Mini-Roundabouts for the U.S.
and Traffic Models

VDOT Statewide Roundabout Workshop
Tuesday, September 17, 2013
Richmond, VA

Wei Zhang, Ph.D., P.E.,
Program Manager, FHWA Intersection Safety R&D



Outline

 History and evolution

» Distinct features and suitable traffic conditions

 Traffic/safety problems that can be/has been solved by mini-roundabout
* Mini-roundabout traffic models developed by FHWA

» Success stories from FHWA Field Evaluation Study

 Status of FHWA field evaluation

» Public out reaches for wider implementation



Modern Roundabout . %
Feb. 16, 1916_—Jun. 5, 2008
e A type of circular junction invented by Frank

Blackmore (UK Transport Research Lab) in 1966

e Background of this innovation
— 1959, congestion estimated cost Britain £250 million
— 1960, 10 M registered vehicles, would double in 1970

— Threatened economy productivity and damaged
quality of life in the polluted towns and cities

— 1963, “Traffic in Towns” by Sir Colin Buchanan, et. al.
(2-year comprehensive study) called for innovation in
transport technologies




Modern Roundabout 1
Operating Principles B %

Feb. 16, 1916 —Jun. 5, 2008

All vehicles travel in one direction around a
central island

Traffic entering the circle MUST slow down
and yield to circulating traffic

Pedestrian crosswalks are located one full car
length away from the intersection

Curbs, signs, and pavement markings are
installed to help enforce the design intents






Mini-roundabout . %

Feb. 16, 1916_—Jun. 5, 2008

* Invented by Frank Blackmore in 1969 to apply
the modern roundabout principles to smaller
intersections after witnessing too many

choked up town/urban intersections

e All raised elements (central island and splitter
island) should be traversable to accommodate

occasional large vehicles



1st Mini-Roundabout, London Rd & Oundle Rd
Peterborough Brltam (1969 2008)




Proven Impacts of Mini-Roundabout

e Simplify traffic flows at smaller intersections,
especially odd shaped intersections.

 Reduce congestion and improve safety at high
volume collector road intersections currently
controlled by AWSC, TWSC, and traffic signals.

It is widely used in European countries.



Why is Mini-roundabout not
Widely Used in the US?

Bad memory and confusion with
other types of circular intersections.



FACT: Roundabouts are a
subset of circular intersections

All circular

intersections Roundabouts

Rotaries

Neighborhood
traffic circles

Source: Mark Doctor, FHWA
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FHWA Initiated an Effort in 2009 to
Introduce mini-roundabout design
to the USA



Mini-Roundabout, what is it?

* Asingle-lane roundabout with inscribed circular
diameter (ICD) between 50 ft to 90 ft

* Defining feature is a traversable central island
(and split islands) to handle large vehicles

e Advantages include:
— More than twice the capacity of AWSC
— Fit into existing intersection ROW

— Improve intersection operating efficiency and safety
— Lower cost



Suitable Locations for Mini-roundabout

Intersections on 2-lane or 3-lane “high
volume” collector roads

Post speed 35 mph or less
Low truck volume

Comparable traffic demands from major and
minor approaches

Peak all entering traffic demand 900-1600 vph



Key Elements

 Centralisland (crown height<=5n)

e Splitter islands (width >= 4ft, prefer 6 ft, 10 ft)
e Circulating lane (width 14-16 ft)

e Entrance angle and deflection (control speed)
e Signing and marking

e Ped crosswalk (10 ft wide, placed 25 ft before
vield line)

Make the central island as large as possible after
achieving the desired circulating lane width.



Purpose of raised elements

Enforce compliance of vehicles using
designated circulating route

Un-comfortable for small vehicles to mount
Traversable by large vehicles

Not causing problems for winter maintenance



Signing and Pavement Markings




Design Philosophy

* Design the elements for 97% of the vehicles that
are known to use the intersection daily

 Make raised elements traversable by the top 1-
3% of large vehicles that only occasionally use the
Intersection

Huge savings in serving the same traffic demand
compared to regular sized modern roundabouts












Mini-Roundabout Models
Developed by FHWA

CAD templates for 2-lane by 2-lane, 2-lane by
3-lane, and 3-lane by 3-lane intersections.

