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A. Introduction

These guidelines are to be used, along with information from other sources and engineering judgment, in the design
of all roundabouts. Where conflicting information exists, this manual shall govern, or the local entity can provide
clarification.

When designing roundabouts, there are several characteristics that can be standardized, such as signing and marking;
while others must be adapted to fit the demands of the location, such as approach angles and right of way
restrictions. This manual has been created to allow engineers sufficient flexibility to design a roundabout to fit a
particular site, while still maintaining consistency with other roundabouts within the Local Entity in order to
enhance driver expectancy.

All roundabout designs will be required to follow a four stage process (scoping meeting, conceptual design,
preliminary design, and final design), and these stages shall run concurrently with the overall development review
process:

e The Roundabout Scoping meeting will deal specifically with any proposed roundabout intersections, and
will be scheduled within two weeks of the Local Entity's receipt of a completed Roundabout Scoping Form
and any ancillary information necessary to determine the parameters of the proposed roundabout. The
intent of the scoping meeting is to clearly define the expectations for design of the proposed roundabout
and to discuss particular site-specific challenges.

e The conceptual design is intended to vet the general capacity issues, and performance of a roundabout,
conceptual location/layout, and pedestrian / bicycle safety issues based upon direction given in the scoping
meeting.

e  Submission of a preliminary design that meets design criteria listed herein, or as modified in accordance
with guidance provided by the Local Entity during the scoping or conceptual design stages of review.
Horizontal design of the proposed roundabout shall be finalized prior to approval of the preliminary design.
The preliminary design may be incorporated into the Preliminary Public Improvement Construction Plans
(PICP’s), or processed separately, as necessary.

e Submission of a final design shall include all: construction details, signing and striping plans, and
proposed construction phasing (if applicable). The final design shall be incorporated in to the Final PICP
submittal.

The final approval of any platting application and/or Final PICP’s will not occur until the final design plans for the
roundabout are also ready for approval.

TABLE 1: ROUNDABOUT CATEGORIES

MULTI LANE ROUNDABOUTS GENERAL USE DESCRIPTION REEI;EI-TIEB’TI'?E
4-Lane by 4-Lane Arterial Residential/Commercial major arterial intersection Figure 10
2-Lane by 4-Lane Arterial Re5|dent|aI/CommeYC|_aI gree_nfleld dgvelopment access to Figure 11

existing major arterials
2-Lane by 4-Lane with by-pass lane Res_ldentlaI{Comr_nermal gre_enfleld developn_1ent to existing Figure 12
major arterials with heavy right-turn from minor road entry

SINGLE LANE ROUNDABOUTS

. Residential/Commercial greenfield development; Arterial- .
2-Lane by 2-Lane Arterial Avrterial or Arterial-Collector Figure 13
Collector Residential/Commercial greenfield development; Fiqure 14
Collector-Collector or Collector Residential g
Commercial retro-fit, 2-lane road w/o center lane to
Mini facilitate traffic processing and pedestrian safety in place of Figure 15
4-way stop control or signal
Residential Compact Residential Traffic Calming Figure 16




B. General Design Criteria

1. Appropriate Roadways/Locations

Roundabouts should only be used where physical conditions, such as approach grades and adequate right of way,
allow for proper entry alignment. Roundabouts are generally limited for use on a roadway with four or fewer
through lanes, resulting in no more than two circulatory lanes. They are not appropriate where their use is expected
to produce greater vehicle delay or significantly increased difficulty for pedestrians without the need for special
accommodation measures. Selection of a roundabout intersection should be proposed and accepted for
consideration at the conceptual level for a proposed development.

The design of the approach roadways must provide adequate visibility from a distance that will allow approaching
drivers to see the roundabout under daytime and nighttime conditions. This decision sight distance (DSD) is the
minimum distance required which will allow deceleration from the 85" percentile travel speed (or posted speed
limit, whichever is greater) to the maximum allowable entry speed of 25 MPH (single lane) or 30 MPH (multilane)
at the Point Of Entry (POE) without exceeding a deceleration rate of 11.2 ft/s/s. The POE shall be considered the
point of curvature of the entry curve (R1). The DSD shall be based on Avoidance Maneuver B from Table 3-4 of
the AASHTO Green Book. The length of the maneuver shall be measured along the vehicle path(s) to the conflict
point as shown on Figure 4.

2. Approach & Circulatory Speeds

The approaching roadway lanes should generally be shifted to the left of center of the proposed roundabout,
producing a “left-loaded” entry design. This should be accomplished by flattening the exit curvature to the
maximum extent possible, and/or realigning the entry lanes through the use of a chicane. This may, or may not
incorporate shifting of the central island or approach roads to achieve the best left-loaded entry for the predominant
entry movements. Approach alignments to the center or slightly right of center will not be acceptable, unless the
fast path criteria and truck turning movements can be met without compromising other design criteria.

As a general rule, roundabouts may have three or four approaches. A fifth approach leg or driveway may be
approved by variance, as long as it can be shown that the additional leg will not significantly degrade the operation
or safety of the roundabout. Increasing the number of approach legs will generally require a larger inscribed
diameter to accommodate the additional leg. A three leg roundabout should be configured as a tee intersection to
minimize fast right-turn movements. All approaches on a three-leg roundabout shall be left loaded to provide
adequate slowing for the entry movements.

