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ACRONOMY 
 

HCM= Highway Capacity Manual 

VPH or Veh/hr= Vehicles per hour 

VPD or Veh/day= Vehicles per day 

PCE= Passenger cars equivalents 

V/C= Volume to the Capacity ratio 

Vissim = Verkehr in Stadten - SIMulationsmodell 

AACRA = Addis Ababa City Roads Authority 

AASHTO = American Association of State Highway and Transportation officials      

LOS = Level of Service 

UK = United Kingdom 

FHWA = Federal Highway Agency 

ICD= Inscribed Circle Diameter 

AADT= Average Annual Daily Traffic 
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ABSTRACT 

Nowadays Addis Ababa city is experiencing rapid growth both in business and construction 

which increases the number of vehicles and leads to congestion in the city. Thus, currently, there 

is an attempt to develop infrastructures like road networks improvement and evaluation and 

improving intersection control mechanisms in the city. But still, there is a huge gap in the 

developing road segment and the intersection with good operational and safety performance. 

Therefore it is better to focus on the optimization geometry of roundabout. Many roundabouts in 

this city are changed to other types of an intersection without a detailed study is conducted. 

Though, in this study, the Goro roundabout is selected as a case study and was modeled using 

VISSIM microsimulation software for the process of optimizing the geometry for better 

operational performance and safety. Also, this software was used to evaluate the performance 

evaluation of the existing roundabout. In addition to Geometry data, traffic Volume and the 

pedestrian count is used to conduct the optimization process. Traffic data was collected in 

morning and night peak hours for three consecutive days from 8:00 am to 9:00 am and from 

5:30 pm to 6:30 pm for night peak hour. Pedestrian volume count was used from secondary data 

of the previous study on each approach that cross the road on both directions in-bound and out-

bound to the approach. Then both existing and optimized roundabout operational performance 

analysis is conducted using VISSIM software. The results showed that of 114.22sec average 

control delay and 132.58m maximum queue length from the Jackcross approach with “F” LOS. 

But after optimizing the geometry of the roundabout the performance and capacity of the 

roundabout are improved and become better in comparison to the previous result with 23.17sec 

average control delay and 44.1m maximum queue from Jackcross approach with “C” LOS. 

Therefore, this optimization process increased the performance and capacity of roundabout only 

through adjusting the geometric elements of roundabout according to provides roundabout 

guidelines and it is an alternative solution before changing the roundabout to another type of 

intersections. 

Keywords: Capacity, Operation, LOS, Queue, Safety, congestion, optimization, VISSIM 
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1. INTRODUCTION 

1.1. Background 

Transportation is one of the essential requirements in our day to day activity and movement. 

Without transportation, it is difficult to consider every movement for socio-economic. Besides, 

today congestion must become one of the global problems and issues. From day to day the 

number of vehicles is increasing with rapid population growth. In addition to the increment of 

vehicle driver behaviors, road conditions, insufficient traffic signs and environmental are among 

elements that affect the performance of roundabout and capacity. According to various studies, 

congestion and delays are formed around the intersections.  

Roundabouts are one type of intersection. The roundabouts are areas where there are more than 

one approach legs around the central island, vehicle passages around the island are provided 

through circulatory roadway and traffic gives priority to the traffic around the island. 

The geometric design is one of the elements that affect the capacity of the roundabout. 

Geometric design elements have significant importance on the operational performance and 

safety objectives of a roundabout. In addition to the individual importance of each element, the 

interaction between each component should be studied for a well-designed layout. Geometric 

design elements detailed in the following topics are; Inscribed circle diameter, entry width, 

circulatory roadway, Central Island, entry curves, exit curves, Splitter Island, and stopping sight 

distance (Melike Ersoy, 2014). 

Today maximum queue and congestion have been seen at roundabouts of Addis Ababa city. So 

to reduce the congestion and minimize queue optimizing the geometry of the roundabout is very 

crucial. The process of optimization is changing the design values of decision variables such as 

several lanes, circulatory width, central island diameter, inscribed circle diameter, entry and exit 

radius and width, entry angle, and others according to the design guideline standards. 

Therefore the aim of this paper is optimizing the geometry of the Goro roundabout, which is 

found in Addis Ababa city only through changing the design values of decision variables, to get 

a reasonable capacity and safety. 
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1.2. Problem Statement 

The geometric design is the most complicated process due to various constraints.  A minor 

change in geometry can result in a significant change in system performance (capacity and level 

of service) and safety of roundabouts. Due to poor systems, performance congestion and delay 

can be formed, which is highly affected the social, economic, and environment of the given 

country. So to have a reasonable capacity and safety, the geometric elements of roundabout 

should be revised as stated in design manuals and guidelines of modern roundabouts. Besides, 

nowadays most of the roundabouts found in Addis Ababa city are changed to a signalized 

intersection without detailed study to increase their performance, which is much cost. 

Therefore, it is required to model optimized geometry only by changing the geometry features of 

the roundabout which has a great contribution to capacity and safety through minimizing average 

delay and queue.  

Thus, the research on optimization geometric design of roundabout has a good opportunity for 

both the researcher and the city. It is good input for the city to conduct a well-organized and 

detailed study before changing the intersection type which is relatively not feasible. 

 

1.3. Objective 

General Objective 

The general objective of this research is to optimize the geometry elements of the roundabout to 

increase the performance roundabout. 

Specific Objectives 

 To check the design consistency of the roundabout regarding design guidelines. 

 To assess the existing operational performance of the roundabout. 

 To maximize traffic efficiency and safety after optimization. 

 To minimize queue and delay after optimization. 
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1.4. Research Questions 

    Does the performance and capacity of Goro the roundabout is increased only by the 

optimization of its geometry? 

   Does the Level of service of the Goro roundabout is improved after the process of 

optimization? 

   Do queue and queue is minimized only through adjusting the elements of the roundabout? 

1.5. Significance of the Research 

As it is mentioned in this research, the purpose of the roundabout is to facilitate traffic at the 

roundabout with efficiency and safety. Thus, one of the factors that highly affect the performance 

and safety is that of the geometry of the roundabout (features of the roundabout). So to get good 

and efficient the roundabout geometry is optimized. 

Therefore the geometry of the Goro roundabout is optimized and the following results are 

obtained after the process: 

1.    Reducing the congestion at the roundabout by increasing the capacity of the roundabout. 

2.    Increasing the efficiency of the road network (minimizing the average delay and queue 

length or distance). 

3.    The roundabout becomes safe (accidental risk is minimized). 

4.    Improving traffic flow and traffic operational performance (level of Service). 

1.6. Scope and Limitation of the Research 

The scope of the study was seen from geographical and thematic points of view. Geographically 

the study was limited within the boundary of Addis Ababa, the capital city of Ethiopia. The 

selected roundabout for this research is Goro Roundabout. The thematic area of the study is the 

optimization of the geometric design of the roundabout.  

The Limitation of this study is that the COVID- 19 epidemic that affects the movement partially 

and Lack of organized data management in government office makes it difficult to find different 

data sets. Additionally, research conducted before with the title is only for a single lane, and 

difficulty to get the reference materials for a multilane roundabout. 
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2. LITERATURE REVIEW 

2.1. General 

A roundabout is a channelized intersection at which all traffic moves anticlockwise around a 

central traffic island (AACRA geometric design manual, 2003). Transport Research Laboratory 

of England first introduced modern roundabout services in the early 1960s, United Kingdom 

(Mark, 2003). As the population increases the traffic density also increases, which leads to the 

increased probability of accidents at roundabouts. Several authorities are looking for 

unconventional intersection control techniques to advance (improve) safety and transmit 

additional traffic lacking wide roadways. Due to the numerous advantages that promote safety, 

operations, and aesthetics roundabouts are becoming more preferable. 

2.2. Modern Types of Roundabout 

Currently, there are several different types of roundabouts worldwide; which is used as an 

alternative. 

Some of them are: 

 Already in frequent use all over the world (conventional, assembly, dumb-bell, 

hamburger…) 

  Recent and have only been implemented in some countries (turbo, dog-bone, compact 

semi-two-lane roundabout) 

   Some of them are still in the development stage (turbo square, flower, target, with 

segregated left-turn slip lanes….) 

2.3. Roundabout Categories 
Roundabouts can be divided into three (3) main categories based on the number of lanes and the 

size of the roundabout. 

 Mini roundabouts 

  Single-lane roundabouts 

 Multilane roundabouts 
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Mini roundabouts: This type of roundabout is characterized as having a single-lane entry in all 

directions (approaches) and one circulatory lane. A mini-roundabout is a small roundabout 

without a raised central island (the central island is traversable). This kind of roundabout is used 

on local streets with low speed bound. They are controlled by the right of way and recommended 

if space cannot accommodate a design vehicle if a regular single-lane roundabout is used. Mini-

roundabouts are pedestrian-friendly due to their size. The fully traversable central island is 

provided to accommodate larger vehicles such as buses and heavy trucks. Marking and signs are 

used to direct drivers into the right path without running over the central island.    

Single-lane roundabouts: A single-lane roundabout is distinguished by a single entry lane for 

all approaches and only one circulating lane. The single-lane roundabout differs from the mini- 

roundabout in that the central island is raised and is not traversable. The central island may have 

an apron that is traversable only by large vehicles that might not be accommodated by the 

circulating lane. The geometric design of single-lane roundabouts allows for a higher entering 

and exiting speed than the mini-roundabout. Raised Splitter Island is an aspect of single-lane 

roundabouts. The size of the single-lane roundabouts corresponds to the design vehicles and the 

right of way. 

Multi-lane roundabouts: This kind of roundabouts has more than one lane in one or more 

approaches; the number of lanes can also differ from approach to approach, depending on the 

traffic demand. Multilane roundabouts have at least one entry with two or more than two lanes. 

In some cases, the roundabout may have a different number of lanes on one or more legs (e.g., 

two-lane entries on the major street and one-lane entries on the minor street). They also include 

roundabouts with entries on one or more legs that flare from one to two or more lanes. For 

example, the major street might have more lanes than the minor street. A flare could be used to 

widen the entry of approaches if the approach half-width was not enough to accommodate the 

entering traffic. The entering and exiting speed is approximately the same or slightly higher than 

single-lane roundabouts. Multi-lane roundabouts have more conflicts than single-lane 

roundabouts, resulting in safety concerns. Drivers might not be able to enter the appropriate lane, 

leading them to change lanes within the circulating way. The geometric design will include 

raised splitter islands, a truck apron, a central island, and an appropriate entry path deflection. 
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2.4. Basic Roundabout Geometric Feature 

Good geometric design will improve the capacity or efficiency and safety, which is a major 

concern for roundabout design. Basic elements for design consideration of roundabouts are the 

design of the vehicle, design speed, sight distance, deflection, central Island circulating width, 

inscribed circle diameter, entry and exit radius, Splitter Island, super elevation and drainage, 

pavement markings, signage, lighting, and landscaping (Thaweesak, 1998). 

