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pattern of traffic movements. Unusual turning movement patterns may possibly call for a
different shape of widening.

The impact on pedestrian and bicycle traffic mobility of larger intersections should be assessed
before a decision is made to widen an intersection.

405.10 Roundabouts

Roundabout intersections on the State highway system must be developed and evaluated in
accordance with National Cooperative Highway Research Program (NCHRP) Report 672
entitled “Roundabouts: An Informational Guide, 2nd ed.” (NCHRP Guide 2) dated October 2010
and Traffic Operations Policy Directive (TOPD) Number 13-02. Also see Index 401.5 for general
information and guidance. See Figure 405.10 Roundabout Geometric Elements for
nomenclature associated with roundabouts. Signs, striping and markings at roundabouts are
to comply with the California MUTCD.

A roundabout is a form of circular intersection in which traffic travels counterclockwise around
a central island and entering traffic must yield to the circulating traffic. Roundabouts feature,
among other things, a central island, a circulatory roadway, and splitter islands on each
approach. Roundabouts rely upon two basic and important operating principles:

(a) Speed reduction at the entry and through the intersection will be achieved through geometric
design and,

(b) The yield-at-entry rule, which requires traffic entering the intersection to yield to traffic that
is traveling in the circulatory roadway.

Benefits of roundabouts are:

e Fewer conflict points typically result in fewer collisions with less severity. Over half of vehicle
to vehicle points of conflict associated with intersections are eliminated with the use of a
roundabout. Additionally, a roundabout separates the points of conflict which eases the
ability of the users to identify a conflict and helps prevent conflicts from becoming collisions.

e Roundabouts are designed to reduce the vehicular speeds at intersections. Lower speeds
lessens the vehicular collision severity. Likewise, studies indicate that pedestrian and
bicyclist collisions with motorized vehicles at lower speeds significantly reduce their severity.

e Roundabouts allow continuous free flow of vehicles and bicycles when no conflicts exist.
This results in less noise and air pollution and reduces overall delays at roundabout
intersections.

Except as indicated in this Index, the standards elsewhere in this manual do not apply to
roundabouts. For the application of design standards, the approach ends of the splitter islands
define the boundary of a roundabout intersection, see Figure 405.10. The design standards
elsewhere in this manual apply to the approach legs beyond the approach ends of the splitter
islands.
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Figure 405.10
Roundabout Geometric Elements
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This figure is provided to only show nomenclature and is not to be used for design details.
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(1) Design Period. First consider the design of a single lane roundabout per the design period
guidance in Index 103.2. If a second lane is not needed until 10 or more years, it may be
better to phase the improvements. Construct the first phase of the roundabout so at the 20-
year design period, an additional lane can be easily added. In order to comply with the 20-
year design period, the initial project must provide the right of way needed for utility
relocations, a shared-use path designed for a Class | Bikeway, and all other features other
than pavement, lighting, and striping in their ultimate locations.

In some locations, it may not be practical to build a single lane roundabout that will operate
for 10 years. Geometric constraints and other conflicts may preclude widening to the
ultimate configuration. In such cases, other intersection configurations or control strategies
addressed in Index 401.5 may need to be considered.

When staging improvements, see NCHRP Guide 2, Section 6.12.

(2) Design Vehicles. See Topic 404. The turning path for the design vehicle, see Index 404.5,
dictates many of the roundabout dimensions. The design vehicle tracking and swept width
are to be used when designing all the entries and exits, where design vehicles are
unrestricted (see Index 404.2), and the circulatory roadway. The percentage of trucks and
their lane utilization is an important consideration on multilane roundabouts when
determining if the design will allow trucks to stay within their own lane or encroach into the
adjacent lane. If permit vehicles larger than the design vehicle occasionally use the
proposed roundabout, they can be accommodated by having removable signs or other
removable features in the central island or around the circular path to ensure their swept
path can negotiate the roundabout. Roundabouts should not be overdesigned for the
occasional permit vehicle.

To accurately simulate the design vehicle swept width traveling through a roundabout, the
minimum speed of the design vehicle used in computer simulation software (e.g., Auto
TURN) should be 10 miles per hour through the roundabout.

