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SINGLE LANE, MULTI LANE 
AND MINI ROUNDABOUTS: 

The Geometric Aspects 

Presented by 
Nazir Lalani

Nazirlalani1@gmail.com

Distribution of the webinar materials outside of your site is prohibited. Reproduction of the materials and pictures without a written permission of the 
copyright holder is a violation of the U.S. law.

 Course instructor for UC Berkeley on classes 
concerning on roundabouts

 Reviewer of many roundabout projects for five 
public agencies

 Responsible for implementing many mini-
roundabouts in London

 Reviewed many roundabout locations both 
before and after construction of the roundabouts

 Provided peer review of roundabout designs by 
other transportation professionals

 Specialized expertise on designing roundabouts 
for all road users

Meet Your Instructor
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• How to use to use the tools already in existence to design 

better roundabouts

• Learn about most critical components of roundabout 

design that affect crash rates

• Become familiar with the most current research about on 

roundabouts from various publications

• Learn from case studies of roundabouts that were not 

designed well and resulted in problems

Webinar Outcomes
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Participants  ‐ Be Ready to Answer 
Questions About Fixing Broken 

Roundabouts!
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Which Roundabout is the Right Choice?

(Single lane, two‐lane or more)
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• Planning Steps

• Considerations of Context

• Potential Applications

• Planning‐Level Sizing and Space 
Requirements

• Comparing Performance of 
Alternative Intersection Types

• Economic Evaluation

• Public Involvement
6

Planning Stages for a Roundabout (NCHRP 672)
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Provides New Alternatives
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 Accommodate five legs

 Allow for U-turns of WB-50 
tractor trailers

 Provide a 180 degree right turn

 Ensure stalled vehicles can 
be passed

 Maintain ingress-egress for 
the trucking firm

 Perpetuate regional bike 
route transferring from 
roadway shoulders to bike 
path

 Meet the requirements of 
state and city standards

 Incorporate marketing elements 
of new residential development

• Data Collection and Analysis

• Analysis Techniques

• Highway Capacity Manual Method

• Deterministic Software Methods

• Simulation Methods

• Lanes needed/approximate size of Inscribed Circle

• Preliminary Right of Way Requirements

10

Operations Analysis for Proposed Roundabout
(NCHRP 672)
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Roundabout Capacity Software

• NCHRP 572:

Both methods 

overestimate capacity 

for U.S. conditions. 

Chapter 3 discussed 

models calibration for 

US conditions

11http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_572.pdf

Appendix To Report 572

12http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_w94.pdf
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Roundabout 
Characteristics 
Before Condition # of Sites

Total PDO Injury
Single Lane,
Urban Stop Controlled 12 69% 67% 80%
Single Lane,
Rural Stop Controlled 9 65% 63% 68%
Multi Lane,
Urban Stop Controlled 7 8% 0% 73%
Urban Signalized 5 37% 31% 75%
All Sites 33 47% 41% 72%

Percent Reduction in 
Crashes

Source – Insurance Institute for Highway Safety and NYSDOT, 2003Source: Ken E. Johnson, Mn/DOT Office of Traffic, Safety, and 
Technology, Member of Mn/DOT Roundabout Steering Committee 13

NCHRP Report 572‐
Roundabouts in the US (2007)

-76%-35%

-87%-72%
-71%-32%
-81%-29%

-67% TOO FEW

SIMILAR SIMILAR

-60%SIMILAR

Source: Ken E. Johnson, Mn/DOT Office of Traffic, Safety, and 
Technology, Member of Mn/DOT Roundabout Steering Committee

14



8

Source: NCHRP 572 15

16

Single Lane Roundabout Critical Conflict Point
Approaching  Capacity

www.traffexengineers.com
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Source: NCHRP 672

Selection of Design Vehicle is Critical to the 
Design Process

17

La Quinta Roundabout Interview – April 18. 2016, 4:00 PM

The Ideal Roundabout Location

18
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La Quinta Roundabout Interview – April 18. 2016, 4:00 PM

Addressing Key Issues
Solution To Maintaining Access:

19

Planning Level Feasibility Analysis

20
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Preliminary Design Steps

• Collect information and data

• Run models

• Sketch, find circle location and sketch approaches

• CAD a concept.  Recheck/test

• Public outreach

• Go to 30%, retest, Right of way and Utilities

• Public outreach

• Go to 60%

21

View at Route 9 and Route 67

Visual Simulation

22
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What Key Geometric Design Parameters Are 
Common to ALL Roundabouts?

