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Abstract 

Increasing trends of traffic in urban area is a major concern in all the cities in India. The heterogeneous traffic are more diverse in 

nature due to lane changing and lack of lane discipline characteristics of driver’s in India. The rotary intersections are of the most 

vital components of urban roadway network. Intersection is one when either three or more road meets or intersects each other. It 

has been observed that the entry capacity of vehicles become comparatively lower at intersection than that of the straight portion 

of the road due to reduction in speed. Hence, long queues on intersections often observed, causing huge fuel consumption as well 

as environmental pollution in the urban area beside considerable time loss. The situation become more intense during the peak 

hours when increase of traffic volume by 50% than normal traffic. The traffic flow characteristics at rotary intersections are study 

to observe the performance of intersection. The capacity of the roadway rotary depends on the flow at different legs approaching 

the rotary. The present traffic scenario is usually used to characterize the present traffic condition to access the different parameters 

at different types of intersection. In the vicinity of a rotary intersection, road users must co-adjust their performance by reduced 

speed or change of path to avoid collision with each other. The purpose of the rotary intersection design is primarily to reduce the 

zone of conflicts within the intersection the main objects of providing a rotary are to eliminate the necessity of stopping even for 

crossing streams of vehicles and to reduce conflict. The crossing of vehicles is avoided by allowing all vehicles to merge into the 

streams around the rotary and then to diverge out to the desired radiating road. Thus the crossing conflict is eliminated and 

converted into weaving maneuver or a merging operation from the right and diverging operation to the left. Researchers have 

worked on the estimation of the capacity of a rotary intersections using different approaches. Four rotary intersections are taken 

up for capacity analysis. The capacity studies on these four intersection was calculated based on the established norms of Indian 

road congress ( IRC: 65, 1976 ).Rotary intersections are studied based on weaving traffic and entry volume. These parameters are 

function of traffic volume and geometric features. These parameters are critically observed in respect of distance from CBD 

boundary. The performance analysis of rotaries are based on various parameters such as total entry traffic volume, weaving traffic, 

capacity of weaving section and distances from CBD boundary. The resulting performance leads to a new modal development and 

its validation.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

A rotary is an alternative form of intersection traffic control. Rotaries are generally circular in shape, characterized by yield on 

entry and circulation around a central island. Rotaries are appropriate for many intersections including locations experiencing high 

number of crashes, long traffic delays, and approaches with relatively balanced traffic flows. Rotary have the potential to resolve 

various traffic flow problems. Traffic volume on one approach is significantly higher that it prevents vehicles at any other approach 

from entering the rotary especially at a downstream approach or the next following approach. Evaluation of junction capacity of 

rotary is very important since it is directly related to delay, level of service, accident, operation cost, and environmental issues. 

There are three legs, four legs, five legs and six legs rotaries in India and most of them have served more than 15 years. Since little 

attention has been paid to the design and capacity evaluation of the roundabouts, no one knows their capacities or level of services. 

Tanner models use the gap-acceptance theory (or critical headway) to simulate the behavior of entering vehicles and vehicles 

circulating within the rotary. Finding a safe gap (or headway) within circulating traffic stream to enter the rotary is the controlling 

variable that determines the ability of approach vehicles to enter the rotary. Current research work on rotary models mostly 

concentrates on determining the capacity of an approach based on the entering and circulating flows. Approach capacity is 

calculated as a mathematical function of critical headway and follow-up headway. This method is not sensitive to rotary geometric 

parameters such as inscribed circle diameter, entry angle, etc. 
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Critical headway and follow-up headway are two important parameters to perform operational analysis of rotary. Critical 

headway at rotaries represents the minimum time interval in circulating flow when an entering vehicle can safely enter the rotary. 

A driver would enter the rotary when faced with any headway equal to or greater than the critical headway. Follow-up headway is 

the minimum headway between two entering vehicles, which can be calculated by the average difference between passage times 

of two entering vehicles accepting the same mainstream headway under a queued condition. Increasing the follow-up time and 

critical gap decreases capacity. 

II. LITERATURE REVIEW 

 Analytical (Gap Acceptance) Vs. Empirical Regression 

There exist two distinct theories depends upon rotary capacity/delay equations. These theories are the analytical or gap acceptance 

method, and the empirical method, which is based on geometrics and regression. 