CAP-X planning capacity model
VISSIM models (priority rule or conflict zone)
Mini-roundabout capacity equations/curves
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CAP X Planning Capacity Model

Analysis for Planning of Junctions

Input Worksheet
Project Hame: MNarberth, PA Mini-Roundabout Site Evaluation
roject Namber: Fhagd Mo Saea AR5 {datames -'.é'il? E- v Eindamea ?35"? Foea Rarad
Location L3t hrinnenaomr S ana i hbnneneonr e, AMachend, £ AM Peak HUU"}‘ volume = 1.493veh/h [tn‘tal]
L)
Date February 6, 2013 i
Traffic Volume Demand 318
VYolume [Vehlhrl Percent [*] 235 {J |—)E 3
- Wolume
U-Turn Left Thru Right Truck Erevth
165
I l l I ' 334 "
Eastbound 0 3ad 333 0 0,00 Q.00 27 _IT-E E‘H‘“‘ 447
westhoung 0 0 282 165 0,002 0.0z 393 282
Fouthboun 0 a3 ] 235 0,002 0,002
Plarthboung 0 ] ] ] 0,002 0,002
Adiurkmant 0.80 0.95 0.85
Suqqerted 0.80 0.95 0.85
Truck to PCE Factor Suggested = 2.00 2.00
Critical Lane Yaolume 1600
Equivalent Pasenger Car Volume
Volume [Vehlhr]
U-Turn Left Thru Right

TRIOCEL Introduction UL Al = Results Worksheet & 7 OR 5-W . OR N-E « OR S-E 4



Capacity Analysis for Planning of Junctions

Input Worksheet

Results for Roundabouts

4 RDI:E;;};UT Zone 1 (North) Zone 3 (East) Zone 2 (South) Zone 4 (West) mER;i:LwC Ranking
Laned: Lane2: Lane 3| Lane1 : Lane 2 : Lane 3| Lane1: Lane 2 : Lane 3| Lane1 | Lane 2 ;| Lane 3
9.1 | 50ICD | 045 0.83 0.00 0.68 0.83 #DIV/O!
92| 75ICD | 043 0.79 0.00 0.64 0.79 #DIV/O!
93| 1x1 | o037 0.70 0.00 0.55 0.70 #DIV/O!
94| 1x2 | 034 0.51 | 0.19 0.00 0.17 | 0.38 0 #DIV/O!
95| 2X1 0.10 : 0.28 0.68 0.00 | 0.00 0.50 0.68 #DIV/O!
96| 2X2 0.09 : 0.25 0.16 | 0.34 0.00 | 0.00 0.50 @ 0.18 0.50 #DIV/O!
97| 3X3 005 @ 005 i 021 | 0.16 | 033 018 | 0.00 = 0.00 #gEw| 0.00 i 0.16 @ 0.30 DIV #DIV/O!
= r Inferchande
Zone 1[At | Zone 2 (Lt | Zone 2 [Ctr. | Zone 4 [Ctr. | Zone 5 (Lt | Zone E (Rt
# |TYPE OF INTERCHANGE| Sheet =l =l il =l =l Mrg) [ Overallvie | o king
CLV: VIC |CLV  VIC |CLV  viC |CLV: vic |cLV: vic [cLv: vic |  Ratie
10.1 _ N-S 111 0,07 | 439 0.27 0 B
Diamond
10.2 EW 334 10.21| 286  0.18 0 B :
Ml N-S 28 :0.02| 87 0.0 0.0 B

- S MR CAA A DR MLE A IR CLF o
TR Introduction ¢ Input Worksheet T e R i e 0 D 0 COR N-W P |



75" ICD Mini-Roundabout

Design and Results
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VISSII\/I Models




Capacity Models

CSHICD = §78 — 0.957 * VE‘,E&T‘ — 1.341 = VE,HGV ’ RE = (0.987
CTEII‘:.'D — 985 — (0.883 * Vﬂ,fﬂf — 1.708 = VE,HGV ’ RE = (0.979

Ve car and V¢ yep are contlicting passenger cars and heavy vehicles, respectively.



