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[bookmark: _Toc186296735]INTRODUCTION
[bookmark: _Toc186296736]1.1 Background of the Study
A modern roundabout is a type of intersection designed to control and manages traffic flow around a central island. It allows vehicles to move in a circular pattern, with priority generally given to those already in the junction (Oxford, 1993; FHWA-RD-00-067, 2000). Roundabouts differ from other traffic circles in their traffic control, pedestrian accessibility, parking, and circulation direction. When well-designed, roundabouts offer superior functional performance by reducing congestion under high traffic volumes and improving safety (Melike & Hilmi, 2014).
A roundabout intersection allows continuous traffic movement at reduced speeds, particularly at lower volumes (Huang, 1993). However, these intersections can still become points of conflict for vehicles, cyclists, and pedestrians (Miaou& Lum, 1993). Intersections are generally classified as either "at-grade" or "grade-separated," each having multiple forms (Saha, 2012). Figure 1.1 illustrates a typical roundabout.
[image: ]
Figure1. 1: Aroundabout (Sourcegoogle)

In addition, a roundabout is defined as a central island or inscribed circle that directs traffic in either a clockwise or anti-clockwise direction, depending on the country’s driving rules. It serves as an example of a channelized intersection.
Geometric modifications may be required to improve a roundabout’s capacity and safety. These may include:
· Enhancing the capacity of external arms and the ring carriageway
· Improving alignment and lane control on the ring carriageway
· Increasing visibility zones at the junction
· Adding measures for pedestrians, cyclists, and public transportation (Robinson et al., 2000).
Geometric modifications can also involve:
· Adding extra directional lanes
· Expanding the size of splitter islands
· Implementing isolated or signal-controlled facilities (Robinson et al., 2000).
Travel time savings from increased highway capacity allow individuals to allocate more time to their activities rather than commuting (Levinson & Kanchi, 2002). However, such travel increases may also lead to environmental drawbacks and other externalities (Cirillo et al., 2011). At most road junctions, conflicting traffic results in time losses as vehicles compete for space (Ritchie, 2013).
For over three decades, modern roundabouts have been used worldwide to manage junctions. Nigeria is no exception, with numerous roundabouts across the country. Roundabout performance is typically assessed by three measures:
1. Degree of saturation,
2. Delay,
3. Queue length (Rodegerdts et al., 2010).
Each of these measures provides a unique perspective on the quality of service delivered by a roundabout under specific traffic and geometric conditions.
SIDRA (Signalised and Unsignalised Intersection Design and Research Aid) is a software tool used to design and evaluate individual and networked intersections. It estimates queue lengths, stops, fuel consumption, emissions, and operating costs at intersections. It has been widely used to analyse various types of intersections, including signalized, unsignalized, roundabouts, and alternative intersection designs (Akcelik and Associates, 2018).
The Gaa-Akanbi roundabout intersection experiences significant congestion, especially during business hours, leading to increased travel times, fuel consumption, and environmental pollution. The primary goal of a roundabout is to allow safe and efficient traffic interchange with minimal delays. The operational efficiency of a roundabout depends on drivers’ willingness to accept gaps in circulating traffic, with lower speeds and angles reducing the severity of accidents (O. Flaherty et al., 2006).
1.2 Problem Statement
Due to the increasing population and economic growth in Nigeria for instance in Ilorin, Kwara State traffic volumes continue to grow especially at roundabouts while the available lanes remain relatively fixed. This has led to many commuters spending hours stuck in traffic everyday thereby prolonging their travel times, increasing their fuel consumptions and polluting the environment. 
Attention has to be paid to the design, capacity and performance evaluation of these roundabouts, and the knowledge of its capacities or level of performance will enhance the management of traffic flow at the roundabouts.
[bookmark: _Toc186296737]1.3 Aim and Objectives of the Study
The aim of this study is to analyze the qualitative performance of the Gaa-Akanbi roundabout intersection in Ilorin, Kwara State, Nigeria.
The specific objectives are to:
1. Determination of the geometric features of the roundabout
2. Determination of the traffic flow pattern of the roundabout
3. Determination of the capacity of the roundabout
4. Estimation of the level of service of the roundabout
[bookmark: _Toc186296738]1.4 Justification of the Study
· To understand the underlying causes of congestion and delays, identify critical bottlenecks, and propose targeted interventions to optimize traffic operations and enhance safety for all road users. 
· To contribute valuable knowledge to the field of traffic engineering and urban planning, enabling better traffic management and the sustainable development of transportation infrastructure in Ilorin.
[bookmark: _Toc186296740]1.5 Scope of the Study
The scope of this study includes the performance evaluation of the Gaa-Akanbi roundabout intersection using geometric and traffic data collected during peak periods. The analysis will follow the Gap-Acceptance method from the Highway Capacity Manual (HCM, 2010) using SIDRA Intersection 8 software.



