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Previously on Traffic Engineering

Consider the following 4-way junction. For the unsignalized version, there
are 8 merge and 8 diverge conflicts and 16 crossing conflicts.

These reduce the capacity and also make navigating through the junction
less safe.

Lecture 16 Roundabouts and Simulators



3/21

Lecture Outline

1 Roundabouts

2 Simulators for Intersections
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Roundabouts
Introduction

Roundabouts/rotaries/traffic circles are alternate to traffic signals and can
reduce crossing conflicts.

Several studies have found that roundabouts have more capacity than using
four-way stops or signals. Since they have fewer conflicts, they tend to be
safer as well.

https://youtu.be/BvNO8LWVfAg
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Roundabouts
Advantages and Disadvantages

Advantages:

I Complete stops are avoided. This can improve air quality.

I Signals or traffic police aren’t needed. Operational costs are lower.

I Intersections with more than four approaches can also be effectively
handled using roundabouts.

The Arc de Triomphe roundabout with 12 approaches
https://youtu.be/FXfGZF2-sUU
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Roundabouts
Advantages and Disadvantages

Disadvantages:

I Not ideal for high volume conditions.

I Vehicles slow down significantly when navigating through a
roundabout which can increase the overall delay.

I Requires users to be familiar with the layout.

I Require more real estate.

I Pedestrians have to cross streets searching for gaps.
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Roundabouts
Types

Roundabouts

CSIR - Central Road Research Institute, New Delhi Page 7 - 2

as pedestrian friendly due to short crossing distances coupled with low speed of vehicles on each 
of the entry and exit approaches. A fully traversable central island is provided to accommodate 
large vehicles and it serves as one of the distinguishing features of a mini roundabout. It is basically 
designed to accommodate passenger cars without requiring them to traverse over the central island 
accompanied by the basic philosophy of applicable for the roundabouts so as to provide ‘priority 
to circulating traffic from the right’. Vehicles entering the roundabout must give way to vehicles 
approaching from the right, circulating the central island. The capacity and LOS estimation of mini 
roundabouts has not been dealt within this manual due to non-availability of such roundabouts to 
study the traffic characteristics in Indian cities.

7.1.2  Single Lane Roundabouts
This type of roundabout is characterized as having a single-lane entry at all legs and one 

circulatory lane. Figure 7.2 shows the features of a typical single lane roundabout having a diameter 
ranging from 27 m to 55 m. They are distinguished from mini-roundabouts by their larger inscribed 
circle diameter and non-traversable central-islands. Their design allows slightly higher speeds at 
the entry, on the circulatory roadway and at the exit. The geometric design typically includes raised 
splitter islands, a non-traversable central island, crosswalks and a truck apron/ mountable area. 
The size of the roundabout is largely influenced by the choice of a design vehicle and available RoW. 
However, again the capacity and LOS estimation of single lane roundabouts has not been dealt in this 
manual due to inadequate representation of such roundabouts to study the traffic characteristics in 
Indian cities. 

Figure 7.2: Typical Single Lane Roundabout

7.1.3 Multilane Roundabouts 
Multilane roundabouts have at least one entry with two or more lanes. In some cases, the 

roundabout may have different number of lanes on one or more approaches (e.g., two lane entry on 
the major approach and one lane entry on the minor approach). They also include roundabouts with 
entries on one or more approaches that flare from one to two or more lanes. These require wider 
circulatory roadways to accommodate more than one vehicle travelling side by side. Figure 7.3 shows 
the features of a typical multi-lane roundabout having a diameter ranging from 46 m to 90 m. The 
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speeds at the entry on the circulatory roadway and at the exit are similar or may be slightly higher 
than those for the single lane roundabouts. The geometric design will include raised splitter islands, 
truck apron, a non-traversable central-island and appropriate entry path deflection.

Figure 7.3: Typical Multilane Roundabout

7.2 BASE CONDITIONS FOR CAPACITY ESTIMATION
Based on the study of typology of over 350 roundabouts located in different parts of India, it is 

found that more than 70 percent roundabouts possess 20 m to 70 m diameter and average diameter 
of roundabouts in Indian cities / town is 35 m. This chapter presents concepts and procedures for the 
estimation of capacity and LOS of multilane roundabouts of diameter of 20 m to 70 m with two lane 
approach roads having mixed traffic flow conditions. The methodology proposed is applicable to base 
roundabouts satisfying most of the requirements mentioned below:
•	 Roundabouts at Four-arm intersection having two-lane approaches only.
•	 Roundabouts have circular shape of Central Island.
•	 Roundabouts shall have three-lane weaving width.
•	 Intersection angle shall preferably be at 90 degree +/- 10 degree. 
•	 Central Island diameter in the range of 20 m to 70 m.
•	 Roundabouts catering to low percentage of two wheelers and less than 5 per cent heavy 

vehicles and Non-Motorised Traffic (NMT). 
The methodology allows the analyst to assess the operational performance and capacity of 

existing or planned roundabouts based on the given traffic demand levels.

