
 
 

1 
 

COMPARATIVE ANALYSIS OF TRADITIONAL AND MODERN 
ROUNDABOUTS USING SIDRA 

 
Amir Masoud Rahimi1, AmirMohammad Parvini2 

1Faculty of Engineering, Department of Civil Engineering, University of Zanjan, Zanjan, Iran. 
2Department of Civil Engineering, Faculty of Engineering, Zanjan Branch,  

Islamic Azad University, Zanjan, Iran. 

 
ABSTRACT 

currently, most parts of the world have shifted from traditional traffic circles to 
modern roundabouts with respect to the role of roundabouts in reducing accidents, 
increasing safety, lowering the maintenance costs compared to traffic circles with 
their improper functional and safety experiences. In this study, field data collected 
from a current traditional roundabout was analyzed by the software AIMSUN and the 
obtained numbers were recorded. The modern roundabout was designed by changes 
in the traditional one, considering the geometric standards listed in regulations. Then, 
the modern roundabout was analyzed by applying a heterogeneous traffic by a micro-
simulation software SIDRA (5.1). The function, capacity and safety of the 
roundabout was analyzed assuming the superiority of modern roundabouts and 
acceptable LOS. The obtained results indicate that the function, capacity and safety 
of modern roundabouts are better than traditional ones. 
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INTRODUCTION 

Modern roundabouts follow those principles which are different from traffic circles 
(traditional roundabouts), built in the first half of this century in America. In the old 
traffic circles, the entering traffic had the right of way. The traffic circles were 
designed considering the spiral movement. Modern roundabouts are designed 
considering the lower speed; their dimensions are determined by a number of 
branches, capacity, and turning radius of larger vehicles. Turning in a roundabout is a 
critical element which influences the safety of that roundabout. Entering traffic must 
yield to the traffic rotate 
ng around the roundabout (Transportation Research Board (1998)). The United States 
was the first to use one-way rotaries in the world; however, traffic circles lost their 
popularity prior to 1950s. Older traffic circles located primarily in the northeastern 
states encountered serious operational and safety problems, including a tendency to 
get trapped in greater volume of traffic. Since 1990, the modern roundabout was 
observed in some parts of America. In recent years, the intense interest in this type of 
intersection has been due to its success in several European countries and in 
Australia, where the modern roundabout has revolutionized the design routine of the 
intersection (Transportation Research Board (1998)). 
 

 
Figure 1: Examples of traditional traffic circles (Transportation Research Board (1998)). 

 

 
Figure 2: turning and yield sign at the entrance (Transportation Research Board (1998)). 

 

Geometry plays an important role in the operational function of a roundabout. 
Modern roundabout indicates a significant progress in terms of function and safety 
compared to the old traffic circles. These changes have reduced the number and 
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severity of crashes and improved the safety profile of roundabouts. In general, 
roundabouts have improved the overall rate of accidents, particularly injuries caused 
by accidents in a wide range of areas (urban, suburban and rural) (Transportation 
Research Board ,NCHRP Report (2007)). The reasons for embracing roundabouts 
can include higher safety, less delay, lower cost, aesthetic factors and urban design 
(Transportation Research Board ,NCHRP Report (2010)). Modern roundabouts are 
common in some properties with the old traffic circles, but basically different in scale 
and key features such as the angle of entrance road from an outer tangent to the 
center of the island in order to smooth the flow direction, emphasis on existing 
developed routes by reducing line (Roger et al. (2010)). This research is a case study 
in Enqelab Square in Isfahan. Information was collected by the municipality of 
Isfahan on geometric parameters of the existing traffic circle, as well as the amount 
of volumes by manual counting and analyzed by the software AIMSUN; finally, the 
Enqelab Square was concluded as a problematic traditional traffic circle. The 
required information was then presented for promoting to a modern roundabout. 