[bookmark: _Toc186296741]CHAPTER TWO
[bookmark: _Toc186296742]LITERATURE REVIEW
[bookmark: _Toc186296743]2.1 Background
A roundabout, also known as a traffic circle, rotary, or in French, carrefour giratoire, is a type of circular intersection in which traffic flows in one direction around a central island. Priority is typically given to vehicles already within the junction (FHWA-RD-00-067, 2000). Modern roundabouts differ from traditional traffic circles or rotaries, which tend to have higher entry speeds, allow lane changes within the circle, and often result in more high-speed crashes. In contrast, modern roundabouts require vehicles to yield upon entry, prohibit lane changes, and maintain lower speeds, enhancing safety and capacity. These roundabouts generally have entry speeds below 25 mph, whereas traditional rotaries may have speeds exceeding 40 mph (Roundabout-U, 2009).
[bookmark: _Toc186296744]2.2 Basic Concepts of Roundabouts and Definitions
A roundabout is defined as a channelized intersection where traffic moves counterclockwise around a central traffic island (AACRA Geometric Design Manual, 2003). Unlike traffic circles, roundabouts give priority to circulating traffic. The key feature is that vehicles entering the roundabout must yield to traffic already inside. This design simplifies the driver’s decision-making, reducing confusion and increasing safety (Rodegerdts et al., 2010).
[bookmark: _Toc186296745]2.2.1 Major Geometric Features of Modern Roundabouts
The performance of a roundabout heavily relies on its geometric design. Proper geometry not only enhances capacity but also improves safety. Some key geometric features of roundabouts include:
[image: ]
Figure2.1:BasicGeometricFeaturesofModern Roundabout(Source:google)