In Kimber‟s initial laboratory report (1980) he states that the dependence of entry capacity on circulating flow depends on the 

roundabout geometry. Kimber defines five geometric parameters which have an effect on the capacity. These are entry width and 

flare, the inscribed circle diameter (a line that bisects the centre island and the circulating lane twice) and the angle and radius of 

the entry. In Kimber‟s 1989 paper he states that gap acceptance is not a good estimator of capacity in the United Kingdom. He 

also states that single-lane entries are the basis for the simplest case for gap acceptance models, while empirical models apply also 

to multilane entries. Kimber reasons that gap acceptance models do not increase capacity correctly when additional entry lanes are 

added. Kimber makes two interesting comments in his paper the first being that many circumstances exist where driver response 

to yield signs conforms to gap acceptance assumptions. He is not given sufficient description of gap acceptance roundabouts. The 

main flaw of the gap acceptance theory is that it poorly evaluates capacity for roundabouts. The second comment by Kimber is 

that because of driver behaviour and geometric variation is not safe to transfer theories from one country to another. Fisk, in a 1991 

article, agreed that regression models should not be transferred from region to region or between roundabouts of different 

geometrical configurations. 

 Reviews on Capacity and Delay 

Rotary capacity and delay analysis can be performed at several levels of detail. Akcelik (1998) mentions three methods for 

measurement capacity. These include analysis by total approach flow used in ARCADY, the British empirical regression based on 

simulation. Akcelik uses the lane-by-lane method for the purpose of allowing improved geometric modelling of the intersection. 

He points out that recognition of unequal lane utilization is important because it affects the capacity and performance of the rotary. 

Fisk states the lane utilization for entering lanes should be determined using travel time minimization or by equalizing queue 

lengths. It is also mentioned that the left lane will be served at a faster rate than the right lane and because of this travel time 

minimization would be a better predictor. Akcelik‟s use of dominant and subdominant lanes .so this is problem from a different 

angle. Fisk and Akcelik both recommend using a different critical gap and follow uptime for each lane. In Akcelik‟s model lane 

utilization ratio is determined by the degrees of saturation of the lanes. Lane group capacity is then calculated and flow rate for 

each lane is determined. Morlok (1978) states that behavioural studies of motorists indicate that motorists will choose their route 

based on the minimum travel time. This is compliments Fisk‟s statement of minimizing travel time. Minimizing travel time appears 

to be the most appropriate method to determine lane utilization for this formulation. 

 Critical Gap and Follow up Time 

Cassidy et al (1995) state that it is not possible to directly observe the mean critical gap. This report also states that there is no 

evidence that a single-valued gap acceptance function cannot be used to model driver behaviour reliably at a stop sign. Tian et al 

(2000) consider the many variables that can effect critical gap and follow up time. They state that geometry, turning movements, 

vehicle type and approach grade were found to affect these parameters. The Federal Highway Administration (FHWA) (2000) 

states that it is not desirable to locate rotaries where grades are greater than four percent. Therefore, it is assumed that most 

roundabouts will not deal with grade as a factor. 

III. LOCATION OF ROTARY 

The Vadodara is a developing city. As of 2011 Vadodara had a population of almost 2.2 million+ people. This city contains more 

population and more traffic problems so we can reduce traffic flow with increase capacity of rotaries. The essential geometric and 

peak hour traffic data will be collected at rotaries. That rotaries are chosen based on the principle of possible representative of the 

target population of rotaries regarding size and numbers.  

Vadodara city has many rotaries and the chosen rotaries have four legs in order to fully represent the size of the rotaries. Actually, 

most of these rotaries were built before 15 years ago when rotary and traffic circles are popular but now the drivers have to operate 

in accordance to modern rotary traffic rules. Since tanner model does not depend on geometric elements, but they are more 

dependent on traffic rules. So that collecting traffic data and observing some geometric features possible to carry out the capacity 

analysis.  
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Fig. 1: L & T Circle, Vadodara 

IV. METHODOLOGY 

 General 

Capacity is the main determinant of the performance measures such as delay, queue length, critical headway and follow up time. 

The relationship between a given performance measure and capacity is often expressed in terms of degree of saturation (demand 

volume- capacity ratio). 

 Gap and Lag at Rotaries 

A gap is defined as the time difference between two successive circulating vehicles passing the same reference point in a rotary. 

The reference points most often chosen are the points where circulating vehicles either intersect entering vehicles (conflicting line) 

or exit the rotary (exiting line). If an entering vehicle arrives at the yield bar after the gap has already started the remainder of the 
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gap is termed lag. The National Cooperative Highway Research Program (NCHRP) Report 572 defines a lag as “the time from the 

arrival of the entering vehicle at the rotary entry to the arrival of the next conflicting vehicle”. 

