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Abstract 
As the modern roundabout becomes a more popular intersection alternative in the United States, the ability 
of the roundabout to effectively manage traffic and to do so safely is on the forefront of engineering 
concerns. Despite decades of international success and credibility, regions throughout the U.S. have been 
hesitant to implement roundabouts in place of more traditional intersections. This case study of a series of 
intersections in Dublin, OH assesses the operational performance of roundabouts as it compares to that of 
their stop-controlled and signalized counterparts and analyzes historical crash data to evaluate the safety of 
the various intersection types. Operationally, roundabouts proved to operate better than their alternatives up 
to a certain capacity. While the roundabouts did not show significantly fewer crashes than other 
intersections, injury rates for crashes were lower at roundabouts. With further data regarding traffic 
volumes, this research can help U.S. engineers understand the operational and safety benefits of modern 
roundabouts.  
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INTRODUCTION 

 

Problem Statement  

The modern roundabout is considered by many professional engineers a safer 

intersection alternative than a signalized or stop-controlled intersection. In Western 

Europe, where modern roundabouts were introduced in 1956, the roundabout is widely 

recognized for its superior in safety record to that of its alternatives. For a typical North 

American driver, however, the task of navigating a roundabout can be intimidating and 

nerve-racking. After drivers grow more accustomed to roundabouts in their everyday 

commute, they tend to actually prefer roundabouts to signalized intersections and stop 

signs. It is important that engineers can convince municipalities and driving populations 

of the safety and operational advantage that roundabouts offer before they are willing to 

introduce the new intersection into their own community.  

 

Objective  

This study assesses the safety and operational performance of four roundabouts as 

they compare to the performance of various types of traditional intersections within a 

relatively close proximity to the roundabouts. Studying intersections in the same 

geographical vicinity means that the data represents drivers with similar attitudes and 

purposes for navigating the roadway system. These similarities reduce some of the bias 

that occurs when comparing dissimilar or unfamiliar drivers in different geographical 

locations.  

Typically the methods used to analyze road safety utilize historical information 

regarding the daily vehicular volume along a road segment or entering an intersection. 

Traffic volume data allows for some regression-to-the-mean in crash data and makes 

comparisons between intersections more relative. The intersections analyzed in this study 

are mostly on city roads, where such volumes are not recorded as thoroughly as they are 
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on state routes and interstates. Due to a lack of traffic volume data, a naïve comparison-

group method was used to analyze the intersections in this study relative to one another. 
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LITERATURE REVIEW 

 

Safety 

 The modern roundabout is widely considered to be a safer intersection type than 

traditional two-way stop controlled (TWSC) intersections and signal intersections. Three 

main roundabout characteristics contribute to their reputation as a safer intersection type: 

(1) roundabouts eliminate or alter conflict types, (2) they force drivers to reduce speeds to 

navigate the roundabout, and (3) they reduce crash severity (Rodegerdts et al. 2010). In 

terms of conflict types, roundabouts eliminate some of the most severe crash types by 

forcing all drivers to navigate their center island in the same direction. Left-turning 

vehicles turning in front of oncoming traffic and vehicles running red lights are especially 

injury producing crash types (Retting et al. 1995), neither of which occurs at a 

roundabout. In fact, the overall number of locations at which vehicle paths can potentially 

cross is reduced at a roundabout. This reduction is apparent from Figures 1 and 2, which 

depict the vehicle conflict points for 3-leg and 4-leg intersections with single-lane 

approaches (Rodegerdts et al. 2010). Conflict points denoted with the ‘crossing’ symbol 

are especially dangerous, as they represent those points where vehicles are susceptible to 

head-on or right angle collisions. 

 

Figure 1 – Conflict Points, 3-Leg Intersections, Single Lane Approaches 
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Figure 2 – Conflict Points, 4-Leg Intersections, Single Lane Approaches 

 

 Roundabouts also introduce safety benefits by reducing the speed of vehicles 

using the intersection. Obviously, drivers are forced to slow down more than they may 

have to at other intersections because of the raised center island in the middle of the 

roundabout. Modern roundabout entries are designed with flared entries that require 

drivers to slow down even more in order to navigate the entry. Proper geometric design, 

signing, and pavement markings are essential for making roundabouts safe for all users. 

Reducing the speed of navigating vehicles tends to also reduce the speed differential 

between vehicles, which can be a contributing factor in many injury accidents 

(Rodegerdts et al. 2010). Pedestrian safety is also generally improved at roundabouts, 

where pedestrians only have to cross one direction of traffic at a time because of splitter 

islands between roundabout entries and exits.  