A roundabout is a circular intersection with the following geometric and traffic control features 

as it is shown in the figure below: 

Figure 2.1: Basic roundabout geometric features (NCHRP Report 672, 2010) 

 

 

 



 

7 

 

Inscribed Circle Diameter: the inscribed circle diameter is the distance across the circle inscribed 

by the outer curb (or edge) of the circulatory roadway as illustrated in figure 2.1. Inscribed circle 

diameter is the key aspect of geometric design that significantly affects all of the design 

measurements including speed, entry capacity, and other geometric parameters. The inscribed 

circle size is dependent on the design vehicle.  However, the circulatory roadway width, entry 

and exit widths, entry and exit radii, and entry and exit angles also play a great role in 

accommodating the design vehicle and providing deflection. Careful selection of these geometric 

parameters may allow a smaller inscribed circle diameter to be used in constrained locations. The 

inscribed circle diameter typically needs to be at least 46m to accommodate a WB-50(WB-15) 

design vehicle and at least 50m to accommodate a WB-67(WB-20) design vehicle.  

Table: 2.1 Comparison of inscribed circle diameter ranges 

 

 

 

Roundabout 

category 

Inscribed circle diameter ranges Design Vehicle 

 

FHWA 

 

Kansas 

/Arizona 

 

Wisco

nsin 

 

British 

Columbia 

 

(KDOT, 2003) 

Mini Roundabout 13-25 15-28 N/A N/A Single unit Truck 

Urban compact 25-30 28-37 N/A N/A Single unit 

Truck/Bus 

Urban single-lane 30-40 37-45 35-45 37-46 WB-50(WB-15m) 

Urban dual-lane 45-55 45-67 50-65 46-67 WB-50(WB-15m) 

Urban multilane 

(3-4 entry lane) 

N/A N/A 65- 80 N/A  

Rural single-lane 35-40 40-60 40-45 40-61 WB-67(WB-20m) 

Rural dual-lane 55-60 53-77 50-65 53-76 WB-67(WB-20m) 

Rural Multilane (3 

lane entry) 

N/A N/A 65-90 N/A  

 

(FHWA, 2000; Kansas Roundabout Guide, 2005; BC MOT, 2007; TAC, 2007; WisDOT, 2011) 

Note; * Assume 90º angle between entries and no more than 4 approach legs. 
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Circulating Carriageway is the paved portion of the roundabout in which the vehicles travel. 

The narrow width, tight radius, and narrow entry and exit widths all combine to keep speeds low 

but still allow all types of vehicles to pass through the roundabout. The typical slow speeds of a 

roundabout add to making them safe. 

Table: 2.2 Minimum circulatory lane widths for dual-lane roundabouts (FHWA, 2000) 

 

 

 

 

 

 

 

 

Splitter Island: the Island placed within a leg of the roundabout, separating entering and exiting 

traffic and designed to deflect entering traffic. The functions of splitter islands include: to protect 

pedestrians; to add curvature to help reduce speed; to guide traffic in the appropriate path; 

storage for pedestrians to cross the roundabout in two stages; mounting signs. A distance of 30 

meters is desirable to provide sufficient protection for pedestrians and to alert approaching 

drivers about the roundabouts. On higher speed roadways, splitter island lengths of 150 ft (45 m) 

or more are often beneficial (NCHRP Report 672, 2010). 

Effective Flare Length: Greater than 25 m effective flare length may result in improvement in 

geometric layout but may have little effect in increasing capacity. If the effective flare length is 

greater than 100 m, the design becomes one of link widening. According to FHWA, the flare 

lengths should be at least 25 m in urban areas and 40 m in rural areas. However, if the right-of-

way is limited, shorter lengths can be used with noticeable effects on capacity (FHWA, 2000). 

Entry Width: The entry width Ew, is the width of the carriageway at the point of entry, and is a 

key factor affecting capacity, in conjunction with length and sharpness of flare. On a dual-lane 

approach to a normal roundabout, the entry width must not exceed 15 meters. 

Inscribed Circle 

Diameter(m) 

Minimum Circulatory 

Lane Width(m) 

Central Island 

Diameter(m) 

45 9.8 25.4 

50 9.3 31.4 

55 9.1 36.8 

60 9.1 41.8 

65 8.7 47.6 

70 8.7 52.6 
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Entry width is the largest determinant of a roundabout’s capacity and should be kept to a 

minimum to improve safety while achieving capacity and performance objectives. The increase 

of both elements may produce a dramatic increase in roundabout capacity (FHWA, 2000). To 

improve the roundabout’s safety, entry widths should be kept to a minimum. Besides, the turning 

requirements of the design vehicle may require that the entry be wider still. However, larger 

entry and circulatory widths increase the number of a crash (KDOT, 2003). 

Entry angle: The entry angle will not be a controlling design measure but is important for both 

the safety and capacity of the roundabout. The typical range of Phi angle is between 20° and 40°, 

30° being optimal.  

Effective flare length: Greater than 25 m effective flare length may result in improvement in 

geometric layout but may have little effect in increasing capacity. If the effective flare length 

greater than 100 m, the design becomes one of link widening. According to FHWA, the flare 

lengths should be at least 25 m in urban areas and 40 m in rural areas. 

Lane number and arrangement: The number of entering, circulating, and exiting lanes at a 

roundabout is the most important factor in determining the capacity of a roundabout. 

Also, Lane widths at the yield line must be not less than 3 m or more than 4.5 m, with the 4.5 m 

value appropriate at single-lane entries and values of 3 m to 3.5 m appropriate at multi-lane 

Dual-lane roundabouts generally have larger inscribed circle diameters than single-lane 

roundabouts to accommodate a greater number of lanes entries.  

Approach Carriageway: is a curve used on the approach to the roundabout, upstream of the 

entry curve. 

Approach Curve: Approach Sight Distance: stopping sight distance (measured from driver 

eye height of 1.05m to the surface of the road) 

Approach Speed: the representative speed (usually taken as the 85th percentile) of traffic 

approaching. 

Approach Width: is the one-way width of the carriageway on the approach to the roundabout. 

Carriageway (Roadway): the portion of the road devoted particularly to the use of vehicles, 

inclusive of shoulders and auxiliary lanes. 
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Central Islands: the circular or other specially shaped central island constructed or marked at 

the intersection and around which traffic circulates in an anticlockwise direction. 

Central Island Radius/Diameter: the radius/diameter of the circle that forms the curb line of 

the central island. This may not necessarily be a single radius curve, and compound circular 

curves may be used when necessary. 

Corner Cut-Off (Splay): is the truncation of property boundaries adjacent to an intersection. 

Corner Kerb Radius: the corner curb between adjacent entry and exit curves. 

Cross fall (Camber): the slope, at right angles to alignment, given to the surface of any part of a 

carriageway. 

A Departure Carriageway: a carriageway in which vehicles depart the roundabout. This 

includes the exit curve. 

Entry Curve: the horizontal curve of the approach carriageway which leads vehicles into the 

circulating carriageway. 

Exit Curve: the horizontal curve of the departure carriageway which leads vehicles out of the 

circulating carriageway. 

Give Way Line: a broken line marked across the approach carriageway where it meets the 

circulating carriageway and at which vehicles should wait if necessary for an acceptable gap in 

traffic to enter the circulating carriageway. 

Leg: a leg may comprise both approach and departure carriageways and an approach or 

departure roadway. 

Multi-Lane Roundabout: a roundabout with one or more approach and/or departure 

carriageways and part or all of the circulating carriageways designed for or operated as two or 

more lanes or lines of traffic. 

Truck Apron: A truck apron is the mountable portion of the central island adjacent to the 

circulatory roadway which accommodates the wheel tracking of large vehicles. Truck aprons are 

not necessary at all roundabouts. It is usually made of a material other than asphalt and is 

textured so cars do not use it. Truck aprons assist in maintaining appropriate deflection by 

keeping a reasonable inscribed circle diameter. They should range between 1 and 4.6 m wide 

with a cross slope of 1% to 2% down to the circulatory road and a raised outer edge (50 to 75 

mm) above the circulatory roadway surface (Rodegerdts et al., 2010). 
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Yield-Line: A pavement marking is used to mark the point of entry from an approach into the 

circulatory roadway and is generally marked along the inscribed circle. Entering vehicles must 

yield to any circulating traffic coming from the left before crossing this line into the circulatory 

path. 

Yield-Point: All vehicles approaching a roundabout must yield to those vehicles in the 

roundabout. So each approach into the roundabout will have a yield sign and a yield bar on the 

pavement. 

2.5. Roundabout Geometric Design and Efficiency 

The safety and operational performance of a roundabout are particularly affected by geometric 

design elements. Besides capacity and safety, the geometric element is also governed by the 

requirement of the design vehicle; therefore, the design process should be an optimum balance 

between safety, operational performance, and large or heavy vehicle accommodation. Generally, 

consecutive approaches at roundabout intersect at a right-angle (90°) or skewed angle. If two-

approach legs intersect at an angle significantly less than or greater than 90° (skewed-angle), it 

often results in excessive speeds for one or more right-turn movements. The highly skewed-angle 

intersection can often require significantly larger inscribed circle diameters to achieve the speed 

objectives (KDOT, 2003). 

Many models for determining roundabout capacity under different traffic conditions suggest that 

it is strongly affected by geometric elements or parameters (Dahl & Lee, 2012). Studies of 

roundabouts in various countries, especially of single-lane roundabouts in urban areas, have 

shown that proper design and modeling can significantly improve traffic operational and traffic 

efficiency (Vasconcelos et al., 2013; Mauro & Cattani, 2012). The most important geometric 

elements influencing traffic efficiency (i.e. entry capacity) are entry width, entry radius, flare 

length, entry angle, Inscribed Circle Diameter, and the number of entry lanes (Kimber, 1980; Al 

Omari et al., 2004; Dahl & Lee, 2012; Yap et al., 2013; Baric et al., 2016). Geometry 

considerations have also proven useful for analyzing driver behavior in roundabout situations 

and implications for safety (Muffert et al., 2013; Wang et al., 2002).  
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Entry width has greatly affected the capacity of roundabouts. The capacity of an approach is not 

only dependent on the number of entry lanes, but also the total width of the entry. In other words, 

the entry capacity increases steadily with incremental increases to the entry width (Geometry 

Design US Department of Transport, 1992). Then the required width of the circulatory roadway 

is determined from the width of the entries and the turning requirements of the design vehicle. In 

general, it should always be at least as wide as the maximum entry width or if possible up to 

120% of the maximum entry width and should remain constant throughout the roundabout. 

Studies of roundabout traffic efficiency carry out primarily in Western Europe and Australia 

have led to several computational mathematical models that have been integrated into various 

roundabout software engineering simulation tools such as ARCADY and PTV VISSIM. These 

mathematical models can be categorized as: 

         (1) Empirical 

         (2) Gap acceptance 

         (3) Micro-simulation. 