(3) Inscribed Circle Diameter. At single lane roundabouts, the size of the inscribed circle is
largely dependent upon the turning requirements of the design vehicle. The inscribed circle
diameter (ICD) must be large enough to accommodate: (a) the STAA design vehicle for all
roundabouts on the National Network and on Terminal Access routes; and, (b) the California
Legal design vehicle on all non-STAA route intersections on California Legal routes and
California Legal KPRA Advisory routes, while maintaining adequate deflection curvature to
ensure appropriate travel speeds for smaller vehicles. The design vehicle is to navigate the
roundabout with the front tractor wheels off the truck apron, if one is present. Transit
vehicles, fire engines and single-unit delivery vehicles are also to be able to navigate the
roundabout without using the truck apron, if one is present. The inscribed circle diameter
for a single lane roundabout generally ranges between 105 feet to 150 feet to accommodate
the California Legal design vehicle and 130 feet to 180 feet to accommodate the STAA
design vehicle.

At multilane roundabouts, the inscribed circle diameter is to achieve adequate alignment of
the natural vehicle path while maintaining deflection curvature to ensure appropriate travel
speeds. To achieve both of these design objectives requires a slightly larger diameter than
used for a single lane roundabout. The inscribed circle diameter for a multilane (2-lane)
roundabout generally ranges between 150 feet to 220 feet to accommodate the California
Legal design vehicle for non-STAA route intersections on California Legal routes and
California Legal KPRA Advisory routes, and 165 feet to 220 feet to accommodate the STAA
design vehicle for roundabouts on the National Network and on Terminal Access routes.
Similar to a single lane roundabout, the design vehicle is to be able to navigate a multilane
roundabout with the front tractor wheels staying off the truck apron, if one is present. Transit
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vehicles, fire engines and single-unit delivery vehicles are also to be able to navigate the
roundabout without using the truck apron, if one is present.

The inscribed diameter ranges given above are typical values, design may be larger or
smaller. Site location constraints and performance checks will determine if the diameter is
appropriate for the location.

(4) Entry Speeds. Lowering the speed of vehicles entering and traveling through the
roundabout is a primary design objective that is achieved by approach alignment and entry
geometry.

The following entry speeds should not be exceeded:
¢ Single lane entry, 25 miles per hour.
e Multilane entry, 30 miles per hour.

A bypass lane is not included in the number of entry lanes. A bypass prohibits entry into the
circulatory roadway.

Entry speeds are to be determined through fastest path analysis. Fastest path is the
smoothest, flattest path possible for a single vehicle in the absence of other traffic and
ignoring all lane markings. The fastest path analysis should begin at least 165 feet from the
inscribed circle diameter and should not bring the path closer than 3 feet from a stripe nor
5 feet from the face of a curb. These distances are minimums and the fastest path may
occur further away from the curbs and striping depending on the roundabout configuration.
For fastest path evaluation, see NCHRP Guide 2, Section 6.7.1.

(56) Exit Design. Similar to entry design, exit design flexibility is required to achieve the optimal
balance between competing design variables and project objectives to provide adequate
capacity and, essentially, safety while minimizing excessive property impacts and costs.
Thus, the selection of a curved versus tangential design is to be based upon the balance
of each of these criteria. Exit design is influenced by the place type, pedestrian demand,
bicyclist needs, the design vehicle and physical constraints. The exit curb radii are
usually larger than the entry curb radii in order to minimize the likelihood of congestion and
crashes at the exits. However, the desire to minimize congestion at the exits needs to be
balanced with the need to maintain an appropriate operating speed through the pedestrian
crossing. Therefore, the exit path radius should not be significantly greater than the
circulating path radius to ensure low speeds are maintained at the pedestrian crossing.

(6) Number of Legs Serving the Roundabout. Intersections with more than four legs are often
difficult to manage operationally. Roundabouts are a proven traffic control device in such
situations. However, it is necessary to ensure that the design vehicle can maneuver through
all unrestricted legs of the roundabout.
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(7) Pedestrian Use. Sidewalks around the circular roadway are to be designed as shared-use
paths, see Index 405.10(8)(c). However, the guidance in Design Information Bulletin (DIB)
82 Pedestrian Accessibility Guidelines for Highway Projects must also be followed when
designing these shared-use facilities around a roundabout. If there is a difference in the
standards, the guidance in DIB 82 is to be followed. In addition,

(a) Pedestrian curb ramps need to be differentiated from bike ramps:

e The detectable warning surface (truncated domes) differentiates a pedestrian curb
ramp from a bicycle ramp.

e Detectable warning surface is required on curb ramps. They are not to be used on a
bike ramp.

