the
dominant terms. It was concluded that there was no particular aspect of geometric design that applies
specifically to two-wheelers. However, as described in Section 3.4, |ater research has led to specific
cyclist provision being introduced at some roundabouts. There is no equivalent for motorcyclists.

4.10 *“Continental” roundabout design in the UK

4.10.1 Accident modelling of the effects of “ continental” design

Using ARCADY, Davies et al (1997) modelled the effects of converting six UK roundaboutsto a more
“continental” design. The key features were:

» Radid rather than tangentia entries

» Single lane entries and exits

e Minimal flare on the entries

» A centra idand diameter of 15-25m

» Aninscribed circle diameter of 25-35m

e A circulatory carriageway width of 5-7m

Although the safety benefits for pedal cyclists may not be fully reflected in the ARCADY accident
prediction model, the overall predicted safety effects were positive. The changesin geometry were

considered to result in fewer entry-circulating accidents. The study concluded that ‘there seemsto be
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scope for improving the safety for cyclists of some roundabouts by applying a*“ continental” design to

those with tota inflows below about 2,500 vehicles’hour’.

4.10.2 UK experimentswith “continental” design

Lawton et a (2003) describe four UK roundabouts which were converted to a more “ continental” design,
with tighter geometry, fewer entry and exit lanes. At one site, Toucan crossings (signal-controlled
crossings for cyclists and pedestrians) were installed and cycle strips painted just ahead of the give way
lines. There appeared to be an increase in perceived safety for cyclists, but there were not enough
recorded accidents for any conclusionsto be statistically reliable. The cycle strips appeared to deter motor
vehicles from overshooting onto the roundabout. The more radia entries were considered to make it more
likely that cyclists will bein thefield of vision of drivers. The fact that entries and circul atory
carriageway were both single lane was also considered likely to improve safety for cyclists.

5 Roundabout software

51 Specific roundabout models
There are various models specifically for roundabouts, as shown in Table 19.
Table 19: Roundabout models

Capacity | Delay | Queues | Accidents | Methodology

ARCADY UK v v v v Empirical

RODEL UK v v v v Empirica
GIRABASE | France v v v v Empirica
KREISEL Germany v v v Averages different

procedures

SIDRA Augtralia v v Gap-acceptance
HCS-3 us v v Gap-acceptance
ARNDT Australia v Empirical

The UK and German software handle flared entries. RODEL is intended to be engineering-friendly. Itis,
however, a DOS-based system, and does not include mini-roundabouts. Delay and queues at signalised
roundabouts in the UK are modelled using TRANSY T, but this software does not model accidents.

5.2 Microscopic simulation of roundabouts
The main microscopic simulation models are as follows:
* Paramics- UK
*  VISSIM — Germany
« AIMSUM - Spain
+ CORSIM -US
* Integration - US
* Simtraffic- US

Microscopic simulation models are finding increasing acceptance as a means of demonstrating the
performance and behaviour of road networks. The main reason for thisis the visualisation of the network
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and vehicles running on it. Another advantage is the ability to include different types of junction within
one model. Thusit is possible to model a complete town centre and surrounding hinterland, include all
junctions, whether they are signal controlled, priority or roundabouts. Dynamic route assignment can also
be included so that the effect of policy decisions can be assessed. Models such as CONTRAM and
SATURN can do the same job, but without the visualisation aspect.

Microscopic simulation models could be used as a means of modelling individual roundabouts and there
are obvious attractionsin doing so. However, there are some pitfalls which may not necessarily be
obvious, especidly if the resulting visualisation looks to be an accurate representation of real-life.

Table 20 considers the issues when comparing micro-simulation models with the empirical model as used
by ARCADY.

The underlying means of defining capacity within microscopic simulation modelsis the use of ‘ gap-
acceptance’. So at agive way entry to aroundabout, a vehicle waiting to enter the circulating section will
do so oncethere is a gap of apre-defined or pre-specified tempora size. Normally, the gap is not
specified directly; rather it is deduced from other parameters that define vehicle behaviour. Such
parameters vary considerably as to how precise they might be and asto how easy they are to validate or
measure, and there are a number of them. For example, ‘ aggressiveness' is one variable that can be
adjusted, but isimpossible to measure. Nevertheless, by adjusting afew key parameters, micro-simulation
models can be calibrated to reflect the capacity of a particular situation with acceptable accuracy. Thisis
anecessarily manual iterative procedure and requires the collection of a significant amount of datawith
which to establish the on-street capacity that is being duplicated in the model.

Micro-simulation models have two further fundamenta aspects to their method of modelling: Firstly,
vehicles are modelled on tracks; and secondly, a car-following model isemployed. The use of tracks
limits the scope of geometry that can be taken into account. For example it is not possible to take direct
account for the behaviour of vehicles when alaneiswidened. The car following model attempts to
tranglate driver behavioural parametersinto a distance between following vehicles. Car-following models
are very sophisticated and there has been plenty of research into driver behaviour that is helping to
produce better ones. However, it isfair to say that even the most sophisticated of human models are likely
to be avast smplification of real life, and will remain so for a significant period yet.

In contrast to micro-simulation models, users of ARCADY have to feed known geometric parameters into
the model, from which capacity is estimated. The geometric parameters are straightforward to measure
and are exact (even if measuring them may not be).

All of which leadsto the principal drawback with micro-simulation models: that isthe difficulty of
estimating the capacity of aroundabout under a change of circumstances — and a change means any
change, including flows. The reason for thisisthat in validating a model to replicate a known capacity by
adjusting a set of un-measurable parameters, those parameters are highly unlikely to be suitable when
there is achange in circumstances to consider.

Toillustrate just one situation that is relevant to roundabouts, consider an entry that has asingle, fairly
narrow lane catering for all movements (i.e. left, straight and right) feeding a roundabout with two
circulating lanes. These vehicleswill have to queue one behind another |eaving the normal 1 to 2 metres
between them. Suppose this entry is how widened, or flared; not enough to make two separate lanes, but
to, say, 1%21anes. Vehicleswill still not be able to queue side-by-side, but will be able to anticipate the
lane they are about enter so that queuing becomes ‘ staggered’. This means that the staggered vehicles are
likely to follow each other more closely, making entry to the roundabout more efficient. Capacity will
increase in this scenario (and the data behind the empirical relationships prove thisto be so). The use of
ARCADY will give adifferent estimate for the two lane-widths and should at least accurately reflect the
difference between the two (and hopefully the absolute value of capacity aswell). Micro-simulations
would not lend themselves to the analysis of such a change —they could be altered to reflect the increase
in capacity, but they could not be altered so that the increase in capacity can be cal cul ated.

Calibration and validation of a microscopic simulation model of aroundabout is not necessarily an easy
task. Furthermore, providing and reviewing evidence about the standard of calibration of a particular
model can be asubstantial task initself. Most in the industry appreciate this and it seems likely that the
required effort is applied. However, the actual standard of accuracy achieved is unclear.
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When calibrating an ARCADY moddl, it is advisable to measure the capacity of each entry directly by
coincidental measurement of the circulating and entry flows under congested conditions. Thisallowsa
site-specific correction factor to be calculated. It isthought, however, that even thisis not often carried
out. Instead, judging from the enquiries TRL receives on the technica application of ARCADY, many
choose to calibrate their models against queue lengths, often from asingle day’ sdata. Thisis not
acceptable because queue lengths can be highly variable even under very similar circumstances.

In conclusion, the main choice as to how to model priority control roundabouts for usersin the UK is
between ARCADY (or RODEL, which uses the same capacity relationships as ARCADY) and the various
microscopic simulation models. The authors have strived to remain impartial in writing this, even though
TRL are the vendors of ARCADY and were responsible for the research that led to the empirical
relationships used within it. However, the way in which the two types of model operate is fundamentally
different. ARCADY'’sempirical approach firstly established the geometric link with capacity, and
secondly allows the capacity to be estimated from known geometric parameters. Thus the method has
been established and accepted as accurate over nearly 20 years. Infact, in the United States, RODEL is
becoming the application of choice in a number of states despite being an outdated DOS program and
having widely promoted competition from SIDRA (which uses gap-acceptance modelling techniques).
Microscopic simulations, on the other hand, whilst ideally suited to some traffic modelling tasks, and to
the visualisation of the road network, still have limitations when it comes to modelling priority
roundabouts, especialy when there is a need to consider aternative or yet-to-exist scenarios.
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6 Summary and recommendations

6.1 Summary

Compared with the UK standard, the roundabout designsin the guidelines in Germany, France and the
Netherlands are notably smaller and have atighter geometry which leads to lower circulating speeds.

This generally smaller design is reflected in the fact that in those countries, roundabouts are mainly
used for reasons of road safety. Other differences that also reflect this different approach are that
design features that are used to increase capacity on UK roundabouts (flared entries, segregated | ft
turns and tangential entries) are not recommended in Germany, France and the Netherlands, because
they tend to lead to higher circulating speeds.

Single lane roundabouts are generally preferred over double lane roundabouts on safety grounds (the
French guidelines do not even provide recommendations for urban double |ane roundabouts and the

German guidelines on urban double lane roundabouts are considerably |ess detailed and prescriptive
than the single lane ones).

Australian guidelines appear to be more comparable with the UK standard, probably because of the
greater emphasis given to capacity than in continental Europe.

The American guidelines provide arange of different types of roundabouts, in which the higher-
capacity types (for use on arterials) are more comparable with the UK and Australian design standards
and the compact type (for use on local urban roads) shows more similarity to the German, French and
Dutch designs.

The amount of information traced on Swedish, Danish and Norwegian guidelines was relatively
limited, but showed designs that are generally larger than those in Germany, France and the
Netherlands.

Detailed information on the design of cyclist provision is given in German, French and Dutch
guidelines. A more limited description of cycle provision is given in the Danish, Australian, UK and
American guidelines.

A notable difference isthat none of the overseas guidelines studied recommend inward crossfall on
roundabouts. Except for mini-roundabouts, inward crossfall is recommended for UK roundabouts on
all or part of the circulatory carriageway.

6.2 Conclusions
The conclusions were as follows;

. Theinscribed circle diameter should not be unnecessarily large. In particular, if the roundabout
is at-grade, the inscribed circle at diameter should not exceed 100m.