Each category has its advantages and disadvantages (Yap et al., 2013). Generally, countries with 

updated roundabout design guidelines apply Highway Capacity Manual models for evaluating 

roundabout capacity (Chodur, 2005).  

The capacity formulation for urban single-lane roundabouts developed in HCM depends on the 

mathematical formulation of geometry elements developed by (Kimber, 1980) and the 

formulation of queue length developed by (Ning Wu, 2001). Differences among these models in 

how data are collected and analyzed, as well as deviations between predicted and actual driver 

behavior, make it difficult to select the most suitable ones for given conditions (Mauro,  2010). 
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Table: 2.3 Design characteristics of the three types of roundabouts (Rodegerdts et al, 2010) 

 

The size of each roundabout type is determined by considering the design vehicle. The 

roundabout size is defined by the inscribed circle diameter which is the distance across the 

inscribed circle from the outer edges. The inscribed circle diameter is defined based on design 

objectives such as design vehicle, desirable speed, the available right of way, and the visibility of 

the construction cost. 

 

 

 

 

 

 

Design Element Mini-

Roundabout 

Single-Lane 

Roundabout 

Multi-lane 

Roundabout 

Desirable maximum entry 

design speed 
(25 to 30 km/h) (30 to 40 km/h) (40 to 50 km/h) 

Maximum number of 

entering lanes 
1 1 2+ 

Typical inscribed center (13 to 27 m) (27 to 55 m) (46 to 91 m) 

Central island treatment Fully traversable 
Raised (may have 

traversable apron) 

Raised (may have 

traversable apron) 

Typical daily service 

volumes on 4-leg 

roundabout (without 

detailed capacity analysis) 

Up to 

approximately 

15,000 

Up to approximately 

25,000 

Up to approximately 

45,000 for two- 
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Table: 2.4 Inscribed circle sizes for roundabout categories based on design vehicle (FHWA, 

2000) 

 

2.6. Design principle for A Dual-Lane and Multi-Lane Roundabout 

The determination of design speed for the fastest vehicle paths acceptable in roundabout design 

features that safely accommodate design vehicle and speed consistency is the same for all 

roundabouts, but there is little difference in the design of dual-lane and multi-lane roundabouts. 

Design Speed: for dual-lane roundabouts, typical maximum theoretical entering speeds between 

25 to 30 mph are recommended for right-angle roundabouts (FHWA, 2000). Roundabout design 

speed is the most important feature in terms of safety performance because although the 

frequency of crashes is most directly tied to volume, collision severity is more directly correlated 

with speed. 

 

 

 

 

 

 

 

 

Roundabout 

Configuration 

Typical Design Vehicle Inscribed Circle Diameter 

Mini-Roundabout SU-30 (SU-9) (14 to 27 m) 

Single-Lane 

Roundabout 

B-40 (B-12) 

WB-50 (WB-15) 

WB-67 (WB-20) 

(27 to 46 m) 

(32 to 46 m) 

(40 to 55 m) 

Multi-lane Roundabout 

(3 lanes) 

WB-50 (WB-15) 

WB-67 (WB-20) 

(46 to 67 m) 

(50 to 67 m) 
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Table: 2.5 Recommended maximum entry design speeds (Zong Z. Tian, 2007) 

Roundabout Category Recommended Maximum Entry Design 

Speed(mph) according to FHWA 

Mini roundabout 15 

Urban Compact 15 

Urban Single-lane 20 

Urban Dual-lane 25 

Rural Single-lane 25 

Rural Multi-lane 30 

 

The design should meet the maximum entry speed of single-lane at 20 mph, and of dual-lane at 

25 mph at 50 ft., and 5 mph faster than entry speed at the 150 ft. point (Roundabout Design 

Standards, 2005). Therefore, exits radii should be more in number than entry radii to avoid entry 

and exit path overlaps (FHWA, 2000). A maximum entry design speed of 25 mph to 30 mph (40 

to 48 km/h) is recommended for 90° approaches at dual-lane roundabout intersections (NCHRP 

Report 672, 2010). 

Lane Number and Arrangement: The number of entering, circulating, and exiting lanes at a 

roundabout is the most crucial factor in determining the capacity of a roundabout. The number of 

lanes affects the safety of the roundabout (CDOT, 2006). Dual-lane roundabouts generally have 

larger inscribed circle diameters than single-lane roundabouts to accommodate a greater number 

of lanes. Lane widths at the yield line must be not less than 3m or more than 4.5 m, with the 4.5 

m value appropriate at single-lane entries and values of 3 m to 3.5 m appropriate at Multi-lane 

entries. 

2.7. Roundabout Capacity 

The objective of the capacity analysis is to assess or evaluate the operational performance of 

roundabouts. The entry capacity is the maximum number of vehicles per hour that can enter a 

roundabout at given traffic and roadway conditions. The circulating traffic has a priority in 
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roundabout design; subsequently, entry capacity decreases with an increase in circulating traffic 

due to fewer appropriate gaps available for entry to a circulating portion.  

Entry capacity highly depends on geometric design. Dual-lane roundabouts can likely handle 

AADTs between 25,000 and 55,000 vehicle/day and peak-hour flows between 2,500 vehicle/hr. 

and 5,500 vehicle/hr.  

The Highway Capacity Manual (HCM, 2010) 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 period under prevailing roadway traffic”.  A 

dual-lane roundabout has almost twice the capacity of a single lane roundabout; however, 

various standards agree that roundabout geometry can affect capacity (Carl C., Chuan K., Brice 

S, 2004).  

Table: 2.6 Maximum dual-lane (double lane) roundabout capacities 

Guidelines Maximum dual-lane roundabout 

capacity(AADT) 

Continental Europe 35,000-40,000 

Australia 35,000-50,000 

The United Kingdom 40,000-60,000 

United States 40,000-60,000 

 

For capacity or performance analysis, empirical and gap acceptance techniques require geometric 

and 15- minute period conflicting circulating traffic flow data at each entry of each lane. Traffic 

flow volumes are normally expressed in passenger cars equivalent (PCE)/hr) while the analysis 

period is morning (AM) or afternoon (PM) peak hours. 

The capacity of a roundabout depends on two major principles: 

 The effect of traffic flow and driver behavior; and 

 The effect of roundabout geometry 

 

 

 



 

17 

 

 

2.7.1. The geometric effect of roundabout 

The geometry of a roundabout can have an impact on the capacity of a roundabout in the 

following areas: 

 ‘It affects the speed of vehicles through the intersection, thus influencing their travel time 

under geometry alone’ (FHWA, 2000). 

 The larger the diameter of the roundabout provides more capacity within the circulating 

carriageway. 

 The width of the circulating carriageway, entry widths, and exit widths have an impact on 

the capacity and can govern the speed at which drivers feel comfortable entering and 

navigate around the roundabout.  

 ‘It can affect the degree to which flow in a given lane is facilitated. For example, the 

angle at which a vehicle enters affects the speed of that vehicle, with entries that are more 

perpendicular requiring slower speeds and thus longer headways. Likewise, the geometry 

of multilane entries may influence the degree to which drivers are comfortable entering 

next to one another’ (FHWA, 2000). 

 ‘It may influence the driver’s perception of how to navigate the roundabout and their 

corresponding lane choice approaching the entry’ (FHWA, 2000). 

The capacity of a roundabout is dependent on the number of approaching lanes and circulating 

lanes. The capacity is also affected more subtly by entry curves, entry width, and lane widths. 

There has been extensive research done into the capacity of two-lane (dual-lane) roundabouts 

across the world. Generally, it is found that the maximum capacity of a two-lane roundabout is 

expected to be between 40,000 to 50,000 vehicles per day (FHWA, 2000).  

Figure 2.3 shows the result of research conducted by the Federal Highway Administration into 

the capacity of a dual-lane roundabout. The capacity forecast is depended on simplified UK 

empirical regression methods that differ from Australia and USA methods of gap acceptance 

theory. It identifies that the maximum entry flow reaches a maximum of 2400 vehicles/hr when 

there is no circulatory flow. On the contrary, it shows that when the circulatory flow reaches 
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approximately 3400 vehicles per hour, no vehicles can enter into the roundabout above the 

capacity. 

2.8. Methods of Roundabout Capacity Evaluation 

Capacity is the major determinant of the performance measures such as delay, queue length, and 

stop rate. The relationship between a given performance measure and capacity is often expressed 

in terms of the degree of saturation. Capacity is the maximum sustainable flow rate that can be 

achieved during a specific period under prevailing road, traffic, and control conditions. Capacity 

represents the service rate (queue clearance rate) in the performance (delay, queue length, stop 

rate) functions, and therefore is relevant to both under saturated and oversaturated conditions 

(Akcelik, 2011). 

As noted in the Highway Capacity Manual (Transportation Research Board, 2000), intersection 

analysis models can be classified into two types: empirical and analytical models. 

i.    The empirical method, and 

ii.    The analytical or gap acceptance-based method. 

The empirical method uses the geometric features which impact driver behavior. At a priority 

intersection, the driver on the minor road will wait for an acceptable gap in the major road traffic 

stream before entering or crossing the intersection. In the case of the roundabout, the entering 

driver must yield to circulating traffic before entering the roundabout. 

Figure 2.2: Analytical Versus Empirical methods (Mallikarjuna, 2014) 
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The theoretical (gap-acceptance) approach, developed in Australia and Denmark, is based on 

assumptions of driver behavior (Trout beck, 1993; Aagaard, 1996). Because of the complex 

relationships between gap-acceptance parameters and roundabout geometry, gap-acceptance 

models overestimate the capacity when model parameters are measured in strict adherence to 

assumed driver behavior. In the empirical approach, regression analysis was used to develop 

entry capacity models in England, Germany, France, and Denmark (Aagaard, 1996; Kimber, 

1980). The geometric data are obtained through physical measurements of geometric parameters 

that make up the roundabout using linen tape. These include the inscribed circle diameter, 

approach half-width, entry width, flare length, entry radius, and entry angle. 

2.9. Level of Service (LOS) Check 

Three performance measures are typically used to estimate the performance of a given 

roundabout design: a degree of saturation (capacity to volume), delay, and queue length. Each 

measure provides a unique perspective on the quality of service at which a roundabout will 

operate under a given set of traffic and geometric conditions. 

This approach is recommended when the delay (LOS) at the intersection is the major concern in 

the decision-making process. In this method, for a known circulating and entering volume, one 

determines the delay (LOS) of the roundabout from the software. 

Table: 2.7 Level-of-service thresholds for roundabouts (NCHRP Report 572, 2007) 

LOS Signalized intersection Stop control or un-signalized 

intersection 

A ≤10sec ≤10sec 

B 10-20sec 10-15sec 

C 20-35sec 15-25sec 

D 35-55sec 25-35sec 

E 55-80sec 35-50sec 

F ≥80sec ≥50sec 
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2.10. Queuing  

When demand exceeds the capacity for some time or arrival time headway is less than the 

service time at a specific place, a queue is formed. A queue is also formed when arrivals wait at a 

service area for service.  