Approach roadways may be designed as:

e single-lane
single-lane with a flare-out to provide an added entry lane
partial right-turn bypass lane at the circulating roadway
single-lane with a right-turn by-pass lane
two lanes
two lanes with a right-turn by-pass lane

The configuration selection shall be based on the turning movement volumes and pedestrian considerations. Right
turn by-pass lanes should not be considered where significant conflicting pedestrian crossings are expected, unless
special treatments such as rapid flashing beacons or HAWK (High intensity Activated crossWalK) type signals are
proposed. Right-turn by-pass lanes shall not be considered unless the capacity analysis indicates one is necessary to
meet level of service (LOS) requirements.

The approach roadway section is defined to include the length of roadway from the point where an approaching
vehicle begins to decelerate, to the yield line, where the vehicles enter the inscribed circle (see Figure 1 for an
explanation of the various roundabout elements). For design purposes, this section shall extend to the limits of the
decision sight distance, as defined in Exhibit 3-4, Chapter 3, of the AASHTO Green Book, using the “Avoidance
maneuver B: Stop on urban roadway” distance. The central island shall be visible from a minimum distance equal
to the stopping sight distance both day and night (with standard street lighting).

Operating speed maximums are controlled by the “fast path” (FP) as noted in Figure 2. The fast path is the

minimum radius of an arc that is 65 feet in length, fit to the fast path spline and measured along the vehicle path
(not along the curb flowline). Increasing the inscribed diameter, coupled curves, landscaping, roadway narrowing,
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and other forms of psychological speed reduction measures may be required where approach speeds are higher due
to design constraints.

Design speed limitations and their respective radii through the roundabout are shown on Figures 2 & 3, included in
section C — Specific / Geometric Design Elements, identified as RO, R1, R2, R3, R4 and R5. The maximum radius
and respective speeds at various locations on the travel path through the roundabout are critical to the safe operation
of the roundabout. Curb & gutter, splitter islands and the central island placement control the fastest vehicle path,
but are not the same radii. In addition to the overall speed limitation for operation, the maximum speed differential
between any two vehicles of the traveled path is 12 MPH to reduce the potential for rear-end type accidents for
vehicles turning left or exiting. The fast path shall be modeled in accordance with methods described in NCHRP
572, Appendix G.

All alignment parameters, including sight distance restrictions for landscaping, shall be included in the preliminary
design drawings. See Figure 4 for sight distance triangle restrictions.

3. Design Vehicle

All single-lane roundabouts shall be designed to allow single passenger cars, pickups, single unit (SU) trucks and
fire trucks (B-40, BUS-45 AND WB-45) to proceed without requiring the use of the truck apron. For two-lane
roundabouts, the design shall accommodate a WB-50 vehicle without the use of the truck apron. It is expected that
larger trucks will require the use of the truck apron, especially on single-lane roundabouts. In addition to the
aforementioned requirements, all roundabouts shall be designed to accommodate the passage of a WB-67 vehicle.
In the determination of vehicular travel/turning paths, the gutter pans may not be considered as part of the traveled
way, and vehicles shall not be proposed to utilize these areas while negotiating the roundabout. As such, the
designer shall assume a two-foot (2°) offset from the face of curb when defining acceptable truck paths.

The design of Mini roundabouts shall allow for longer trucks (B-40, BUS-45, WB-45, WB-50, and WB-67) to
traverse the central and splitter islands. Therefore, the central and splitter islands on Mini roundabouts shall remain
free of signage and other non-mountable obstructions.

In areas where high truck volumes exist or are anticipated, additional design accommodations may be required as
determined by the Local Entity Engineer. Similarly, it may be necessary to model special vehicles through a
roundabout that is located along a route that is, or may be, used for the transport of oversized equipment, such as,
large transformers, wind turbine parts, heavy military equipment, manufactured housing, etc. Some of these
delivery trailers have adjustable hitches or have steerable rear axles that will need to be considered in the design. If
any, special delivery needs along the proposed route will need to be defined at the conceptual submittal stage. In all
cases, the design vehicle shall be defined and accepted prior to preliminary design.

The adequacy of all roundabouts in regard to the design vehicle shall be evaluated using a Local Entity-approved
truck turning software package to show the appropriate wheel paths for right, through, and left turn movements from
each entry of the roundabout, and shall be submitted with preliminary design. Truck positioning on entry to a
multi-lane roundabout may assume that the truck will occupy both entry lanes and utilize both circulatory lanes
during the traverse of the roundabout. For all truck turning evaluations, the minimum vehicle speed shall be 10
miles per hour.

4. Pedestrian / Bicycles

All roundabouts shall be designed to allow pedestrian crossings whenever sidewalks are existing or planned.
Pedestrian crossings shall be provided with appropriate pavement markings, as outlined in Figure 4. Supplemental
sighage may also be required for pedestrian crosswalks located along a school route, bordering a park or shopping
area, or any other area where high pedestrian activity is expected. Crosswalk lighting shall be designed in
accordance with the National Cooperative Highway Research Program publication 672 (NCHRP 672). The designer
shall work with the local power provider to facilitate the necessary power connections. The light standard

placement shall be a minimum of four feet (4”) from the back of curb.

In areas of high potential for vehicle/pedestrian conflict, supplemental active warning devices, such as flashing
beacons or LED supplemented signage, may be required,. The warning devices may be activated either manually by
the user or automatically by a Local Entity-approved detection / actuation technology.