. A truck apron (overrun areai.e. raised low-profile areas around a centra island) should
continue to be used at small roundabouts if there is sufficient land-take to use a solid island
roundabout rather than a mini-roundabout. The edge profile of atruck apronin TD 16/93is
allowed to be up to 50mm. In order to be consistent with the Traffic Calming Regulations, the
vertical face should not exceed 15mm. The apron should be capable of being mounted by the
trailer of alarge goods vehicle, but be unattractive to cars e.g. by having a slope and/or textured

surface.

. Outward crossfall should be permitted on smaller roundabouts in urban areas.

. Lane widths at entry should remain at 3m to 3.5m at multilane entries, but at single lane entries,
the width should be 4.5m.
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. Adding an extralane at roundabout entries should require justification rather than being
automatic. The recommended effective flare lengths of 5m (urban) and 25m (rural) should

remain.

. Suitable values for the entry (kerb) radius are 20m at larger roundabouts, 10-15m at smaller
roundabouts.

. Suitable values for the exit (kerb) radius are 20-100m at larger roundabouts, 15-20m at smaller
roundabouts.

. Suitable values for the entry angle are 20 to 60 degrees, particularly at smaller roundabouts.

. Flaring should continue to be used in preference to a segregated | eft turn lane as this requires
less land take and is safer for non-motorised road users.

. The entry path radius on any approach should not exceed 100m. It should not exceed 70m at
small urban roundabouts.

Cycle lanes should not be used on the circulatory carriageway. Cyclists should mix with traffic at
urban roundabouts with low flow. Externa cycle paths are the best facility at larger urban
roundabouts.

Where vehicle flow islow, an informal crossing (a dropped kerb) is generally adequate for
pedestrians. At medium flows, where thereis a substantial pedestrian demand, aformal crossing
should be provided close to the roundabout (but upstream of any flaring). Where asignal controlled
pedestrian or cycle crossing is provided, it should be either at 20m or at least 50m from the give way
lineto avoid confusion with the roundabout itself and to minimize queueing back onto the circul atory
carriageway.

On dual carriageway roads, or single carriageway roads with along splitter island, visibility to the
right may be limited by use of planting or other screening (at least 2m high) until vehicles are within
15m of the give way line, to reduce excessive entry speeds.

The possihility of rollover of large vehicles should be minimized by keeping approach speeds low and
ensuring that roundabouts have no abrupt changes in geometry.

6.3 Recommendations

Thereis scope for introducing in the UK Standard a new “compact” roundabout with single lane
entries, exits and circulatory carriageway, with minimal flaring (see Figure 41). This style of
roundabout would be most appropriate on low flow, local roads, where there were substantial
numbers of pedestrians and cyclists. In urban areas, the design would incorporate tighter geometry
and outward crossfall, in order to slow traffic; it would be suitable for regular pedestrian and cyclist
use. This compact roundabout would form part of adesign hierarchy (see Section 7) to depend on
road type, whether the speed limits on the approach roads exceed 40mph and on the levels of vehicle
and non-motorised user flow. If required, pedestrian provision would comprise Zebra crossings at 5m
from the give way line. No specia provision for cyclists would be necessary.
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Apron may be required

Entries are more
perpendicular to
promote lower speeds

Figure 41. Possible layout for compact roundabout

7 Design hierarchy

Thetypes of roundabout are Signalised, Grade Separated, Dual Carriageway (one or more approaches
isdual carriageway), Normal (all approaches are single carriageway and design broadly follows TD
16/93), Compact ("continental style", with single lane entry, exit and circulatory carriageway) and
Mini-roundabout.

The various factors for the design hierarchy are asfollows:
*  Speed limit within 200m of give way line (>40mph, <40mph)
» Single or dual-carriageway
* Leve of vehicleflow
* Level of cyclist flow
* Level of pedestrian flow

At aroundabout with one or more dual carriageway arms, or a busy single carriageway roundabout,
the design should be similar to that in TD 16/93. If there is a non-motorised user need, it should be
catered for by use of asignal controlled crossing (Puffin, Toucan or Equestrian as appropriate). In
circumstances where there is a heed for asignal controlled crossing on more than one arm, a
signalised roundabout may be preferable.

At asingle carriageway roundabout with medium flow, the design will again be similar to that in TD
16/93. If warranted, either asignal controlled or a Zebra crossing should be used, depending on the
speed limit and the level of flow.

Where total inflow is below 8,000 vehicles per day, cycle facilities are not necessary, but on some
occasions, a pedestrian crossing (a Zebra or possibly asignal controlled crossing) should be provided.

Acknowledgements

The work described in this report was carried out in the Safety Group of TRL Limited. The author is
grateful to lan Summersgill who carried out the quality review and auditing of this report.

TRL Limited 57 PPR206



Published Project Report Version: 1

Thanks are due to Ton Hummel who undertook the international comparison of guidelines,
particularly for his fluency in Dutch and German. Also to Mark Crabtree, who wrote the section on
simulation software.

References

ALPHAND F, NOELLE U and B GUICHET (1991A). Roundabouts and Road Safety; State of the
Artin France. Intersectionswithout Traffic Signals|l. Proceedings of an International Workshop 18-
19 July 1991 in Bochum, Germany, pp107-125.

ALPHAND F, NOELLE U and B GUICHET (1991B). Roundabouts and Road Safety; State of the
Artin France. Intersections without Traffic Signals|1l. Proceedings of an International Workshop 18-
19 July 1991 in Bochum, Germany, pp126-140.

ARNDT OK (1991). Roundabout Safety Study: Effect of Geometry on Accident Rate. Queendand
Department of Transport, Transport Technology Division. Report DSBOL.

ARNDT O K and TROUTBECK R J (1995). Relationship between roundabout geometry and
accident rates. International Symposium on Highway Geometric Design Practices. Boston,
Massachusetts, 30 Aug-1 Sept 1995. Transportation Research Circular. Transportation Research
Board, Washington, D.C.

ATKINS ODLIN (2003). Low Impact Lighting Trials A616 Flouch Roundabout. Unpublished report
to the Highways Agency.

AUSTROADS (1993). Guideto Traffic Engineering Practice; Part 6 — Roundabouts. Sydney.

BARED J G, PROSSER W and C TAN ESSE (1997). State-of-the-Art Design of Roundaboults.
Transportation Research Record 1579. Washington DC. pp 1-10.

BINNING J C (2004). ARCADY 6 User Guide. Application Guide AG 49. Crowthorne: TRL
Limited.

BOTMA H (1997). State of the art of roundabouts in the Netherlands. Proceedings of the 3rd
International Symposium on Intersections without Traffic Signals. Portland, Oregon pp55-60.
BRILON W (1996). Sicherheit von Kreisverkehrsplatzen.

BRILON W and B STUWE (1991). Roundabouts in Germany: Recent results regarding capacity and
safety. Actes du Seminaire “ Giratoires 92". Centre d’ Etudes des Transports Urbains (CERTU).
Nantes. pp 41-52.

BROWN M (1995). The Design of Roundabouts. TRL State-of-the-art review. HM SO, London.

BRUDE U and JLARSSON (1996). The safety of cyclists at roundabouts: A comparison between
Swedish, Danish and Dutch results. VTI-meddelande 810A. VTI. Linkoping.

BRUDE U and JLARSSON (1999). Roundabouts from atraffic safety point of view. VTI-
meddelande 864. VTI. Linkoping.

CENTRE D’ETUDES TECHNIQUES DE L’EQUIPMENT DE L’ OUEST (1986). Evolutiondela
Securite Sur Les Carrefours Giratoires. Nantes, France.

CERTU (1997). Guide lesmini-giratoires. Textes et recommendations. Centre d' Etudes des
Transports Urbains (CERTU). Lyon. (“Guidelines for mini-roundabouts; Text and
recommendations”).

CERTU (1999). Guide carrefoursurbains. Centre d’ Etudes des Transports Urbains (CERTU). Lyon.
COATHAM D (2002). LEDs guidetheway. Lighting Journal Nov/Dec 2002.

CROW (1996). ASVV-1996: Aanbevelingen voor verkeersvoorzieningen binnen de bebouwde kom.
CROW publ. 110. Ede. (“Recommendations for traffic provisionsin built-up areas’).

TRL Limited 58 PPR206



Published Project Report Version: 1

CROW (1998). Eenheid inrotondes. CROW publ. No. 126. Ede. (“Uniform design of
roundabouts”).

CROW (2002). Fietsoversteken op rotondes. CROW publ. No. 126a. Ede. (“Bicycle crossings on
roundabouts’).

DAVIESD G,M CTAYLOR, TJRYLEY and M EHALLIDAY (1997). Cyclists at roundabouts —
the effects of “ Continental” design on predicted safety and capacity. TRL Report TRL285.
Crowthorne: TRL Limited.

DMRB Volume 6, Section 2, Part 3. TD 16/93. The geometric design of roundabouts. The
Stationery Office, London.

DMRB Volume 6, Section 2, Part 3. TA 78/97. Design of road markings at roundabouts. The
Stationery Office, London.

DMRB Volume 6, Section 3, Part 5. TD 51/03. Segregated left turn lanes and subsidiary deflection
islands at roundabouts. The Stationery Office, London.

DMRB Volume 6, Section 2, Part 3. TD 50/99. The Geometric Layout of Signal-Controlled
Junctions and Signalised Roundabouts. The Stationery Office, London.)

FEDERAL HIGHWAY ADMINISTRATION (2000). Roundabouts: an Informational Guide.
McLean, Virginia.

FORSCHUNGSGESEL L SCHAFT FUR STRASSEN- UND VERKHERSWESEN (1993).
Empfehlungen fir die Anlage von Hauptverkehrsstrassen; EAHV 93. Arbeitsgruppe Strassenentwurf.
Kéln. (“Recommendations for the construction of mgjor roads”).

FORSCHUNGSGESEL L SCHAFT FUR STRASSEN- UND VERKHERSWESEN (1998). Merkblatt
fur die Anlage von kleinen Kreisverkehrspléatzen. Koln. (“Advice on the construction of small
roundabouts”).

FORSCHUNGSGESEL L SCHAFT FUR STRASSEN- UND VERKHERSWESEN (2004). Merkblatt
fr die Anlage von Kreisverkehrsplatzen. Koln. (“ Advice on the construction of roundabouts’).
Draft.

GIAEVERT (1992). Application, design and safety on roundaboutsin Norway. Actesdu Seminaire
“Giratoires 92". Centre d’ Etudes des Transports Urbains (CERTU). Nantes. pp 83-92.

GUICHET B (1993). Classification of accidents on urban roundabouts. Actes du Seminaire
“Giratoires 92". Nantes, France.