These types of conflict can occur at the back of a through-movement queue or where left-turning 

vehicles are queued, waiting for gaps. These conflicts are the least severe of all conflicts because 

the collisions involve the most protected parts of the vehicle and the relative speed difference 

between vehicles is less than in other conflicts (FHWA, 2000). 

Roundabouts are better than traffic signals in terms of shorter queues, and they involve smaller 

amounts of queue storage space on the approach legs. For a similar traffic capacity, roundabouts 

may require less space on the approaches than signalized intersections, which require elongated 

or several turn lanes to supply adequate capacity. Therefore, roundabouts eliminate the 

requirement of extra right-of-way on links between intersections. 

2.11. Delay 

Delay is a standard parameter used to determine the performance of an intersection. The 

Highway capacity manual identifies delay as the primary measure of effectiveness for both 

signalized and un-signalized intersection, with the level of service determined from the delay 

estimate. Roundabouts normally function with shorter vehicle delays than other intersection 

configurations, when the operation is contained by capacity.  

Geometric Delay: The delay experienced by a vehicle negotiating an intersection in the absence 

of any other vehicle is called geometric delay. Geometric delay results in a collective effect due 

to a decrease in approach speed to safe cooperation speed, passing through at that speed, 

acceleration to an exit negotiation speed, and then exit acceleration to the cruise speed of the 

vehicle. 

Average geometric delay: varies with the roundabout size; it decreases with an increase in the 

ICD at constant cruise speed, and it increases with an increase in cruise speed at the constant 

inscribed circle diameter (Rahmi Akcelik, 2002). 
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Control delay: is the delay of a vehicle that results in a slowdown from approach cruise speed to 

the complete-stop condition due to such cause as a red signal, queue ahead, or insufficient gap; it 

waits and then accelerates to exit cruise speed (Rahmi Akcelik, 2002). There are numerous forms 

of delay; however, control delay is the delay experienced due to the existence of a traffic control 

device, and this is the major measure in the highway capacity manual for calculating the level of 

service at intersections. Control delay includes a delay associated with vehicles slowing in 

advance of an intersection, the time spent stopped on an intersection approach, the time spent as 

vehicles move ahead in the queue, and the time needed for vehicles to accelerate to their desired 

speed (HCM, 2010). 

2.12 Safety 

Compared with signalized and un-signalized intersections, roundabouts enhance the operation 

and safety of a vehicle if they are designed according to operational and safety requirements. 

Roundabout installation results in a reduction of vehicle delays and queues, collision frequency, 

and severity due to lower traffic speeds, vehicle emissions with fewer starts and stops, operation, 

and maintenance costs. The latest study represented overall reductions of 35% in total crashes 

and 76% in injury crashes (Rodegerdts & D. Carter, 2007). 

2.12.1 Conflicts at Dual-lane Roundabout 

Conflict points occur, where one vehicle path crosses, merges, diverges, or queues behind, the 

path of another vehicle, a pedestrian, or a bicycle. Therefore, the number of conflict points 

increases with the number of lanes. That means the conflict point of a multi-lane roundabout is 

more than that of a single-lane. 

Conflicts can arise from both legal and illegal maneuvers; many of the most serious crashes are 

caused by failure to observe traffic control devices (FHWA, 2000). These are the following 

conflicts observed at dual-lane roundabouts. 
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2.12.1.1. Vehicle to Vehicle and Vehicle to Pedestrian conflicts 

There are a total of 32 potential conflicts (16 pedestrian-vehicle and 16 vehicle-vehicle conflicts) 

at conventional intersections with four single-lane approaches, as illustrated in Figure 2.3. 

Figure 2.3: Conventional intersection conflicts (FHWA, 2000) 

 
o Vehicle-Pedestrian Conflicts 

 Vehicle-Vehicle Conflicts 

At conventional intersections and roundabouts, the numbers of vehicular and pedestrian conflict 

points increase considerably with the additional approach lanes and increase in pedestrian 

crossing distances. There are more potential conflicts in the case of dual-lane intersections with 

four dual-lane approaches – a total of 40 conflicts (16 pedestrian-vehicle and 24 vehicle-vehicle 

conflicts). But overall, the severity of conflicts is generally less than for alternative intersection 

control (FHWA, 2000). 

2.12.1.2. Merge and diverge conflicts 

Merge and diverge conflicts are due to the joining or separating of two traffic streams. The most 

common types of crashes due to merge conflicts are sideswipes and rear-enders. Merge conflicts 

can be more severe than diverge conflicts due to the probability of collisions to the side of the 

vehicle, which is typically less protected than the front and rear (FHWA, 2000). 
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2.12.1.3. Exit-Circulatory vehicle conflicts 

A large separation angle between approach legs causes entering vehicles to join adjacent to 

circulating traffic that may be intending to exit at the next leg, rather than crossing the path of the 

exit vehicles. A variety of solutions are possible to mitigate this problem, including changes to 

lane configurations, changes to inscribed circle diameter, and realignment of the approaches. 

2.12.1.4. Improper lane-use conflicts 

These conflicts can be prevalent with drivers who are unfamiliar with the roundabout operation. 

Crashes resulting from both types of conflict can also be reduced through proper driver education 

2.13. Research Gap 

 Most of the research conducted previously only focuses on evaluating the capacity of the 

roundabout and recommended that the geometry of the roundabout must be further studied 

and optimized to increase the performance, safety and to preserve the environment from 

noise and air pollution. Rather, this research help to show the effect of geometry on the 

performance and capacity of roundabout based on the observed result, which is significant. 

After seeing this paper someone can thought the concept of geometric optimization before 

changing the intersection type to another. 

 Only they select single lane and dual lane roundabouts for evaluation and optimization rather 

this research is conducted for multi – lane roundabout. 

 

2.14. Vissim Micro Simulation Software Tool Calibration 

Simulation modeling is a very crucial tool for designing improvements to the roadway system. 

Simulation models enable engineers to forecast the outcome of a proposed change to the 

roadway before it is implemented and helps in evaluating the merits and demerits of design 

options. Models are set up to correctly predict the system response by calibrating to existing 

traffic conditions. 
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VISSIM was selected for analysis due to its powerful multi-model modeling capabilities that 

may include various types of vehicles. Another benefit of using VISSIM is that it can simulate 

unique operational conditions, HOV lanes, toll lanes, exclusive lanes, merging/diverging, and 

weaving areas. 

The model is capable of producing measures of effectiveness commonly used in the traffic 

engineering profession such as total delay, stopped time delay, stops, queue lengths, fuel 

emissions, and fuel consumption. VISSIM provides a good platform for the evaluation of 

roundabouts due to the amount of flexibility incorporated into the model structure. 

As with any microscopic traffic simulation tool, VISSIM relies on several parameters to model 

traffic on transportation networks. 

Roundabouts can be modeled on VISSIM with either conflict areas or priority rules. Both 

methods provide benefits. Typically, either method is acceptable for single-lane roundabouts, or 

priority rules are recommended for multi-lane roundabouts (with minimal conflict area use). 

Conflict areas provide more realistic and complex driver behavior. Priority rules allow for more 

control over input parameters. When modeling roundabouts, priority rules are the recommended 

choice 

Geometric Data to be collected must include: 

 Number and width of lanes 

 Significant grades that could affect flow (>3%, <-3%) 

 Details of user-specific lanes (e.g., High Occupancy Vehicles [HOV], Truck, Bus, Bikes) 

 Roundabout inscribed diameter, circulating lane width, entry angles 

Traffic Volume Data  

Peak hour volume must be conducted according to their categories like cars, Minibus, Mid- bus, 

Bus Mid truck, Truck, Truck-trailer, and Three-wheel. 
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3. RESEARCH METHODOLOGY  

3.1. Study Area 

Addis Ababa is the capital city of Ethiopia, which is located within the horn of Africa with 

geographical coordinates of 9º1’48’’ North and 38 º44’24’’ East and with an average elevation of 

2355m above sea level. The City has a total area of about 530.14 km2 and a population of 2,738, 

248 according to the 2007 census. The City is divided into 10 administrative sub-cities and 99 

Kebele’s and it is the most important business and commercial center of the country. The rapid 

increase of the Addis Ababa population (according to the 2007 Census Report the annual growth 

rate for 2007 was 2.1% and as estimated the population will be about 5 million by 2020) is the 

main reason for the increasing demand for transportation and mobility. This may create major 

operational problems, especially during the peak periods. 

So my research focused on the Goro roundabout which is one of the roundabouts in Addis Ababa 

city with the problem of congestion and poor operational performance. Therefore to minimize 

such kinds of problem that seen at this roundabout; optimizing the geometry elements is very 

crucial. Therefore, the roundabout has four approaches or legs and it is found in the Bole sub-

city. 

1. From Jack cross approach 

2. From Hayat approach 

3. From the Sefera approach 

4. From the Tullu-Dimtu approach 

Figure 3.1: Goro Roundabout 
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3.2. Data collection 

To assess or evaluate and optimize the geometric design of a selected roundabout, field 

observations including volumes, geometric data, pedestrian count, and other conditions have to 

be collected. Therefore, the measurements were taken on workdays, in which the highest 

congestion and inefficient use of the transportation system occur at peak hours 

 

3.2.1. Methods of Data Collection 

As it was discussed before, this research focused on optimization geometric design of 

roundabout after checking the design consistency according to the standards. 

The methods used for identification, selection, and data collection are based on: 

 

 Observation of the site (roundabout) is the most important to define, identifying, and 

select the roundabout with poor performance and congestion from the various 

roundabout.  

 Pedestrian and driver violation 

3.2.1.1. Traffic Count 

Traffic volumes can vary greatly throughout the day, by day of the week, by the time of year, 

and even every minute’s intervals during the peak hour. Traffic volumes can also experience 

unstable due to accidents, special incidents, or weather and will also change over time depending 

on the growth dynamism of the City. However; normally, traffic surveys are performed using the 

average weekday peak hour traffic counts, for my research an average of three working days. 

The high pedestrian volume also has a substantial effect on capacity. Because of this numbers of 

pedestrians were recorded and noted at peak hours along the direction of their movements. The 

traffic count surveys were carried out at Goro roundabout for peak one hour at 8:00 am-9:00 am 

and peak one in the afternoon: 5:30 pm -6:30 pm at 15-minute intervals for three (3) days on 

weekdays by setting up video cameras on March 9, 11 and 13th. Video recording and manual 

transcription were used to collect traffic/vehicle. This method of data collection relies on video 

cameras to collect or capture the traffic flows in the field and also data recorders in various 

formats.  
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 The peak hour was determined by finding the four consecutive 15-minute periods with the 

highest total volume.  

The highest traffic volume in each direction was recorded for use in the analysis of this research 

or study.  