7.3 DEFINITIONS AND TERMINOLOGIES
The basic definitions and terminologies associated with the roundabouts and determination 

of its capacity and LOS are discussed in this section.  
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Roundabouts
Geometric Design

In a roundabout, drivers exhibit merge and diverge actions which is referred
to as weaving.

CHAPTER 40. TRAFFIC ROTARIES NPTEL May 7, 2007
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Figure 40:3: Weaving operation in a rotary

40.4.4 Width of the rotary

The entry width and exit width of the rotary is governed by the traffic entering and leaving the intersection

and the width of the approaching road. The width of the carriageway at entry and exit will be lower than the

width of the carriageway at the approaches to enable reduction of speed. IRC suggests that a two lane road

of 7 m width should be kept as 7 m for urban roads and 6.5 m for rural roads. Further, a three lane road of

10.5 m is to be reduced to 7 m and 7.5 m respectively for urban and rural roads.

The width of the weaving section should be higher than the width at entry and exit. Normally this will be

one lane more than the average entry and exit width. Thus weaving width is given as,

wweaving =

(
e1 + e2

2

)
+ 3.5m (40.1)

where e1 is the width of the carriageway at the entry and e2 is the carriageway width at exit.

Weaving length determines how smoothly the traffic can merge and diverge. It is decided based on many

factors such as weaving width, proportion of weaving traffic to the non-weaving traffic etc. This can be best

achieved by making the ratio of weaving length to the weaving width very high. A ratio of 4 is the minimum

value suggested by IRC. Very large weaving length is also dangerous, as it may encourage over-speeding.

40.5 Capacity

The capacity of rotary is determined by the capacity of each weaving section. Transportation road research lab

(TRL) proposed the following empirical formula to find the capacity of the weaving section.

Qw =
280w[1 + e

w ][1 − p
3 ]

1 + w
l

(40.2)

where e is the average entry and exit width, i.e, (e1+e2)
2 , w is the weaving width, l is the length of weaving, and

p is the proportion of weaving traffic to the non-weaving traffic. Figure 40:3 shows four types of movements at

a weaving section, a and d are the non-weaving traffic and b and c are the weaving traffic. Therefore,

p =
b + c

a + b + c + d
(40.3)

This capacity formula is valid only if the following conditions are satisfied.

1. Weaving width at the rotary is in between 6 and 18 metres.

Introduction to Transportation Engineering 40.4 Tom V. Mathew and K V Krishna Rao
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Roundabouts
Geometric Design Roundabouts
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7.3.1 Geometric Parameters
The geometric elements of a typical roundabout are given in Figure 7.4.

Figure 7.4: Geometric Elements of Roundabout

•	 Central Island: It is the raised portion around which the vehicles move to negotiate to their 
respective destination arm. The basic function of the central island is to convert the direct 
conflict points into angular conflict points or reduce severity of conflict points .It is also meant 
for providing proper turning radius to the vehicle.

•	 Entry Radius: It is radius of curvature provided at entry arm so that vehicle entering from 
approach arm decelerates and enters the roundabout at designated speed range.

•	 Entry Width: The entry width is defined as the width of the carriageway at the entry of the 
roundabout. It is the distance from the edge of deflecting island to edge of inscribed circle 
diameter.

•	 Exit Angle: It is the angle by which traffic is deflected from the weaving section towards exit 
of the roundabout.

•	 Exit Radius: It is the radius of curvature provided at exit side of the roundabout so that 
vehicle from roundabout is accelerated to leave the roundabout. 

•	 Exit Width: It is width of carriageway from edge of deflecting island to edge of inscribed 
circle diameter, at the exit side of the roundabout.

•	 Inscribed Circle Diameter: The inscribed circle diameter is the basic parameter used to 
define the size of a roundabout. It is measured between the outer edges of the circulatory 
roadway.

•	 Non-Weaving Width: It is the width of the carriageway used by the circulating traffic. It can 
also be defined as the width of the road from the edge of the central island to the deflecting 
island.