GUICHET B (1997). Roundaboutsin France: development, safety, design and capacity. Proceedings
of the 3rd International Symposium on Intersections without Traffic Signals. Portland, Oregon. pp
100-105.

HALLER W, LANGE J, ALRUTZ D and J STELLMACHER-HEIN (2000). Fussganger- und
Radverkehrsfiihrung an Kreisverkehrsplatzen. Forschung Strassenbau und Strassenverkehrstechnik.
Heft 793, 2000. Bonn. (“Provision for pedestrians and cyclists on roundabouts”).

HARPER R S (1985). Pelican crossings design and siting for safety. PTRC. Proceedings of Seminar
M of the 13th PTRC Transport, Highways and Planning Summer Annual Meeting. PTRC Education
and Research Services Ltd, London.

HARPER N Jand R C M DUNN (2003). Accident prediction at urban roundaboutsin New Zealand —
someinitial results. 26™ Australasian Transport Research Forum, Wellington New Zealand. 1-3
October 2003.

HAUER E (1997). Observational before-after studiesin road safety. Elsevier Science Inc, New
York, U.SA.

HUNT Jand JA JABBAR (1995). The effect of Pelican crossings on roundabout entry capacity.
TEC v42 n10 p33-6.

TRL Limited 59 PPR206



Published Project Report Version: 1

HERLAND L and G HELMERS (2002). Cirkulationsplatser — utformning och function. Svenska och
utlandska rekommendationer och utformningsregler jamte analys och kommentarer. VTI Meddelande
895. Linkoping. (“Roundabouts—design and function. Swedish and foreign recommendations and
design rules with analyses and comments”).

JACOBY R G and N E POLLARD (1995). Thelighting of rural roundabouts. The Lighting Journal.

KENNEDY JV, HALL RD and SR BARNARD (1998). Accidents at urban mini-roundabouts.
TRL Report TRL 281. Transport Research Laboratory, Crowthorne.

KIMBER R M (1981). The traffic capacity of roundabouts. TRRL Laboratory Report LR 942.
Crowthorne: TRL Limited.

KJEMTRUPK (1992). Danish Guidelines for roundaboutsin Urban Areas. Actes du Seminaire
“Giratoires 92". Centre d' Etudes des Transports Urbains (CERTU). Nantes. pp 105-113.

LAWTON B J, WEBB P J, WALL G T and D G DAVIES (2003). Cyclistsat “continental” style
roundabouts: report on four trial sites. TRL Report TRL584. Crowthorne: TRL Limited.

LAYFIELD R and G MAYCOCK (1986). Pedal cyclists at roundabouts. TEC 27(6). pp 343-9.

MAYCOCK Gand RD HALL (1984). Accidentsat 4-arm roundabouts. TRRL Laboratory Report
LR 1120. Transport Research Laboratory, Crowthorne.

MIDDLETON M (2004). Personal communication.

MINNEN JVAN and L BRAIMAISTER (1994). De voorrangsregeling voor fietsers op rotondes met
fietspaden; Een studie naar de meest geschikte voorrangsregelingen voor rotondes met specifieke
aandacht voor de fietser op vrijliggende fietspaden. SWQOV -report R-94-73, SWOV, Le dschendam.

MINNEN JVAN (1998). Rotondes en voorrangsregelingen 1. Uniformering voorrangsregelingen op
oudere pleinen, veiligheid fietsvoorzieningen en tweestrooks rotondes. SWOV -report R-98-12.
SWOV, Leidschendam.

MVA (2004). Roundabouts— Crossfall and Cycle Safety. Draft report to the Highways Agency.
SLVR Framework Contract. MVA.

NCHRP Synthesis 264 (1998). Modern roundabout practice in the United States. Transportation
Research Board, Washington, D. C.

QUEENSLAND ROAD PLANNING and DESIGN MANUAL (2002). Chapter 14. Roundaboults.
Main Roads Department, Queensland, Australia.

RAINBIRD R (2003). Private communication.

RASANEN M and SUMMALA (2000). Car drivers adjustmentsto cyclists at roundabouts.
Transportation Human Factors, 2(1), 1-17.

ROBINSON D L (1998). Accidents at roundaboutsin New South Wales. Road and Transport
Research, Vol 7, No. 1.

SAFETY AUDITORS PERSPECTIVE (2000). Theinsand outs of roundabouts. Transfund, New
Zealand

SCHNULL R and SGOLTERMANN (2000). Einsatzkriterien fiir grosse Kreisverkehrsplétze mit
und ohne Lichtsignalanlage an klassifizierten Strassen. Forschung Strassenbau und
Strassenverkehrstechnik; Heft 788. Bonn. (“Criteriafor the use of large roundabouts with and
without traffic signals on classified roads’).

SEIM K (1991). Use, design and safety of small roundaboutsin Norway. Brilon W (eds):
Intersections without Traffic Signals1l. Proceedings of an International Workshop 18-19 July, 1991
in Bochum, Germany. pp 270-281.

SETRA (1998). Design guide for interurban junctions on major roads. Paris.

TRL Limited 60 PPR206



Published Project Report Version: 1

SCHOON C and VAN MINNEN J (1994). The safety of roundaboutsin the Netherlands. Traffic
Engineering and Control 35(3), 142-48.

SPACEK P (2004). The basis of the Swiss design standard for roundabouts. TRB 2004 Annua
Meeting.

THOMPSON SJ, LLOYD B and GALLEAR D (1990). Pelican crossing at roundabouts. Traffic
Engineering and Control 31(2), 76-77.

WADHWA L (2003). Roundabouts and pedestrians with visual disabilities; How can we make them
safer? TRB 82™ annual meeting, January 2003. Transportation Research Board. Washington, D. C.

WEIJERMARSW A M (2001). Voorrang aan veiligheid op rotondes: een onderzoek naar de
veiligheid van verschillende voorrangsregelingen voor fietsers op rotondes met vrijliggende
fietspaden. Universiteit Twente.

WORTHINGTON J C (1992). Roundabout design: A comparison of practice in the UK and France.
Proceedings of Seminar H of the 20th PTRC Transport, Highways and Planning Summer Annual
Meeting. Volume p360 PTRC Education and Research Services Ltd, London.

TRL Limited 61 PPR206



Published Project Report Version: 1

TRL Limited 62 PPR206



Published Project Report Version: 1

Appendix A. International design guidelines (Spring 2004)

A.1 France

Guidelines for mini- and urban roundabouts are given in CERTU (1997 and 1999) respectively,
summarised by Guichet (1997). Mini-roundabouts are recommended only for minor roads. Urban
doubl e lane roundabouts are not recommended for safety reasons. SETRA (1998) gives guidelines for
roundabouts in rural aress.

There are no recommendations for provision for cyclists or pedestrians at rural roundabouts. In urban
areas, the following types of cycle provision are mentioned in the guidelines:

Mixed use

» Recommended if outside diameter is smaller than 44m. The speed of cars should be
comparableto that of cyclists

» If acyclelaneis present on the approach, it should be ended 15m before the give way line

Cyclelane

* Recommended if outside diameter is larger than 44m. Width of cyclelane 1.5 —2.0m,
separated from carriageway with adotted line.

Cycle path
e Crossings combined with pedestrian crossings. Cyclists must give way to other vehicles on
the approaches
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Urban mini-roundaboutsin France

The French guidelines recommend mini-roundabouts only for secondary roads in urban areas and only

with 3 or 4 arms,

Design elements

Dimensions

Mini roundabout

GENERAL

M aximum entering lanes per approach

1

Recommended maximum entry design speed

M aximum speed limit 50 or 30 km/h

Recommended design speed on roundabout

Entriesradial or tangential Radial
Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter 15-24m
Circulatory carriageway width 6-9.50m
Crossfall Outward 1.5-2.5%
CENTRAL ISLAND

Truck apron present No

Material truck apron -

Central island diameter (including truck apron) 3-5m
Truck apron width -

Height of central island 0.10-0.15m
Landscaping -

Visibility requirements

Island needs to be perfect circle

APPROACHES/EXITS

Entry width (no. of lanes) 250-3.50m
Exit width (no. of lanes) 2.75-350m
Entry radius

Exit radius

Speed reduction on approach

Entry flare permitted? Not relevant
Length of entry flare Not relevant
Right turn bypass permitted? Not relevant
CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

DEFLECTION ISLAND

Deflection island present Yes

Length of deflection island

Width of deflection island 0.85—2.00m

ROAD MARKINGS

Markings on roundabout

Marking on approach

Markings on yield line

Yield markings (continuous or dotted line)

LIGHTING

Lighting recommendations on roundabout

Lighting recommendations on approaches
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Urban single laneroundaboutsin France

Design elements Dimensions
GENERAL
Maximum entering lanes per approach 1

Recommended maximum entry design speed

Maximum speed limit 50 km/h

Recommended design speed on roundabout

Entriesradial or tangential Radial
Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter >30m
Circulatory carriageway width 7-8m

Crossfall

Outward 1.5 —2.5%

CENTRAL ISLAND

Truck apron present

Yes

Material truck apron

Rough material

Central island diameter (including truck apron)

> 12misland + 4m truck apron (total > 16m)

Truck apron width

1.5-2.0 m (4% crossfall)

Height of central island

Landscaping

Visibility requirements

Entering drivers should only be able to see first (left) quarter of
roundabout from 15m before entry-point.

Island needs to be perfect circle

Yes

APPROACHESEXITS

Entry width (no. of lanes)

3.5-4.0 m (3.0m allowed for very narrow streets)

Exit width (no. of lanes)

4.0-45m

Entry radius 10-15m
Exit radius 15-20m
Speed reduction on approach No

Entry flare permitted? Not relevant
Length of entry flare Not relevant
Right turn bypass permitted? No
CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway 2-5m
DEFLECTION ISLAND

Deflection island present Yes

Length of deflection island

Width of deflectionisland 08-2m
ROAD MARKINGS

Markings on roundabout No

Marking on approach

Markings on yield line

Block markings

LIGHTING

Lighting recommendations on roundabout

Y es; lighting poles around circ. carriageway

Lighting recommendations on approaches
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Rural single laneroundaboutsin France

Design elements Dimensions

GENERAL

Maximum entering lanes per approach 1

Recommended maximum entry design speed Maximum speed limit 50 km/h
Recommended design speed on roundabout <50 km/h

Entriesradial or tangential Radial

Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter

> 30 m (on secondary network, 24 — 30 m is acceptable)

Circulatory carriageway width

7-8m

Crossfall

Outward 1.5—-2.0 %

CENTRAL ISLAND

Truck apron present

Yes

Material truck apron

Rough material

Central island diameter (including truck apron)

> 12 misland + 4 m truck apron (tot. >16 m)

Truck apron width

3.50 m (4% crossfall)
1.5—2.0 m for small inscribed circle diameters)

Height of central island

“Island needs to have volume’; No hard obstacles.
Obstacles at least 2 m from edge of island.