Except in residential compact roundabouts or where otherwise precluded due to site constraints, all sidewalks and
multi-use paths in the area of a roundabout shall be detached from the curb by a minimum distance of 10 feet.
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If the roundabout is on a street with approaching bike lanes or on a roadway with planned bike lanes, the approach
shall provide for a connection from the bike lane to the multi-use path, as illustrated on Figure 7. The intent is to
allow the bicyclist the choice to either proceed through the roundabout as a vehicle, or exit the roadway prior to the
roundabout onto the detached multi-use path. The on-street bike lane should terminate at the point where the bike
lane exits from the roadway using a 40' taper as shown on Figure 7.

Figures 4 thru 9 provide design details for construction, signage, and pavement markings for pedestrians and
bicyclists. Details of site-specific markings and signage shall be included with the preliminary design submittal for
all proposed roundabouts.

5. Design Software

Local Entity-approved design software shall be used to ensure proper design and capacity for any new roundabouts.
For Local Street or Minor Collector intersections where the 20-year projected link volumes are expected to be less
than 500 AADT, a capacity analysis is not required unless the roundabout will experience high peak volumes for
vehicles and/or pedestrians (such as near a school).

At the conceptual level, intersections with collector or higher roadway classifications shall be evaluated with the
Roundabout Capacity Evaluation Spreadsheet 1A.1 and the 2010 Highway Capacity Manual methodology or
RODEL/ARCADY. At the Preliminary Design level, all roundabout intersections will require analysis by methods
detailed in current versions of: RODEL, ARCADY or VISSIM to analyze the roundabout for level of service (LOS)
and queue concerns in relation to the Local Entity’s Adequate Community Facilities (ACF) Ordinance. The City of
Fort Collins may require SIDRA INTERSECTION software for roundabout evaluation. Designers should contact
the Local Entity Engineer for guidance on required analysis and input parameters.

For roundabouts proposed at the intersections with Major Collector, Minor Arterial, or Major Arterial roadways, the
use of RODEL or ARCADY analysis software is required for capacity analysis and evaluation of geometric design
variables. The specific RODEL or ARCADY parameters shall be developed based on the recommendations of their
respective instruction manuals. Additionally, VISSIM analysis may also be required for verification of the RODEL
or ARCADY results. A lane use diagram showing origin-destination turning movement volumes will be a
requirement of preliminary design review. For unbalanced entry and circulation modeling in multi-lane roundabouts,
the analysis software chosen shall consider the key individual conflict zone as determined by the proposed geometry
and striping.

The following guidance is given for the RODEL effective entry width parameter “E”, assuming a striped roundabout
entry:

A. Single-Lane Entry -

1. E shall be a minimum of 3.0m (9.84ft)

2. E shall be a maximum of 4.5m (14.76ft) if the approach feeds a single circulating lane

3. E shall be a maximum of 5.5m (18.05ft) if the single lane approach feeds 2 (or more)
circulating lanes

B. Multi-Lane Entry -

1. The minimum lane width shall be 3.0m (9.84ft)
2. The maximum lane width shall be 4.0m (13.12ft)

Based on the above, a two lane entry can be 6m - 8m (19.69ft — 26.25ft) wide

The Kimber roundabout capacity equations used in the RODEL and ARCADY analysis programs show capacity
increases on a smooth curve related to input parameters that do not consider roadway striping. Where striping is
proposed with the roundabout design, the E values must be input based on the effective width as detailed above and
in the RODEL manual consisting of different lane width sizes. For example, if the measured design entry width E
is 10m in the model, this represents three 3.33m lanes, not two 5m lanes as the entry width E exceeds the maximum
lane width. The effective width should be set in the model to the maximum for two lanes at 8m even though the
measured with is 10m.



If any lanes are designed wider than 4.0m in order to accommaodate trucks, they should be considered to be 4.0m
wide when summing the lane width to get E for use in RODEL. Usually, entry lanes have equal width, but a two
lane approach may have a 3.60m lane and a 5m lane, the latter made over-wide for trucks. For RODEL, the input
would be E = 3.6 + (4.0) = 7.6m, not E= 3.6 + (5.0) = 8.6m

All preliminary designs shall be accompanied by AM and PM peak hour turning movement counts for existing and
build-out conditions and traffic growth projections for both 10 and 20-year horizons. The RODEL or ARCADY
output shall also be provided at this time, when required. Where the roundabout is near a school, shopping center or
other major traffic generator, the peak hour for local traffic with the traffic generator fully developed shall be used
and may be different from standard a.m. or p.m. peak times. In addition to the RODEL or ARCADY output file, a
diagram graphically depicting the input parameters similar to that shown on Figure 1, shall be provided. The
horizontal roundabout layout shall be provided to the Local Entity in CAD format that is compatible with Autodesk
version 11.0 to allow for review of input parameters.

6. Utilities & Drainage

Design of underground and overhead utilities shall be included with the Preliminary Design. Design of water,
sewer, and electric shall meet the appropriate Local Entity's standards, or the standards of any applicable special
district. The placement of manholes and valve risers shall consider maintenance safety issues as well as their
location relative to wheel path in order to minimize surface ride issues. Street lighting shall follow the Local
Entity's standards for pole, light fixture and type of lighting. In general, lighting shall be designed to illuminate any
pedestrians within the crosswalks without causing a backlighting effect. Lighting shall also be situated to help the
driver identify the general shape of the intersection and to highlight conflict points or areas of entry and exit from a
distance equal to, or greater than the stopping sight distance as identified in Figure 4.

Drainage design shall comply with the Local Entity's storm drainage standards. Roundabouts should be generally
designed to slope away from the central and splitter islands with drainage inlets located on the outer curb line of the
approach roadways and away from the pedestrian crossings. Inlets within the roundabout circulatory roadway shall
be constructed with CDOT Type R inlets with sufficient capacity to limit the encroachment into the circulating area
to a maximum depth of 4-inches for the 10-year event. Placement of any inlets shall also consider the vehicle’s
wheel path when traveling through the roundabout.