 The reduction in crash severity can largely be attributed to those two previous 

characteristics. Roundabouts internationally have an excellent reputation for decreasing 

the rates of overall crashes and they are beginning to earn a similar reputation in the 

United States. A study conducted for the Insurance Institute for Highway Safety (IIHS) 

comments specifically on the large reduction of incapacitating injury and fatal accidents 

(Persuad et al. 2000).  
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In a study conducted by the Transportation Research Board (Rodegerdts et al. 

2007), the number of crashes at a given location was reduced by 35% overall and 76% 

for injury crashes when it was converted from a stop control or signal intersection to a 

roundabout. The study does point out that intersections converted from all-way stop 

control (AWSC) to a roundabout saw statistically insignificant changes in crash rates. 

The study also indicated that single lane roundabouts performed better than multi-lane 

roundabouts in terms of reduced crash rates; this can be attributed to the increased 

number of conflict points in multi-lane roundabouts as vehicles entering or exiting the 

inner circulating lane cross two potential vehicle points instead of one.  

Similarly, roundabouts in rural areas and on roads with lower traffic volumes 

have fewer crashes than their urban counterparts. Figure 3 shows the relationship 

between average annual daily traffic (AADT), number of lanes in the roundabout, and 

number of crashes reported. Clearly, single lane roundabouts have far fewer than multi-

lane roundabouts. But more importantly, injury crashes represent a very low percentage, 

even for the multi-lane roundabout accidents.  

 

Figure 3 – Roundabout Crashes per Year by AADT 
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 In other research conducted for this project, roundabouts in Ohio were examined 

for safety performance using the naïve before-and-after method. This method does not 

attribute all crash rate changes to roundabout conversion because it does not consider 

factors like traffic volume changes and other potential contributing factors, but the data is 

useful nonetheless. The study showed a decrease in total crashes by almost 30% when an 

intersection was converted from TWSC to a roundabout. More significantly, injury 

accidents at those locations were reduced by almost 80%. The study did not show similar 

results for the intersections converted from signals, where the total and injury crash 

quantities increased by more than double the expected quantities. However, these 

calculations were skewed by limited data in the after period used for the study; all of the 

intersections that were converted from signals to roundabouts provided less than a year of 

crash reports following the conversion. Still, the injury crash rate showed a slight 

decrease for those roundabouts, prompting the authors to suggest that roundabouts can 

contribute in a significant way in the public health perspective, because vehicle 

occupants, bicyclists, and pedestrians are all safer. 

 

Operational Performance 

 Analyzing the operational performance of an intersection includes consideration 

of both the capacity of the intersection and the level of service (LOS) of the intersection, 

usually based on one or more measure of effectiveness. The Highway Capacity Manual 

(HCM) defines the capacity of a facility as “the maximum hourly rate at which persons or 

vehicles can reasonably be expected to traverse a point or uniform section of a lane or 

roadway during a given time period.” The LOS is a more qualitative measure of an 

intersection that identifies its operational conditions and the perception that road users 

have of those conditions. Contributing to the LOS at intersections are the control delay – 

that incurred by signals, signs, and any other means of regulation at the intersection – and 

the geometric delay – that incurred by the necessary turning movements within an 

intersection (Rodegerdts et al. 2010).  
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 Operational performance of roundabouts is directly influenced by traffic patterns, 

by gap acceptance characteristics of drivers, and by the geometric design of the 

roundabouts themselves. Generally, the capacity of a roundabout entry is greater when 

the conflicting volume, the flow in the circulating lanes at that entry, is lower. 

Researchers recognize that roundabout capacities in the United States increase over time 

as drivers become more accustomed to the intersections and as demands on the 

roundabouts force drivers to improve efficiency. The geometry of the roundabout effects 

the performance by reducing the speed of vehicles (thus contributing to the geometric 

delay), dictating the number of travel lanes (single lane vs. multi-lane), and by affecting 

the driver’s perception of how to navigate the roundabout (their lane choice prior to 

entry). Generally, driver behaviors are attributed more for discrepancies in operational 

performance than geometric characteristics (Rodegerdts et al. 2010), assuming that no 

blatant design omissions occur.  
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METHODOLOGY 

 

Study Area  

This research focuses on a region of Dublin, Ohio that contains four roundabouts 

and five traditional intersections. When research began, the three-leg intersection of 

Brand Rd and Coffman Rd was stop-controlled on the Coffman Rd approach, but in 2013 

the intersection was converted to a roundabout (Thus, for safety comparisons, the 

intersection is considered stop-controlled, because all crash data came from before the 

conversion. For operational measures, it will be analyzed as a roundabout). The city of 

Dublin has been on the forefront of roundabout implementation since installing the first 

modern roundabout in Ohio in 2004, so the study area offers a relatively dense series of 

intersections with many familiar drivers.  