Landscaping

Visibility requirements

Entering drivers should only be able to see first (left) quarter of
roundabout from 15 m before entry-point.

Island needs to be perfect circle Yes
APPROACHES/EXITS

Entry width (no. of lanes) 4.0m

Exit width (no. of lanes) 4.0-5.0m
Entry radius 10-15m
Exit radius 15-30m
Speed reduction on approach No

Entry flare permitted? Not relevant
Length of entry flare Not relevant
Right turn bypass permitted? Preferably not
CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

DEFLECTION ISLAND

Deflection island present Yes

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout No

Marking on approach

Markings on yield line

Block markings

LIGHTING

Lighting recommendations on roundabout

Not necessary (only if immediate proximity islit).

Lighting recommendations on approaches
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Rural doublelaneroundaboutsin France

Design elements Dimensions
GENERAL

Maximum entering lanes per approach 2
Recommended maximum entry design speed

Recommended design speed on roundabout <50 km/h
Entriesradial or tangential Radial
Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter 50m
Circulatory carriageway width 85-10.0m

Crossfall Outward 1.5-2.0 %
CENTRAL ISLAND

Truck apron present No

Material truck apron

Central island diameter (including truck apron) >30.0m

Truck apron width

Height of central island

“Island needs to have volume’; No hard obstacles.
Obstacles at least 2 m from edge of island.

Landscaping

Visibility requirements

Entering drivers should only be able to seefirst (left) quarter of
roundabout from 15 m before entry-point.

Island needs to be perfect circle Yes
APPROACHES/EXITS

Entry width (no. of lanes) 6—-7m(2)
Exit width (no. of lanes) 7m(2)
Entry radius 10-15m
Exit radius 15-20m
Speed reduction on approach No

Entry flare permitted? No

Length of entry flare

Right turn bypass permitted? Preferably not
CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

DEFLECTION ISLAND

Deflection island present Yes
Length of deflection island

Width of deflectionisand

ROAD MARKINGS

Markings on roundabout No

Marking on approach

Markings on yield line

Block markings

LIGHTING

Lighting recommendations on roundabout

Not necessary (only if immediate proximity islit.

Lighting recommendations on approaches
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A.2 Germany

The German guidelines (Schniill and Goltermann, 2000, Forschungsgesellschaft fir Strassen- und
Verkherswesen, 1993, 1998 and 2004) provide separate recommendations for urban and rural designs
for single lane roundabouts, but not for double lane roundabouts. In general, the guidelines for double
lane roundabouts (Forschungsgesell schaft fir Strassen- und Verkherswesen, 1993) are far less
extensive than those for single lane roundabouts. Although the guidelines focus mainly on urban
design, they also apply to rural situations.

The most recent guidelines (Forschungsgesellschaft fur Strassen- und V erkherswesen, 2004) include
the design of mini-roundabouts. In addition, they describe 3 methods of increasing capacity at single
lane roundabouts:

1. Segregated right turn lane
2. Wide (2 lanes, but no markings) circulatory carriageway
3. Two-lane entries where necessary
These are intended to be applied in order.
The following facilities for pedal cycles on roundabouts are described in Haller et al (2000):

Mix with traffic
e Traffic volume on roundabout lower than 15,000 motor vehicles/day

e Circulatory carriageway must be narrow, to ensure cars do not overtake pedal cyclists on the
roundabout (pedal cyclesin between other vehicles; not parallel)

» Additional importance of speed reducing design

Cycle lane on roundabout:

* Not recommended because of its poor safety record.

Cycle path without priority for pedal cycles:

e Only recommended in rural areas; in urban areas, priority should preferably be givento
cyclists

» Crossing at 4m from outside edge of circulatory carriageway
» Deflectionidand on arms length 2.50m
o “Streaming” areafor cyclists (where cycle lane joins cycle path) before crossing >2m long

» Approach to crossing (for pedal cycles) at a sharp angle, to emphasise priority situation

Cycle path with priority for pedal cycles:
* Recommended in urban areas
e Crossing at 2 —4m from outside edge of circulatory carriageway

»  Cycle path around roundabout follows shape of roundabout (ring-shaped) to emphasise
priority situation.

Bath options with cycle paths can be used for single lane and double lane roundabouts.

Note that in the German guidelines, the circulatory carriageway width includes the width of the truck
apron. The valuesin the tables have been adjusted for ease of comparison with other countries.
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Urban mini-roundaboutsin Germany

Design elements Dimensions
GENERAL
M aximum entering lanes per approach 1

Recommended maximum entry design speed

Recommended design speed on roundabout

Entriesradial or tangential Radial

Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter 13-24m
Circulatory carriageway width 50-45m
Crossfall Outward 2.5%

CENTRAL ISLAND

Truck apron present

Material truck apron

Central island diameter (including truck apron)

Truck apron width

Height of central island 12cm
Landscaping No

Visibility requirements .

Island needs to be perfect circle? Yes
APPROACHES/EXITS

Entry width (no. of lanes) 3.25-3.50m (1)
Exit width (no. of lanes) 350-3.75m (1)
Entry radius 10-12m

Exit radius 12-14m

Speed reduction on approach

Entry flare permitted?

Length of entry flare

Right turn bypass permitted?

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

DEFLECTION ISLAND

Deflection island present Yes

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

Marking on approach No

Markings on yield line Broken line on entry and exit

LIGHTING

Lighting recommendations on roundabout When approaches are lit, lighting columns around roundabout. Position

on deflection islands, between arms, or at crossing facilities

Lighting recommendations on approaches

Cyclists mix with traffic at mini-roundabouts.
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Urban singlelaneroundaboutsin Germany

Design elements Dimensions
GENERAL

M aximum entering lanes per approach 1

Recommended maximum entry design speed

Recommended design speed on roundabout 20 —40 km/h
Entriesradial or tangential Radial
Overturning of large goods vehicles

Design vehicle Largest expected vehicle
CENTRAL PART

Inscribed circle diameter 26—-45m
Circulatory carriageway width 6.5-10m
Crossfall Outward 2.5%
CENTRAL ISLAND

Truck apron present Yes

Material truck gpron Textured surface
Central island diameter (including truck apron) 14.6-25.7m
Truck apron width 230-1.85m
Height of central island

Landscaping

Visibility requirements On approach forward vision should be obstructed.
Island needs to be perfect circle? Yes
APPROACHES/EXITS

Entry width (no. of lanes) 3.25-3.50m (1)
Exit width (no. of lanes) 350-3.75m (1)
Entry radius 10-12m

Exit radius 12-14m

Speed reduction on approach

Entry flare permitted?

Length of entry flare

Right turn bypass permitted? Permitted
CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

DEFLECTION ISLAND

Deflection island present Yes

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

Marking on approach No

Markings on yield line

Broken line on entry and exit

LIGHTING

Lighting recommendations on roundabout

When approaches are lit, lighting columns around roundabout. Position
on deflection islands, between arms, or at crossing facilities

Lighting recommendations on approaches

If traffic volumes are less than 15,000 vehicles per day, cyclists mix with traffic on the roundabout.

If traffic volumes are higher than this, cycle facilities should be separate cycle paths at 4-5m from the give way

line.
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Urban double laneroundaboutsin Germany

Design elements Dimensions
GENERAL

Maximum entering lanes per approach 2
Recommended maximum entry design speed Not specified
Recommended design speed on roundabout Not specified
Entriesradial or tangential Radia
Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter >40m
Circulatory carriageway width Not specified
Crossfall Outward 2.5%
CENTRAL ISLAND

Truck apron present No

Material truck apron

Central island diameter (including truck apron) >10m

Truck apron width

Height of central island Not specified
Landscaping Optional
Visibility requirements Not specified
Island needs to be perfect circle? Not necessarily
APPROACHES/EXITS

Entry width (no. of lanes) Not specified
Exit width (no. of lanes) Not specified
Entry radius Not specified
Exit radius Not specified
Speed reduction on approach

Entry flare permitted? Yes

Length of entry flare Not specified
Right turn bypass permitted? Not specified
CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and circulatory cway 4-5m
DEFLECTION ISLAND

Deflection island present Yes

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout Y es; lane separation markings
Marking on approach Lane markings
Markings on yield line Priority markings on entry; no markings on exit
LIGHTING

Lighting recommendations on roundabout Not specified
Lighting recommendations on approaches Not specified
Cycle facilities should be separate cycle paths.
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Rural single laneroundaboutsin Germany

Design elements

Dimensions

GENERAL

Maximum entering lanes per approach

1

Recommended maximum entry design speed

Recommended design speed on roundabout

20-40km/h

Entriesradial or tangential

Radial

Overturning of large goods vehicles

Design vehicle

Largest expected vehicle

CENTRAL PART

Inscribed circle diameter

35-45m

Circulatory carriageway width

6.50-575m

Crossfall

Outward 2.5%

CENTRAL ISLAND

Truck apron present

No

Material truck apron

Central island diameter (including truck apron)

22-3350m

Truck apron width

Height of central island

Landscaping

Visibility requirements

On approach forward vision should be obstructed.

Island needs to be perfect circle?

APPROACHESEXITS

Entry width (no. of lanes)

350—4.00m (1)

Exit width (no. of lanes)

350-4.25m (1)

Entry radius

12-14m

Exit radius

14-16m

Speed reduction on approach

Entry flare permitted?

Length of entry flare

Right turn bypass permitted?

Permitted

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

DEFLECTION ISLAND

Deflection island present

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

No

Marking on approach

Markings on yield line

Broken line on entry and exit

LIGHTING

Lighting recommendations on roundabout

Not necessary

Lighting recommendations on approaches

Not necessary

Cycle facilities should be separate cycle paths.
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Rural double laneroundaboutsin Germany

Guidelines for double lane roundabouts are far less extensive than the guidelines for guidelines for

single lane roundabouts.

No separate guidelines are given for urban and rural double lane roundabouts. Although the
guidelines mainly focus on urban design, the guidelines can be applied to rura situations.