METHODOLOGY 

SIDRA developed by ARRB Transport Research Ltd (Australia) is the most widely 
used software in US. This is in line with the fact that 2/3 of survey respondents stated 
that they follow or at least get help from Australian guidelines. In this way, the 
entering volume is estimated based on gap acceptance profile which is observed and 
measured less than the capacity in the field operation. Critical gap and progress time 
are related to the geometric parameters of the roundabout (Transportation Research 
Board (1998)). SIDRA estimates the critical gaps and follow-up progresses as a 
function of geometry and speed profile of rotating flow around the roundabout and 
entering flow. However, the user can determine the critical gap and known 
progresses to consider the local conditions (Transportation Research Board (1998)). 
 

ELEMENTS OF THE ROUNDABOUT 

Left turn at a certain place influences the conflicting volume of other entering 
traffics. Therefore, the potential capacity of the roundabout reduces as the left turn 
increases. Four overall volume ranges specified in Figure 3 show the volume 
threshold where a single-lane and two-lane roundabout needs to work acceptably. 
This method is a simple conservative approach to estimate the linear requirements of 
the roundabout. Following values were extracted from NCHRP 672. The ratio of the 
number of passing vehicles in rush hours to the daily traffic (K) ranges from 0.09 to 
0.10; the distribution of traffic direction or the ratio of passing vehicles in each 
direction of the lanes or (D) ranges from 0.52 to 0.58; the ratio of the entering traffic 
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from bystreet to total entering traffic ranges from 0.33 to 0.50; an acceptable ratio of 
volume to the capacity ranges from 0.85 to 1. The intermediate threshold for any 
roundabout is based on the most conservative combination of above factors; the 
above threshold is based on a combination to create maximum AADT. It has been 
suggested that the reasonable approximation of linear requirements for a three-leg 
roundabout should be obtained using 75% of the volume of the services shown in 
Figure 3 (Transportation Research Board ,NCHRP Report(2010)). 
 

 
Figure 3: the number of lanes using daily volume based on case studies 

 (Transportation Research Board ,NCHRP Report(2010)). 
 

Large conflicting volume reduces entering volumes to the roundabout and thus 
reduces the capacity of a given entering leg. Conversely, a low volume of conflicting 
traffic increases the capacity of entering leg. The entering legs of the roundabout are 
individually evaluated to determine the number of entering lanes based on the rate of 
conflicting flow. The sum of entering traffic υe and conflicting traffic VC is used to 
assess the number of lines needed for entry. The sum <1,000 vehicles per hour 
logically indicates a one-lane entry to act in its capacity. Generally, the operating 
speed is considered as the most important attribute of safety in roundabouts. 
Although the frequency of accidents is directly related to volume, the intensity is 
directly related to the speed. The suggested maximum entering speed is 20-25 mph 
based on a high-speed theoretic route in a single-lane roundabout. In a multi-lane 
roundabout, the suggested maximum entering speed is 25-30 mph based on the 
fastest theoretical route assuming that vehicles ignore all lines of the lanes. 
International studies have shown that the decrease in the radius and direction of 
vehicles at the entrance reduces the relative speed of entering and rotating vehicles. 
Thus, the rate of accidents is reduced between entering and rotating vehicles 
(Transportation Research Board ,NCHRP Report (2010)).  In single-lane 
roundabouts, the size of inscribed circle (IC) is generally a function of rotating 
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conditions of a vehicle. IC diameter should be at least 105 feet to embrace the vehicle 
WB-50 (WB-15). Smaller roundabouts can be used for local intersection or collector 
streets in which the vehicle is a bus or truck. IC diameter ranging from 150 to 130 
feet is usually used for places which need to embrace a larger vehicle WB-67 (WB-
20). The size of multi-lane roundabouts is typically determined as the average 
balanced need to access detour by a proper level for normal routes of vehicles. IC 
diameter of multi-lane roundabouts generally ranges from 150-250 feet. The 
traditional starting point is 160 to 180 Ft for two-lane roundabouts. The roundabouts 
with three- or four-lane entries need a larger diameter 180-330 feet to control the 
speed and the proper level (Transportation Research Board ,NCHRP Report(2010)). 
A separating island is required in all single-lane roundabouts to provide a safe place 
for pedestrians, help speed control, direct traffic into the roundabout, separate the 
entering and exiting traffic physically, and inhibit movement along the wrong route. 
In addition, separating island can be used as a place for installation of traffic signs. 
Full length of a high island must be at least 50 feet to ensure adequate protection of 
pedestrians. In higher-speed routes, the 150 feet separating island or more can be 
useful (Transportation Research Board(2007)). 
 