 

Figure 4 – A Map of the Study Area 

 

N 
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Figure 5 – Brand Rd and Muirfield Dr Roundabout 

 

 The first roundabout implemented in Dublin (and in fact, in Ohio) was the 

intersection of Brand Rd and Muirfield Dr This roundabout was built in 2004 after a fatal 

accident occurred at the previously existing intersection and city officials sought a safer 

alternative.  

 

Figure 6 – Brand Rd and Dublin Rd Roundabout 

 

N 

N 
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The roundabout at Brand Rd and Dublin Rd was the next to be converted in 2006.  

 

Figure 7 – Avery-Muirfield Dr and Post Rd Roundabout 

 

In 2009, the intersection of Avery-Muirfield Dr and Post Rd was converted to a 

roundabout, making it by far the most heavily travelled of the three roundabouts. This 

roundabout is located just north of the signalized intersection of Avery-Muirfield Dr and 

Perimeter Dr. 

 

  

N 
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Figure 8 – Brand Rd and Coffman Rd TWSC (2012) 

 

Figure 9 – Brand Rd and Coffman Rd Roundabout (2014) 

 

Finally, as previously mentioned, the three-leg intersection of Brand Rd and 

Coffman Rd was converted to a roundabout during the course of this research in 2013. 

The intersections used for the study are listed in Table 1 along with their 

respective number of legs and existing traffic control. Intersections denoted as TWSC 

feature a freely moving main street intersected by a minor street where vehicles are 

controlled by stop signs. AWSC indicates that all directions are required to stop at stop 

signs.  

N 

N 
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Table 1 – Study Area Intersections 

Site No. Intersection 
Approach 

Legs 

Traffic 

Control 

1 
Avery-Muirfield Dr 

and Perimeter Dr 
4 Signal 

2 
Avery-Muirfield Dr 

and Post Rd 
4 Roundabout 

3 
Brand Rd and   

Avery Rd 
4 AWSC 

4 
Brand Rd and 

Brandonway Dr 
4 TWSC 

5 
Brand Rd and 

Coffman Rd 
3 Roundabout* 

6 
Brand Rd and 

Coventry Woods Rd 
4 TWSC 

7 
Brand Rd and 

Dublin Rd 
3 Roundabout 

8 
Brand Rd and 

Muirfield Dr 
4 Roundabout 

9 
Emerald Dr and Post 

Rd 
3 Signal 

* Site 5 was converted during the research period. All crash statistics are included in 

TWSC intersection quantities. 
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In order to fully assess roundabout performance in comparison with that of 

traditional stop-controlled and signalized intersections, this study compares the different 

intersections both in terms of safety and in terms of operations. In an effort to compare 

like intersections, three-leg intersections are compared to one another separately from 

four-leg intersections. 

 

Data Collection 

Safety 

 To obtain the crash reports for the intersections within the study area, the 

researchers used the Ohio Department of Transportation (ODOT)’s GIS Crash Analysis 

Tool (GCAT). This program allows the user to specify any location on the map of Ohio 

and a time frame and returns to the user all appropriate crash report numbers. GCAT is a 

relatively new software, and currently only returns crash information dating back to 2009. 

Thus, the crash data for this study date from 2009 to 2013. Not all crash reports in 2014 

and 2015 have yet been uploaded to GCAT, so that data set was not included. 

 The Ohio Department of Public Safety keeps a database with all filed crash 

reports, so once the report numbers were obtained from ODOT, the researcher acquired 

the crash reports and filtered them by crash characteristics. For this study, the most 

significant details from the crash reports were the location of the crash, the date of the 

crash, the severity of the crash, the type of collision, and the weather and road conditions 

at the time of the crash.  

 

Operational Performance 

The traffic volumes that are used to evaluate the intersections in this study were 

obtained using MioVision traffic cameras during the summer of 2014. These cameras 

were set up within 100 feet of the intersections and recorded the turning movements of all 

vehicles entering and exiting the intersections during peak morning and afternoon hours. 
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The recordings were then processed to determine the total numbers of vehicles 

performing each movement (left, through, right, and U-turn) from each leg of the 

intersection and peak hour volumes were obtained.  