A wide range of vehicle categories was considered for the traffic count or survey for providing 

flexibility in subsequent traffic analysis and intersection capacity assessment scenarios and in 

line with AACRA classifications and observations of vehicle types using the intersection.  

Accordingly, vehicle classifications are as follows: 

 Private Vehicles/ Small vehicles 

 Cars and Small taxi 

     Four-Wheel Drive (4-WD) 

     Two-wheelers ( Bicycle and Motorcycle) 

     Three Wheelers ( Bajaj) 

 Public transport Vehicles 

 Minibusses 

     Mid buses 

     Standard buses 

 Goods Vehicles 

 Small pickups 

     Light Goods Vehicles (light trucks carrying up to 50 quintals) 

     Medium Goods Vehicles (medium size trucks carrying up to 70 quintals) 

     Heavy Goods Vehicles (large trucks such as dump trucks) 

     Articulated Trucks 

 Hand carts/Animal drawn carts 

 Others (special construction/agricultural vehicles like Dozers, rollers, etc.) 
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3.2.1.2. Pedestrian Volume 

Pedestrian volume count was used from secondary data of the previous study on each approach 

that cross the road in both directions inbound and outbound to the approach. 

3.2.1.3. Geometric Design 

The geometric data include; island diameter, circulatory width, number of circulatory lanes, 

entry lane number, and average lane width at the entry for roundabout junction; and number of 

lanes, lane width, configurations of lanes, grade, the width of the median for the roundabout. 

These are taken from the plan view of roundabout taken from Addis Ababa Traffic Planning 

Management with the comparison of an image taken from google earth. 

 

Table 3.1: Geometry data of existing roundabout 

Junction 

Name 

Approach leg Entry 

Lane 

No of 

Circula

tory 

lane 

Island 

Diamete

r(m) 

Average 

lane 

width(m) 

Circulatory 

road 

width(m) 

 

Goro 

Roundabout 

Jack cross 3 2 65.5 3.5 9.87 

Hayat 2 2 65.5 3.5 9.87 

Sefera 2 2 65.5 3.5 9.87 

Tullu- Dimtu 3 2 65.5 3.5 9.87 
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3.3. Methodological Approach 

Literature showed that different types of studies require different research methods due to the 

nature and worth of the research or study. The research approach in this thesis involves 

quantitative data and analysis using the VISSIM software tool to optimize geometry and 

determine the capacity or level of service of the roundabout and signalized intersection besides 

checking the design consistency according to the guide.  

To do all the process primary data were collected directly through field surveys at the selected 

roundabout (Goro roundabout). The necessary geometric data for the analysis are (average entry 

width, circulatory road width, number of entry and circulatory lanes, and island diameter), traffic 

movement data with vehicle type, and pedestrian volume was collected. The geometry of the 

roundabout is directly related to delay, level of service, accident, operation cost, and 

environmental issues. Also, the pedestrian numbers who can access the roundabout were 

collected for analysis in all directions. 

In this research, the first step was comparing each parameter or element of a roundabout with the 

standard manual (checking consistency). The purpose of this optimization is to increase the 

capacity and level of services of a given roundabout by decreasing average delay. Also checking 

design consistency is another major task undertaken for the roundabout. Then modeling the 

optimized roundabout by changing the geometry element and checking and comparing the level 

of service and capacity were carried out. 

At the end the capacity and level of service (LOS) of the optimized roundabout and existing also 

the new provided signal intersection will be evaluated and compared using the VISSIM software 

tool. 

 

 

 

 

 

 

 

 

 



 

30 

 

Figure 3.2: Study flow chart 
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3.4. Optimization Modelling Technique 

An optimization model has been developed for only single-lane roundabouts. Dual-lane and 

multi-lane roundabouts design require a large number of calculations as compared to single-lane 

roundabouts; therefore, the design is best performed by an optimization computer program. An 

optimization technique is one of the modern programming techniques for geometric design of 

roundabouts, which is used to determine decision variables (entry width, inscribed circle 

diameter, central island diameter, circulatory width, entry and exit radii), subject to certain 

constraints (site and geometric design standards) for a given objective function which includes 

design consistency and average intersection delay to satisfy the design requirements of 

roundabouts. 

The object function deals with safety and operational performance in terms of average 

intersection delay, which depends on entry and exit capacity or flow at roundabout approaches. 

VISSIM is the optimization software that permits a designer to input a rapidly model formulation 

with the available range of geometric data, with the site and geometric constraints and traffic 

data, solve it, evaluate the accuracy or suitability of the design based on the model. 

 This computer-aided method involves the use of proposed geometric design parameters data 

(entry width, inscribed circle diameter, central island diameter, circulatory width, and entry and 

exit radii) and traffic data in one of the available roundabout design software’s, and then 

checking its safety, capacity and operational performance benefits concerning one of the 

approved geometric guidelines for the design of the roundabout. 

3.5. Parameters of VISSIM software tool 

a) Links and Connectors  

Links and Connectors form the foundation of any VISSIM network. Links function as stand-

alone objects while Connectors must be attached to a link at either end to be added to the 

network. The first background Image (Import Google-Earth Image) was imported. Then Using 

link and connectors both existing and proposed roundabouts geometry was modeled. 

 

b) Vehicle Compositions, Inputs, and Routings  

Vehicle Compositions, Inputs, and Routings act to determine: what Vehicle Types are simulated, 

how many vehicles, and where those vehicles go in the network (Routings). These three network 
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parameters are closely related and should be considered together. 

For this study percent of cars, 3 wheels, and the heavy vehicle is taken. For routing decisions, 

through movement, right turn, and left-turn movement were considered. 

c) Node Evaluation  

Node evaluation the final step for evaluating intersections after modeling and input data. Node 

evaluation offers flexibility in defining boundaries for an intersection while providing a variety of 

MOEs for vehicles traversing the intersection such as throughput, delay, queue, LOS. Typically, a 

node boundary is a square box encompassing an intersection.  

d) Safety Performance  

VISSIM was used to simulate the roundabouts and to generate conflict areas. Priority Rules 

determine how vehicle interactions should take place. By modeling the geometry to including 

lane-changing behavior in which it has a direct impact on the formation of conflict point’s 

conflict areas was determined. In both scenarios, a red bar is used to define the stop line of the 

yielding road, while green bars are used to express headways and time gaps that must be 

available for the yielding vehicle to move forward. 

3.6. Data Processing and Analysis 

3.6.1. Vissim Simulation Modeling steps 

1. Exporting Background image for existing roundabout from an image or google earth 

2. Develop a road network using link and connector at the node 

3. Inputting total traffic volume and percentage of the heavy vehicle from each approach 

4. Route decision( assigning the direction of traffic flow) 

5. Travel time, delay controller and queue, counter detector 

6. Check traffic parameter 

7. Running the simulation 

8. Output 
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3.6.2. Procedures of Optimization Geometry of Roundabout 

1. Visiting Site and screening congested roundabout that requires optimization in Addis 

Ababa City. 

 

2. The process of data collection was conducted on peak hour time for three consecutive 

days. 

3. Collecting the geometry of selected the roundabout. 

4. Evaluating the operational performance of existing roundabout. 

5. Changing the To dimension of elements that have a great impact on the performance e of 

roundabouts such as Inscribed Circle Diameter, Circulatory lane width, Number of lanes, 

Entry and Exit Width, Entry and Exit Radius of the roundabout, Flare length, etc. 

according to the design standard guidelines. 

6. Evaluating the operational performance of the optimized roundabout. 

7. Comparison of existing and optimized roundabout using average control delay, queue 

length, degree of saturation, and Level of Service. 

 

3.7. Data Processing and Analysis 
 

Before software was selected for the traffic model we need to understand the broad categories of 

models used in the traffic flow theory. The two models are the Macroscopic and Microscopic 

model theory. A Macroscopic traffic flow model is a mathematical model that formulates the 

relationships among traffic flow characteristics like density, flow, mean speed of a traffic stream, 

etc. and the Microscopic traffic flow model simulates single vehicle unit, so its dynamic 

variables represent position and velocity of single vehicles and provides a detailed analysis.  

PTV VISSIM is a microscopic multimodal traffic flow simulation software package. It is more 

detailed software than SIDRA and uses many parameters like reduced speed areas, conflict areas, 

and 3D modeling etc. It also has its own Application programming Interface (API) that helps to 

play with the signal control and driver behavior in the way the user wants it to be. So VISSIM 9 

was chosen and used in the research analysis. 
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I. Coding In VISSIM 

To build a model in VISSIM for the roundabouts, an image of the intersection was obtained from 

google maps and was used for tracing the circulatory roadway and the entering and the exiting 

roadways. Then the vehicle volume data and routing decisions were inputted in the model 

created in VISSIM. 

II. Conflict areas 

Conflict Areas are used in VISSIM to resolve the conflict which is seen at the entry point of the 

approach into the circulatory roadway. With the conflict areas in VISSIM, priority is given to the 

circulating traffic in the roundabout when the vehicles from approaches want to enter the 

circulating roadway. The green color on the circulatory roadway in the figure below shows the 

circulatory roadway has priority over the traffic coming from the approaches.  

 

Figure 3.3: Reduced Speed areas and Desired Speed Directions of Goro Roundabout 
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III. Reduced Speed Areas and Desired Speed Decisions 

When the simulation was run the vehicles behaved differently than the ones in the video. The 

speeds observed in the video were less than the speeds observed in the VISSIM simulation. In 

order to counter this, reduced speed areas were used in VISSIM.  

 

 

A short section is made where vehicles are made to move at a slower speed than the normal 

speed. This made the vehicles; when they enter the section, move at a speed defined by the user 

and closer to real speed in the video. Speed from the video was calculated by assuming a section 

in the video and calculating the space mean speeds. 

 

Figure 3.4: Description of the principal parameters used in VISSIM for circulation rules. 
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4. ANALYSIS, RESULT AND DISCUSSION 

4.1. General 

In this chapter traffic volume study, motorized traffic data analysis for optimization geometric 

design of Goro roundabout computation were done. 

4.1.1. Capacity Computation 

Bovy’s capacity the distance between the entry and the exit determines the influence of exiting 

traffic on the entering traffic. In the formula, a cyclist can be represented by 0.5 passenger cars 

unit and a truck by 2.0 pcs. The formula is:  

               CE = 1/ γ [1500 – 8/9(β. QC + α. QS)] 

          Where: 

            CE = Entry capacity [pcu/h]  

            QC = volume on circulating roadway [pcu/h]  

            QS = volume exiting on the same leg as the entry [pcu/h]  

             α = factor reflecting the impact of exiting traffic 

             β = factor for adjusting circulating flow depending on the number of circulating lanes 

            γ = factor for adjusting entry capacity 

4.1.2. Computation of Speed and Travel Time 

The computation of speed follows the general space- time definition of average speed: 

V = 
∑ 𝑥𝑥(𝑖)𝑖
∑ 𝑡𝑡(𝑖)𝑖

𝐼

 

Where:  

v= Average speed in the link segment during the period.  

xx(i) = Total distance traveled by a vehicle I in the link segment during the evaluation period.  

tt(i) = Total time spent by a vehicle I in the link segment during the evaluation period. 
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The average speed in the network performance evaluation is defined the same way (total miles 

traveled divided by total hours spent). VISSIM outputs travel-time results between selected 

points on the road. The average is computed from the actual travel times of all vehicles that have 

passed the destination point after they have passed the start point. Vehicles that have not reached 

the destination point and denied entry vehicles are not included in the travel-time results. 