7. Landscaping

Landscaping is an important part of the design, especially in the central island, as it provides visual awareness of the
roundabout. Landscaping designs must consider pedestrian and vehicle safety, providing year-round amenities for
the roundabout users without causing sight distance problems. This is especially important on approaches to
pedestrian crossings.

All final designs shall include a landscaping design sheet identifying plant types, height from the top of the mature
plant to the roadway surface (including the height of planter area), and the minimum pruning height for the lower
branches of any trees to be planted. See Figures 4 and 6 for areas where plant height is restricted for sight distance
reasons. Within the central island, but outside of the required stopping sight distance line, the use of larger plant
materials is encouraged to improve the driver’s perception of the roundabout location and shape. Care should be
taken to avoid distracting displays, such as signs, intricate sculptures, animated items, glare from lighting, or any
other features that could increase the potential for driver distraction. In no case should anything be placed within the
central island which would encourage pedestrians to access the central island.

8. Other

Other design criteria include but are not limited to:
e  The departure width of the roundabout shall be no narrower than the width of the circulatory roadway and
include a transition to the departure lane width cross-section, exclusive of on-street parking and bike lanes
(Figure 7). The roadway shall then taper out to its full width (bike-lane or parking) as shown on Figure 6.
e  Transit stops should be located downstream of the roundabout, clear of the exit area, and a minimum of 50
feet downstream of the bicycle re-entry ramp (Figure 7). The transit stops shall be built with a LCUASS
standard pullout or combined with the on-street parking area.
All unusual or location-specific design issues shall be resolved prior to the submission of final design plans.
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C. Specific / Geometric Design Elements

1. Critical Geometry

The roundabout advantage is its ability to move large volumes of traffic at a slow deliberate rate of speed that
processes the necessary turning movements into the through movements with less potential for high speed accidents.
The efficient use of the intersection area is created and controlled by the geometry of the roundabout and
specifically the approach road entry. Roundabout design is a balance between competing objectives and thus
requires a context sensitive approach to meet the design objectives. The design guidance described below is a
standardized approach intended to produce a reasonable, first-cut horizontal design. Intersections with specific
rights-of-way constraints or traffic needs will have to be addressed with a context sensitive approach.

2. Roundabout Design Approach

Once a preliminary roundabout lane configuration has been developed based on projected traffic turning movements
and capacity evaluations, the designer should develop a rough horizontal layout by using the applicable Figures in
this manual as a guide.

The approach roadway design elements include curb alignment, median width and transition, approach flare,
crosswalk location, horizontal and vertical alignment of the approach lane(s), intersection and stopping sight
distance calculations, approach speed, fast path radii, and other associated elements identified in Figures 1through 7.
Minimum / maximum design standards are as follows:

Fast Path (FP) Single Lane (ICD 115-155) Mult-lane (ICD 150 - 215)
Designation | Movement FP Radius Range FP Max FP Radius Range FP Max
(ft) Speed (ft) Speed

R1 Entry 120 — 160 25 175-275 30

R2 Circulating 90 - 115 25 175-215 25

R4 Left 40-60 15 70 15

Minimum
R5 Right Turn 120 -160 25 175-215 25

*R4 has a minimum requirement to reduce rear end accidents caused by excessive speed differential

Note — radii are given as a range for various superelevation rates from 0% to 4%, positive for R1, R3 & R5, and
negative for R2 and R4. Calculations for each specific roadway segment and corresponding cross slope shall follow
the AASHTO Green Book.

Maximum vertical grade (approach) 2% for 200’ on minor and principal arterials
4% for 100" on minor and major collectors

4% for 50’ on local streets

400’ for 25 MPH or less
490’ for 30 MPH
596’ for 35 MPH
690’ for 40 MPH
800’ for 45 MPH
910’ for 50 MPH

Approach Decision Sight Distance
(“DSD” on Figure 4 - measured from
the yield line)

Note — Approach Decision Sight Distance, DSD, is the distance at which the driver is aware of the change in
alignment caused specifically by the roundabout. If the required DSD is not available due to topographic
limitations, advance warning signs shall be required. Vertical alignment must be checked as well as horizontal
alignment for restrictions to DSD.

Minimum Approach Tangent
(approach centerline to yield line)

300’ on principal arterial
200’ on minor arterial
100’ on all collectors
50’ on local access
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Min. distance to nearest access 600’ on principal arterial

(distance from splitter island) 300’ on minor arterial
100’ on all collectors
30’ on local access

3. Circulating Roadway

The circulating roadway, that portion of the roundabout between the central island and the inscribed circle diameter
(ICD), is the portion of the roadway used by vehicular traffic. In Loveland (city limits only), the circulating
roadway within all proposed roundabouts shall be concrete pavement, unless otherwise approved by the Local Entity
Engineer. The ICD of the roundabout, which encloses the circulating roadway, shall be large enough to
accommodate all road users without exceeding the fast path maximum radii. Generally, the design of the inscribed
circle will be from 140’ to 215’ for multilane roundabouts, and from 90’ to 155’ for single lane roundabouts and 50’
to 90’ for Mini and Residential Compact roundabouts. The outside edge of the circulating roadway is within and
generally the same size as the inscribed circle.