Design elements Dimensions
GENERAL

Maximum entering lanes per approach 2
Recommended maximum entry design speed Not specified
Recommended design speed on roundabout Not specified
Entriesradial or tangential Radial
Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter >40m
Circulatory carriageway width Not specified
Crossfall Outward 2.5%
CENTRAL ISLAND

Truck apron present No

Material truck apron

Central island diameter (including truck apron) >10m
Truck apron width

Height of central island Not specified
Landscaping Optional
Visibility requirements Not specified
Island needs to be perfect circle? Not necessarily

APPROACHESEXITS

Entry width (no. of lanes) Not specified
Exit width (no. of lanes) Not specified
Entry radius Not specified
Exit radius Not specified
Speed reduction on approach

Entry flare permitted? Yes

Length of entry flare Not specified
Right turn bypass permitted? Not specified
CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway 5-6m
DEFLECTION ISLAND

Deflection island present Yes

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

Y es, lane separation markings

Marking on approach

Lane markings

Markings on yield line

Priority markings on entry; no markings on exit

LIGHTING

Lighting recommendations on roundabout Not specified

Lighting recommendations on approaches Not specified

Cyclefacilities should be separate cycle paths.
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A.3 TheNetherlands

The use of roundaboutsin the Netherlands has become increasingly popular since the 1980s, mainly
due to their good safety record. The fact that roundabouts in the Netherlands are generally regarded
as aroad safety measure has had an important effect on the design characteristics and guidelines. The
roundabouts are generally small, with tight geometry to reduce speeds.

The Dutch guidelines (CROW, 1998) describe single and double lane roundabouts for both rural and
urban situations. The larger diameters of roundaboutsin rura areas are caused not so much by higher
design speeds (both rura and urban roundabouts have comparably low design speeds), but by their
more frequent use by large vehicles.

Although double lane roundabouts are described, the guidelines recommend the use of single lane
roundabouts, because of their better safety performance. Generally, double lane roundabouts are only
used when absolutely necessary for capacity reasons.

CROW (1996) gives guidelines for the design of mini-roundabouts.

Specia attention is given in the guidelinesto provision for cyclists. All the roundabout types
described in the guidelines have some form of cyclist provision. The following types of pedal cycle
facilities are described:

Mix with traffic
*  Recommended in situations with low traffic volumes (totd inflow < 6,000 vehicles per day)
»  Width of the circulatory carriageway should be limited
To prevent cyclists being in the blind spot of drivers exiting the roundabout
To force cars and cyclists to drive behind each other (instead of next to each other)

Cycle lanes (paths)

» Inurban areas, priority for cyclist on (around) the roundabout over vehicles on the approaches
is recommended

* Inrura areas, the design without priority for cyclists on the roundabout is recommended

Although roundabouts with cycle lanes on the circulatory carriageway have been used in urban areas
in the Netherlands, they are not recommended in the guidelines (CROW, 2002). Where traffic
volumes are low, cycle lanes are not needed since mixed traffic is considered to be a better solution;
with higher volumes, the recommended solution is a separate cycle path. Cycle lanes on the
circulatory carriageway have proved to be less safe for cyclists, because:

e cyclistsareinthe blind spot of car drivers leaving the roundabout
» adding acycle lane widens the circulatory carriageway, enabling higher speeds.

If thistype of roundabout is used, the guidelines recommend providing a narrow (1m) separation
(kerb) between the cycle lane and the rest of the traffic.

The guidelines recommend the use of separate cycle paths without priority for cyclists on the
Crossings on connecting roads (i.e. cyclists have to give priority to vehicles on approaches).
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Urban mini-roundaboutsin the Netherlands

Design elements

Dimensions

Mini roundabout

GENERAL

Maximum entering lanes per approach

1

Recommended maximum entry design speed

<50 km/h

Recommended design speed on roundabout

Entriesradial or tangential

Radial

Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter

10to20m

Circulatory carriageway width

Crossfall

CENTRAL ISLAND

Truck apron present

Not relevant

Material truck apron

Not relevant

Central island diameter (including truck apron)

> Carriageway width

Truck apron width

Not relevant

Height of central island

0.10to 0.14 m no obstacles.
Central island mountable.

Landscaping

Visibility requirements

Island needs to be perfect circle

Yes

APPROACHESEXITS

Entry width (no. of lanes)

Exit width (no. of lanes)

Entry radius

Exit radius

Speed reduction on approach

Entry flare permitted?

Length of entry flare

Right turn bypass permitted?

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

DEFLECTION ISLAND

Deflection island present

No

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

Marking on approach

Markings on yield line

LIGHTING

Lighting recommendations on roundabout

Lighting recommendations on approaches
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Urban single laneroundaboutsin the Netherlands

Design elements Dimensions
GENERAL

Maximum entering lanes per approach 1
Recommended maximum entry design speed 30 km/h
Recommended design speed on roundabout 30 km/h
Entriesradial or tangential Radia
Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter 32m
Circulatory carriageway width 550 m

Crossfall

Outward; 2-2.5%

CENTRAL ISLAND

Truck apron present Yes

Material truck gpron Cobble stones
Central island diameter (including truck apron) 21m

Truck apron width 150 m

Height of central island

Minimum height 1.10 m

Landscaping

Optional, not limiting overview while driving on roundabout

Visibility requirements

On approach, central island should obstruct forward vision.
On roundabout, drivers should have overview of entire roundabout.
Height of central island of 1.10 m guarantees both requirements.

Island needs to be perfect circle? Yes
APPROACHES/EXITS
Entry width (no. of lanes) 4.00 m (1 lane)

3.50 mif nolorries present
Exit width (no. of lanes) 4.50 m (1 lane)

4.00 mif no lorries present

Entry radius No busroute: 8
Busroute: 12 m
Exit radius No busroute: 12 m
Busroute: 15 m
Speed reduction on approach

Entry flare permitted?

No

Length of entry flare

Right turn bypass permitted?

Not recommended

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

5 m Cycle crossing preferably in red asphalt and raised (0.03 m)

DEFLECTION ISLAND

Deflection island present

Yes (unless central island is smaller than recommended value)

Length of deflection island

14t015m
End of deflection island 1 m from outside circulatory carriageway
width.

Width of deflection island

ROAD MARKINGS

Markings on roundabout

No

Marking on approach

No

Markings on yield line

Priority markings on entry.
Broken line on exit.

LIGHTING

Lighting recommendations on roundabout

Lighting columns around roundaboui.

Preferably 8 columns (one on each deflection island; one between each

arm).
Level of lighting at least 1.5 times the level on connecting roads.

Lighting recommendations on approaches

See above

The guidelines recommend the use of separate cycle paths with priority for cyclists on the crossings on

connecting roads.
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Urban double laneroundaboutsin the Netherlands

Design elements Dimensions

GENERAL

Maximum entering lanes per approach 2

Recommended maximum entry design speed 40-45 km/h

Recommended design speed on roundabout 40-45 km/h

Entriesradial or tangential Radia

Overturning of large goods vehicles

Design vehicle

CENTRAL PART Different possible combinations

Inscribed circle diameter 20m 25m 29m 33.50m 38m

Circulatory carriageway width 10m 9m 9m 8.50m 8m

Crossfall Outward; | Outward; Outward; Outward; Outward;
2-2.5% 2-2.5% 2-2.5% 2-2.5% 2-2.5%

CENTRAL ISLAND

Truck apron present No No No No No

Material truck apron

Central idland diameter (including truck apron) 10m* 16m* 20m 25m 30m

Truck apron width

Height of central island 1.10m 1.10m 1.10m 1.10m 1.10m

Landscaping Not limiting overview while driving on roundabout

Visibility requirements

On approach central island should obstruct forward visibility;
On circulatory cway, drivers should have overview of roundabout.

Island needs to be perfect circle? Yes Yes Yes Yes Yes

APPROACHES/EXITS

Entry width (no. of lanes) 1 lane 4.00m 4.00m 4.00m 4.00m 4.00m

(designs with two lanes optional) 350mif | 3.50mif 350 mif 3.50mif 3.50mif
no lorries | nolorries no lorries no lorries no lorries
present present present present present

Exit width (no. of lanes) 1 lane 450m 450m 450m 450m 450m

(designs with two lanes optional, but not recommended) 4.00mif | 4.00mif 4.00 mif 4.00 mif 4.00 mif
no lorries | nolorries no lorries no lorries no lorries
present present present present present

Entry radius 12 12 12 12 12

Exit radius 15 15 15 15 15

Speed reduction on approach

Entry flare permitted? No

Length of entry flare

Right turn bypass permitted?

Not recommended

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

5m. Cycle crossing preferably in red asphalt and raised (0.03 m)

DEFLECTION ISLAND

Deflection island present

Yes

Length of deflection island

14to 15m
End of deflection island 1m from outside circulatory carriageway width

Width of deflection island

ROAD MARKINGS

Markings on roundabout

Y es; lane separation markings

Marking on approach

Lane markingsin case of dual lane design

Markings on yield line

Priority markings on entry.
Broken line on exit.

LIGHTING

Lighting recommendations on roundabout

Lighting columns around roundaboui.

Preferably 8 columns (one on each deflection island; one between each
arm).

Level of lighting at least 1.5 times the level on connecting roads.

Lighting recommendations on approaches

See above

*= higher design speed

The guidelines recommend the use of separate cycle paths with priority for cyclists on the crossings on

connecting roads.
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Rural single laneroundaboutsin the Netherlands

Design elements Dimensions
GENERAL

Maximum entering lanes per approach 1
Recommended maximum entry design speed 30-35 km/h
Recommended design speed on roundabout 30-35 km/h
Entriesradial or tangential Radia
Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter 36m
Circulatory carriageway width 525m

Crossfall

Outward; 2-2.5%

CENTRAL ISLAND

Truck apron present Yes

Material truck gpron Cobble stones
Central island diameter (including truck apron) 2550 m
Truck apron width 150 m

Height of central island

Minimum height 1.10 m

Landscaping

Optional, not limiting overview while driving on roundabout.

Visibility requirements

On approach, central island should obstruct forward vision.
On roundabout, drivers should have overview of entire roundabout.
Height of central island of 1.10 m guarantees both requirements.

Island needs to be perfect circle? Yes
APPROACHES/EXITS
Entry width (no. of lanes) 4.00 m (1 lane)

3.50 mif nolorries present
Exit width (no. of lanes) 4.50 m (1 lane)

4.00 mif no lorries present

Entry radius No busroute: 8
Busroute: 12 m
Exit radius No busroute: 12 m
Busroute: 15 m
Speed reduction on approach

Entry flare permitted?