4.1.3. Computation of Delay 

VISSIM defines delay as the difference between the actual and its desired vehicle travel time. 

Note that this is a microscopic definition of delay that is specific to each vehicle. This is different 

than the other software packages that compare actual travel times to an average link free-flow 

travel time. 

The average total delay per vehicle is computed only for the vehicles completing the travel-time 

measurement section. The delay is computed for each vehicle by subtracting the ideal travel time 

from the actual travel time. The ideal travel time is computed assuming no other entry on the 

network and no delays at signal controls or stop signs. Reduced speeds for turns are taken into 

consideration in the ideal travel time. 

4.1.4. Computation of Queue 

VISSIM allows the user to select a queue counter location. The distance to the farthest upstream 

point of any queue at this location is tallied. If the front of the queue begins to discharge VISSIM 

keeps tracking to the back of the queue until no queued vehicles remain between the queue 

counter location and the current back of the queue. 

AVEQ = 
∑ 𝑸(𝒊)𝒊

𝑰
 

Where:  

AVEQ = Average Back Of Queue over the evaluation period (meters).  

Q(i) = Observed Back of Queue length (meters)  

I = a Total number of time steps in the evaluation period. 

VISSIM will report the number of stops within the queue (which are defined as situations when 

the vehicle enters the queue, i.e., when its speed falls below the speed for the beginning of the 

queue). 
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4.2. Traffic Survey 

For this study, the Goro roundabout is selected due to high traffic congestion, long queues on its 

entries, and the number of conflict points due to improper lane utilization of drivers. Vehicular 

traffic count is taken in 15 minutes intervals are recorded circle and peak hour volume is encoded 

for every approach. 

The study reveals that the traffic count was 3467 passenger cars unit/hr in the morning and 

3594passenger cars unit /hr in the evening peak hour. Based on the result peak hour traffic count 

is taken for the analysis in the evening or afternoon, traffic count. 

The traffic volume data at the roundabout for the morning and afternoon period was summarized 

in the table below. 

Table 4.1: Morning and Evening total traffic count at Goro roundabout 
 

Total Volume at Goro Roundabout 

Hour Total Traffic Volume (Veh/hr) 

8:00 – 9:00 AM 3467 

5:30 – 6:30 PM 3594 

 

Figure 4.1: Peak hour traffic Count (passenger cars unit) at the roundabout during the period of 

the survey 
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The above figure shows the peak hour traffic flows for every 15 minutes from all approaches. 

Highest traffic volume is from Tullu – Dimtu approach and the minimum is that of from Sefera 

approach. For further information, refer to Appendix A. 

Figure 4.2: Existing Average Volume of Goro Roundabout

 

The table below shows each approach directional traffic count for each approach at the 

roundabout during the peak hour period (from 5:30 to 6:30 PM). 

Table 4.2: Approach Directional Average Peak hour traffic count 

Approach Movement Directional 

Movement (%) 

 

Jack cross 

Jack cross (L) 58.44 

Jack cross (T) 10.48 

Jack cross (R) 31.15 

 

Hayat 

Hayat (L) 33.84 

Hayat (T) 26.18 

Hayat (R) 39.98 

 

Tullu - Dimtu 

Tullu- Dimtu (L) 62.83 

Tullu- Dimtu (T) 26.37 

Tullu- Dimtu (R) 10.82 

 

Sefera 

Sefera (L) 23.63 

Sefera (T) 33.24 

Sefera (R) 43.13 

0

500

1000

1500

Tullu- Dimtu Jackcross Hayat Sefera

Existing average volume of Goro Roundabout 
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The above table and from figure 4.3 shows the maximum directional movement of Jack cross 

approach is the left movement, which is 58.44%. From Hayat approach the right movement is 

dominant, which is 39.98%. From Tullu – Dimtu approach the left movement (62.83%) is 

dominant. 

Figure 4.3: Approach Directional Average Peak Hour Traffic Count 

 

 

Figure 4.4: Percentage of heavy vehicles along each direction
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4.3. Geometry Study 
 

Existing roundabout geometric features such as island diameter, circulatory width, number of 

circulatory lanes, entry lane number, and average lane width are also the major input for 

evaluation of existing roundabout and optimizing the process. For this study, the topographic 

survey data is taken from Addis Ababa Traffic Planning Management. It is required to check the 

given data is correct. Therefore, the topographic survey data is imported on google earth map. 

 

Geometric Design of for New Optimized Multi-lane Goro Roundabout 

Maximum Volumes of Roundabout:  

< 25,000 veh/day: Single lane roundabout. 

25,000 to 45,000 veh/day: for multi –lane, 2 lane entry. 

>45,000 vehicle/day or more for a multi-lane roundabout, 3 lane entry. 

Thus for this Goro Roundabout, Peak hour volume = 3591then when it is changed to Average 

daily traffic 

ADT = 8-12 times that of Peak hour volume 

ADT= 12* 3591= 43,092 veh/day. 

Almost it is approximate 45,000 vehicles/day with various considerations various factors like 

pavement conditions, the performance of the vehicle, driver behavior, etc. Therefore this 

roundabout has to be changed from dual lane to multi-lane roundabout according to the standard. 

Entry Angle (ø): is the angle among the mean path of the entering traffic and the mean path of 

the circulating traffic. Ø has a range in the geometric model from 10º to 60º. Values between 20º 

and 40º are recommended according to NCHRP Report 627. 

Entry Radius: An entry curve with a radius of 70 to 85 feet would be a good beginning point for 

determining the entry radius of a multi-lane roundabout (NCHRP Report 627). 

Exit Radius: The exit curve design is controlled by conditions such as pedestrian traffic, 

whether it is an urban or rural roundabout, and geometric limitations. 
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To prevent congestion and crashes at the exit point in a roundabout, exit curve radii are typical 

than entry curve radii. An exit curve radii of 200 to 400 feet is recommended to promote proper 

tangent alignment for the circulatory to the exit. Larger trucks are more easily accommodated by 

larger curve radii. 

Roundabout Speed: The most critical design objective for s roundabout is to maintain low and 

consistent speeds at the entry and throughout the roundabout. The maximum design speed entry 

for a multi-lane roundabout is 25 to 30mph (NCHRP Report 627 chapter 6). 

Flare Length: The successful design and implementation of flared entry roundabouts are 

predicated on Professor Rod Kimber’s empirical capacity equations. Kimber’s equations give 

operational prediction capabilities for flared entry roundabout design with three primary 

geometric parameters: Entry Width (E), Approach Roadway Width (V), and Flare Length (L’); 

with secondary geometric variables that include the Entry Radius, Entry Angle (Phi), and 

Diameter (D). These geometric variables represent what is referred to as the unified capacity 

formula for Kimber’s equations. The design and subsequent driver behavior and field-measured 

operations of multi-lane flared entry roundabouts are strongly interrelated. To achieve the 

operations and substantial safety benefits, the flared entry multi-lane roundabout design requires 

correct geometrics and appropriate pavement markings and signage to facilitate effective lane 

utilization. 

Figure 4.5: Percentage of heavy vehicles along each direction

 

 

 



 

43 

 

Table 4.3: Important geometric elements are taken for optimization 

4.4. Pedestrian Count 
Pedestrian volume count is shown in table below and the count conducted on each approach that 

the cross the road on both directions inbound and out bound approach.  

Table 4.4: Pedestrian Volume at Goro roundabout 

Geometry Elements 

Selected values of geometry taken 

for optimization 

Recommended according to 

Guidelines 

Inscribed Circle 

Diameter 

84.5m 46 to 91 m  

Central Island 58.5m > 52.8m 

Circulatory Lane 

Width 

4.2m 4.2 – 4.9m per lane 

Effective Flare 

Length 

25m At least 25m in urban section to 

100m 

Entry angle 30º 20-40º 

Entry width It varies along with the approach Less than 15m (for dual lane) 

Exit width 400 feet 200 to 400 feet 

Entry radius 85 feet 70 to 85 feet 

Maximum entry 

speed 

50km/hr (40 to 50 km/hr) 

Day Month Year 

Time Approach 

Tullu - Dimtu Jack cross Hayat Sefera 
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March 

 

 

 

 

2020 

5:30 to 5:45 167 114 201 132 

5:45 to 6:00 141 147 187 141 

6:00 to 6:15 97 174 196 111 

6:15 to 6:30 133 165 222 108 

Total 538 600 806 492 
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4.5. Result and Discussion 

After collecting the traffic and geometry of the existing roundabout space-time the result was 

evaluated using VISSIM microscopic, time step, and behavior-based simulation developed to 

model urban traffic and public transport operations and flows of pedestrians. For modeling and 

evaluation process geometric data and traffic count with their percent of distribution and vehicle 

classification are needed. Also, pedestrian counts in-bound and out-bound on each approach are 

required. 

4.5.1. For Existing Roundabout  

The results and discussion is a very crucial part of the research or study. This Section is 

principally considered based on the predefined research objectives. This is evaluating the time 

travel, Average and maximum queue lengths on each approach, and Level of service on each 

roundabout based on the input geometry and traffic data of the Goro roundabout. The 

performance analysis results for the intersections are summarized in this section.   

Table 4.5: Average of Volume (Effective Capacity) of existing Goro roundabout 

Existing Goro Roundabout 

Approach Average Volume (Veh/hr) 

Jack cross 837 

Tullu – Dimtu 1216 

Hayat 597 

Sefera 494 

Total 3147 

 

The capacity evaluation performance shows the existing Goro roundabout can accommodate 

around 3147 Veh/hr vehicles during the peak hour which is much lower than the demand and the 

operational performance results reveal huge delay time, long queue lengths with F level of 

service. This calls for the intersection improvement to reduce delay and queue. 
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Detail results of VISSIM tools the following results are exported and presented in figures and 

tables as follows after analyzing the collected data.  

1. The capacity of the roundabout.  

2. The delay at the roundabout.  

3. The level of service of the roundabout and  

4. The queue length formed at the approaches. 

4.5.1.1. The Capacity of Existing Goro Dual Lane Roundabout 

Microscopic traffic simulation software VISSIM is used to analyze the intersection capacity, 

delay, queue length, LOS, and also to determine the number of conflict points. The following 

results were produced from the analysis software from all approaches. The result of the capacity 

analysis shows that the effective capacity is 3147 vehicles/hr and the level of service (LOS) of 

the Goro roundabout is F. The capacity of the Goro roundabout is inadequate to control traffic 

flow at peak hour time due to improper geometry of the roundabout. 