The circulating roadway shall be from 1.0 to 1.2 times the maximum approach roadway width at the widest entry to
the roundabout. Super-elevation for the circulatory road should generally be no greater than 2%, although a super-
elevation of up to 4% may be approved if conditions warrant. Adverse super elevation is preferred for the
circulatory road as it provides a smoother transition for motorists, better drainage, and keeps circulating speeds to an
acceptable level.

Roundabouts may be designed and built in stages, with the initial size of the inscribed circle large enough for a
multilane roundabout, with an oversized central island that restricts the circulating roadway to one lane. In this case,
it is likely that an oversized truck apron will be needed.

Dedicated bypass lanes should be avoided if possible, due to the difficulty for pedestrians to cross three roadway
segments instead of the usual two in other roundabouts. If the capacity analysis with RODEL indicates that the
existing and shorter range projected volumes will operate at LOS D or better, the roundabout should be built without
a bypass. If the 20 year projected volumes show the need for a bypass, adequate right of way shall be included to
accommodate the future expansion and the bypass will be built when the operating LOS exceeds level C.

4. Sight Distance

Stopping Sight Distance (SSD) is the distance between a roadway obstruction and the approaching driver, measured
along the vehicle path. It is used to assess safety for vehicle to vehicle, vehicle to pedestrian or bicycle, and vehicle
to other object hazards. Every conflict point at the intersection must be checked, based on fast path vehicle speed
near the conflict area for obstructions of the required visibility area — see Figure 4.

SSD for the approach and yield at the roundabout shall be based on current AASHTO Green Book standards for
urban roadways.

5. Splitter Islands

Splitter islands are necessary to provide proper deflection of vehicular traffic for speed control and to provide
pedestrian refuge areas. For multi-lane roundabout entries, the alignment of the splitter island curb shall incorporate
an extension of the splitter island that is tangential to the outside flow line of the central island (Figure 1). For
arterial roundabouts, splitter islands shall be a minimum of 150" in length (300" preferred). See Figures for minimum
splitter island lengths for other types of roundabouts.

Splitter islands shall be designed with a minimum 6°x 6° (8°x 8 preferred) pedestrian refuge. Crosswalks shall be
located 25’ from the yield line for all roundabouts unless otherwise approved by the Local Entity Engineer (Figure
5). Crosswalks shall also be designed to be radial to the traveled roadway in order to improve visibility for
pedestrians.

The splitter island curb layout shall be designed in accordance with Figure 6.



6. Central Island

The central island is the most visible feature of a roundabout for approaching vehicles and it is the primary factor in
establishing the ultimate geometry of the roundabout. As such, correct central island sizing is critical to the proper
operation of the roundabout.

The central island diameter for a multilane roundabout shall be determined in a manner that assures that the
deflection for entering vehicles will result in a design that meets the maximum fast path requirements. Generally,
the central island diameter will fall between 115° and 175’ for a multilane roundabout and between 95° and 135 for
single lane roundabouts and 35’ to 75” for Mini roundabouts.

Truck aprons are required and may not exceed 5% superelevation. They shall be constructed of concrete and be
contrasting in texture and color from the surrounding roadway, easy to maintain, and able to withstand the loadings
of turning trucks (i.e. minimum 6” thick, decorative, contrasting colored concrete, etc.). In no case should a truck
apron resemble a sidewalk. Brick, cobblestone or other individually placed paving materials may be considered
when set on an adequately designed concrete supporting shelf. Additionally, truck aprons shall be provided with a
monolithic 4” mountable perimeter curb that is back-sloped at a 45 degree angle with a rounded top. See Figure 5
for additional truck apron design information.

Elevation drawings of the central island shall be included with the preliminary plans. Except for Mini and
Residential Compact roundabouts, the central island, exclusive of the truck apron and any sight distance restricted
areas, shall be a minimum of 2” above the surrounding roadway, and shall be of contrasting texture and colors to the
roadway and surrounding areas. The interior surfacing of the central island shall also be designed for low
maintenance, discouraging the use of sod or other high maintenance plantings/materials.

7. Signing & Marking

All signs and pavement markings shall conform to the current Manual on Uniform Traffic Control Devices
(MUTCD) as amended, and by this manual.

1. Signing - See Figure 9 for sign locations.

e Advance roundabout warning signs with advisory speed plaques are required whenever topography or
driver distraction precludes adequate advance visibility of the roundabout.

e Yield signs shall be placed on the right side of the approach roadway, at the point where vehicles are
required to yield when entering the roundabout. With the exception of Mini and Residential Compact
roundabouts, yield signing will also be required in the splitter islands. Supplemental “YIELD”
pavement markings may also be required where field observation warrants.

e Lane assignment signs, depicting the lanes maneuvering around the roundabout, shall be provided on
all multi-lane approaches (Figure 8). This requirement shall also be applied to single-lane approaches
with auxiliary turn lanes.

e  Street name signs with minimum 8” lettering shall be placed on the splitter islands and oriented toward
traffic on the circulatory roadway (Figure 8).

e Flag type guide signs, indicating the correct directional exit for service, recreational and cultural
destinations are required for major destination routes.

e Advanced guide signs (Figure 9) shall be required for the junction of numbered routes.

Including
Crosswalks,

e Pedestrian crossing signage shall be required where high pedestrian usage is expected, or as otherwise
determined by the Local Entity. and installed |

2. Marking —PRayement markings shall consist
pavement markings shall be ,ideisaediessmy
even with the surface of copcrete paving. Where installed on concrete paving, all markings (lines, symbols,
etc.) shall be outlined in black for increaﬁ}j

pre-formed, hot-applied thermoplastic material. All linear

visibility. %Figures 10-15 for typical pavement marking

types and locations.