 
Figure 4: radius and minimal offset of the separating island 
 (Transportation Research Board ,NCHRP Report(2010)). 

 

The required width of entry is a function of the number of lanes and vehicles. The 
common width ranges from 24 to 30 feet a two-lane entry and 36 to 45 feet for the 
three-lane entry. In principle, the entry width is determined by the number of lanes 
specified in operational analysis and rotating requirements for vehicles 
(Transportation Research Board ,NCHRP Report(2010)). Usually, the width of 
rotaries is controlled by design criteria associated with a variety of vehicles in 
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vicinity of each other in a multi-lane roundabout. Usually, the width of multi-lane 
rotaries ranges from 14 to 16 ft. These values lead to a total of 28-32 ft for a two-lane 
rotary and 42-48 ft for a three-lane rotary (Transportation Research Board ,NCHRP 
Report(2010)). A smaller radius of entry leads to lower speed but interference at the 
entry, because vehicles take the shorter routes to avoid a collision with the central 
island. Small entry radius increases the single vehicle collision with the central 
island. The entry radius of a multi-lane roundabout is typically more than 65 feet to 
provide enough natural route and prevent vehicles from lateral collision. A very 
small entry diameter (less than 45 feet) causes conflict between adjacent traffics 
leading to bad usage of lane and reduced capacity. Similarly, radius of the highest 
speed route R1 should not be too small; otherwise, the routes interfere with each 
other, which reduces the operating efficiency and increases the potential for accidents 
(Transportation Research Board ,NCHRP Report(2010)). 
 

DESIGNING 

Using aerial photographs extracted from Google Earth, the considered design was 
drawn and the sizes were introduced on the scale provided by the software. 
 

 
Figure 5: Aerial photographs and CAD design to conform to the status quo 

 

The status quo is as follows:  
 IC diameter: 78 meters 
 Diameter of the central island: 52 meters  
 Rotary width: 13 meters 

 

Entry from Motahari St. 
Entry from Kamal al-Din 

Ismail St. 
Entry from Chahar-Bagh-

Abbasi St. 

Entry radius (R): 127m Entry radius (R): 182m Entry radius (R): 122m 

Entry width (E): 14m Entry width (E): 15m Entry width (E): 10m 
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As first, R1 value ranging from 175 to 275 Ft leading to 25-30 mph was preferred for 
transforming to the modern roundabout. The entry radius was considered 84 m, 
which was the greatest value of this range, for three routes. The reason for this is to 
consider capacity along with other parameters. Figure 6 shows the increased capacity 
based on entry radius. Moreover, this radius was located to provide E value or entry 
width. The typical entry width ranged from 24 to 30 for a two-lane entry. The highest 
rate (9.1) was considered, as shown Figure 7, because the relationship between entry 
width and capacity as well as the need for applying the highest range of the entry 
width can be used to take advantage of the highest capacity. 
 

 
Figure 6: ratio of the entry radius and capacity 

 (Transportation Research Board ,NCHRP Report(2010)). 
 

 
Figure 7: ratio of entry width and capacity (Transportation Research Board ,NCHRP Report(2010)). 

 

By drawing 3 circles with 84m entry radius and locating circles with respect to 9.1m 
entry width, the transformation began (Figure 9). The primary changes required 
suitable sizes of the IC. Figure 8 shows the ratio of IC diameter to capacity. In this 
design, no changes were made in the current IC diameter (78m) to provide the 
required size of rotating width and higher capacity. To determine the required 
rotating width, the total 28-32 ft rotating width - of the highest rotating width 9.8 m 
for the two-lane roundabout - was used for the two-lane rotary. 
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Figure 8: the ratio of IC and capacity (Transportation Research Board ,NCHRP Report(2010)). 