23

Key Deficiencies

Issues Mostly Due to Compromises – design 
team/agency.

Top Most Common Deficiencies:

1. Lack of Deflection 

2. Size/Shape Not Optimized/Center Island 
Conspicuity

3. Path Overlap Problems

3. Truck Operations Dysfunctional

4.  Approach signing and striping inadequate

5. Lack of Qualified Peer Reviews

24
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Geometric Design Parameters

Source: Facilities Development Manual (Wisconsin) 25

YIELD

Source:
NCHRP 672

26
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There are Many Elements to Consider

• Entry Width

• Entry Flare

• Entry Angle

• Entry Radius

• Entry Deflection

• Entry Path Curvature

• Entry Speeds

• Fast Path Speeds

• Sight Distance

• Maneuverability of 
trucks

• Speed Consistency

• Entry & Circulating Visibility

• Splitter Island Design

• Exit Lanes and Geometry

• Appropriate Signing and Striping

• Pedestrians 

• Vertical Design Parameters

• Bicyclists

• Aesthetics 

• Trains

27

Key Elements

• Entering vehicles must yield

• Use median ‘splitter’ deflection to force lower speeds 
before entering roundabout

• Vehicles circulate in counter‐clockwise direction at 15 ‐ 25 
mph

• Increasing the angle between arms sharply reduces crash 
frequency

• Increases in the entry width produce significant increases in 
capacity and crash frequency

• Crash frequency increases with larger circulating width –
single lane~15‐18’ (with truck apron)

28
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Design Process

• Begin by evaluating, checking and learning about the 
intersection

• Check  for Stopping Sight Distance (SSD)

• Design process can find a solution to the SSD

• Most start by drawing ‐ not recommended

• Collect and review adjacent land use data

• Obtain existing as built drawings

• Review traffic volume data

• Review recent crash data
31

Roundabout Design Characteristics

Source: Chapter 9, Design Manual, WSDOT 32
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• Provide slow entry speeds and 
consistent speeds through the 
roundabout by using deflection

• Provide the appropriate number of lanes 
and lane assignment to achieve 
adequate capacity, lane volume 
balance, and lane continuity

• Provide smooth channelization that is 
intuitive to drivers and results in, 
vehicles naturally using the intended 
lanes

• Provide adequately for the path of 
design vehicles

• Design to meet the needs of pedestrians 
and cyclists

• Provide appropriate sight distance and 
visibility for driver recognition of the 
intersection and conflicting users

Why is Sight Distance Important?

34
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Important Sight Distance Checks

• Approach sight distance 

• Sight distance on circulatory roadway

• Sight distance to crosswalk on exit

• Entering stream sight distance

• Circulating Stream

35

Stopping Sight 
Distance

Source: NCHRP 672

36
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Source: NCHRP 672

Stopping Sight Distance

37

Source: NCHRP 672 38

Entering Stream Distance and Circulation Stream Distance
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Source: NCHRP 672 39

40

New building restricts sight distance

Participants -what is the design solution?
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41

Sight distance restricted by the landscaping
42
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Published in the ITE Journal in July 2010
43

44
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What About Drainage?

45

Grade Break Caused Truck Problems

Source: Janet Kennedy, Transport Research Laboratory, UK  
46



24

Source: NCHRP
47

Circulatory Roadway Profile

48

Negative Slope is Too Severe – Residents 
Report Skidding During Wet Weather

Participants -what is the design solution?
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What About High Approach Speeds at 
Isolated Roundabouts?