Successful Stories



Mini-roundabout at SR 11 and SR 124
Jackson County, GA

Problem: About 50 cars recurring queue on SR 11 SB







Project Information

Engineering: 4 days
Construction: 9 days
Work Completion: 7.5 weeks after identification of problem

Cost:

— Curbing  $03,510
— Labor $19,490
— Equipment $09,897
— Material 540,474

— Total $63,353

Results: recurring 50 cars queue no longer exist



2 mini-roundabouts in Lake Stevens, WA




Nearby Signhalized Intersection

Edit in Google Map Maker Report 3 problemn



Lake Stevens Mini-Roundabout Sites

* Problems need to be addressed
— Recurring queues at T-intersection (PM peak)

— Queuing on Shopping Center NB makes it hard to
drivers to get out of shopping center

— Drivers observed running stop signs
— Businesses at the shopping center feared leaving



AWSC Intersections Mini-Roundabouts
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After

Before Results

Each mini took one day for striping (contractor) and one
day for installing the central island (city staff)

Total cost: about $20,000 for 2 mini-roundabouts

Recurring congestion gone after minis opened to traffic.
Traffic smoothed in and out of the shopping center
Parking lot full more often

10-15% sales increase at the SAFEWAY store

Positive feedback from Fire Department.

Only problem was with local Transit Company that has a
policy of not allowing drivers to mount raised curb/surface.



Mini-Roundabout at
S Tollgate Rd and W Macphail Rd
Bel Air, MD

GOUSIC Tollate Rd and W Macphail Rd, Bel Air, MD
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Tollgate Road at W. MacPhail Road
Entering Traffic Volumes

Volume Counts

Time Range EB SB WB NB Total
0:00 = 1:00 1 18 7 E] 35
1:00 = 2:00 1 10 1 & 18
2:00 - 3:00 1 & 6 4 17
3:00 - 4:00 0 10 5 5 20
4:00 - 5:00 4 12 5 22 43
5:00 - 6:00 22 52 a 54 137
6:00 - 7:00 64 114 26 152 356
7:00 - 8:00 86 206 73 314 679 ]
8:00 - 9:00 73 222 &0 266 621
9:00 - 10:00 65 241 7 210 583
10:00 - 11:00 36 268 a2 213 609
11:00 - 12:00 42 295 124 192 653
12:00 - 13:00 45 383 111 227 767
13:00 - 14:00 18 338 117 216 689
14:00 - 15:00 38 arT 129 245 789
15:00 - 16:00 45 428 140 250 913
16:00 = 17:00 58 511 1490 a3t 1090
17:00 2 18:00 71 525 163 399 1158 |
18:00 E 19:00 44 484 125 303 956
19:00 - 20:00 30 396 68 160 654
20:00 = 21:00 22 283 54 101 460
21:00 = 22:00 17 177 26 45 265
22:00 - 23:00 3 86 22 25 136
23:00 - 0:00 3 40 33 17 93
Total 780 5482 1713 3766 11744

Veolume Count

S Tollgate Rd & W MacPhail Rd, Bel Air, MD (10/10/2012)
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Potential Capacity

Dry

Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry

15:30 11 106 47 60 224 (  23.9915MPH 83.25F
15:45 15 111 55 )58 239 22.4391 MPH 81.5F
16:00 16 97 54 79 246 22.6796 MPH 81.5F
16:15 13 143 46 75 277 23.3999 MPH 80.25F
16:30 15 119 46 86 266 22.3959 MPH 79.25F
16:45 14| 152 44 91 301 21.3944 MPH 78F
17:00 16 123 51 88 278 22.4454 MPH 77F
**%17:15 19 144 46 314 22.6773MPH 75.5F
17:30 16 138 31 102 287 21.6894 MPH 75F
17:45 20| 120 35 104 279 22.4774 MPH 74F
18:00 11 124 35 90 260 24.1475MPH 74F
18:15 13 121 36 81 251 23.0521 MPH 73F
18:30 10 118 31 69 228 22.2511 MPH 72F
18:45 10 121 23 63 217 \__21.0658MPH 72F
Max 15-minute Counts 20 152 55 105 332
Estimated Capacity 1328 VPH




Speed Distribution (100 ft from
entrance) of 11,037 samples

S Tollgate Rd & W MacPhail Rd, Bel Air, MD (After_10/10/2012)
Speed Frequency Distribution

S Tollgate Rd & W MacPhail Rd, Bel Air, MD (After_10/10/2012)
Speed Cumulative Frequency Distribution
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Pedestrian Crossings
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Results

Work well operationally

Before accidents (2008-2011)

— 8 reported, 3 injuries (1 serious)
After accidents (2012-2013)

— 2 reported accidents, 1 minor injury

Potential for serious accidents greatly reduced
85t of 38 MPH — right angle accident
=> 15 MPH - side swipe accident
Increased pedestrian safety.