At the roundabout intersection of Brand Rd and Muirfield Dr, no camera 

placement could successfully capture all movements without vehicles passing behind 

trees or out of the camera’s view, therefore the MioVision processing was unable to 

successfully count the turning movements. The video recording of the intersection did, 

however, allow the researcher to manually count the movements. For this reason, the 

turning movement counts included in Appendix A for this intersection appear different 

than the other counts. Similarly, the mounted camera at Brand Rd and Dublin Rd was 

turned by the weather between the A.M. and P.M. traffic counts such that some vehicles 

exited the camera’s view before completing their movement. MioVision automatic 

processing could not track those movements, so the researcher manually counted volumes 

through this intersection as well.  

In addition to turning movement counts, the geometry of the intersections was 

obtained using Google Earth’s measurement tools. Relevant measurements for all 

intersections include the number of approach legs, the number of approach lanes and their 

allowable movements, the lengths of any short lanes (turn lanes added only at the 

intersection), and median widths around the intersections. At roundabouts, other relevant 

aspects of the geometry include the number of circulating lanes around the roundabout, 

center island diameter, entry lane widths, and circulating lane widths. 

 

Analysis 

Safety 

 In addition to the GCAT tool, ODOT offers its Crash Analysis Module (CAM), a 

macro-enabled Excel workbook that extrapolates data from crash reports and can 

subsequently analyze the data. The data for each intersection was initially imported into 

the CAM tool. When the CAM tool imports data, it immediately pulls from the data all 
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information from a crash report that was included when it was uploaded to the GCAT 

system. The researcher sifted through the data to find and correct any mistakes in the 

crash report data pulled from GCAT. For instance, some crash types were listed as 

‘Unknown’ in the CAM tool, but opening the crash report revealed that the crash was 

clearly an angle collision. In other cases the location of the crash was not actually at the 

intersection of interest; some crashes at nearby private drives were included in the initial 

data collection and had to be removed. 

 The crash reports included in the 2011 downloads were the most inconsistent in 

location. More than a dozen 2011 reports had to be removed because the coordinates 

associated with the reports were not consistent with the actual crash location. These 

reports were not included for the analysis, and the potential effect of this information 

discrepancy will be discussed later.  

 

  



P a g e  | 18 

 

Operational Performance 

 To analyze the operations of each intersection, the turning movement counts and 

geometrical aspects of each intersection are input into Signalized and Unsignalized 

Intersection Design and Research Aid software (SIDRA Intersections 6.0). SIDRA 

calculates the capacity of each intersection using Highway Capacity Manual (HCM) 

formulas. For roundabouts, the HCM currently does not consider geometric details of the 

intersection like center island diameter and entry angle to significantly impact the 

capacity of the intersections, but other details of the intersection make capacities vary. 

SIDRA then analyzes each intersection based on the volumes travelling through them and 

outputs expected queue distances, approach delays, degree of saturation 

(volume/capacity), and an overall Level of Service (LOS) that is indicative of an 

intersections ability to adequately handle the traffic volumes.  

 SIDRA is especially useful for this study because it allows the comparison of 

alternative intersections in the place of existing ones. For instance, the researcher 

compared the three-leg intersection of Brand Rd and Coffman Rd that was converted in 

2013 to a roundabout against its previous status as a TWSC intersection. Additionally, 

the software compares the AWSC intersection of Brand Rd and Avery Rd with a 

hypothetical alternative single lane roundabout. 
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RESULTS 

 

Safety 

From 2009 to 2013, there were a total of 97 crashes in the three roundabouts in 

the study area. The highest crash quantity was at the roundabout at Avery-Muirfield Dr 

and Post Rd, with 48, but only 6 resulted in injuries to one or more vehicle occupants (or 

a pedestrian). This roundabout also had the most vehicles navigate it during peak hours, 

as seen in Table 3. The other four-lane roundabout at the intersection of Brand Rd and 

Muirfield Dr had 26 crashes with seven resulting in injuries. Two of the 5 injuries at this 

roundabout involved bicyclists being hit by motor vehicles, one was a motorcycle that 

lost control, and the final 4 were the results of rear-end collisions.  

At the three-leg roundabout at the intersection of Dublin Rd and Brand Rd, 23 

crashes were recorded in the three years of the study. Six of the 23 resulted in injuries, 3 

from rear-end collisions and 3 from vehicles that lost control (one suspected of operating 

while intoxicated).  

Among the traditional stop-controlled and signalized intersections, there were 105 

reported crashes from 2009 to 2013. While this quantity is higher than that of the 

roundabouts, it should be noted that there were twice as many intersections and almost 

twice as much total traffic during peak traffic times. At the four-leg signalized 

intersection of Avery-Muirfield Dr and Perimeter Dr, 46 crashes were recorded, 16 of 

them resulting in injuries. Eight of the 16 injuries happened in rear-end crashes, 5 in 

angle collisions when one vehicle was turning left, 2 in sideswipe crashes coming out of 

the intersection, and the last was a struck pedestrian. 