· Circulatory Roadway: A one way lane around the central island
· Splitter Island: A triangular island that separates entering and exiting traffic, ensuring proper vehicle deflection and safety.
· Yield or Entrance Line: A line that functions as the give-way point for entering vehicles (Rodegerdts et al., 2010).
· Central Island: A raised area in the center for deflection and navigation
· Approach Width: The width of the entering lanes before any influence from the roundabout.
· Bypass Lane: Provides an alternative for vehicles making heavy right turns to bypass the roundabout.
· Truck Apron: A traversable section of the central island designed for larger vehicles.
· Entry and exit curves: Designed to reduce speed  and guide  vehicles smoothly
· Landscaping: Central island features for aethethics and visibility
· Weaving lenght: Is the roadway segment where vehicles merge, diverge, or change lanes between entry and exit points.
[bookmark: _Toc186296746]2.3 Types of Roundabouts
Roundabouts come in various forms, each suited to different traffic demands and intersection layouts. The main types are:
[bookmark: _Toc186296747]2.3.1 Mini-roundabouts
Mini-roundabouts are small intersections used in place of stop controls or signalized intersections. They are most effective in low-speed environments and where space constraints prevent larger roundabouts.
[bookmark: _Toc186296748]2.3.2 Compact Roundabouts
Compact roundabouts have single-lane entries and exits, making them ideal for accommodating pedestrians and cyclists. Their design limits vehicle speeds, ensuring safety even in higher-speed areas (DMRB, 2007).
[bookmark: _Toc186296749]	2.3.3 Normal Roundabouts
Normal roundabouts feature a central island of at least 4 meters in diameter. These can handle dual or single carriageway approaches and allow multiple vehicles to enter and exit simultaneously (DMRB, 2007).
[bookmark: _Toc186296750]2.3.4 Grade-separated Roundabouts
Grade-separated roundabouts are designed to link roads at different levels, such as motorways or intersections with underpasses or flyovers, allowing continuous traffic flow without signalization (DMRB, 2007).
[bookmark: _Toc186296751]2.3.5 Signalized Roundabouts
In signalized roundabouts, traffic signals are installed at one or more entry points. These signals regulate traffic flow where the roundabout's natural priority system does not suffice, enhancing capacity and safety (DMRB, 2007).
2.3.6 Double Roundabouts
Double roundabouts consist of two roundabouts connected by a short link. Designed as a unified system, they manage high traffic volumes efficiently without the need for signalized junctions (DMRB, 2007).
[bookmark: _Toc186296752]2.4 Concept of Roundabout Capacity
Capacity is the maximum sustainable traffic flow rate through a roundabout, under prevailing conditions. It is a key determinant of operational performance measures such as delay, queue length, and stop rate. Two primary methods are used to estimate roundabout capacity:
[bookmark: _Toc186296753]2.4.1 Empirical Method
The empirical method, pioneered by Kimber in 1980, uses a linear model to calculate the entry capacity of roundabouts. Kimber’s equation takes into account geometric parameters such as entry width, circulating width, and inscribed diameter. The general form of Kimber’s capacity formula is:
Qe=F−fcQc
Where:
· Qe​ = Entry capacity (vehicle per hour)
· Qc= Circulating flow past the entry (vehicle per hour)
· fc​=  Empirical factor representing the reduction in capacity 
· F =maximum entry capacity or Intercept (O. Flaherty, 2006)
Kimber's formula is adaptable for roundabouts of various sizes and includes adjustments for geometric characteristics like the flare sharpness and entry width (Tewodros, 2007).
2.4.2 Practical Capacity
Research by Wohl and Brian (1967) suggests using 85% of the calculated capacity as the practical capacity for roundabouts. They developed a formula to calculate the practical capacity and accounting for factors like entry and circulatory widths.