49

Successive Reverse May Be Necessary on High Speed 
Approaches to Roundabouts – Avoid Making Them 

Too Tight for Trucks

50Source: NCHRP 672
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• Collisions occur mostly at night

• Involve mostly just one vehicle

• Involve mostly vehicle damage

• Involve mostly eastbound/westbound traffic

• Smittys Towing has removed 20+ vehicles in the past 12 
months

• Nick suggests: 

 Remove the roundabout and replace with a traffic signal

Add more street lights, signs, reflectors 

Make it a two lane roundabout

52

Smittys Towing Company Staff Member
Nick Armsheimer Reports:
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Participants -what are the design flaws here?
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Participants – what was done differently here?

56
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Truck Mounts Curb 

58
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What Are Key Geometric Design Parameters

for Single Lane Roundabouts?

59

60
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61

Why is the Fastest Path so Important?

62
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Source: NCHRP 672

63

Fastest Path – Single Lane Roundabout (NCHRP 672))

64
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Fastest Path – Dual Lane Roundabout (NCHRP 672)

65

R 1 and R 2 Govern Exit Speed and NOT R 3 Due To Short 
Acceleration Distance Shown in Red

Source: Alternate Design Methods for Pedestrian Safety at
Roundabout Entries and Exits (Baranowski) 66
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South Glens Falls – Elliptical Single Lane
Courtesy Of Howard Mcculloch, NE Roundabouts

67

To Accommodate Trucks, Exit Needs to be 17’ 
Wide - R3 Does NOT Govern Exit Speed

68
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Source: NCHRP 672

69

Alignment Modified to Create Deflection

70

Participants -what are the design flaws here?
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Dual in Business area

71

What about Trucks?

Note: Wisconsin Act 139 makes it so all vehicular traffic must yield to any 
semi or truck 40 ft. or larger when approaching, or in a roundabout, 
regardless of which lane the smaller vehicle occupies when in the 

roundabout with the semi. 

72
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The Circulatory Roadway Should NOT be Wider Than 
18 Feet Excluding the Truck Apron

73

Inscribed Circle for WB 67

Source: NCHRP 672
74
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Source: NCHRP 672 75

Truck Apron Design

Source: NCHRP 672
76

Truck Apron Transition Options from Circulatory Roadway
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Truck Apron Design
77Source: WA DOT Design Manual – Chapter 915

Height ~ 2”

Width will depend 
on design 
vehicle turning radius

Trucks can be handled by providing a truck apron –
Watch video at www.traffexengineers.com 

78
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Rear Wheels Mount the Truck Apron

Video at  www.traffexengineers.com 79

80

Participants -what is broken here?
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Published in the February 2009 ITE Journal 81

Splitter Island and Other Road Users

82
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Splitter Island Layout and Dimensions

Source: NCHRP 672 83

Source: NCHRP 672

Don’t Forget Other Road Users

84
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What Are the Key 
Geometric Design 
Parameters for 

Two‐Lane 
Roundabouts?

www.LRRB.org 85

• Lane arrangements to allow drivers to select the 
appropriate lane on entry and navigate through the 
roundabout without changing lanes

• Alignment of vehicles at the entrance line into the correct 
lane within the circulatory roadway

• Accommodation of side‐by‐side vehicles through the 
roundabout (i.e., a truck or bus traveling adjacent to a 
passenger car)

• Alignment of the legs to prevent exiting–circulating 
conflicts

• Accommodation for all travel modes
86

Guiding Principles for Designing MLR
(NCHRP 672)
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Source: NCHRP 572

Crash Frequency Increases With Increasing 
Inscribed Circle Diameter (D)

87

Path Overlap

88
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Adding a Lane for Capacity

Source: NCHRP 672 89

Source: Facilities Development Manual (WSDOT)