CHAPTER 40. TRAFFIC ROTARIES NPTEL May 7, 2007
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Figure 40:2: Design of a rotary

40.4.1 Design elements

The design elements include design speed, radius at entry, exit and the central island, weaving length and width,

entry and exit widths. In addition the capacity of the rotary can also be determined by using some empirical

formula. A typical rotary and the important design elements are shown in figure 40:2

40.4.2 Design speed

All the vehicles are required to reduce their speed at a rotary. Therefore, the design speed of a rotary will be

much lower than the roads leading to it. Although it is possible to design roundabout without much speed

reduction, the geometry may lead to very large size incurring huge cost of construction. The normal practice is

to keep the design speed as 30 and 40 kmph for urban and rural areas respectively.

40.4.3 Entry, exit and island radius

The radius at the entry depends on various factors like design speed, super-elevation, and coefficient of friction.

The entry to the rotary is not straight, but a small curvature is introduced. This will force the driver to reduce

the speed. The entry radius of about 20 and 25 metres is ideal for an urban and rural design respectively.

The exit radius should be higher than the entry radius and the radius of the rotary island so that the vehicles

will discharge from the rotary at a higher rate. A general practice is to keep the exit radius as 1.5 to 2 times

the entry radius. However, if pedestrian movement is higher at the exit approach, then the exit radius could be

set as same as that of the entry radius.

The radius of the central island is governed by the design speed, and the radius of the entry curve. The

radius of the central island, in practice, is given a slightly higher radius so that the movement of the traffic

already in the rotary will have priority. The radius of the central island which is about 1.3 times that of the

entry curve is adequate for all practical purposes.

Introduction to Transportation Engineering 40.3 Tom V. Mathew and K V Krishna Rao

The capacity of a roundabout depends on the above geometric design
elements as well as the circulating flow. As the circulating flow increases,
the capacity decreases and delay increases.

Lecture 16 Roundabouts and Simulators
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Roundabouts
Flow Parameters

Consider a four-way roundabout. Let Qe1, . . . ,Qe4 be the approach vol-
umes or entry flows and Qc1, . . . ,Qc4 be the circulating volume.

CHAPTER 40. TRAFFIC ROTARIES NPTEL May 7, 2007
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Figure 40:4: Traffic approaching the rotary

2. The ratio of average width of the carriage way at entry and exit to the weaving width is in the range of

0.4 to 1.

3. The ratio of weaving width to weaving length of the roundabout is in between 0.12 and 0.4.

4. The proportion of weaving traffic to non-weaving traffic in the rotary is in the range of 0.4 and 1.

5. The weaving length available at the intersection is in between 18 and 90 m.

Example

The width of a carriage way approaching an intersection is given as 15 m. The entry and exit width at the

rotary is 10 m. The traffic approaching the intersection from the four sides is shown in the figure 40:4 below.

Find the capacity of the rotary using the given data.

Solution

• The traffic from the four approaches negotiating through the roundabout is illustrated in figure 40:5.

• Weaving width is calculated as, w = [ e1+e2
2 ] + 3.5 = 13.5 m

• Weaving length, l is calculated as = 4×w = 54 m

• The proportion of weaving traffic to the non-weaving traffic in all the four approaches is found out first.

• It is clear from equation,that the highest proportion of weaving traffic to non-weaving traffic will give

the minimum capacity. Let the proportion of weaving traffic to the non-weaving traffic in West-North

direction be denoted as pWN , in North-East direction as pNE , in the East-South direction as pES, and

finally in the South-West direction as pSW .

• The weaving traffic movements in the East-South direction is shown in figure 40:6. Then using equation,pES

= 510+650+500+600
510+650+500+600+250+375= 2260

2885=0.783

pWN = 505+510+350+600
505+510+350+600+400+370= 1965

2735=0.718

Introduction to Transportation Engineering 40.5 Tom V. Mathew and K V Krishna Rao

Calculate the circulating flow for the traffic going EB in the above example.