Qp= 0.85x 	Qc
Where:
· Qp = Practical capacity (vehicle per hour)
· Qc= Theoretical capacity (vehicle per hour )
[bookmark: _Toc186296754]2.5 HCM 2010 Roundabout Capacity Method
The roundabout capacity model presented in the 2010 edition of the Highway Capacity Manual (HCM 2010) utilizes an empirical regression approach derived from gap acceptance theory. This theory underpins the roundabout capacity model and is influenced heavily by driver behavior and local driving patterns. According to HCM 2010, capacity is primarily driven by the ability of vehicles to find acceptable gaps in the circulating flow.
The roundabout entry capacity is expressed as an exponential function of conflicting traffic, which represents the vehicles already circulating within the roundabout. The general capacity equation for a single entry lane is:
Ce=A⋅exp(−Bqc)
Where:
· Ce=​ is the entry lane capacity (in vehicles per hour, or pc/h),
· qc= is the conflicting flow rate (also in pc/h),
· A and B are constants that reflect the driver’s behavior in terms of follow-up headway (tft_ftf​) and critical headway (tct_ctc​), respectively.
The parameters AAA and BBB can be computed as follows:
A= = frac{3600}/{tf}=​B= frac(tc−0.5tf)/3600B 
Where:
· tf=    is the follow-up headway (seconds), representing the time interval between two successive vehicles entering the roundabout from the same lane.
· tcis the critical headway (seconds), representing the minimum gap required by a vehicle to enter the roundabout.
HCM 2010 suggests that local conditions and driver behavior heavily influence these parameters, and they can be adjusted using local calibration for greater accuracy. The default parameter values for single-lane roundabouts in the United States are tf=3.19t_f = 3.19tf​=3.19 seconds and tc=5.19t_c = 5.19tc​=5.19 seconds, which gives A=1128A = 1128A=1128 and B=0.001B = 0.001B=0.001 for conflicting flows.
For multi-lane roundabouts, the capacity model adjusts to account for the multiple circulating lanes. For a two-lane roundabout, the model provides distinct capacity estimates for the right lane and the left lane, with different critical headway values for each. The HCM 2010 default parameters for two-lane roundabouts are:
· Right lane: tf=3.19t_f = 3.19tf​=3.19 seconds, tc=4.11t_c = 4.11tc​=4.11 seconds, yielding B=0.0007B = 0.0007B=0.0007,
· Left lane: tf=3.19t_f = 3.19tf​=3.19 seconds, tc=4.29t_c = 4.29tc​=4.29 seconds, yielding B=0.00075B = 0.00075B=0.00075.
These empirical models allow for a generalized capacity analysis of both single-lane and multi-lane roundabouts across varying conditions, but the flexibility to calibrate for local data is critical for improved accuracy in specific environments (HCM 2010).
[bookmark: _Toc186296755]2.6 Determination of Circulating and Entering Flows
In roundabout capacity analysis, the two critical flow rates that must be determined are the circulating flow rate and the entering flow rate. These are essential inputs for calculating the capacity of roundabouts and determining operational performance under varying traffic conditions.
· Circulating flow is the traffic volume already in the roundabout that conflicts with vehicles trying to enter from an approach. It can be measured or calculated by summing the traffic movements upstream of the subject entry.
· Entering flow refers to the total number of vehicles attempting to enter the roundabout from a given approach. This value is derived from the sum of vehicles turning left, right, or going straight ahead on the subject approach.
To account for the presence of heavy vehicles such as trucks and buses, Passenger Car Equivalents (PCEs) are used. The conversion from vehicle flows to PCE flows is done by applying an adjustment factor based on the proportion of heavy vehicles. The HCM 2010 provides typical PCE values for various vehicle types:
	Vehicle Type
	Passenger Car Equivalent (PCE)