Path Overlap is a Problem at MLRs

90
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Interstate 82, Yakima, Washington)

Skid marks are a clue

92

Participants -what is broken here?
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Source: Facilities Development Manual (WSDOT)

Greater Entry Deflection by Increasing ICD (Caution: Larger ICD 
will Increase Circulatory Speeds – not Pedestrian Friendly)

93

Modified Design to Correct Path Overlap

Source: NCHRP 672
94
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Truck Path With Gore Striping (NCHRP 672)

95

96
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Path Overlap Conflicts at Exits

97

At Multilane Roundabouts (MLR), A Tight R3 Exit Radius Will 
Cause Exit Overlap and Crashes – R1 and R 2  Most Important

98
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Lane Configuration to Resolve Exit Conflicts)

Source: NCHRP 672 99

Sharp Right‐turn Lane

100
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101

Right-turn lane design 
is too tight

102
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103
Marks are a clue

104

Participants -what is broken here?
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What Are The Key Geometric Design 
Parameters for Mini Roundabouts?

105

Source: NCHRP 672 106

Left-turning Truck Problem at Mini/Small Roundabouts
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Participants -what  went wrong 
here that required a retrofit?

Mini in London - The White Dot

108
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109

110
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112
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Car goes over truck apron which is just red color

114

Participants -what are the design concerns
with this proposed Mini?
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Why Should All Roundabouts Have Exits 

Clear at All Times?

115

Source: Roundabout  Design Standards 
- City of Colorado Springs 

Minimum Distance to Nearest  Access

116
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Published in the February 2009 ITE Journal 118
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Roundabout Close to a Traffic Signal

View video at www.traffexengineers.com
119

Participants -what would be 
a major design concern  here?

Roseville Galleria Shopping Center

Source: Fehr and Peers

Queue loops alter signal 
timing of Parking structure 
signals to prevent 
backups into roundabout

120
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Participants – what’s broken here?

Final Design

122
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Finally ‐ Draw Accurately

• The design is done – problems largely solved

• Now refine and draw exactly (CAD)

• Check entry radii and adjust

• Check and adjust exit radii

• Accurately draw in context of the rough solution

• If details are drawn first  (bottom up design)
– Parts may be OK but the whole is wrong

• Bottom‐up designs look stiff and formal

• Designs should have a flowing, organic look

123

Final Check

• Leave design for about 3‐4 days

• Review it afresh – things become visible

• Horizontal is now totally FINSHED 

• Only now do the vertical design

• Occasionally some horizontal / vertical interaction 

• Some horizontal revision may be needed

• Signing and striping

• Refine for multimodal users

• Consider peer review

124
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Top Eight Most Common Design Deficiencies:

1. Lack of deflection (#1 Key design principle)

2. Size/shape not optimized

3. Truck operations dysfunctional

4. Not site specific design/alternative solutions not considered

5. Lack of qualified peer reviews

6. Final plans not reviewed by roundabout designer

7. Roundabout exit blockage not take into consideration

8. Grades are too severe

Two exit lanes create conflicts

Severe grade

View video at www.traffexengineers.com
126
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Design Guidance

• Approach grades ~ 3%

• Entry grades < 2%

• Exit grades < 4%

• Circulatory roadway ~ 1.0  to 1.2 x entry width (for single 

lane, try 18’ with truck apron)

• Two‐lane entries into single lane circulatory roadway not 

recommended

• Splitter islands are essential

127

 Is sight distance adequate at all points?

Signing easily understood?

Consistency among signs/markings to clarify approach?

Appropriate warning signs at correct distance from hazards?

Does landscaping or other signs obscure visibility?

Are the signs appropriate for the design speed?

Do markings clearly define routes for lane designations?

Are truck paths designed for the largest vehicles?

Are markings and sign letter heights adequate?