(b) Truck aprons and mountable curbs are not to be placed in the pedestrian crossing areas.
(c) See the California MUTCD for the signs and markings used at roundabouts.

(d) At pedestrian crossing locations the accessibility design will be treated as a midblock
pedestrian street crossing. See DIB 82 for more information.

(8) Bicyclist Use.

(a) General. Bicyclists may choose to travel in the circular roadway of a roundabout by
taking a lane, while others may decide to travel using the shared-use path to bypass the
circular roadway. Therefore, the approach and circular roadways, as well as the shared-
use path all need to be designed for the mobility needs of bicyclists. See the California
MUTCD for the signs and markings used at roundabouts.

(b) Bicyclist Use of the Circular Roadway. Single lane roundabouts do not require bicyclists
to change lanes in the circular roadway to select the appropriate lane for their direction
of travel, so they tend to be comfortable for bicyclists to use. Even two-lane roundabouts,
which may have straighter paths of travel that can lead to faster vehicular traveling
speeds, appear to be comfortable for bicyclists that prefer to travel like vehicles.
Roundabouts that have more than two circular lanes can create complexities in signing
and striping (see the California MUTCD for guidance), and their operating speed may
cause some bicyclists to decide to bypass the circular roadway and use the bicycle ramp
that provides access to the shared-use path around the roundabout.

(c) Bicyclists Use of the Shared-Use Path. The shared-use path is to be designed using the
guidance in Index 1003.1 for Class | Bikeways and in NCHRP Guide 2 Section 6.8.2.2.
However, the accessibility guidance in DIB 82 must also be followed when designing
these shared-use facilities around a roundabout. If there is a difference in the standards,
the accessibility guidance in DIB 82 is to be followed to ensure the facility is accessible
to pedestrians with disabilities.

Bicycle ramps are to be located to avoid confusion as curb ramps for pedestrians. Also
see Index 405.10(7) for guidance on how to differentiate the two types of ramps. The
design details and width of the ramp are also important to the bicyclist. Bicyclists
approaching the bicycle ramp need to be provided the choice of merging left into the lane
or moving right to use the bicycle ramp. Bicycle ramps should be placed at a 35 to
45 degree angle to the departure roadway and the sidewalk to enable the bicyclists to
use the ramp and discourage bicyclists from entering the shared-use path at a speed
that is detrimental to the pedestrians. The shared-use path should be designated as
Class | Bikeways; however, appropriate regulatory signs may need to be posted if the
local jurisdiction has a law(s) that prohibit bicyclists from riding on a sidewalk.

A landscape buffer or strip between the shared-use/Class | Bikeway and the circular
roadway of the roundabout is needed and should be a minimum of 2 feet wide.
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Pedestrian crossings may also be used by bicyclists; thus, these shared-use crossings
need to be designed for both bicyclist and pedestrian needs.

(9) Transit Use. Transit vehicles and buses will not have difficulty negotiating a roundabout
when it has been designed using the California Legal design vehicle or the STAA design
vehicle. However, to minimize passenger discomfort, a roundabout should be designed
such that the transit vehicle or bus does not use the truck apron, if one is present.

(10)Stopping Sight Distance and Visibility. See Index 201.1 for stopping sight distance
guidance at roundabouts.

A domed or mounded central island, between 3.5 to 6 feet high, is needed to focus attention
on the approach and through roundabout alignment. A domed central island provides a
visual screen from downstream alignment and other distractions and provides a visual cue
for vehicles approaching the roundabout.

In high speed environments, additional lighting of, and vertical elements in the central island
(i.e., landscaping and esthetic features) may be needed.

(11)Speed Consistency. Consistency in operating speeds between the various movements
within the roundabout can minimize collisions between traffic streams. The operating
speeds between competing traffic streams and between consecutive geometric elements
should be minimized such that the maximum speed differential between them is no more
than 15 miles per hour; it is preferred that the operating speed differential be less than
10 miles per hour.

(12)Path Alignment (Natural Path). As two traffic streams approach the roundabout in adjacent
lanes, drivers and bicyclists will be guided by lane markings up to the entrance line. At the
yield point, they will continue along their natural trajectory into the circulatory roadway. The
speed and orientation of the design vehicle at the entrance line determines what can be
described as its natural path. The geometry of the exits also affects the natural path that
the design vehicle travels. The natural path of two vehicles are not to overlap, see NCHRP
Guide 2, Section 6.7.2.