 

Another reason to use the current IC diameter, which is greater than the 
recommended value, is to provide space for the additional diameter of central circle 
according to the recommendations for Y-shaped roundabouts. According to 
regulations, the 122, 182 and 127m entry radius reduced to 85m, and the 14, 15 and 
10m entry widths reduced to 9.1m. 
 

 
Figure 9: The initial design of geometric changes 

 

Separating islands are used for deflection or deviation of decisive elements in modern 
roundabouts. The full length of a high island needs to be at least 50ft, to ensure 
adequate protection of pedestrians. For higher speed routes, a 150ft separating island 
or more is useful. Figure 10 shows an almost completed design of the modernized 
roundabout. 
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Figure 10: new design of separating islands 

 

Although cautions were considered for calculations, the applied design was matched 
to the aerial photograph for one of the controls (Figure 11). Other parameters 
required for analysis by Sidra (5.1) were extracted from the matched control. 

 The length of Chahar Bagh Abbasi route: 100 m 
 The length of Kamal al-Din Ismail route: 155 m  
 The length of Motahari route: 150 m 

 

 
Figure 11: Modernized roundabout 

 

Due to changes made in geometric design by regulations, the traffic circle was 
modernized to roundabout. By specialized modern software Sidra 5.1 based on 
Australian Gap-Acceptance, this new roundabout can be analyzed to determine its 
efficiency considering the LOS output or service level. 

RESULTS 

Australian approach estimates the entering capacity based on gap acceptance profile 
which is observed and measured less than the capacity in the field operation. Critical 
gap and progress time are related to geometric parameters of the roundabout. At first, 
the Sidra 5.1 under Geometry tab requires to introduce geometry or the number of 
routes or legs. With respect to the Y-shaped Enqelab Square, Sidra is able to analyze 
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roundabouts to 6 routes. Figure 12 shows the application. The time unit is set to one 
hour per volume and the peak flow period is set to 15 minutes. 
 

 
Figure 12: setting the number of legs in the roundabout 

 

Next, geometric parameters such as the diameter of central circle, rotary width, the 
number of rotaries, entering radius, entering angle and length of the route leading to 
the roundabout were set for three routes separately. 
 

 
Figure 13: setting the geometric parameters 

 

Sidra 5.1 contains a HCM 2010 tab to calibrate the design based on regulations. In 
the Volumes tab, the information gathered manually by the municipality was set for 
computations on volumes by 0.92 PHF. 
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Figure 14: the counted volumes 

 

Due to the high volume of pedestrians around the Enqelab Square because of Si-va-
Se Pol bridge on the south side, pedestrians were counted manually. The counts were 
set in the software, because they considerably influence the analysis of volumes and 
level of service. Figure 4 shows the Pedestrians tab in the Sidra 5.1 software: 
 

 
Figure 15: setting the volume of pedestrians 

 

The following figure shows numbers and volumes (by applying PHF): 
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Figure 16: entering volumes 

 

The software contains a part to calculate the gasoline consumption in liter 
considering the volume of passing vehicles (0.33$ per liter, here). At the end, the 
analysis calculates the LOS start, queue calculation, speed and travel time, fuel costs 
and emissions, such as CO2. By minimum LOS D considering the problematic traffic 
circle, namely LOS F, current analysis led to the required minimums used for 
analytic confirmation. 
 

 
Figure 17: analyzed LOS by Sidra 5.1 

 

After installation, the peak hour delays averaged for all entries increased from 4 
minutes (LOS F) to 13-34 seconds (LOS B to LOS D). 
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CONCLUSION 

In Iran, changes have been made only in ways-to-go, while roundabouts are often 
traffic circles rather than modern roundabouts, such as Enqelab Square, Isfahan. 
Geometric changes, as it was applied here, are required for these circles. Using 
current regulations, this study presented a process to change and modernize the 
traditional traffic circles to modern roundabouts. Analyzing by micro-simulation 
software Sidra 5.1 based on Australian Gap Acceptance method and considering 
driver behavior, the obtained LOS concluded that the modern roundabouts are 
preferred over traditional circles. The obtained LOS showed that the smooth 
movement improved in the problematic route provided by the municipality. In 
addition, the emission rate calculated by the software showed reduction in costs and 
air pollution. 
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