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EVALUATION OF SAFETY AND MOBILITY OF TWO-LANE ROUNDABOUTS 

BACKGROUND 
Roundabouts are proliferating across the United States and taking root at the Federal Highway Administration (FHWA) and 
state Departments of Transportation (DOTs) due to their superb safety performance and delay-reduction potential. Although for 
fatal and incapacitating-injury crashes the above is true on all roundabout designs, multilane roundabouts fail in regards to less 
severe crashes. Specifically, the prevalence of driver mistakes and property damage crashes at "2x2" roundabout locations (2 
entering through lanes crossing two exiting through lanes) may deter agencies from implementing such designs in favor of 
single-lane roundabouts (with less mobility or less design life) or in favor of traffic signals (with higher delays and worse 
safety). The former can be seen across Minnesota as several2x2 roundabouts were recently converted to 2xl by reducing the 
number of available through lanes. Tlus merely delays addressing the problem until the near future since, in most cases, the 
extra demand is not presently needed but will be in less than 20 years. This brief interval is a chance to figure out why drivers 
are prone to mistakes and produce a design that will correct this behavior. The U11iversity's Principal Investigator (PI) recently 
concluded a before/after observational study on one such roundabout in Richfield, Minnesota (Richfield et al., 2012 and 2013). 
In this work, Hennepin Cow1ty, the City of Richfield, and MnDOT, collaborated in producing a number of changes in the signs 
and lane markings of the roundabout and managed to greatly reduce the occurrence of illegal left turns from the right-hand 
lane. Unfortunately, yielding violations don't seem to be affected by the improvements. Although the University learned a lot 
about the problem and identified potential solutions, the aforementioned roundabout is atypical bofu in terms of the design (pre 
2009 Manual on Uniform Traffic Control Devices [MUTCD]) as well as driver population (combination of young suburban 
and commuter traffic). This project aims to expand the current study by collecting observations of all undesirable driving 
maneuvers on the remaining 2x2 roundabouts in Minnesota and relate the frequency of each individual type to specific design 
features. A !though the resources this proposal is requesting will not allow for more than three roundabouts to be covered, it can 
be the impetus for a bigger pool fund study covering 15-20 roundabouts in several states. 

OBJECTNE 
The benefit from this project is a deeper understanding of the effect different roundabout design features have on driving 
behavior. This research can lead to new guidelines, improving, for example, the current MUTCD. The users of this research 
will be road designers, and state and county engineers. Having identified the design elements that best work on the different 
roadway settings, specific modifications to the signs and striping of existing roundabouts can reduce crash-causing driving 
behaviors. In addition, for the behaviors that prove to be uncorrelated to design features, more targeted education and 
enforcement can be the solution. · 

SCOPE 
This study will follow two interrelated experimental designs. The first follows tl1e same experimental design successfully 
executed in the "Before and After Study of Lane Restriction Marking and Signing at the Portland and 66th St Roundabout" 
project. Specifically, the me~hodology involves the collection of several days' wmth of video observations and the 
identification of all the driving violations performed by the drivers. These violations include tl1e following: 
1. Yielding violations 

o Failing to yield to left-lane cross traffic 
o Failing to yield to right-lane cross traffic 
o Failing to yield to both lanes of cross traffic 