At the four-way stop at Brand Rd and Avery Rd, 4 injury crashes and 5 PDO 

crashes were reported. Three of the injury accidents resulted from angle collisions when 

one vehicle turned in front of another and the fourth from a rear-end crash. At the 2 two-

way stop controlled intersections of along Brand Rd where it intersects with Coventry 
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Woods Dr and Brandonway Dr, there were a total of 14 crashes with 4 reporting an 

injury; three from angle collisions and one from a rear-end collision. These three 

intersections had fewer than 4,000 vehicles counted in their turning movement counts 

recorded during either peak traffic hour.  

The three-leg signal at the intersection of Emerald Dr and Post Rd had the highest 

recorded traffic volumes of any of the intersections during peak traffic hours. Still, just 28 

crashes were reported from 2009 to 2013, and only 5 with injuries. The injuries resulted 

from 2 left turn angle collisions, 2 rear-end collisions, and one intoxicated driver that 

sideswiped several vehicles waiting at a red light at the intersection. The three-leg stop-

controlled intersection of Brand Rd and Coffman Rd reported just 8 PDO crashes in the 

study’s time frame. None of these were in 2013, probably due to the intersection being 

under construction as it was converted to a roundabout. Table 2 shows all of the crashes 

sorted by crash type and severity.  

  



P a g e  | 21 

 

Table 2 – Crashes by Crash Type and Severity, 2009-2013 

Location Severity 

Crash Type 

Total 

% 

Inju

ry 
Rear

-End 

Side 

swipe 

No 

Collision 
Angle Other 

Peds/ 

Bikes 

Avery-Muirfield 

Dr & Post Rd 
PDO 16 12 1 13 0 0 42 13% 

  Injury 4 1 0 0 1 0 6   

Emerald Pkwy 

& Post Rd 
PDO 12 6 1 3 1 0 23 18% 

  Injury 2 1 0 2 0 0 5   

Muirfield Dr & 

Brand Rd 
PDO 6 4 3 6 0 0 19 27% 

  Injury 4 0 1 0 0 2 7   

Avery Rd &          

Brand Rd 
PDO 0 1 1 3 0 0 5 44% 

  Injury 1 0 0 3 0 0 4   

Coffman Rd & 

Brand Rd 
PDO 1 0 1 6 0 0 8 0% 

  Injury 0 0 0 0 0 0 0   

Dublin Rd &        

Brand Rd 
PDO 8 3 2 3 1 0 17 26% 

  Injury 3 0 3 0 0 0 6   

Brand Rd & 

Brandonway Dr 
PDO 0 0 2 6 0 0 8 20% 

  Injury 1 0 0 1 0 0 2   

Coventry 

Woods Dr & 

Brand Rd 
PDO 1 0 0 1 0 0 2 50% 

  Injury 0 0 0 2 0 0 2   

Avery-Muirfield 

Dr & Perimeter 
PDO 17 4 0 8 1 0 30 35% 

  Injury 8 2 0 5 0 1 16   

ROUNDABOUTS  PDO 30 19 6 22 1 0 78 20% 

   Injury 11 1 4 0 1 2 19   

TRADITIONAL  PDO 31 11 5 27 2 0 76 28% 

   Injury 12 3 0 13 0 1 29   
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Overall, 20% of the crashes that occurred at these roundabouts from 2009 to 2013 

resulted in injuries. At the traditional intersections in the study area, 28% of crashes 

resulted in injuries. While the overall quantities of crashes at the various intersections is 

perhaps even higher (relative to the traffic volume) at roundabouts than at traditional 

intersections, fewer crashes are severe enough to cause injury to those involved in the 

crash.  

 

Figure 10 – Crashes per year, by intersection type and severity 

 To address the changing crash rates over time, Figure 10 shows the number of 

overall crashes, roundabout crashes, overall injury crashes, and roundabout injury crashes 

per year from 2009 to 2013. The data shows that roundabout crashes are generally 

trending downward, but does not show a decrease in roundabout injury crashes. In fact, 

the most roundabout injury crashes occurred in 2012.  
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Operational Performance 

 Tables 4 and 5 shows the results of the SIDRA analysis of the exiting 

intersections. The table shows the average delay per vehicle and the worst delay that a 

vehicle on the worst approach experiences. In the morning peak hour, none of the 

roundabouts experience a delay any larger than 22.9 seconds. In the evening, the Avery-

Muirfield Dr and Post Rd roundabout does not perform as well because the volumes 

exceed the recommended capacity of the roundabout. The average delay at this 

roundabout is almost 40 seconds. It is of note, however, that the signalized intersection of 

Avery-Muirfield Dr and Perimeter Dr experiences similar delays in both the morning and 

evening peak hours. Above certain volumes, any form of traffic control will struggle to 

effectively maneuver all vehicles without causing some delays. 