	Passenger Car
	1.0

	Heavy vehicle
	2.0










𝑣𝑖,𝑝𝑐

=𝑣𝑖
𝑓𝐻𝑉

(2.11)



𝑓𝐻𝑉

=	1
1+(𝐸𝑇−1)

(2.12
where:

vi,pce= demand flow rate form ovementi(pc/h)

𝑣𝑖=demand flow rate form ovementi(veh/h)

𝑓𝐻V=heavy vehicle adjustment factor

𝑃𝑇=proportion of demand volume that consists of heavy vehicles

𝐸𝑇=passenger care quivalent for heavy vehicles
[bookmark: _Toc186296756]2.6.1 Single-lane Roundabout Capacity
For single-lane roundabouts, the maximum entry flow is inversely related to the circulating flow. Research by Bruce et al. (2000) suggests that as circulating flows increase, the entry capacity decreases. Their regression-based approach provides capacity estimates for roundabouts with inscribed circle diameters between 25 m and 55 m.
The relationship between maximum entry flow and circulating flow has been empirically modeled, with an approximate maximum entry flow of 1,800 vehicles per hour under ideal conditions. However, higher circulating flows reduce entry capacity significantly, necessitating careful design and potential signalization to avoid congestion.
[bookmark: _Toc186296757]2.6.2 Double-lane Roundabout Capacity
For double-lane roundabouts, the capacity model also follows a regression-based approach but accounts for more complex interactions between lanes. As noted by Kimber (1980), the right lane typically has a higher entry capacity than the left lane due to its proximity to the circulating flow. This imbalance can be addressed by adjusting lane usage strategies or modifying the roundabout's geometry.
Double-lane roundabouts are typically used when demand exceeds the capacity of a single-lane roundabout. The inscribed circle diameters are usually larger, ranging from 40 m to 60 m, which allows for smoother vehicle maneuvering and increased capacity at moderate to high circulating flows.
[bookmark: _Toc186296758]2.6.3 Pedestrian Effects on Entry Capacity
Pedestrian crossings at roundabouts, particularly those located at the entry points, can reduce the vehicle entry capacity significantly. Pedestrians are typically given priority, which forces vehicles to yield, leading to increased delays. To account for these effects, capacity reduction factors have been developed to estimate the impact of pedestrian traffic on entry flow.
According to HCM 2010, the presence of pedestrian crosswalks, especially at high-volume locations, may warrant special design considerations such as pedestrian overpasses or underpasses to minimize conflict with vehicular traffic.
[bookmark: _Toc186296759]2.7 Performance Analysis
Performance analysis of roundabouts involves evaluating several key metrics, including capacity, delay, queue length, and level of service (LOS). The HCM 2010 provides a structured methodology for roundabout performance analysis, consisting of a 12-step process for determining overall operational efficiency.
[bookmark: _Toc186296760]2.7.1 Degree of Saturation
The degree of saturation or volume-to-capacity ratio (v/c) is a critical performance measure that indicates how well a roundabout is handling its traffic load. A ratio below 0.85 suggests that the roundabout is operating efficiently, while ratios above this threshold may indicate the onset of congestion and excessive queuing. The formula for degree of saturation is:
xi=    frac{vi}/{ci}xi​
Where:
· xi_=volumetocapacityratioordegreeofsaturation
· vi= demand flow rate for subject lane I (veh/h)
· ci= ​ is the capacity of lane iii.(veh/h)
[bookmark: _Toc186296761]2.7.2 Delay
Delay is an essential performance measure that reflects the time lost due to queuing and waiting for gaps in circulating traffic. HCM 2010 defines control delay as the average time a vehicle is delayed at a roundabout approach. This delay accounts for both queuing and gap acceptance behavior. The formula to calculate average control delay is:
Where:
· ddd is the average control delay (seconds per vehicle),
· xxx is the volume-to-capacity ratio,
· TTT is the time period in hours.
[bookmark: _Toc186296762]2.7.3 Queue Length
Queue length is another critical performance indicator. It reflects the number of vehicles waiting at a roundabout approach. The average queue length can be calculated using Little’s Rule, which relates the number of vehicles in a queue to the entry flow and delay:The95th-percentile queue length is also of interest as it provides insight into the maximum queue length expected under peak conditions
[image: ]