2. Lane changes: 
o Lane change at entrance 
o Lane change at exit 
o Straddling both lanes 
o Cutting straight across 

3. Turn violations: 
o Illegal right tum from the left-hand lane 
o Illegal left turn from the right-hand lane 

4. Wrong Way 
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In the course of this work the University will collect video data on a minimum of three roundabouts. Because of the current 
conversion of2x2 to 2x1, the available sites are limited. Presently, there are two roundabouts with no current plan to be 
converted, one full 2x2 in the junction of Trunk Highwa~ (TH) 169 and Interstate 494, and Yz 2x2 (only three approaches have 
two Janes) on the intersection of University Drive and 5t Avenue South in St. Cloud, Minnesota. If a third roundabout in 
Minnesota is not located, the University will expand the search into Wisconsin. The two aforementioned roundabouts have 
been built recently and are based on the latest design standards, yet they serve very different driver types. The greatest detail 
that d~:ffers from the Richfield roundabout involves the entrance and exit deflection angles. The current standards prescribe 
much larger deflection angles. These angles may be affecting the yielding behavior of drivers and, since they are part of the 
roadway, it is not possible to change and evaluate a different alternativt< like we did with signs and striping in Richfield. 
Additionally, if a large number of turn violations are observed in the new roundabouts, elements from the new designs tested in 
Richfield can be implemented. This is the main thrust of the project. In Richfield it has been shown that improvements are 
possible, but in working with just one roundabout it is not possible to pinpoint the exact designs that produced the 
improvement. The two proposed roundabouts, along with the yet undefined third, will offer sufficient variety in designs that 
will allow the analysis to determine which improvement affects which violation type and has the potential of reducing crashes. 
The earlier study involved manual reduction of the video records, a very time consuming but reliable exercise. In this study, 
automated vehicle trajectory extraction will be employed first. This methodology has been available for the last 3 years but 
only recently successfully implemented by St-Aubin et al., 2013 on two-lane roundabouts. The Minnesota Traffic Observatory 
(MTO), through collaboration with the aforementioned researchers, has acquired the necessary software and is currently in the 
process of testing it on video collected in Richfield. The trajectory extraction will not only allow the enumeration of the 
different violations performed, but will also allow the execution of a full traffic conflict study. Therefore, the second study 
design we propose is a combination Traffic Conflict Technique (TCT) and Surrogate Safety Measures (SSM) analysis in order 
to identifY problematic interaction hotspots or important potential points of collision. A traffic conflict is a situation in which 
evasive action is taken to avoid a collision between two or more road users. In this project we will base our study on both the 
FHWA and the Swedish methods for TCT (FHWA-Hl-90-023, Garder, 1989). An SSM study utilizes measurements of driver 
behavior that have been shown to present similar trends to crash causes. TCT and SSM are complimentary to each other since 
SSM does not require events with evasive actions but it requires longer observation intervals. 

WORK PLAN 

Task Descriptions 

Task 1: Roundabout Selection and Engineering 
In cooperation with the project Technical Advisory Panel (TAP), the third roundabout will be selected. The University will 
visit all roundabouts and develop a schedule for the project data collection. Site engineering will provide all relevant 
information for the later deployment and permits will be requested. 

Task 2: Customization ofMTO Surveillance and Detection Equipment 
Based on the preliminary engineering on Task l, the University will modifY the MTO equipment to allow safe and efficient 
deployment on the selected roundabouts. The University will secure and appropriately modify rental equipment. 

Task 3: Station Deployment and Data Collection (Roundabout 1) 
The University will deploy the data collection equipment to the first roundabout and remain thet·e for at least one month to 
ensure sufficient, uninterrupted, observation of one or two weeks of data has been collected. It is important to have relatively 
uniform weather conditions in the data set. The task is 6-months long for practical reasons and to cover the possibility of 
collecting data on the second roundabout early in the project. 

Task 4: Collection and Analysis of Crash Records (Roundabout 1) 
The University will retrieve and analyze the records of all available crashes recorded since the establishment of each 
roundabout. The result will be information on the effect of environmental conditions (other than the ones observed), and driver 
demographics on crash propensity. Of particular importance will be the understanding, if possible, of the effect of driver 
familiarity with each particular roundabout. Such investigation will be based on information regarding the driver's home zip 
code and possibly an on-site survey. · 
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Task 5: Station Deployment and Data Collection (Roundabout 2) 
The University will deploy the data collection equipment to the second roundabout and remain there for at least one month to 
ensure sufficient, uninterrupted, observation of one or two weeks of data has been collected. It is important to have relatively 
uniform weather conditions in the data set. The task is 6-months long for practical reasons and to cover the possibility of 
collecting data on the second roundabout early in the project. 