 Critical Gap at Rotaries 

Based on the above definition of gap (and lag), the critical gap is defined as the minimum gap that an entering driver will accept 

for entering the rotary. The critical gap directly measuring in the field is not possible. In theory gap accepted by a driver is greater 

than or equal to his/her critical gap; a rejected gap is smaller than the critical gap. Therefore, although accepted and rejected gaps 

can be measured in the field, a critical gap cannot be directly measured. Critical gaps are estimated based on the quantified accepted 

and rejected gaps, and the point where accepted and rejected gaps are equally probable. 

 Follow-up Headway at Rotaries 

Follow-up headway is defined as the time difference between two successive vehicles in the same lane entering the rotary and 

using the same gap. The follow-up headway is similar in concept to the saturation headway used at signalized intersections. The 

saturation headway refers to “the average headway that can be achieved by a saturated, stable moving queue of vehicles passing 

through the signal”. The follow-up headway also requires the saturated condition for successive entering vehicles. As a result not 

all headways within gaps are follow-up headways. Typically a headway threshold is set to represent the saturated condition. Only 

headways that are smaller than the threshold and within gaps are considered as follow-up headways. 

 Effects of exit Vehicles on Capacity  

For the estimation of the critical gap, gaps are measured by taking the difference in times when two successive circulating vehicles 

arrive the conflict point with the entering vehicle. However, if the following circulating vehicle exits before the conflict point, the 

gap cannot be measured that gap could have been perceived by the driver of the entering vehicle. Thus there may be discrepancy 

between the measured gap and the perceived gap. 

To describe the method of considering the vehicles, the following case is considered: Vehicle V is yielding to enter the rotary, 

and Vehicles 1, 2 and 3 are the 1st, 2nd and 3rd vehicles respectively, which travel along the circulatory roadway heading towards 

the leg where Vehicle V is yielding. Vehicles 1 and 3 cross the leg where Vehicle V is yielding, but Vehicle 2 exits. Vehicle 1 

crosses in front of Vehicle V at t1, Vehicle 2 exits at t2, and Vehicle 3 crosses in front of Vehicle V at t3. When the exiting vehicles 

are not considered, the only time-gap in front of Vehicle V would be measured as t3-t1 since Vehicle 2 did not reach the point of 

conflict. When the exiting vehicles are considered two gaps can be defined using the equivalent travel time (Δe). The time it would 

have taken for Vehicle 2 to travel from the exiting leg to the point of conflict if it had not exit. Thus the first gap is defined as (t2 

- t1) + Δe, and the second gap is defined as t3 - t2. Zheng et al. (2011) found that the critical headway and the follow-up time were 

reduced when the exiting vehicles were considered. 

However, these studies assumed a single value of the equivalent travel time for all vehicle types. Since the term Δe is based on 

the free-flow speed of the circulating vehicles, it depends on the exiting vehicle. 

 
Time instance t1                          Time instance t2                   Time instance t3 

Fig. 1: Position of Circulating Vehicles at Various Time Instances 

 Measure of Effectiveness (MOE) 

 Volume to Capacity ratio 

Volume‐to‐capacity (V/C) ratios are the primary measure of effectiveness for evaluation against the operational performance. V/C 

ratios for rotaries should be calculated based on the entry demand and capacity for the most critical approach (i.e. approach with 

the highest v/c ratio) for single‐lane rotaries and the most critical lane (i.e. individual lane with the highest v/c ratio) for multilane 

rotaries. 
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 Queuing 

Queuing estimates should be included with all near‐term roundabout operational analyses (e.g., development applications, capital 

improvement projects). Depending on site‐specific conditions and at the City discretion queuing analyses may be required for long‐
term operational analysis (e.g., transportation system plan, transportation planning rule (TPR)). Queues between roundabouts and 

adjacent intersections and/or driveways have the potential to impact the safety and efficiency of the roadway and intersection 

elements away from the intersection being analyzed. 

 Delay 

Operational performance for roundabouts is measured against a V/C ratio to ensure a balanced comparison of alternative 

intersection forms delay estimates should be developed when comparing alternative intersection forms to the roundabout. As a 

general rule under the same traffic conditions, roundabouts typically will result in lower overall delay than traffic signals and all‐
way stop control but may result in higher overall delays than two‐way stop control. Delay estimates can also be used to estimate 

vehicle emissions that result from various forms of intersection control. 

 Level of Service 

Level of service should be defined by the delay values. These values are consistent with HCM 2010. 
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