No

Length of entry flare

Right turn bypass permitted?

Not recommended

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

10m

DEFLECTION ISLAND

Deflection island present

Yes (unless central island is smaller than recommended value)

Length of deflection island

14t015m
End of deflection island 1 m from outside circulatory carriageway
width.

Width of deflection island

ROAD MARKINGS

Markings on roundabout

No

Marking on approach

No

Markings on yield line

Priority markings on entry.
Broken line on exit.

LIGHTING

Lighting recommendations on roundabout

Lighting columns around roundaboui.

Preferably 8 columns (one on each deflection island; one between each

arm).
Level of lighting at least 1.5 times the level on connecting roads.

Lighting recommendations on approaches

See above

The guidelines recommend the use of separate cycle paths without priority for cyclists on the crossings on
connecting roads (cyclists have to give priority to vehicles on approaches).
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Rural double lane roundaboutsin the Netherlands

Design elements Dimensions

GENERAL

Maximum entering lanes per approach 2

Recommended maximum entry design speed 40-45 km/h

Recommended design speed on roundabout 40-45 km/h

Entriesradial or tangential Radia

Overturning of large goods vehicles

Design vehicle

CENTRAL PART Different possible combinations

Inscribed circle diameter 20m 25m 29m 33.50m 38m

Circulatory carriageway width 10m 9m 9m 8.50m 8m

Crossfall outward; | outward;2- | outward; 2- | outward; 2- | outward; 2-
2-2.5% 2.5% 2.5% 2.5% 2.5%

CENTRAL ISLAND

Truck apron present No No No No No

Material truck apron

Central idland diameter (including truck apron) 10m* 16m* 20m 25m 30m

Truck apron width

Height of central island 1.10m 1.10m 1.10m 1.10m 1.10m

Landscaping Not limiting overview while driving on roundabout

Visibility requirements

On approach central island should obstruct forward visibility;
On circulatory cway, drivers should have overview of roundabout.

Island needs to be perfect circle? Yes Yes Yes Yes Yes

APPROACHES/EXITS

Entry width (no. of lanes) 1 lane 4m 4m 4m 4m 4m

(designs with two lanes optional) 350mif | 3.50mif 350 mif 3.50mif 3.50mif
no lorries | nolorries no lorries no lorries no lorries
present present present present present

Exit width (no. of lanes) 1 lane 450m 450m 450m 450m 450m

(designs with two lanes optional, but not recommended) 4mifno | 4mifno 4mif no 4mifno 4mifno
lorries lorries lorries lorries lorries
present present present present present

Entry radius 12 12 12 12 12

Exit radius 15 15 15 15 15

Speed reduction on approach

Entry flare permitted? No

Length of entry flare

Right turn bypass permitted? Not recommended
CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway 10m
DEFLECTION ISLAND

Deflection island present Yes

Length of deflection island 14t015m

End of deflection island 1m from outside circulatory carriageway width

Width of deflection island

ROAD MARKINGS

Markings on roundabout

Y es; lane separation markings.

Marking on approach

Lane markingsin case of dual lane design.

Markings on yield line

Priority markings on entry
Broken line on exit.

LIGHTING

Lighting recommendations on roundabout

Lighting columns around roundaboui.
8 columns (one on each deflection island; one between each arm).
Level of lighting at least 1.5 times the level on connecting roads.

Lighting recommendations on approaches

See above.

*= higher design speed

The guidelines recommend the use of separate cycle paths without priority for cyclists on the crossings on
connecting roads (cyclists have to give priority to vehicles on approaches).
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A.4 Norway

Theinformation is based on summaries and articles on the Norwegian guidelines (Giaever, 1992,
Seim, 1991). There were no separate design recommendations for urban or rural areas, nor was there
any guidance on cyclist provision.
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Urban mini-roundaboutsin Norway

Design elements

Dimensions

GENERAL

Maximum entering lanes per approach

Recommended maximum entry design speed

Recommended design speed on roundabout

Entriesradial or tangential

Radial

Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter

<25m

Circulatory carriageway width

Crossfall

CENTRAL ISLAND

Truck apron present

Material truck apron

Central island diameter (including truck apron)

15-4m

Truck apron width

Height of central island

Landscaping

Visibility requirements

Island needs to be perfect circle

APPROACHESEXITS

Entry width (no. of lanes)

Exit width (no. of lanes)

Entry radius

Exit radius

Speed reduction on approach

Entry flare permitted?

Length of entry flare

Right turn bypass permitted?

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

10-12m

DEFLECTION ISLAND

Deflection island present

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

Marking on approach

Markings on yield line

LIGHTING

Lighting recommendations on roundabout

Lighting recommendations on approaches
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Urban and rural singlelaneroundaboutsin Norway

Design elements

Dimensions

Small

Medium

Large

GENERAL

Maximum entering lanes per approach

Recommended maximum entry design speed

Recommended design speed on roundabout

Entriesradial or tangential

Tangential

Tangential

Tangentia

Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter

26—30m

31-45m

Circulatory carriageway width

Crossfall

CENTRAL ISLAND

Truck apron present

Material truck apron

Central island diameter (including truck apron)

>5m

>10m

>25m

Truck apron width

Height of central island

Landscaping

Visibility requirements

Island needs to be perfect circle

APPROACHESEXITS

Entry width (no. of lanes)

Exit width (no. of lanes)

Entry radius

10—-100m
(typically 20 m)

10—-100m
(typically 20 m)

10-100 m (typicaly
20m)

Exit radius

20-100m
(typically 40 m)

20-100m
(typically 40 m)

20 —-100 m (typically
40m)

Speed reduction on approach

Entry flare permitted?

Length of entry flare

Right turn bypass permitted?

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway Urban: >5m Urban: >5m Urban: >5m
Rural: 10-12m Rural: 10-12m Rura: 10-12m

DEFLECTION ISLAND

Deflection island present Yes Yes Yes

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

No (unless there are
3 or more approach
lanes)

No (unless there are
3 or more approach
lanes)

No (unlessthere are 3
or more approach
lanes)

Marking on approach

Markings on yield line

LIGHTING

Lighting recommendations on roundabout

Lighting recommendations on approaches
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Urban and rural double lane roundaboutsin Norway

Design elements

Dimensions

GENERAL

Maximum entering lanes per approach

Recommended maximum entry design speed

Recommended design speed on roundabout

Entriesradial or tangential

Tangential

Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter

40—-45m

Circulatory carriageway width

Crossfall

CENTRAL ISLAND

Truck apron present

Material truck apron

Central island diameter (including truck apron)

Truck apron width

Height of central island

Landscaping

Visibility requirements

Island needs to be perfect circle

APPROACHESEXITS

Entry width (no. of lanes)

Exit width (no. of lanes)

Entry radius

10— 100 m (typically 20 m)

Exit radius

20— 100 m (typically 40 m)

Speed reduction on approach

Entry flare permitted?

Length of entry flare

Right turn bypass permitted?

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

10-12m

DEFLECTION ISLAND

Deflection island present

Yes

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

No (unless there are 3 or more approach lanes)

Marking on approach

Markings on yield line

LIGHTING

Lighting recommendations on roundabout

Lighting recommendations on approaches
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A5 Sweden

Theinformation is based on VTI research reports describing differences between Swedish design
guidelines and those in Denmark, France, the Netherlands, Norway, UK and Germany (Briude and
Larsson, 1999, Herland and Helmers, 2002).

Separate cycle paths with cycle crossings are the most common form of provision for cyclistsin
Sweden.
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Urban mini-roundaboutsin Sweden

Design elements

Dimensions

GENERAL

Maximum entering lanes per approach

Recommended maximum entry design speed

Recommended design speed on roundabout

Entriesradial or tangential

Radial entry; tangential exit

Overturning of large goods vehicles

Design vehicle

CENTRAL PART

Inscribed circle diameter

28m

Circulatory carriageway width

12m

Crossfall

CENTRAL ISLAND

Truck apron present

Material truck apron

Central island diameter (including truck apron)

Truck apron width

Height of central island

Landscaping

Visibility requirements

Island needs to be perfect circle

APPROACHESEXITS

Entry width (no. of lanes)

>350m (1)

Exit width (no. of lanes)

>350/4.50 m (1)

Entry radius

10—25 m (8 — 12 m for speed reducing entries)

Exit radius

100—200 m

Speed reduction on approach

Optional

Entry flare permitted?

Length of entry flare

Right turn bypass permitted?

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

DEFLECTION ISLAND

Deflection island present

Yes

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

Marking on approach

Markings on yield line

LIGHTING

Lighting recommendations on roundabout

Lighting recommendations on approaches
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Urban and rural roundabouts (single and double lane) in Sweden

Design elements

Dimensions

GENERAL

Maximum entering lanes per approach

Recommended maximum entry design speed

Recommended design speed on roundabout

Entriesradial or tangential

Overturning of large goods vehicles

Design vehicle

“Small” “Normal”

CENTRAL PART

Inscribed circle diameter

30.8m 36m 53 m 71m

90 m

Circulatory carriageway width

10.4m 8m 6.5m 55m

5m

Crossfall

CENTRAL ISLAND

Truck apron present

No No No No

No

Material truck apron

Central island diameter (including truck apron)

10m 20m 40m 60 m

80m

Truck apron width

Height of central island

Landscaping

Visibility requirements

Island needs to be perfect circle

APPROACHESEXITS

Entry width (no. of lanes)

3.50 m (1 lane); 7.00 m (2 lanes)

Exit width (no. of lanes)

3.50/4.50 m (1 lane); 7.00 m (2 lanes)

Entry radius 10—25 m (8 — 12 m for speed reducing entries)
Exit radius 100—-200 m
Speed reduction on approach Optional (successive curves)

Entry flare permitted?

Length of entry flare

Right turn bypass permitted?

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

DEFLECTION ISLAND

Deflection island present

Yes

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

Marking on approach

Markings on yield line

LIGHTING

Lighting recommendations on roundabout

Lighting recommendations on approaches

A.6 Denmark

Only very limited information on the design of an urban single lane roundabout in Denmark was
found (Kjemtrup, 1992). The recommended provision for cyclists was for acyclelane at least 1.70m

wide on the circulatory carriageway.