 The Brand Rd and Muirfield Dr roundabout experiences heavier delays during the 

evening peak hour as well. This delay is a result of heavy volumes coming from the east 

leg. On this approach, the roundabout only has one lane, so the 577 vehicles approaching 

causes delays almost a minute long. All other approaches at Brand Rd and Muirfield Dr 

experience delays under 15 seconds in the evening peak hour. 

 The LOS column is the simplest way to assess the performance of these 

intersections, as it considers both the saturation of the intersection and the proportion of 

vehicles effected by the intersection delay. In the morning peak hour, the roundabouts are 

clearly effective, with LOS C and higher. As mentioned before, the Avery-Muirfield Dr 

and Post Rd roundabouts struggles to handle the capacity in the evening, but the LOS is 

still an E, which is acceptable. Queue lengths around these intersections are consistent 

with the delays.  
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Table 3 – Peak Hour Traffic Volumes 

Site 

No. 
Intersection 

Peak Hour Volume ( all 

approaches) 

A.M. P.M. 

1 
Avery-Muirfield Dr 

and Perimeter Dr 
2979 3420 

2 
Avery-Muirfield Dr 

and Post Rd 
2157 3108 

3 
Brand Rd and   

Avery Rd 
877 1151 

4 
Brand Rd and 

Brandonway Dr 
851 1268 

5 
Brand Rd and 

Coffman Rd 
1029 1489 

6 
Brand Rd and 

Coventry Woods Rd 
627 1073 

7 
Brand Rd and 

Dublin Rd 
1354 1804 

8 
Brand Rd and 

Muirfield Dr 
1401 1992 

9 
Emerald Dr and Post 

Rd 
3099 3727 
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Table 4 – Existing Intersection Operational Analysis Results, AM 

 Delay (sec) Queue Saturation 

LOS 

Location 
Average Worst Proportion 

Length 

(veh) 
(v/c) 

Avery-Muirfield Dr & 

Post Rd 
19 22.9 0.76 12 0.83 

C 

Muirfield Dr & Brand Rd 8.8 11.8 0.47 2 0.43 A 

Brandonway Dr & Brand 

Rd 
4.6 14.5 0.45 2 0.36 

B 

Coventry Woods Dr & 

Brand Rd 
3.2 13.7 0.15 1 0.27 

B 

Avery-Muirfield Dr & 

Perimeter Dr 
54.6 159.9 0.87 61 1.01 

D 

Avery Rd & Brand Rd 42 67.1 0.99 10 0.94 E 

Emerald Pkwy. & Post 

Rd 
13.7 21.4 0.73 25 0.82 

B 

Brand Rd & Coffman Rd 10.2 13.6 0.48 4 0.59 B 

Dublin Rd & Brand Rd 13.4 19.6 0.53 7 0.73 B 
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Table 5 – Existing Intersection Operational Analysis Results, PM 

 Delay (sec) Queue Saturation 

LOS 

Location 
Average Worst Proportion 

Length 

(veh) 
(v/c) 

Avery-Muirfield Dr & 

Post Rd 
39.6 61.1 0.88 33 1.03 

E 

Muirfield Dr & Brand Rd 24.1 51.3 0.73 13 0.97 C 

Brandonway Dr & Brand 

Rd 
9.6 43.4 0.74 6 0.68 

D 

Coventry Woods Dr & 

Brand Rd 
3.1 27.2 0.12 2 0.33 

D 

Avery-Muirfield Dr & 

Perimeter Dr 
44.9 81 0.91 36 0.87 

D 

Avery Rd & Brand Rd 48.7 71.6 0.99 11 0.97 E 

Emerald Pkwy. & Post Rd 13.6 22.8 0.77 17 0.76 B 

Brand Rd & Coffman Rd 17.8 24.7 0.72 11 0.83 C 

Dublin Rd & Brand Rd 14.7 18.3 0.68 7 0.73 B 

 

In addition to analyzing the existing intersections, this study also analyzed the 

intersection of Brand Rd and Coffman Rd as it existed before being converted to a 

roundabout in 2013. The results made clear the motivation for converting the intersection, 

despite it not having any injury accidents during the safety analysis. The three-leg 

intersection performed at a LOS D in the morning peak hour, but it had a saturation rate 
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of 1.59 in the evening and an LOS D. Vehicles queued for more than 5 minutes on the 

northbound stop-controlled approach. The queue length on that approach reached 53 

vehicles.  