Grooved in using approved
grinding process after the

-/

concrete has cured

All pavement markings can
be installed directly on top
mat of asphalt without

being recessed.

Use CDOT Specification, Section
627.08 (7a) for inlaid lines, Symbols
will not be inlaid.
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Lane use pavement markings, including arrows and solid or dashed lines shall be used on all multilane
roundabouts. See Figure 5 for their correct spacing and placement.

Yield lines and “YIELD” pavement markings shall be used to mark the location at which drivers must
yield to circulating traffic. The yield lines shall be curved along the outline of the circulatory roadway
and shall be oriented toward approaching drivers as depicted on Figures 10-15. Placement and
orientation of “YIELD” pavement markings will also be required as indicated on Figure 5. “Shark’s
Teeth” type yield markings will not be permitted.

Yellow edge lines shall be placed along the left edge of the approach roadway and along the edge of
the splitter islands. For multilane roundabouts, white edge lines are required along the right side of the
splitter island outlining the circulating roadway and yellow edge lines may be required around the
central island.

Pedestrian crossings shall be marked with “Denver” or “Continental” style markings, consisting of 1.5
x 9 bars located in a manner that avoids the projected wheel path.

Retroreflective raised pavement markers (RRPM) may be required on the central island and splitter
island curbs where sight distance and/or other concerns indicate that additional warning is necessary
for improved nighttime operational safety.

8. Landscaping Design Elements
In general, landscaping and design elements shall:

Be aesthetically pleasing

Fit within the context of the surrounding area
Not create a distraction for drivers

Not interfere with pedestrian safety

Not attract pedestrians into the central island

Splitter islands shall either be hardscape or contain low level vegetation with a maximum height at maturity, of 30”
above the roadway (Figure 6).

In order to reduce approach speeds, and with the exception of Residential Compact and Mini roundabouts; the
central island shall contain vertical features that are visible to approaching traffic under daylight and nighttime
conditions. All vertical features, however, shall be located outside of the stopping sight distance restriction area.

New roundabouts with landscaping shall be subject to a maintenance agreement with the local homeowners
Association (HOA), providing for maintenance of all proposed landscaping. In the alternative, guaranteed funding
for maintenance of the landscaping by other private organizations such as Metro Districts, Property Management
Agencies, etc., may be acceptable. Retrofit roundabouts shall have low-maintenance landscaping or a maintenance
agreement similar to new roundabouts.

11



Exhibits

Figure 1 — Roundabout Terminology

ROUNDABOUT TERMINOLOGY
{Rodel Symbology in Parenthesis)
See Rodel U.S. Manual for
input parameter description.
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12


fetzes
Callout
Remove "ONLY" Markings (TYP)

fetzes
Line

fetzes
Line

fetzes
Line

fetzes
Line


Figure 2 — Fast Path (4 Lane/4 Lane)

The maximum speed
differential between
two conflicting fast path
movements should be

no greater that 15 mph.

FAST PATH DELINEATION
FOR MULTI-LANE
ROUNDABOUT

Draw CAD spline lines per
the guidance described in
NCHRP 572 Appendix G &
Section 6 of NCHRP 672.

RX = Curve Designation IL.D. (Typ.)
Curve radius shall be a minimum
arc length of 65’ fit to spline curve
@ critical curve points.

4 LANE/4 LANE ROUNDABOUT DESIGN

CITY OF LOVELAND
PUBLIC WORKS
DEPARTMENT

DETAIL
DRAWING

APPROVED: JTK
DATE: 4/19/12 2
DRAWN BY: SRA

FIGURE
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Figure 3 — Fast Path (2 Lane/2 Lane)
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no greater that 15 mph.

FAST PATH DELINEATION
FOR SINGLE-LANE
ROUNDABOUT ENTRY

Draw CAD spline lines per
the guidance described in
NCHRP 572 Appendix G &
Section 6 of NCHRP 672.

RX = Curve Designation IL.D. (Typ.)
Curve radius shall be a minimum

arc length of 65’ fit to spline curve
@ critical curve points.

2 LANE/4 LANE ROUNDABOUT DESIGN

'- CITY OF LOVELAND DETAIL APPROVED: JTK FIGURE
PUBLIC WORKS DRAWING DATE: 4/19/12 3
“ DEPARTMENT DRAWN BY: SRA
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Figure 4 —Sight Distance

DECISION SIGHT DISTANCE
STOPPING SIGHT DISTANCE &
INTERSECTION SIGHT DISTANCE

(DSD, SSD & ISD)
Typical, one appreoach shown,

Restrictions apply to all approaches.
See Section C. 1 & 3 for distances.

. Truck Apron . /

E || " L |; oLl

EIEEEEEEEEELEE
Maximum mature landscape

height in restricted sight areas.

MNotes:

Decision Sight Distance (DSD) Intersection Sight
Distance (ISD) and Stopping Sight Distance {S5D) must

Restricted

Sight Area Y| Restricted : ; :
[Hatched) L Sight Area be checked for horizontal and vertical alignment.

\ | [Hatched)
M\ DSD, ISD & 55D are measured along vehicle path.

$5D for pedestrians measured to a point 6’ behind curb.