Task 6: Station Deployment and Data Collection, and Collection and Analysis of Crash Records (Roundabouts 2 and 3) 
The University will deploy the data collection equipment to the third roundabout and remain there for at least one month to 
ensure sufficient, uninterrupted, observation of one or two weeks of data has been collected. It is important to have relatively 
uniform weather conditions in the data set. The task is 6-months long for practical reasons and to cover the possibility of 
collecting data on the second roundabout early in the project. In addition, the University will retrieve and analyze the records of 
all available crashes recorded since the establishment of each roundabout. The result will be information on the effect of 
environmental conditions (other than the ones observed), and driver demographics on crash propensity. Of particular 
importance will be the understanding, if possible, ofthe effect of driver familiarity with each particular roundabout. Such 
investigation will be based on information regarding the driver's home zip code and possibly an on-site survey. This task may 
collect data concurrently with Task 5, depending on the resources required. 

Task 7: Data Reduction 
The University will begin data reduction as soon as the first records are available and cover both periods of data collection. The 
results for each roundabout will be a list of undesirable driving behaviors along with their frequency depending on traffic and 
other conditions, vehicle tr~ectories, and roundabout entrance volumes. 

Task 8: Traffic Conflict and Surrogate Safety Measures Analysis 
Following closely after the data reduction effmi will be the analysis of the data. This task will evolve starting from the !mown 
methodologies and cover other statistical methodologies that will allow the University to highlight the role of different design 
features on driver behavior. 

Task 9: Compile Report, TAP Review and Revisions 
The University will prepare a draft report, following MnDOT's publication guidelines, to document project activities, findings 
and recommendations. This report will need to be reviewed by the TAP, updated by the University's Principal Investigator to 
incorporate technical comments, and then approved by the Technical Liaison before this task is considered complete. Holding a 
TAP meeting to discuss the draft report and review comments is strongly encouraged. The University may consult TAP 
members for clarification or discussion of comments. 

Task 10: Editorial Review and Publication of Final Report 
During this task, the Approved Report will be processed by MnDOT's Contract Editors. The editors will review the document 
to ensure it meets the publication standard. This task must be completed within the contract time because the editors will 
provide editorial comments and request information from the University's Principal Investigator. 

Task Deliverables 

Task: Deliverable(s): 
1: Report on site engineering and data collection schedule 
2: Repmi describing the actual data collection plan for each site 
3: Report on deolovment SJ.1CCess and data collected 
4: Crash record analysis report 
5: Report on deployment success and data collected 
6~ Report on deployment success and data collected 
7: Report summarizing the behaviors and measurements extracted 
8: Report summarizing the analysis results 
9: A Draft Report and Final Report Approved for Publication 
10: Final Published Report 
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PROJECT SCHEDULE 

Task Completion Dates 

Task: Draft Deliverable Due Date: Final Task Approval Date: 
1: August 31, 2014 September 30, 2014 
2: September 30, 2014 October 31,2014 
3: December 31., 2014 January 31, 2015 
4: March31,2015 April 30, 2015 
5: May 31,2015 June 30, 2015 
6: August 31,2015 September 30,2015 
7: February 28,2016 March 31, 2016 
8: April 30, 2016 May 31,2016 
9: July 31,2016 August 31, 2016 -
10: October 31,2016 

Task Durations 

2014 2015 
Months: 1 2 3 4 5 6 7 s.J 9 10 11 12 13 14 15 16 17 18 
Taskl X X X 

X X 
r------- ----·-r--

Task2 X X 
Task3 X X X X X X 

i---

Task4 X X X X X X 
Task 5 X X X -
Task 6 X X X X 
Task 7 X X X X X X X X 
TaskS X X X 
Task 9 
Task 10 

2016 
Months: 19 20 21 22 23 24 25 26 27 28 
Task 1 
Task2 
Task3 
Task4 
TaskS --
Task6 . 
Task 7 X X X 
TaskS X X X X X 
Task9 X X X X 
Task 10 X -x 
Key Milestones 

Key Milestones Target Date Description 
Confirm selection of first August 30, 2014 Communicate to the TAP the location of the first RB for data 
roundabout with TAP collection in fal12014 
Confirm selection of second March 31, 2015 Communicate to the TAP the location of the second and third RBs for 
and third RBs data collection in Summer 2015 . 
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