Finally, the study analyzed a hypothetical alternative to the AWSC intersection of 

Brand Rd and Avery Rd. Using SIDRA, the researcher converted the intersection to a 

single circulating lane roundabout and the performance of the intersection improved 

dramatically. Instead of every vehicle being queued (by virtue of having stop control on 

all approaches), the queue proportion decreased to 0.49 in the morning and 0.60 in the 

evening peak hour. The LOS improved from an E to an A in the morning and from an E 

to a B in the evening. SIDRA results can be found in Appendix B. 
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DISCUSSION 

 

Safety 

Of note are the 13 injury crashes at traditional intersections that resulted from 

vehicles turning left in front of oncoming traffic. These sorts of collisions are eliminated 

with roundabouts, because dangerous left-turn movements are eliminated. All vehicles 

travel the same direction around the roundabout, so when they do collide at an angle, it is 

usually much less severe than the angle that cars incur with oncoming traffic at traditional 

intersections. About 40% of both groups’ injuries reported came from rear-end collisions. 

While no intersection alternative can completely eliminate the possibility of rear-end 

collisions, roundabouts are designed to slow all traffic, so hopefully these collisions 

would be less severe. Four of the roundabout injury crashes resulted from vehicles that 

lost control navigating the roundabout, and one of those drivers was intoxicated. Over 

time, it is expected that drivers become more familiar with roundabouts and understand 

better the speeds required to safely navigate the roundabout.  

Two of the roundabout injuries were incurred by struck bicyclists. Bicycle and 

pedestrian safety are always a concern for traffic engineers designing and implementing 

roundabouts. Bicyclists are allowed to use roundabouts just as vehicles are, but because 

of their limited stature, it may be easier for a driver to overlook a bicyclist navigating the 

roundabout and accidentally overtake him or her. In some cases, bicyclists choose to use 

the pedestrian crossings to navigate roundabouts. The challenge for pedestrians 

navigating roundabouts is two-fold. Because there is not a designated phase in which 

pedestrians are given the right-of-way, they are not as protected as they may be at a 

signal. Crossing the entry lanes is typically not very difficult because drivers can clearly 

see the approaching pedestrians as they prepare to cross. When pedestrians attempt to 

cross the exit lanes of roundabouts, however, the task becomes a bit more precarious. 

Drivers tend to focus on other vehicles in the roundabout when they are driving through 

it, so they sometimes do no notice pedestrians waiting at the exits to cross. Fortunately, 
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roundabout design has implemented some improvements to allow more room for drivers 

to allow pedestrians to cross without backing up traffic into the roundabout, increasing 

the safety of both the pedestrians and the vehicles.  

The yearly data regarding all crashes shows a significant dip in 2011 from all 

other years of data. This may be a result of a flaw in the GCAT system that resulted in 

crash reports being filed at the wrong latitude and longitude. Because these crash reports 

are accumulated by specifying a region on the map of Ohio, if the latitude and longitude 

attached to the report are incorrect, not all relevant reports will not be downloaded. After 

the initial data was downloaded, several reports were removed from the data because they 

were not crashes that occurred at the study sites. Like those reports were filed in faulty 

locations, others that should have been located at the study sites may have been filed 

elsewhere. 

 

Operational Performance 

 At volumes under 3,000 entering vehicles per hour, roundabouts proved to 

perform better than traditional intersections at reducing the average and worst delays of 

vehicles. While TWSC intersections allow main road through traffic to continue 

uninhibited by any sort of traffic control, the overall performance of these intersections 

suffer because of the delays incurred by the vehicles entering the intersections via the 

minor roads.  

 At volumes over 3,000 entering vehicles per hour, a 2-lane roundabout like the 

one at Avery-Muirfield Dr and Post Rd proved insufficient operationally. That many 

vehicles tends to overwhelm the roundabout and cause delays that may be more readily 

managed by a signalized intersection. The signalized intersection of Avery-Muirfield Dr 

and Perimeter Dr received a LOS better than that of the roundabout with similar volumes 

during the evening peak hour because it more equally distributed the delays to each 

approach.   
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 The conversion of the TWSC intersection of Brand Rd and Coffman Rd was an 

exciting development during the course of this study. During the safety analysis, the 

study revealed no serious issues of crashes, injuries or otherwise. During the operational 

analysis, however, investigation of the previous conditions with the existing volumes 

revealed that the intersection was not adequate to control the northbound volume on the 

stop-controlled approach. The roundabout, while it does only operate at an LOS B in the 

morning and LOS C in the evening, more equally distributes the delays among all three 

approaches of the intersection such that the northbound vehicles are not waiting for 

several minutes for a gap in the through travel along Brand Rd.  