(13)Splitter Islands. Splitter islands (also called separator islands, divisional islands, or median
islands) will be provided on all roundabouts. The purpose is to provide refuge for
pedestrians, assist in controlling speeds, guide traffic into the roundabout, physically
separate entering and exiting traffic streams, and deter wrongway movements.

The total length of the raised island should be at least 50 feet although 100 feet is desirable.
On higher speed roadways, splitter island lengths of 150 feet or more is beneficial.
Additionally, the splitter island should extend beyond the end of the exit curve to prevent
exiting traffic from crossing into the path of approaching traffic. The splitter island width
should be a minimum of 6 feet at the pedestrian crossing to adequately provide refuge for
pedestrians.

Posted speeds on the approach roadway greater than or equal to 45 miles per hour require
the splitter island length, as measured from the inscribed circle diameter, to be 200 feet. In
some instances, a longer splitter island may be desirable. Concrete curb is to be provided
on the right side of the approach roadway equal to the length of the splitter island from the
inscribed circle diameter.

(14)Access Control. The access control standards in Index 504.3(3) and 504.8 apply to
roundabouts at interchange ramp intersections. The dimensions shown in Index 504.8 are
to be measured from the inscribed circle diameter.

Driveways should not be placed within 100 feet from the inscribed circle diameter.
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(15)Lighting. Lighting is required at all roundabouts. See NCHRP Report 672 Chapter 8, the
Traffic Manual Chapter 9 as well as consult with the District Traffic Safety Engineer.

(16)Landscaping. Landscaping should be designed such that drivers and bicyclists can observe
the signing and shape of the roundabout as they approach, allowing adequate visibility for
making decisions within the roundabout. The landscaping of the central island can enhance
the intersection by making it a focal point, by promoting lower speeds and by breaking the
headlight glare of oncoming vehicles or bicycles. It is desirable to create a domed or
mounded central island, between 3.5 to 6 feet high, to increase the visibility of the
intersection on the approach. Contact the District Landscape Architecture Unit to provide
technical assistance in designing the roundabout landscaping. See Chapter 900 for
additional Landscape Architecture requirements.

(17)Vertical Clearance. The vertical clearance guidance provided in Index 309.2 applies to
roundabouts.

(18)Drainage Design. See Chapter 800 to 890 for further guidance.

(19)Maintenance. Contact the District Maintenance Engineer and appropriate Regional
Manager for maintenance strategies and practices including seasonal operations,
maintenance resources, and specialized equipment. Maintenance responsibilities may also
include multiple state, county, and city agencies where coordination of maintenance efforts
and funding is needed.

Consider maintenance of the central island. Provide a maintenance vehicle pullout within
the central island beyond the truck apron, so maintenance vehicles will not conflict with
circulating trucks.

(20)Snow Areas. In climate regions where snowfall requires the use of snow removal
equipment, consider the equipment to be used. Design ICD’s as well as entrance and exit
geometry to accommodate snow removal equipment and plow limitations. Check with
District Maintenance for their requirements and limitations. Geometric elements to consider
that facilitate snow removal are; mountable curb, tapering the ends of curbs down to allow
plows to ride over curbs, plowing accommodation in both directions, providing snow storage
space within the central island, and providing minimum entry/exit widths to accommodate
the plow blade. Mountable curb may be used if sidewalk/shared use path is not contiguous
to the curb. Provide a planter or textured pavement between the path and the roadway.
Snow storage areas must be designed to prevent snow melt from entering the circulating
lanes where it can freeze. Snow storage areas must not block pedestrian paths.

(21)Utilities. Utility access openings (manholes) should not be located within the traveled way
within the boundary of the roundabout. Roundabouts do not have shoulders to
accommodate traffic while manholes are accessed. Manholes should not be allowed within
the circulating roadway to avoid closing down the intersection during access. If a manhole
is absolutely necessary within the boundary of the inscribed diameter, place it in the central
island and off of the truck apron. Provide a maintenance vehicle pullout to allow access to
the manhole without blocking truck traffic.

Topic 406 — Ramp Intersection Capacity Analysis

The following procedure for ramp intersection analysis may be used to estimate the capacity of
any signalized intersection where the phasing is relatively simple. It is useful in analyzing the
need for additional turning and through traffic lanes. For a more complete analysis refer to the
Highway Capacity Manual.