TRL Limited

86

PPR206



Published Project Report Version: 1

A.7 United States

The use of roundabouts has become popular in the US only recently. Some states have their own
design guiddines and the Federal Highway Administration has produced an informational guide on
roundabouts (FHA, 2000). The information and design recommendations are largely based on
experience elsewhere. Theinformation in this section is based on the FHA guide.

Typica peda cycle treatment in the design recommendations consists of ending the cycle lane before
the roundabout, leading cyclists onto an (extended) footway and having shared cyclist/pedestrian
crossings. Cycle lanes within the circulatory carriageway are strongly advised against, for safety
reasons.

The recommended design for mini-roundabouts, with typical traffic volumes up to 10,000 vehicles per
day, is based on the German design, with some influence from the United Kingdom.

Compact 4-arm urban roundabouts have typical flows of 15,000 vpd. Their design is based on
roundabouts in Germany and other northern European countries. Urban single lane roundabouts have
typical volumes of 20,000 vpd and their recommended design is similar to those in Australia and
France. The recommended design for urban double lane roundaboutsis based on the design used in
the UK, with influences from Australia and France, asis the design of rural roundabouts.
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Urban mini-roundaboutsin the USA

Design elements Dimensions
GENERAL

Maximum entering lanes per approach 1
Recommended maximum entry design speed 25 km/h
Recommended design speed on roundabout -
Entriesradial or tangential Radial

Overturning of large goods vehicles

Design vehicle

Single-unit truck

CENTRAL PART

Inscribed circle diameter 13mto25m

Circulatory carriageway width Calculated by vehicle path curvature
Crossfall 2% outward

CENTRAL ISLAND

Truck apron present Not relevant

Material truck apron Not relevant

Central island diameter (including truck apron)

Minimum of 4 m Diameter calculated by vehicle path curvature.

Truck apron width

Height of central island

Maximum 125 mm central island is mountable

Landscaping -

Visibility requirements -

Island needs to be perfect circle? Yes
APPROACHES/EXITS

Entry width (no. of lanes) -

Exit width (no. of lanes) -

Entry radius Calculated
Exit radius Calculated
Speed reduction on approach -

Entry flare permitted? Not relevant
Length of entry flare Not relevant
Right turn bypass permitted? Not relevant
CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway 7.50m

DEFLECTION ISLAND

Deflection island present

Yes; raised if possible. Crosswalk cut if raised.
Striped or mountable.

Length of deflection island

Minimum length 15 m

Offset 0.5-1.0 m
Width of deflection island
ROAD MARKINGS
Markings on roundabout No

Marking on approach

Markings on yield line

Yield linesjust outside of the swept path of the largest expected vehicle

LIGHTING

Lighting recommendations on roundabout

Recommended.

Illumination on outside of roundabout, preferably on nose of deflection
island.

Level of illumination should be approx. equal to sum of illumination
levels of intersecting roads.

Lighting recommendations on approaches
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Urban single laneroundaboutsin the USA

Design elements

Dimensions

Urban Compact

Urban standard

GENERAL
Maximum entering lanes per approach 1 1
Recommended maximum entry design speed 25km/h 35km/h
Recommended design speed on roundabout - -
Entriesradial or tangential Radial Radial
Overturning of large goods vehicles - -
Design vehicle Single-unit truck/bus WB-15
CENTRAL PART
Inscribed circle diameter 25mto30m 30mto40m
Circulatory carriageway width Calculated Calculated
Crossfall Outward 2% Outward 2%
CENTRAL ISLAND
Truck apron present Typicaly required. Preferably not
Material truck apron Coloured and/or textured

material
Central idland diameter (including truck apron) Calculated Calculated

Truck apron width Between 1 and 4 m
Height of central island Non-mountable central island.
Landscaping Optional; no hard obstacles Optional; no hard obstacles

directly facing entry.

directly facing entry

Visibility requirements

Stopping sight distance;
intersection sight distance.

Stopping sight distance;
intersection sight distance.

Island needs to be perfect circle?

Yes

Yes

APPROACHESEXITS

Entry width (no. of lanes)

Exit width (no. of lanes)

Calculated

Calculated

Entry radius
approx. 10to 30 m
Exit radius Calculated Calculated
not lessthan 15 m
(no large veh: 10-12m)
Speed reduction on approach - -
Entry flare permitted? Not relevant Not relevant
Length of entry flare Not relevant Not relevant
Right turn bypass permitted? Not relevant Preferably not
CROSSING FACILITIES PEDESTRIANS/CYCLISTS
Distance between crossing and outside circ. carriageway 7.50m 7.50m

DEFLECTION ISLAND

Deflection island present

Y es; raised with crosswalk cut

Y es; raised with crosswalk cut

Length of deflection island

Minimum length 15 m offset
0.5-1.0m

Minimum length 15 m offset
05-1.0m

Width of deflection island

ROAD MARKINGS

Markings on roundabout

No

No

Marking on approach

Markings on yield line

Yield linesjust outside swept
path of largest expected vehicle

Yield linesjust outside swept
path of largest expected vehicle

LIGHTING

Lighting recommendations on roundabout

Recommended.

Illumination on outside of
roundabout, preferably on nose
of deflection island.

Level of illumination should be
approx. equal to sum of
illumination levels of
intersecting roads.

Recommended.

I1lumination on outside of
roundabout, preferably on nose
of deflection island.

Level of illumination should be
approx. equal to sum of
illumination levels of
intersecting roads.

Lighting recommendations on approaches
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Urban double lane roundaboutsin the USA

Design elements Dimensions
GENERAL

Maximum entering lanes per approach 2
Recommended maximum entry design speed 40 km/h
Recommended design speed on roundabout -
Entriesradial or tangential Radial
Overturning of large goods vehicles -

Design vehicle WB-15
CENTRAL PART

Inscribed circle diameter 45mto55m
Circulatory carriageway width Calculated
Crossfall Outward 2%
CENTRAL ISLAND

Truck apron present No

Material truck apron

Central island diameter (including truck apron) Calculated

Truck apron width

Height of central island

Non-mountable central island

Landscaping Optional; no hard obstacles directly facing entry
Visibility requirements Stopping sight distance; intersection sight distance
Island needs to be perfect circle? Yes

APPROACHES/EXITS

Entry width (no. of lanes) -

Exit width (no. of lanes) -

Entry radius Calculated

Exit radius Calculated

Speed reduction on approach -

Entry flare permitted? Yes

Length of entry flare 25m

Right turn bypass permitted? Preferably not

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway 7.50m

DEFLECTION ISLAND

Deflection island present

Y es; raised with crosswalk cut

Length of deflection island

Minimum length 15 m offset 0.5-1.0 m

Width of deflection island

ROAD MARKINGS

Markings on roundabout

No

Marking on approach

Markings on yield line

Yield lines just outside swept path of largest expected vehicle

LIGHTING

Lighting recommendations on roundabout

Recommended.

Illumination on outside of roundabout, preferably on nose of deflection
island.

Level of illumination should be approx. equal to sum of illumination
levels of intersecting roads.

Lighting recommendations on approaches
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Rural single laneroundaboutsin the USA

Design elements Dimensions
GENERAL

Maximum entering lanes per approach 1
Recommended maximum entry design speed 40 km/h
Recommended design speed on roundabout -
Entriesradial or tangential Radial
Overturning of large goods vehicles -

Design vehicle WB-20
CENTRAL PART

Inscribed circle diameter 35mto40m
Circulatory carriageway width Calculated
Crossfall Outward 2%
CENTRAL ISLAND

Truck apron present Preferably not
Material truck apron

Central island diameter (including truck apron) Calculated

Truck apron width

Height of central island

Landscaping Optional; no hard obstacles directly facing entry.
Visibility requirements -
Island needs to be perfect circle? Yes
APPROACHES/EXITS
Entry width (no. of lanes) -
Exit width (no. of lanes) -
Entry radius Calculated
Exit radius Calculated
Not less than 15 m
(no large veh.: 10-12m)
Speed reduction on approach Successive curves on approach
Entry flare permitted? Not relevant
Length of entry flare Not relevant
Right turn bypass permitted? Preferably not
CROSSING FACILITIES PEDESTRIANS/CYCLISTS
Distance between crossing and outside circ. carriageway 750m

DEFLECTION ISLAND

Deflection island present

Y es; raised and extended, with crosswalk cut

Length of deflection island

Minimum length 15 m offset 0.5-1.0 m

Width of deflection island

ROAD MARKINGS

Markings on roundabout

No

Marking on approach

Markings on yield line

Yield lines just outside swept path of largest expected vehicle

LIGHTING

Lighting recommendations on roundabout

Recommended.

Illumination on outside of roundabout, preferably on nose of deflection

island.

Level of illumination should be approx. equal to sum of illumination

levels of intersecting roads.

Lighting recommendations on approaches
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Rural doublelaneroundaboutsin the USA

Design elements Dimensions
GENERAL

Maximum entering lanes per approach 2
Recommended maximum entry design speed 50 km/h
Recommended design speed on roundabout -
Entriesradial or tangential Radial
Overturning of large goods vehicles -

Design vehicle WB-20
CENTRAL PART

Inscribed circle diameter 55 mto 60 m
Circulatory carriageway width Calculated
Crossfall Outward 2%
CENTRAL ISLAND

Truck apron present No.

Material truck apron

Central island diameter (including truck apron) Calculated

Truck apron width

Height of central island

Landscaping Optional; no hard obstacles directly facing entry
Visibility requirements Stopping sight distance; intersection sight distance.
Island needs to be perfect circle? Yes

APPROACHESEXITS

Entry width (no. of lanes)

Exit width (no. of lanes)

Calculated

Entry radius

Exit radius Calculated

Speed reduction on approach Successive curves on approach
Entry flare permitted? Yes

Length of entry flare 40m

Right turn bypass permitted? Preferably not

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway 7.50m

DEFLECTION ISLAND

Deflection island present

Y es; raised and extended, with crosswalk cut

Length of deflection island

Minimum length 15 m offset 0.5-1.0 m

Width of deflection island

ROAD MARKINGS

Markings on roundabout

No

Marking on approach

Markings on yield line

Yield lines just outside swept path of largest expected vehicle.

LIGHTING

Lighting recommendations on roundabout

Recommended.

Illumination on outside of roundabout, preferably on nose of deflection

island.

Level of illumination should be approx. equal to sum of illumination

levels of intersecting roads.