Conflict Point = ¥

Restricted
Sight Area
[Hatched)

i f

4 LANE/4 LANE ROUNDABOUT DESIGN

'- CITY OF LOVELAND DETAIL APPROVED: JTK FIGURE
PUBLIC WORKS DRAWING DATE: 4/19/12 4
“ DEPARTMENT DRAWN BY: SRA
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Figure 5 — Construction Details

Truncated Dome (Typ.)

1.0" at Curb Cut (Typ.)

CONSTRUCTION DETAILS
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Figure 6 — Construction Details (continued)
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\
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CREATE TYPICAL SPLITTER
| ISLAND OFFSETS
\_{SEE FIGURE 5)

\
\ \

ISLAND AND STRIPING DESIGNS. .
2 LANE LANE SPLITTER ISLAND DESIGN
CITY OF LOVELAND APPROVED: JTK FIGURE
PUBLIC WORKS D%IE\TT}}II\?G DATE: 4/19/12 6
DEPARTMENT DRAWN BY: SRA
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Figure 7 — Bicycle Path and Ramp Detail

BUS BAY
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6" Vertical
Curb
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2. Multi-use paths will not be
included in mini and residential
compact designs. Cyclist shall
become a vehicle under these
designs.

e and take full lane.
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FIGURE
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Figure 8 — Standard Signing
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Figure 10 — 4 Lane by 4 Lane Arterial
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Figure 11 — 2 Lane by 4 Lane Arterial

Sjaayg jasqng EE TS

Uiy 19345 PIOA
[ssaquiny |88 TN}

pinianus (S T paspay

1SUOIEIAY ON

|plIBjAY BuUDT—f AQ aup-Z

xma1jand /6o puD (@A 0Kl MM
8062796 (0 XA

ERN
ONIIINIONI SM¥OM Dend

ANVTIA0T 40 ALID

HSMONT &N 08=,1 19035
| BMp|0ji81aD—2UDj - [D13}0—aUD|—¢ BWDN 9)1y BuiRou]

LLOED Jep pody

WS

s ZL/6L/ Y oeg uon|

00000

waS

oM LL/i2/S 9100 uaoaiy

apol/ioN 1980l L1 3¥N9I4 payoniisuc]d sy SUGISIARY 19945 U0I}DWIoU| B[] Jayndwo)
MOLLVENOENGD ONIdIMLS dgﬁﬁﬁaﬂ‘h SAWNOI4 -ﬁm!
ANV LNOAVT LNCX NO
Tm N30
Mvig3Lav anvi-z) ki e i ST
2.:9&!»0»:9—!%21%15«532;.“@!“
[ v saom
e U O THVAIND ORI =0k 8
[ K
» u
#90a185 scﬁcﬁfi_s OMpROY 8% Ha0g105
@ouay ol . i eauay
7 Uy Moy 001 k
YIPIM Paok “anN3oT

Jsyjng pio, sdeospuc

ypoaes

[Tviy3aLay ANy 1)

usipoy
e
o

AVNOYOH 0

_ Baua]

IRy WOH ST

22


fetzes
Line

fetzes
Line


Figure 12 — 2 Lane by 4 Lane Arterial with Bypass Lane

EEETSREETS

TS

L Jaquiny 33345 wop
[ssaquiny 78S o320

Tauém SIP Jaubisa]| pasmay

8up] sspd—Ag yim ‘suoisay oy

apo)/oN joelold |

|Dliepy sup—¢ Aq auo]-g

pajonJjsuoy sy ,

5416M011qN G /50! BUD 3RO 0K MM
8062296 (0£6) ‘Xvd

£z8z-296 (0L6) @ubyd
L£508  OPDIOJOD 'BUDRAD]

Jeang

Y4 1803 Ole

ONIE33NIONI SHHOM DMand

HSMONT =N 0=,  ‘@P% |10 9 poy

BMp|DII51D—3UD|— |D1J3}JD—5UD| —g :BWD| B[] bumoig

cpipgef\forcn b\ ) pogqepunagp] e\ Busaati wujsnin dh

wdS  mpnw  ZL/8L/% ST

00000

el

WS s L /eg/S 8jag vojpary

UClIDULIOJU| 3|4 J8Induio]

i

e Jws3
“n mi
7 KT T
420G105 A ARG
20Uy 33083

v

(U} med ook

1P ??l\

Jelyng pios adoospuo]

All Thermo Plastic
linear lines (including
crosswalks) must be
inlayed by using an
approved grinding
process after the

concrete has cured

(IVIyaLaVY INVT+H)

7 T
jan0s. janoy sy
2 L | jasosy Lt
' - '
)
() | yon
AVmavod 08 LAl = yongies
al 55us]
Uy 08 DZT

P ua\,\H

Jmyng pibs adodspun

“\_ |so that markings are

flush with riding

~surface.

sBujssu uei1sapad 2U3 ApISU) EIE IOGEPLNGI AU UNRIM
sBunpiews pue Buldins [[e Joy MEELG-OWIBL] PAOI-I] 35 F

e e
Baacl S

'55WN319u1 sod smowe pareBuc 350 7

SBUDELL MOLIE PUE PIOM [[2 10] JI5E DULALL PAULIOYS4g 35N "L
STLON ONIILS TYHINID

Z1L 34n9l4 | SUDISIASY 128845
|
saaubuz
nug jesoy aus Aq possidde oq 1snuw Buidins pasodaid Iy ‘9
prom A0, £
[siil 0z 1) avepns Maiue3 a4 jo Burpulib panaidde yBnoiy oupmua) moe Aqnea &
(Ivid3 Ly anvi-z) TR iR L A SR A C I 5 deey oF/m ol ‘dnis um & ()