This existing roundabout has an inscribed circle diameter of 65.5m; however, according to 

FHWA, 2,000 double lane urban roundabouts that have a typical inscribed circle diameter should 

be in the range of 45 to 55m. This shows that the inscribed circle diameter of Goro Roundabout 

is beyond the standard and that is one of the problems that have lowered the capacity. 

4.5.1.2. Delay at Goro Roundabout 

The output of the analysis shows the high value of delay along with each approach which in turn 

makes the average delay of the intersection 114.22 seconds. Delay is a standard parameter used 

to determine the performance of an intersection. The highway capacity manual identifies delay as 

the primary measure of effectiveness for both signalized and un-signalized intersection with the 

level of service determined from delay estimate. The average delay per vehicle of Goro 

roundabout lies on a level of service of F. The recommended value by Highway Capacity 

Manual for Level of Service is above 50 sec/hr. Hence, this indicated that the existing Goro 

roundabout is serving in a poor LOS. 
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Table 4.6: Vehicle delay, queue length, and LOS of existing Goro roundabout 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The figure below shows that except for the Sefera approach all are experiencing a delay of more 

than one(1) minutes due to high traffic volume( operating beyond the capacity) and due to 

improper geometry of roundabout. 

 

 

 

 

 

 

Approach Delay (sec) 

per vehicle 

Queue 

Length(m) 
 

LOS 

Jack cross (L) 252.24 132.58 F 

Jackcross (T) 176.69 132.58 F 

Jackcross (R) 97.57 132.58 F 

Hayat (L) 99.36 101.12 F 

Hayat (T) 144.89 101.12 F 

Hayat (R) 87.56 101.12 F 

Tullu- Dimtu (L)  159.87 114.21 F 

Tullu- Dimtu (T)  112.51 114.21 F 

Tullu- Dimtu (R)  87.98 114.21 F 

Sefera (L) 58.79 57.89 F 

Sefera (T) 49.46 57.89 E 

Sefera (R) 43.76 57.89 E 

Roundabout 114.22 87.59 F 
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Figure 4.6: Delay per vehicle of existing Goro roundabout 

 

 

From the above figure period the average delay at each approach, on the Jack cross approach, is 

175.5 sec, on the Hayat approach it is 110.67 sec, on Tullu- Dimtu approach it is 120.12 sec and 

on Sefera approach it is 50.67 sec. 

4.5.1.3. Level of Service of existing Goro roundabout 

Analysis results of VISSIM software show a Level of Service summary of Goro roundabout 

which is based on the average delay of all lanes. Quality of service requires quantitative 

measures to determine operational conditions. Thus, the Level of Service of the overall lane is F. 

Level of Service is a quality measure describing operational conditions within a traffic stream, 

generally in terms of such service measures as speed and travel time freedom to maneuver, 

traffic interruptions, and comfort.  
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Table 4.7: Level of Service of Existing Goro Roundabout 

Approaches LOS 

Jack cross (L) F 

Jack cross (T) F 

Jack cross (R) F 

Hayat (L) F 

Hayat (T) F 

Hayat (R) F 

Tullu- Dimtu (L)  F 

Tullu- Dimtu (T)  F 

Tullu- Dimtu (R)  F 

Sefera (L) F 

Sefera (T) E 

Sefera (R) E 

 

Table 4.6: shows that the output of the analysis using VISSIM software the Level of Service of 

existing Goro roundabout is F, this indicates that the quality of the service is to the worst. 

4.5.1.4. Queue Length formed at the Legs of existing Goro Roundabout 

Analysis results of VISSIM software show a Maximum queue length of 132.58 meters is formed 

at Jack cross approach or leg. 
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 Figure 4.7 shows the queue length summary of each leg at the given roundabout. 

 

Figure 4.8: Queue Length (m) of existing Goro roundabout from all approaches

 

4.5.2. Results of the optimized Roundabout 

The followings are the results of the optimized roundabout depending on the capacity, Level of 

Service, queue, average control delay, and degree of saturation. All the analysis result is based 

on the input geometry (newly assigned geometric elements dimension and values based on the 

standard design guideline of intersection) and traffic data of Goro roundabout. 
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Figure 4.9: Vissim output of optimized Goro roundabout 

 

4.5.2.1. The Capacity of Optimized Goro Roundabout 

The results of the capacity analysis show that the effective capacity is 4139veh/hr Multi-lane and 

the level of service (LOS) of the Goro roundabout is “C”. So multi-lane the capacity of the Goro 

roundabout is increased only by changing the geometry elements of the roundabout according to 

the guidelines. Therefore the capacity of the optimized roundabout is more or less improved in 

comparison to that of the existing Goro roundabout. 

Table 4.8: Average Volume Optimized (Effective Capacity) Goro Roundabout. 

Existing Goro Roundabout 

Approach Average Volume (Veh/hr) 

Jack cross 1187 

Tullu – Dimtu 1627 

Hayat 824 

Sefera 501 

Total 4139 
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It is observed that the effective capacity of the roundabout is increased from 3147 vehicle/day to 

4139 vehicle/day from Jack cross. Also, the Level of service of the optimized becomes improved 

4.5.2.1. Delay at Optimized Goro Roundabout 

The output of the analysis shows the average delay of the intersection to 23.14 seconds. Delay is 

a standard parameter used to determine the performance of an intersection. The highway capacity 

manual identifies delay as the primary measure of effectiveness for both signalized and un-

signalized intersection with the level of service determined from delay estimate. 

Table 4.9: Vehicle delay, queue length, and LOS of Optimized Goro roundabout 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.8 and figure 4.9 show that the delay formed at each leg is less than 40 seconds due to the 

adjustment of the geometric elements of the roundabout. 

 

 

Approach Delay (sec) 

per vehicle 

Queue 

Length(m) 
 

LOS 

Jack cross (L) 32.57 44.13 D 

Jack cross (T) 23.7 44.13 C 

Jack cross (R) 17.69 44.13 C 

Hayat (L) 18.75 35.35 C 

Hayat (T) 24.79 35.35 C 

Hayat (R) 22.74 35.35 C 

Tullu- Dimtu (L)  33.39 41.23 D 

Tullu- Dimtu (T)  25.69 41.23 C 

Tullu- Dimtu (R)  19.78 41.23 C 

Sefera (L) 20.57 32.29 C 

Sefera (T) 23.89 32.29 C 

Sefera (R) 14.47 32.29 B 

Roundabout 23.17 43.12 C 
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Figure 4.10: Delay per vehicle of existing Goro roundabout

 

4.5.2.3. Level of Service of Optimized Goro roundabout 

Analysis results of VISSIM software show a Level of Service summary of Goro roundabout 

which is based on the average delay of all lanes. Therefore the Level of service for the overall 

lane is becoming C from the worst case (from LOS F) based on the average control delay of the 

intersection or roundabout. 

Table 4.10: Level of Service of Optimized Goro Roundabout 

Approaches LOS 

Jack cross (L) D 

Jack cross (T) C 

Jack cross (R) C 

Hayat (L) C 

Hayat (T) C 

Hayat (R) C 

Tullu- Dimtu (L)  D 

Tullu- Dimtu (T)  C 

Tullu- Dimtu (R)  C 

Sefera (L) C 

Sefera (T) C 

Sefera (R) B 
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4.5.2.4. Queue Length formed at the Legs of existing Goro Roundabout 

Analysis results of VISSIM software show a Maximum queue length of 44.13 meters is formed 

at Tullu - Dimtu approach or leg. Figure 4.9 shows the queue length summary of each leg at the 

given roundabout. 

Figure 4.11: Queue Length (m) of Optimized Goro roundabout from all approaches
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4.5.3. Comparative Operational Performance of Existing and Optimized Goro 

Roundabout 

Table 4.11: Comparative operational performance of the existing and optimized Goro 

roundabout. 

 

Existing Goro Roundabout Optimized Goro roundabout 

Approach Delay ( 

sec/Veh) 

Queue 

Length (m) 

LOS Delay 

(sec/hr) 

Queue 

Length 

(m) 

LOS 

Jack cross (L) 252.24 132.58 F 32.57 44.13 D 

Jack cross (T) 176.69 132.58 F 23.70 44.13 C 

Jack cross (R) 97.57 132.58 F 17.69 44.13 C 

Hayat (L) 99.36 101.12 F 18.75 35.35 C 

Hayat (T) 144.89 101.12 F 24.79 35.35 C 

Hayat (R) 87.56 101.12 F 22.74 35.35 C 

Tullu- Dimtu (L)  159.87 114.21 F 33.39 41.23 D 

Tullu- Dimtu (T)  112.51 114.21 F 25.69 41.23 C 

Tullu- Dimtu (R)  87.98 114.21 F 19.78 41.23 C 

Sefera (L) 58.79 57.89 F 20.57 32.29 C 

Sefera (T) 49.46 57.89 E 23.89 32.29 C 

Sefera (R) 43.76 57.89 E 14.47 32.29 B 

Roundabout 114.22 105.36 F 23.17 43.12 C 

 

Table 4.10 shows the existing roundabout is congested with huge delay and long delay due to 

improper geometry. Due to that the process of optimization takes place and the roundabout 

geometry elements are revised and the performance of the existing roundabout and the optimized 

one is evaluated and the following results are summarized 
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Regarding vehicle delay as it is observed from the above table, there is a significant decrease in 

delay for vehicles traveling on all approaches. From Jack cross's approach, the delay decreased 

by 85.95% (which is significant), a decrease of 80.03% from the Hayat approach, a decrease of 

78.11% from Tullu – Dimtu, and 61.21% decrease from the Sefera approach. 

The decrease in this delay can directly improve the performance operation of the roundabout. 

Since the delay is a standard parameter used to determine the performance of an intersection the 

level of service in all approaches showed better improvement for each movement and the LOS of 

the roundabout is improved to C from D, which is a significant change over the performance of 

that roundabout. 

Regarding queue length formed a good and optimistic result is observed as it can be seen from 

table 4.10. The maximum queue reduction is observed on the Jackcross approach which is 

88.45m. The minimum reduction of queue length is on the Sefera approach which is 25.6m. 

Also, the queue reduction observed from Hayat (65.77m) and Tullu –Dimtu (72.98m) is also 

significant. 

From a Capacity perspective, the effective capacity of the roundabout is changed from 3146 

vehicles/hr to 3848 vehicles/hr during peak hours and at this, time the roundabout serves below 

the capacity only due to improvement of the geometry of the roundabout which is relatively 

cheap in comparison of changing the roundabout to another intersection type. 