Proposed Mini-roundabout at Owens
St and Myrtle St, Stillwater, MN
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Intersection

CSAH 5 (Olive St)/Owens St
Myrtle St/Greeley St

CSAH 12 (Myrtle St)/Sherburne St
CSAH 12(Myrtle St)/Owens St
CSAH 5 (Olive St)/Sherburne St
CSAH 5 (Owens St)/Ramsey St
CSAH 12 (Myrtle St)/Brick St
Olive St/Greeley St

CSAH 5 (Olive St)/Brick St
Greeley St/Ramsey St

CSAH 5 (Stillwater Blvd)/Pine St

Traffic Control

Side-Street Stop
Side-Street Stop
Side-Street Stop
All-Way Stop

Side-Street Stop
Side-Street Stop
Side-Street Stop
Side-Street Stop
Side-Street Stop
Side-Street Stop
Side-Street Stop

Crashes?)

19 (3.8)
14 (2.8)
8 (1.6)
15 (3.0)
4(0.8)
3(0.6)
3(0.6)
3 (0.6)
3 (0.6)
2 (0.4)
3(0.6)

Crash
Rate(?

1.10
0.62
0.59
0.56
0.25
0.22
0.17
0.17
0.15
0.14
0.12

MnDOT Ave
Crash Rate®

0.3
0.3
0.3
0.6
0.3
0.3
0.3
0.3
0.3
0.3
0.3
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Stop-Controlled Intersection Mini-Roundabout




Video
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Mini-Roundabout 2007 PM
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Annual User Time Savings

Traffic Total Veh-Hr Travel Annual Cost
Scenarios of Travel Time Saving,
(veh-hr) Savings, | Dx($13.67/hrx
AWSC | Mini-rdbt D 260days/yr)
(veh-hr) ($)
2007 Traffic | 110.3 65.8 44.4 157,800
2017 Traffic | 205.3 134.1 71.3 253,400

Note: $13.67/hr is the adjusted 2013 value of time (S/hr)
recommended by Office of Secretary of Transportation (2011).
The cost savings calculation is for week days (52 week/yr x 5
days/week = 260 days/yr), and during PM peak hour only
Computation assumed all vehicles single occupancy.



FHWA Evaluation Status

e 10 sites completed as of August, 2013
— Takoma Park, MD (2 sites, $25,000 total)
— Baltimore, MD (1 site)
— Lake Stevens, WA (2 sites, $20,000 total)
— Snohomish Co., WA (1 site, S367,000)
— Bel Air, MD (1 site, $172,000 + $20,000 LED lights)
— Elmira, NY (2 sites, $97,500 total)
— Jefferson, GA (1 site, $63,353)

e Recruiting 5-7 sites for evaluation



Selling the Concept to the Public
and Elected Officials



Converting an AWSC to a Mini-Roundabout is like replacing
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a Iow capauty router with a high capacity router !!!




Mini-roundabout Can be
Context Sensitive







Summary of Viable Applications of
Mini-roundabouts

Unclog bottleneck at AWSC intersection

Reduce major road approaching speed and
provide more gaps to minor road traffic

Improve access for pedestrians and bicyclists
Revitalize shopping center
Eliminate local network wide traffic congestion



Take Aways of Mini-Roundabout

Mini-roundabout is NOT neighborhood traffic
circle

Mini-roundabout has more than twice the
capacity of AWSC because it can serve 3-4
vehicles a time.

Mini-roundabout is cost efficient because it is
designed for 97-98% of the vehicles using the
Intersection.

Mini-roundabout can be made context sensitive



Qand A?

Wei Zhang, Ph.D., P.E.
Program Manager, Intersection Safety R&D, FHWA

Tel: (202)493-3317
Email: Wei.Zhang@dot.gov