 The hypothetical roundabout at Brand Rd and Avery Rd revealed a similar 

improvement in operations. This observation is useful, because it proves that a single lane 

roundabout could effectively navigate the peak hour volumes at the existing AWSC 

intersection. However, this site reveals one of the limitations of roundabout installation; 

specifically, the topography surrounding the existing intersection does not allow for the 

construction of a roundabout. It would be more costly to obtain the right-of-way and 

adjust the grade around the intersection than can be reasonably expected for such a 

project. Some might argue that the intersection is nearing capacity (0.94 v/c A.M., 0.97 

v/c P.M.), so some change may be necessary in the future, but a roundabout may not be 

feasible given the area directly around the intersection.  
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CONCLUSION AND RECOMMENDATIONS 

 Safety 

This study analyzed three roundabouts in Dublin, Ohio for their safety by 

accumulating crash information at the roundabouts from 2009 to 2013. By comparing this 

data with that of more traditional intersections in the surrounding area, the study showed 

that the roundabouts do not drastically decrease the number of crashes that occur at an 

intersection. However, the ratio of crashes at roundabout intersections in which one or 

more person was injured was determined to be lower than the ratio at stop-controlled and 

signalized intersections. By assessing the data from crashes individually, it was clear that 

the tendency of roundabouts to eliminate more dangerous turning movements such as left 

turns contributed to their effectiveness in reducing injury crashes.  

 Rear-end collisions accounted for the highest percentage of injury crashes at 

roundabout and at traditional intersections alike. While rear-end collisions cannot be 

completely avoided by any intersection type, roundabouts require drivers to reduce 

speeds in order to effectively navigate the intersection regardless of other traffic. Though 

this speed reduction did not prove to significantly limit injury-causing rear-end collisions 

in this study, further research investigating such injury crashes may explain this trend and 

allow future design conditions to more effectively encourage speed reduction and 

therefore reduce overall crash severity. 

 In order to more closely assess the difference in crash quantities among the 

intersections in this study, further research should include measures of the daily traffic 

volume using the intersections and others like it. Much of the current roundabout safety 

research focuses on those on state roads and interstate exits where traffic volumes are 

measured yearly by government agencies. To assess the safety improvements of 

intersections in more suburban and rural areas, municipalities need to fund average daily 

traffic counts on these roadways. Doing so may encourage other smaller municipalities to 

see the roundabout as a viable option in intersection modification when safety is a factor 

in the desire to re-design. 
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Operational Performance 

 This study showed that a roundabout carrying a total traffic volume under about 

3,000 vehicles during peak hours could not only effectively manage the traffic but could 

do so with much shorter delays than stop-controlled and signalized intersections. Though 

the comparisons are imperfect because of the different volumes using the intersections, 

roundabouts overall proved to operate at a higher Level of Service than their traditional 

counterparts in most situations.  

 The number of lanes available to each leg of a roundabout proved significant in 

each roundabout’s ability to manage traffic volumes as well. While the Brand Rd and 

Muirfield Dr roundabout sufficiently carried all evening peak hour traffic on three of its 

legs, the westbound leg featured only one lane and could not quite adequately carry the 

volume travelling through. The roundabout at Avery-Muirfield Dr and Post Rd, to the 

contrary, carried many more vehicles on its southbound leg than any of the Brand Rd and 

Muirfield Dr roundabout, but because it featured two lanes that allow through 

movements. This detail is essential in roundabout construction and allows planners and 

traffic designers to ensure that each leg of a roundabout is adequately designed to carry 

the traffic passing through. 

 As with any analysis of the operational performance of roundabouts, it is difficult 

to state precisely a roundabout’s ability to manage various traffic volumes explicitly. 

Researchers can use SIDRA tools to study approximate delays and queues, but only 

empirical observation of these intersections can provide an accurate assessment of the 

roundabout’s performance. Further research must be done to assess modern roundabout 

performance in the United States as users become more familiar and the intersections 

become more common. 
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APPENDIX A – CRASH SUMMARIES  
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APPENDIX B – TURNING MOVEMENT COUNTS 
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APPENDIX C – SIDRA INTERSECTION SUMMARIES 
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