In general, as it is, observed from the research or result from the analysis of the delays of vehicle, 

queue length, level of service, and capacity, it of existing Goro roundabout is improved and 

becomes effective only by adjusting the geometry elements of the roundabout according to 

design standard guidelines. 
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5. CONCLUSIONS, RECOMMENDATIONS AND FUTURE 

RESEARCH DIRECTIONS 

5.1. Conclusion 

The aim of implementing roundabouts at locations of the existing classical intersections is to 

increase traffic safety and/or intersection capacity within the city road network. 

Numerous researchers have linked the geometric parameters of roundabouts to important aspects 

of roundabout design such as speed and safety performance. There is ample evidence that a good 

geometric design of roundabouts leads to improved safety and operational performance. 

1. The result of the analysis of the existing roundabout is 114.22sec average delay and 

132.58m maximum queues on Jack cross approach with “F” LOS and after optimization 

and 23.17sec average delay and 44.13 maximum queues length on Jack cross approach 

with “C” LOS. 

2. Also, the effective capacity (average volume) of the optimized Goro roundabout is 

increased from 3147 vehicles/hr to 4139 vehicle/hr. 

3.  It is recognizable to see that at peak hours, the traffic police have to regulate the traffic 

situation at this roundabout since it becomes very congested. As the study revealed, the 

major problem is related to the geometric design of the roundabout that means, the 

inadequacy of the number of entry lanes, no of circulatory lanes, high traffic flow, the 

high volume of pedestrians, and others. 

4. The model requires as input the traffic and geometric data of the selected site of the 

roundabout. The geometric data include the entry width of each approach, inscribed circle 

diameter, flaring length, and entry angle. For the optimized roundabout, the circulatory 

roadway width is constraint by the maximum entry width decided by the model. The 

central island diameter depends on the circulatory roadway width and the inscribed circle 

diameter. 

5. The effect of pedestrians on capacity was considered in the optimization model. 

6. The significant parameters that affect capacity are entry width, entry radius, flare length, 

and entry angle. The model determines the optimum parameter values that satisfy the best 

operational performance. As the model minimizes the average roundabout delay and 

maximum queue, it will indirectly increase the capacity of the roundabout from all 
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segments.  

7.     Traffic congestion at junctions during the evening peak hour is more than the morning 

peak hours. 

5.2. Recommendation 

1. The existing conditions of a roundabout in Addis Ababa need geometric improvements to 

reduce their delay time and raise their level of service (LOS). 

2.  As it is indicated approaches the roundabout requires some improvements of the 

geometry such as inscribed circle diameter, entry, and exit width, providing flare, etc. 

Also, the roundabout has no medians from the Sefera side and has no Splitter Island that 

separates right-turn movements which have a great impact on both safety and 

performance. 

3.  Separate the pedestrians from vehicular traffic at the intersection, since they affect 

normal traffic flows. 

4. Nowadays many roundabouts in Addis Ababa city are changed to signal intersection or 

other junction without detailed study. Therefore, the replacement of these roundabouts by 

other junction types is recommended after careful study to have balanced traffic flow. 

5.  In addition to the optimization of geometry pavement marking and the sign can play a 

strong role in enhancing driver understanding of multi-lane roundabouts, other traditional 

methods of educating motorists are also needed. Public education campaigns should be 

considered, involving brochures, websites, and other print and broadcast media. 

6. It is better if the roundabout is changed to another type of intersection after detail study 

and analysis for better improvement and optimization of traffic flow. 

5.3. Future Research Direction 

1. The optimization model more focuses on performance or capacity by changing the design 

elements. But at the same time, equal contributions must be given for the case of safety. 

2. Further research can be conducted to determine how this modeling formulation compares 

to other roundabouts design models. There are currently many design software that can 

be used for modeling. Future research can be carried out to compare the optimization 

techniques of this software’s model with those of other design software. 
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3.     Future research in geometric design will likely involve several areas, such as human 

factors, smart technologies, design flexibility, and reliability analysis. In particular, the 

link between geometric design and human factors (which contributes to 90% of road 

collisions) will require significant research efforts to improve our understanding of the 

close link between how roundabouts are built and how people use them. The dynamic 

nature of the geometric design will aid in these developments. 

4.     Future research should be done to determine how vehicles truly travel in the 

circulatory roadway based on several factor stack cross including circulating volume, 

different traffic maneuvers, roundabout speed and geometry, and many others. 
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APPENDIX- A (Traffic Volume of Goro Roundabout) 

 
Traffic Volume from Tullu – Dimtu Approach 

First Day (1
st
 Day) 
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Traffic Volume from Tullu – Dimtu Approach 

Second Day (2
nd

 Day) 
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Traffic Volume from Tullu – Dimtu Approach 

Third (3
rd

 Day) 
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Average of Three Days from Tullu- Dimtu Approach 
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Percentage of Vehicles from Tullu – Dimtu Approach 

 

 

 

 

 

 

 

  

Percentage of Heavy Vehicle from Tullu – Dimtu Approach  

 

 

 

 

 

 

 

 

 

 

 

Morning 

Peak 

                             
Vehicle Car Minibus Mid Bus Bus Truck 

Truck 

Trailer 

Three 

Wheelers 

Motor 

Cycle 
Bicycle 

% 70.37 22.64 0.98 1.55 3.41 0.11 0.74 0.11 0.11 

Evening 

Peak   

Vehicle Car Minibus Mid Bus Bus Truck 
Truck 

Trailer 

Three 

Wheelers 

Motor 

Cycle 
Bicycle 

% 70.38 21.75 2.03 2.39 2.72 0.07 0.63 0.00 0.03 

Approach Hour Movement Car Minibus HV 3W Bicycle 

Motor 

Cycle Total PHV 

TULLU- 

DIMTU 

Morning 

Left 435 142 36 5 1 1 619 5.75 

Through 178 23 10 2 0 0 212 4.55 

Right 54 50 12 1 0 0 117 10.25 

Evening 

Left 434 150 40 3 0 0 627 6.37 

Through 215 34 13 2 0 0 263 4.93 

Right 57 35 14 2 0 0 108 12.96 



 

66 

 

Traffic Volume from Jack cross Approach 

First Day (1
st
 Day) 
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Traffic Volume from Jack cross Approach 

Second Day (2
nd

 Day) 
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 Traffic Volume from Jack cross Approach 

Third Day (3
rd

 Day) 
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Average of Three Days from Jack cross Approach 
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Percentage of Vehicles from Jack cross Approach 

 

 

 

 

 

 

 

  

Percentage of Heavy Vehicle from Jack cross Approach  

 

 

 

 

 

 

 

 

 

 

Morning 

Peak 

                             
Vehicle Car Minibus Mid Bus Bus Truck 

Truck 

Trailer 

Three 

Wheelers 

Motor 

Cycle 
Bicycle 

% 65.53 
24.73 0.88 2.85 2.82 0.00 2.91 0.25 0.03 

Evening 

Peak   

Vehicle Car Minibus Mid Bus Bus Truck 
Truck 

Trailer 

Three 

Wheelers 

Motor 

Cycle 
Bicycle 

% 75.92 
17.33 1.54 2.14 1.18 0.02 1.71 0.02 0.14 

Approach Hour Movement Car Minibus HV 3W Bicycle 

Motor 

Cycle Total PHV 

TULLU- 

DIMTU 

Morning 

Left 321 
160 30 24 1 0 537 

5.59 

Through 
122 38 12 7 0 0 179 6.89 

Right 
331 94 35 4 2 0 465 7.52 

Evening 

Left 
678 133 29 8 0 0 848 3.38 

Through 
95 24 20 12 0 0 151 13.47 

Right 
326 93 26 5 0 2 452 5.74 
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Traffic Volume from Hayat Approach 

First Day (1
st
 Day) 
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Traffic Volume from Hayat Approach 

Second Day (2
nd

 Day) 
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Traffic Volume from Hayat Approach 

Third Day (3
rd

 Day) 
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Average of Three Days from Hayat Approach 
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Percentage of Vehicles from Hayat Approach 

 

 

 

 

 

 

 

  

Percentage of Heavy Vehicle from Hayat Approach  

 

 

 

 

 

 

 

 

 

 

 

 

Morning 

Peak 

                             
Vehicle Car Minibus Mid Bus Bus Truck 

Truck 

Trailer 

Three 

Wheelers 

Motor 

Cycle 
Bicycle 

% 79.83 
18.30 0.40 0.22 0.22 0.00 0.95 0.00 0.07 

Evening 

Peak   

Vehicle Car Minibus Mid Bus Bus Truck 
Truck 

Trailer 

Three 

Wheelers 

Motor 

Cycle 
Bicycle 

% 77.58 
15.30 0.77 0.51 1.92 0.00 3.92 0.00 0.00 

Approach Hour Movement Car Minibus HV 3W Bicycle 

Motor 

Cycle Total PHV 

TULLU- 

DIMTU 

Morning 

Left 120 
62 3 7 0 1 192 

1.39 

Through 
261 39 2 1 0 0 303 0.77 

Right 
348 66 3 1 0 0 418 0.64 

Evening 

Left 
185 54 8 18 0 0 265 2.9 

Through 
150 37 10 7 0 0 205 5.04 

Right 
272 28 7 5 0 0 313 2.35 
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Traffic Volume from Sefera Approach 

First Day (1
st
 Day) 
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Traffic Volume from Sefera Approach 

Second Day (2
nd

 Day) 
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Traffic Volume from Sefera Approach 

Third Day (3
rd

 Day) 

 

 

 

 

 

 

 

 

 

 



 

79 

 

Average of Three Days from Sefera Approach 
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 Percentage of Vehicles from Sefera Approach 

 

 

 

 

 

 

  

Percentage of Heavy Vehicle from Sefera Approach  

 

 

 

 

 

 

 

 

Morning 

Peak 

                             
Vehicle Car Minibus Mid Bus Bus Truck 

Truck 

Trailer 

Three 

Wheelers 

Motor 

Cycle 
Bicycle 

% 70.91 
11.54 1.71 0.82 5.42 0.00 9.42 0.18 0.00 

Evening 

Peak   

Vehicle Car Minibus Mid Bus Bus Truck 
Truck 

Trailer 

Three 

Wheelers 

Motor 

Cycle 
Bicycle 

% 66.21 
13.02 3.46 2.28 3.83 0.09 10.84 0.00 0.27 

Approach Hour Movement Car Minibus HV 3W Bicycle 

Motor 

Cycle Total PHV 

TULLU- 

DIMTU 

Morning 

Left 51 
12 11 15 0 0 89 

12.4 

Through 
280 40 23 15 1 0 359 6.49 

Right 
71 14 11 23 0 0 118 9.04 

Evening 

Left 
67 13 7 0 0 0 86 8.11 

Through 
89 16 15 2 0 0 121 12.1 

Right 
87 19 12 38 0 1 157 7.66 



 

81 

 

APPENDIX B (Traffic Volume of Goro Roundabout) 
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APPENDIX- C (Detail Percentage of Directional Movement) 
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APPENDIX- D (Optimized Goro Roundabout) 

 

 

 

 

 

 

 