Lecture 16 Roundabouts and Simulators
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Roundabouts
Capacity and LoS

LoS calculations are based on delay which is the sum total of geometric
delay (caused due to speed reduction) and queuing delay (required for
weaving) Roundabouts

CSIR - Central Road Research Institute, New Delhi Page 7 - 8

Figure 7.7: Flow Chart for Operational Analysis of Roundabouts 

Table 7.1:  Input Parameters

Parameter Description Remarks

Geometric 
Characteristics 

1. Diameter of the Roundabout in m
2. Number of Approach Lanes
3. Approach Width in m
4. Number of Circulating Lanes
5. Circulating Roadway width in m

Field measurements

Traffic Characteristics

1. Entry Flow in veh/h (Qe)
2. Circulating Flow in veh/h (Qc-)

Video Extraction

3. Passenger Car Units (PCU)
4. Entry Flow in PCU/h (Qe)
5. Circulating Flow in PCU/h (Qc)

Conversion of traffic flow 
to PCU

Driver Behaviour
1. Critical Gap, Tc (sec)
2. Follow-Up Time, Tf (sec)

Computed

Lecture 16 Roundabouts and Simulators
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Roundabouts
Gaps

Critical Gap: Critical gap is defined as the minimum headway in the
circulating flow when an entering vehicle can safely enter a roundabout,
assuming all entering drivers are consistent and homogeneous.

Roundabouts

CSIR - Central Road Research Institute, New Delhi Page 7 - 6

7.3.3 Driver Behaviour Parameters
•	 Classification of Gap Acceptance: Gap acceptance parameters are affected by geometry of 

the entry. These parameters are function of the circulating flow and measured in seconds. 
•	 Critical Gap: Critical gap is defined as the minimum headway in the circulating flow when an 

entering vehicle can safely enter a roundabout, assuming all entering drivers are consistent 
and homogeneous (refer Figure 7.6). 

•	 Floating Entrance: If the driver finds a gap and does not have to stop at the yield sign, the 
vehicle is defined as floating. It is only the first vehicle entering a gap while floating vehicle is 
the succeeding vehicle known as follow-up vehicle.

•	 Follow-up Time: Follow-up time is defined as the time span between two queued vehicles 
entering the circulating stream in the same gap. The follow-up time is the headway between 
the vehicles entering. If more than one vehicle from minor stream uses a gap then the 
succeeding vehicles are referred to as follow-ups. It can be measured only when there is a 
queue situation.

•	 Gap Acceptance: All gaps greater than or equal to the critical gap would be accepted.
•	 Gap Rejection: All gaps less than the critical gap would be rejected.
•	 Gap: A gap is defined as the time span between two consecutive circulating vehicles that 

create conflict with an entering vehicle. The described time span is measured only when the 
entering driver is at the yield line when the gap begins.

•	 Headway: It is the time between two following vehicles and is measured from the first 
vehicle’s front bumper to the following vehicle’s front bumper.

•	 Lag: A lag is defined as the time between the arrival of entering vehicle at roundabout entry 
and the arrival of successive conflicting vehicle in the circulating flow.

•	 Static Entrance: If a vehicle has to stop at the yield sign and wait for a sufficient gap to occur 
before entering the roundabout, it is referred as static entrance.

Figure 7.6: Entry and Circulating Headway and Gap

Follow-up Time: Follow-up time is defined as the time span between two
queued vehicles entering the circulating stream in the same gap. If more
than one vehicle from minor stream uses a gap then the succeeding vehicles
are referred to as follow-ups.

How do these change with increase in the diameter of a roundabout?
Lecture 16 Roundabouts and Simulators
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Roundabouts
Inputs

The HCM formulae were derived for roundabouts with diameter in the
range 20-70 m and with two lane approaches. The following input param-
eters are required for estimating capacity and LoS.

Lecture 16 Roundabouts and Simulators
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Roundabouts
PCUs and Gaps

Flows are first converted to PCUs using the following factors.

Critical gap and follow-up time can be read off from this table.

Lecture 16 Roundabouts and Simulators
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Roundabouts
Capacity

Let Tf and Tc be the follow-up time in seconds Qc be the circulating flow
in PCU/hr.

The capacity of an approach of a roundabout is given by

C = Ae−BQc

where A = 3600/Tf and B = (Tc − 0.5Tf )/3600

The overall capacity of the roundabout is derived by combining the ap-
proach capacities with observed flows in other approaches.

Lecture 16 Roundabouts and Simulators
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Roundabouts
Level of Service

The total delay can be estimated using

y = 0.8e0.001x

where y is the vehicular delay in seconds and x is the total approach traffic
in veh/hr (not PCU/hr)

Lecture 16 Roundabouts and Simulators
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Roundabouts
Example

Estimate the Capacity and LoS of a roundabout with diameter 66 m with
2 lanes in each approach with the following flows.

Lecture 16 Roundabouts and Simulators
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Lecture Outline

Simulators for Intersections
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Simulators for Intersections
SUMO

Create a signalized intersection in SUMO and assign demands for different
turn movements.

Tweak the phasing scheme and estimate the average delays of all vehicles.
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Your Moment of Zen
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