1) 35BN OLWIAU | PALIO-Dig SIEF HIEM IO
mauny 1biens

Lo

&
@
@

9

LNOAVT GHY SHOISN NG
NOULWINGHNO> ONIINLS TWOUAL HOA £ ANV 0L SIHNDI4 335

“TIONY NOLDTSHIINI ONY LNOAWT INCRVANNON TISOONd THL MO
T35YE SNOISNINIG SHIANVA JAYH TIAL NOISIO LNCEWONNGH HaY3

o o6
ML NDISTIA LNOAY INCSYONNOH TY3IAL ¥ 504 STINVLSIO ONY

055.!5 .mE
saion
TNOISNIWI THVEING INOAVT  ———k ¥
~ 7

VIS DS O,
wanog1

23


fetzes
Callout
3' w/ 3' Gap

fetzes
Callout
125

fetzes
Line

fetzes
Line

fetzes
Line

fetzes
Line

fetzes
Line

fetzes
Line

fetzes
Callout
6' w/6' Gap

fetzes
Callout
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Figure 15 —Mini
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Figure 16 — Residential Compact
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D. Definitions

AASHTO Green Book — The current version of the American Association of State Highway and Transportation
Officials publication “A Policy on Geometric Design of Streets”.

Central Island - the raised area in the center of a roundabout around which traffic circulates.

Circulating Volume -the total vehicular volume on the circulatory roadway immediately prior to an exit, measured
over a specified period of time.

Circulatory Roadway — the roadway portion of a roundabout which circles the central island.

Circulatory Roadway Width - the distance between the outer edge striping of the circulatory roadway and the
outer margin or lip of gutter of the central island, exclusive of aprons.

Deflection - the change in trajectory of a vehicle imposed by geometric features of the roadway.

Departure Width - the downstream width of the roadway used by vehicles departing the roundabout.
Design Vehicle - the largest vehicle that can reasonably be anticipated to use a facility.

Entry Flare - the widening of an approach upstream of the yield line in order to provide additional capacity.

Entry Path Radius (R1) - the minimum arc radius, fitted to the fast path, that occurs prior to the yield line (See
Figures 2 & 3).

Entry Radius - the minimum radius of curvature of the outside (right) edge stripe, or lip of gutter, of the roundabout
entry.

Entry Speed - the speed of a vehicle as it crosses the yield line.

Entry Width - the width of the roundabout approach where it meets the inscribed circle, measured perpendicularly
from the right edge of the entry to the point of intersection of the left edge line and the inscribed circle (see Figure
1).

Exit Path Radius (R3) - the minimum arc radius, along the fast path, that extends from the roundabout exit (see
Figures 2 & 3).

Exit Width - the width of a roundabout exit where it meets the inscribed circle, measured perpendicularly from the
right edge of the exit to the point of intersection of the left edge line and the inscribed circle (see Figure 1).

Fast Path (FP) - a hand or spline-drawn representation of a vehicle’s path through a roundabout which would allow
the least deflection and thus, the highest travel speed given the geometric constraints. The method of determining
the FP is detailed in NCHRP Publication 572, with further clarification available in Appendix G of that Publication.

Fast Path Radius - the minimum radius on the fastest through path around the central island measured 5’ from any
vertical face and 3’ from center striping, as shown on Figures 2 & 3.

Inscribed Circle - used to define the size of a roundabout, it is the diameter of the largest circle that can be fit
within the outer edges of the circulating roadway.

Local Entity Engineer - The Engineering Division Manager, City Engineer, or another Local Entity representative
authorized to act on behalf of the Local Entity.

Mini-Roundabout - a small, retrofit roundabout intended process traffic volumes greater than 3500 AADT
combined intersection traffic, which is intended to fit into locations with significant right-of-way constraints.

Multilane Roundabout - a roundabout that has a circulatory roadway that can accommodate at least 2 vehicles
traveling side-by-side.
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Partial Right-Turn Bypass Lane - a channelized right-turn lane that does not share the same entrance to the
roundabout as the other entering lanes but yields to exiting vehicles due to the lack of an additional downstream
merge lane.

Residential Compact Roundabout - a new construction, residential roundabout intended for traffic calming in
situations with less than 3500 AADT combined intersection traffic.

Right-Turn Bypass Lane - a lane provided adjacent to, but separate from, the circulatory roadway, that allows
right-turning vehicles to bypass the roundabout. Also known as a right-turn slip lane, this lane must be able to
accommodate the design vehicle.

Roundabout - an intersection with 3 or more approach legs, generally circular in shape where continuous flow of
traffic is facilitated through the use of yielded entry and defined lane use.

Sight Triangle - an area required to be free of obstructions in order to ensure visibility between conflicting
movements.

Single-Lane Roundabout - a roundabout that has one circulatory lane.

Splitter Island - a raised area on an approach designed to separate entering and exiting traffic, deflect and slow
entering traffic, and provide a refuge area for pedestrians crossing the approach.

Stopping Sight Distance - the distance, measured along the centerline of travel, along a roadway that is required for
a driver to perceive an object in the roadway, react, and brake to a complete stop prior to reaching that object.

Truck Apron — a raised, colored and/or textured concrete surface, adjacent to the central island curbing, that is
designed to allow large vehicles to proceed through the roundabout with their rear wheels leaving the circulating
roadway and riding onto the apron area.

Two-Stage Crossing - a process in which pedestrians cross a roadway by crossing one direction of traffic at a time,
waiting in a pedestrian refuge between the two traffic streams if necessary before completing the crossing.
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