[bookmark: _Toc186296763]2.7.4 Level of Service (LOS)
The Highway Capacity Manual (HCM, 2010) defines quality of service as the degree to which a transportation facility or service operates in alignment with traveler expectations and needs. It evaluates how effectively the facility handles traffic from the traveler's perspective, considering aspects like ease of travel, speed, and comfort. The Level of Service (LOS) is a quantitative classification that represents this quality of service using measurable performance indicators. LOS for roundabouts, for example, is assessed by control delay (the time spent waiting due to traffic control measures, such as stop signs or signals). Table 2.2 summarizes the relationship between the volume-to-capacity (v/c) ratio and the resulting LOS classification.
In the context of LOS assessment at the approach and intersection levels, LOS is determined solely based on control delay. If the v/c ratio exceeds 1.0, the intersection or lane is considered to be over capacity, which automatically results in a LOS F rating, regardless of the actual control delay. This is consistent with the approach defined in the HCM (2010) for stop-controlled intersections, and the criteria are outlined in Table 2.2 below:
Table 2.2: Level-of-Service Criteria
Table2.2:Level-of-ServiceCriteria

	Control Dalay (s/veh)
	LevelofServicebyVolume-to-CapacityRatio

	
	v/c≤1.0
	v/c≥1.0

	0-10
	A
	F

	˃10-15
	B
	F

	˃15-25
	C
	F

	˃25-35
	D
	F

	˃35-50
	E
	F

	˃50
	F
	F


*Forapproachandintersection-wideassessment,LOSisdefinedsolelybycontrol delay.
Source: HCM (2010)
As illustrated in the table, LOS A indicates optimal traffic conditions, where delays are minimal, while LOS F represents severe congestion, where travel time is unpredictable, and traffic is at a standstill. LOS is a critical tool for traffic engineers to analyze highways and intersections, assigning quality levels based on performance measures like traffic speed, density, and vehicle delay.
The LOS system utilizes a letter grading from A to F, with A being the best possible scenario and F representing the worst-case scenario. These levels are based on different traffic performance measures:
· LOS A: Free Flow – Traffic moves at or above the posted speed limit, with minimal delays and complete mobility between lanes. Vehicles are spaced around 167 meters apart, which is roughly 27 car lengths. This condition usually occurs late at night in urban areas and frequently in rural areas.
· LOS B: Reasonably Free Flow – Speeds comparable to LOS A, but with slightly restricted manoeuvrability within the traffic stream. The minimum spacing between vehicles is around 100 meters (approximately 16 car lengths). Motorists still enjoy high levels of comfort and mobility.
· LOS C: Stable Flow – Traffic moves steadily but at or near the free-flow speed, with noticeable restrictions on the ability to change lanes. Lane changes require more driver awareness, and manoeuvrability is more restricted. LOS C is often the target for urban highways, where some slowdowns are acceptable, and for most rural highways.
· LOS D: Approaching Unstable Flow – Speeds begin to decrease as traffic volumes increase, limiting the freedom to maneuver within the traffic stream. The spacing between vehicles is reduced to around 50 meters (about 8 car lengths). Minor traffic incidents or disruptions may cause significant delays. LOS D is frequently the goal for urban streets during peak hours, as achieving better levels (e.g., LOS C) often requires prohibitive costs for additional infrastructure.
· LOS E: Unstable Flow – Traffic operates at capacity, and flow becomes highly irregular with frequent speed fluctuations. There are virtually no gaps available for lane changes, and speeds rarely reach the posted speed limit. The average vehicle spacing is reduced to about 6 car lengths, and this level of service is often accepted in larger urban areas where congestion is unavoidable.
· LOS F: Forced or Breakdown Flow – Traffic comes to a standstill, with vehicles moving in unison with frequent stopping and starting. Travel time becomes unpredictable due to severe congestion, with demand exceeding capacity.
The HCM (2000) describes LOS F as a condition where every vehicle is forced to move at the speed dictated by the vehicle directly ahead, making lane changes and maneuverability difficult or impossible. Travel times become highly variable, and congestion may persist for extended periods, especially during peak hours or in high-traffic zones.

[bookmark: _Toc186296764]2.8 SIDRA Intersection
The SIDRA INTERSECTION software was first developed between 1975 and 1979 by Rahmi Akcelik. SIDRA is an acronym that stands for Signalized & Unsignalized Intersection Design and Research Aid. Over time, the software has evolved to become one of the most widely used traffic analysis tools globally. The SIDRA INTERSECTION 8.0, released in April 2018, provides significant improvements in processing efficiency for network models and an enhanced user interface, improving overall workflow (Akcelik and Associates, 2018).
SIDRA INTERSECTION is primarily used as a tool for analyzing and designing individual intersections as well as networks of intersections. The software can handle a variety of intersection types and traffic conditions, including:
· Signalized Intersections: Fixed-time or pre-timed signals (EQUISAT) and actuated signals.
· Unsignalized Intersections: Roundabouts, two-way stop sign control, give-way/yield sign control, all-way stop sign control.
· Pedestrian Crossings: Signalized and unsignalized.
· Roundabouts: Unsignalized, roundabouts with metering signals, fully signalized roundabouts.
· Interchanges: Single-point interchanges (signalized), freeway diamond interchanges (signalized, roundabout, sign control), diverging diamond interchanges, and other alternative intersections.
· Uninterrupted Traffic Flow: The software also supports analysis of uninterrupted traffic flow conditions, such as merge and diverge points (Akcelik and Associates, 2018).