Roundabout Safety Review

128
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CASE STUDIES

129

Case Study I

130

Roundabout in Salem, Connecticut
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Roundabout with Clear Markings – Salem, CT

Source: Phil Demosthenes

Case Study II

Challenges of a Y type intersection

(Aerial Photos Provided by Mark Diercks ‐

City of Palm Desert)

138
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Before -Very Awkward Y 
Type Intersection

140
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Retention of existing improvements within right of way 
of major concern as well as accommodating trucks

142

Roundabout Nearing Completion
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Case Study III

(Jefferson and Avenue 52 in

La Quinta, CA)

143

Problems with Roundabout

• Two lane entry into a single lane 28 foot wide circulatory road

• Many citizen complaints because of path overlap

• Second highest crash location in the City – entry speed 30 mph but 

circulatory speed 19 mph.

• Rear‐end and sideswipe collisions due to path overlap

• 105 crashes in 10 years – more than 70% are drivers running into 

roundabout

• Signing changes recommended by designer have not worked 144
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Single wide circular lane

Dual lane entry into 
single lane roundabout

Video at  www.traffexengineers.com
146

Participants -what broken here?



74

Proposed Changes Considered

• Dual lane striping on circulatory road with one lane sections 

(Per 2009 MUTCD)

• Signs to tell truck drivers to take both lanes (Unsure this will work)

• Restriping exits to make them only one lane wide

• Advance speed reduction markings to reduce entry speeds closer to 

the circulatory design speed of 19mph

• Participants – what design changes should be implemented?

147
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Restriping to a Single Lane Configuration
to Resolve Exit Conflicts)

All Approaches to
be Single Lane with Free

Right-turn Lane

Single Lane Capacity May Fail During Special 
Events

Better deflection to reduce
entry speeds
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149

150
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14 collisions per year before – only three in one year 
after improvements completed

Bots dots rumble strip

Size of sign has been a problem due to wind load

154

Roundabout
fails during

Special events
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“Other recommendations for future multi‐lane 
roundabout projects would include the following:
1. Never characterize roundabout entries and 
exits as right turns, either verbally or in print, 
unless
a driver is actually making a right turn, such as 
entering northbound and departing eastbound.
a. Do not use right turn arrows on approaches to 
single‐lane roundabouts.
b. Do not stripe across the exits of roundabouts.
c. Do not recommend that drivers use a right turn 
signal to exit a roundabout.
2. Ensure that proper striping is available upon 
the opening of a roundabout to traffic.
3. Be aware of other circular‐shaped 
intersections, both locally and elsewhere, that 
may shape
driver perceptions of proper behavior at a 
roundabout.
4. Avoid providing more capacity than is needed. 
Doing so may increase drivers entry speeds and
increase the potential for improper lane use 
maneuvers.
5. Work closely with other agencies, driver 
educators, and local media to ensure that a public 
consistent message is shared with the.”

Roundabouts: Why is Mn/DOT 
Building Them?

Traffic Topics
August 5, 2010

Ken E. Johnson

Mn/DOT Office of Traffic, Safety, and Technology

Member of Mn/DOT Roundabout Steering Committee

ken.johnson@state.mn.us

651-234-7386
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159
www. traffexengineers.com

160

QUESTIONS
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Future Webinars

161

Single Lane, Multi Lane and Mini Roundabouts: 

The Operational Aspects

Thursday, August 10, 2017 | 12:00 

p.m. ‐ 1:30 p.m. Eastern Time

Pedestrian and Bicycle Safety Assessment Studies Thursday, August 17, 2017 | 12:00 p.m. 

‐ 1:30 p.m. Eastern Time

Roadway Geometric Design for Improved Safety 

and Operations 

Friday, September 8, 2017 | 11:30 a.m. 

‐ 1:00 p.m. Eastern Time

Work Zone Temporary Traffic Control Friday, September 15, 2017 | 12:00 

p.m. ‐ 1:30 p.m. Eastern Time

Traffic Calming: The Lumps and the Bumps Friday, September 22, 2017 | 12:00 

p.m. ‐ 1:30 p.m. Eastern Time