Lighting recommendations on approaches

A.8 Australia

The Austraian guidelines (AUSTROADS, 1993) do not provide separate recommendations for urban
and rural situations and give limited guidance on provision for cyclists. They are an update and major
revision of the 1986 NAASRA guidelines. Considerable detail is provided on analytical methods and
on the use of the computer package SIDRA for capacity calculations.
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Urban and rural singlelane roundaboutsin Australia

Design elements

Dimensions

Urban compact

Arterials

GENERAL

Maximum entering lanes per approach

Recommended maximum entry design speed

No more than 10 — 15 km/h. than speed
on roundabout

Recommended design speed on roundabout

25 km/h.

<50 km/h

Entriesradial or tangentia

Tangential

Tangential

Overturning of large goods vehicles

Design vehicle

Single unit truck/ bus

Similar as used on comparable junctions

CENTRAL PART

Inscribed circle diameter

To be determined by designer.
Typicaly £ 15m

To be determined by designer.

Circulatory carriageway width To be determined by designer. 46-7.6m
Typicaly£45m
Crossfall Outward 2.5% Outward 2.5%
CENTRAL ISLAND
Truck apron present Yes Only if over-dimensional vehicles
present
Material truck apron Semi mountable Semi mountable
Central idand diameter (including truck apron) 5-8m >5m; preferably > 10 m

Truck apron width To be determined by designer. To be determined by designer.
Height of central island
Landscaping Optional Optiona

Visibility requirements

Asnormal junctions.

1. Stopping sight

2. From yield line unobstructed sight
over first quarter of roundabout (to the
right)

3. Preferably see vehicle on approach
arm to theright at longer distance before
roundabout.

Island needs to be perfect circle

Yes

Yes

APPROACHESEXITS

Entry width (no. of lanes)

To be determined by designer.

3.4—4.0 m (if laneis within kerbs 5m)

Exit width (no. of lanes)

To be determined by designer.

34-40m

Entry radius To be determined by designer. To be determined by designer.

Exit radius To be determined by designer. “As easy to negotiate as practicable”.
Speed reduction on approach

Entry flare permitted? Yes

Length of entry flare

Right turn bypass permitted? Yes

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

6 m (at informal crossing); 6 —
12 m (at Zebra crossings)

6m (at informal crossing); 6 —12m (at
Zebra crossings)

DEFLECTION ISLAND

Deflection island present

Yes

Yes

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

Marking on approach

Markings on yield line

Broken yield line on entry. No
markings on exit.

Broken yield line on entry. No markings
on exit.

LIGHTING

Lighting recommendations on roundabout

Y es (not specified)

Y es (not specified)

Lighting recommendations on approaches

Y es (not specified)

Y es (not specified)
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Urban and rural double (or morethan 2) lane roundaboutsin Australia

Design elements

Dimensions

GENERAL

Maximum entering lanes per approach

Recommended maximum entry design speed

No more than 10 — 15 km/h. than speed on roundabout

Recommended design speed on roundabout

<50 km'h

Entriesradial or tangential

Tangential

Overturning of large goods vehicles

Design vehicle

Similar as used on comparable junctions

CENTRAL PART

Inscribed circle diameter

To be determined by designer.

Circulatory carriageway width

84—10.3 m (2 lanes); 12.2—135 m (3 lanes)

Crossfall

Outward 2.5%

CENTRAL ISLAND

Truck apron present

Only if over-dimensional vehicles present

Material truck apron

Semi mountable

Central island diameter (including truck apron)

>5m,; preferably > 10 m

Truck apron width

To be determined by designer.

Height of central island

Landscaping

Optional

Visibility requirements

1. Stopping sight

2. Fromyield line unobstructed sight over first quarter of roundabout (to the
right)

3. Preferably see vehicle on approach arm to the right at longer distance
before roundabout.

Island needs to be perfect circle

Yes

APPROACHESEXITS

Entry width (no. of lanes)

3.4—4.0m per lane

Exit width (no. of lanes)

3.4—4 m per lane

Entry radius >30m

Exit radius “As easy to negotiate as practicable’.
Speed reduction on approach

Entry flare permitted? Yes

Length of entry flare

Right turn bypass permitted? Yes

CROSSING FACILITIES PEDESTRIANS/CYCLISTS

Distance between crossing and outside circ. carriageway

6 m (at informal crossing); 6 — 12 m (at Zebra crossings)

DEFLECTION ISLAND

Deflection island present

Yes

Length of deflection island

Width of deflection island

ROAD MARKINGS

Markings on roundabout

Marking on approach

Markings on yield line

Broken yield line on entry. No markings on exit.

LIGHTING

Lighting recommendations on roundabout

Y es (not specified)

Lighting recommendations on approaches

Y es (not specified)
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Appendix B. Accident tabulationsfor UK roundabouts
Table B1: Accidents and accident frequency by number of arms (1999 to 2003)
Number of accidents
Severity
No. of No. of Accident (% fatal and
arms sites Fatal Serious Slight Total frequency Serious)
3 326 6 114 1173 1293 0.79 9.3
4 649 16 399 5400 5815 1.79 7.1
5 157 13 189 2654 2856 3.66 7.1
6 30 4 42 846 892 5.95 5.2
All 1162 39 744 10073 10856 1.87 7.2

Table B2: Accidents and accident frequency at roundabouts on dual-carriageway r oads by number of

arms (1999 to 2003)
Number of accidents
Severity
No. of No. of Accident (% fatal and
ams sites Fatal Serious Slight Tota frequency Serious)
3 59 3 35 341 379 1.28 10.0
4 132 3 101 1645 1749 2.65 5.9
5 44 3 60 772 835 3.80 7.5
6 9 1 13 194 208 4.62 6.7
All 244 10 209 2952 3171 2.60 6.9

Table B3: Accidentsand accident frequency at roundabouts on single-carriageway r oads by number of

arms (1999 to 2003)
Number of accidents
Severity
No. of No. of Accident (% fatal and
arms sites Fatal Serious Slight Total frequency serious)
3 255 2 69 727 798 0.63 8.9
4 457 8 219 2233 2460 1.08 9.2
5 73 1 44 584 629 1.72 7.2
6 7 0 3 71 74 211 4.1
All 792 11 335 3615 3961 1.00 8.7
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Table B4: Accidentsand accident frequency at grade separated roundabouts by number of arms (1999 to

2003)
Number of accidents
Accident Severity
No. of No. of frequenc (% fatal and
arms sites Fatal Serious  Slight Total y serious)
3 8 1 10 97 108 2.70 10.2
4 60 5 79 1520 1604 5.35 5.2
5 36 9 85 1287 1381 7.67 6.8
6 14 3 26 581 610 8.71 4.8
All 118 18 200 3485 3703 6.28 5.9

Table B5: Accidents, accident frequency and accident rate at roundabouts with flow data, by number of

arms (1999 to 2003)
Number of accidents
Severity
(% fatal | Accident
No. of No. of and frequenc | Accident
arms sites Fatal Serious  Slight Total serious) y rate
3 11 0 6 121 127 4.7 2.31 22.2
4 29 2 42 464 508 8.7 3.50 36.2
5 4 0 4 130 134 3.0 6.70 50.6
All 44 2 52 715 769 7.0 3.51 7.1
Table B6: Accidents by number of vehiclesinvolved (1999 to 2003)
No. of vehicles 1 2 3 4 5 6 Totd
No. of accidents 1605 8602 568 70 8 3 10856
% of accidents 14.8% | 79.2% | 5.2% 0.6% 0.1% 0.0% 100.0%
Table B7: Accidents by type of vehicle involved (1999 to 2003)
Number of accidents % of
Fatal Slight Serious  Total Accidents | Severity
Pedal cycles 2 782 80 864 8.0% 9.5%
Pedestrians 4 233 64 301 2.8% 22.6%
Motorcycles 11 1265 291 1567 14.4% 19.3%
Cars and taxis 23 7822 480 8325 76.7% 6.0%
Public Service Vehicles 2 259 20 281 2.6% 7.8%
Light goods vehicles 2 660 37 699 6.4% 5.6%
Heavy goods vehicles 8 934 73 1015 9.3% 8.0%
Table B8: Accidents by year (1999 to 2003)
Y ear 1999 2000 2001 2002 2003
Number of accidents 2251 2285 2147 2076 2097
Ratio 1.04 1.05 0.99 0.96 0.97
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Table B9: Accidents by day of week (1999 to 2003)
Number of
Day accidents Ratio
Monday 1579 1.02
Tuesday 1629 1.05
Wednesday 1604 1.03
Thursday 1636 1.05
Friday 1719 1.11
Saturday 1410 0.91
Sunday 1279 0.82
Table B10: Accidents by month of year (1999 to 2003)
National
Number of ratio
Month accidents Ratio (2003)
January 874 0.97 0.97
February 811 0.90 0.90
March 786 0.87 0.92
April 835 0.92 0.93
May 921 1.02 1.01
June 883 0.98 1.01
July 964 1.07 1.05
August 906 1.00 0.99
September 965 1.07 1.05
October 1007 111 1.10
November 1017 1.12 1.08
December 887 0.98 1.00
Table B11: Accidents by hour of day (1999 to 2003)
Number of National ratio
Time period accidents Ratio (2003)
00 - 02 200 0.22 0.38
02-04 106 0.12 0.24
04 - 06 121 0.13 0.13
06 - 08 720 0.80 0.58
08-10 1399 1.55 1.33
10-12 1229 1.36 1.16
12-14 1459 161 1.50
14-16 1443 1.60 1.64
16- 18 1834 2.03 2.00
18- 20 1257 1.39 1.45
20- 22 616 0.68 0.90
22-00 472 0.52 0.68
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Abstract

Roundabouts have been a key form of junction in the UK for many years. They are used on
all classes of road in both urban and rural areas for the efficient and safe control of traffic,
particularly where side road flows are high. Roundabouts are heavily used throughout the
UK's trunk and principal road network, as well as on local authority roads.

The report presents an international review of roundabout design standards and guidelines
that was undertaken to inform the revision the UK Geometric Design Standard for
Roundabouts (TD 16/93 at the time of this review). Provision for pedestrians and cyclists
was of particular concern.

A design hierarchy for roundabouts is proposed for the revised Standard, to depend on road
type, whether the speed limits on the approach roads exceed 40mph and on the levels of
vehicle and non-motorised user flow. A “compact” (continental-style) roundabout is
proposed for low flow roads, with single lane entries, exits and circulatory carriageway. In
urban areas, this would have tighter geometry than normal roundabouts, and outward
crossfall.
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