[bookmark: _Toc186296765]2.8.1 Benefits of SIDRA Intersection
The SIDRA INTERSECTION software offers numerous advantages for traffic analysis and design. Some of the key benefits include:
· Lane-Based Analytical Traffic Network Model: SIDRA uses a detailed lane-based approach to model intersections and road networks, making it suitable for complex intersection configurations.
· Energy and Emission Models: SIDRA incorporates energy consumption and emission models to assess the environmental impact of traffic operations. This feature enables planners to evaluate the sustainability of different design and operational strategies.
· Practical Calibration for Modern Vehicles: The software includes an easy-to-use calibration method to reflect the behavior of modern vehicles in traffic, ensuring that simulations and analysis remain accurate and relevant.
· Intersection Geometry and Flow Conditions: SIDRA can automatically incorporate intersection geometry and flow conditions when determining the capacity of sign-controlled intersections, reducing the need for manual input and improving accuracy.
· Network Timing Calculations: The software has advanced timing calculation methodologies that allow for the determination of cycle times, phase times, and signal offsets for coordinated signal networks. These calculations are crucial for optimizing the timing and coordination of signals in larger networks of intersections.
· Customizability for Local Driving Conditions: SIDRA provides users with the ability to adjust traffic and geometric parameters to reflect local driving habits, making it versatile for different regions and traffic environments (Akcelik and Associates, 2018).
[bookmark: _Toc186296766]2.8.2 Past Use of SIDRA Intersection
Since its first release in 1984, SIDRA INTERSECTION has grown to become the most widely used traffic analysis software. By March 2018, the software was used by approximately 1900 organizations worldwide, with 8150 licenses in use across 86 countries. The software is particularly popular in countries like the USA (600 organizations), Canada (90 organizations), Australia (450 organizations), New Zealand (80 organizations), South Africa (110 organizations), and Europe (180 organizations). It is also extensively used in Malaysia, Singapore, the Arabian Peninsula, and Latin America (Akcelik and Associates, 2018).
Some notable examples of SIDRA's application include:
· Ferntree Gully Rd – Scoresby Rd, Melbourne, Australia: A real-life survey showed that SIDRA’s estimates for actuated signal performance were highly accurate at this intersection (Akcelik and Associates, 2018).
· North Carolina, USA: A study conducted by North Carolina State University evaluated various software packages for signalized intersections, including SIDRA, TRANSYT, HCS/HCM, Signal 94, HCM/Cinema, and EVIPAS. The report concluded that SIDRA offered superior performance, ease of use, and optimization features, making it the preferred choice (Akcelik and Associates, 2018).
· Lucca, Tuscany, Italy: Researchers from the University of Pisa used SIDRA to analyze a 1.5 km road corridor with seven intersections, including signalized intersections, roundabouts, and two-way stop-controlled intersections (Akcelik and Associates, 2018).
Additionally, SIDRA has been applied to various studies focusing on traffic analysis, including research on metering signals at a roundabout in Melbourne, Australia, and on the environmental impacts of roundabout configurations in different countries (Akcelik and Associates, 2018).
[bookmark: _Toc186296767]2.9 Outcomes of Past Research Works
Numerous research studies have employed the SIDRA INTERSECTION software to analyze the performance of roundabouts across various regions, highlighting the tool's versatility in different traffic environments. A study conducted by Tewodros (2007) in Addis Ababa, Ethiopia provided valuable insights into how roundabouts in densely populated urban areas manage high traffic volumes. The findings revealed that pedestrian crossings and large vehicle entry volumes often resulted in significant congestion, with roundabouts frequently operating at Levels of Service (LOS) E or F. This study underscored the importance of considering pedestrian activity and local traffic conditions when evaluating roundabout performance in emerging cities with growing traffic demands.
In India, Mallikarjuna (2014) conducted an in-depth analysis of roundabouts in various urban centers. His research found that high entry volumes, often exacerbated by complex traffic dynamics and insufficient lane discipline, led to operational levels ranging from LOS E to F. These findings highlighted the challenges of maintaining roundabout efficiency in high-density urban areas and pointed to the need for capacity enhancements and traffic management solutions tailored to local driving behaviors.
Similarly, Akcelik (2005) studied the effectiveness of metering signals at a roundabout in Melbourne, Australia, showcasing the flexibility of the SIDRA tool in assessing modern traffic control interventions. His research indicated a wide range of volume-to-capacity ratios, with LOS varying from B to F, depending on the time of day and the traffic management strategies in place. This study was particularly valuable in demonstrating how metering signals could alleviate congestion during peak hours while preserving roundabout efficiency at other times.
Further research conducted by Nyantakyi et al. (2013) in Ghana illustrated the pressing issue of traffic congestion at roundabouts in growing African cities. The study identified that significant congestion was caused by high entry volumes during peak hours, leading to an overall operational performance of LOS E or F. This work highlighted the need for capacity improvements and better traffic control mechanisms to address the growing demands on urban roundabouts in regions with rapidly expanding vehicular populations.
Yusuf et al. (2018) carried out a similar study in Ilorin, Nigeria, where they identified capacity limitations at key roundabout approaches. Their research emphasized the necessity for intersection upgrades and additional traffic management measures to improve the operational performance and safety of roundabouts in the area. The study concluded that capacity improvements were essential to elevate the roundabout's performance from LOS E-F to more acceptable levels.
Finally, Abubakar and Yusuf (2019) investigated a rotary intersection in Birni Kebbi, Nigeria, and found that it was operating under severe congestion, corresponding to LOS F. The study emphasized the urgent need for infrastructure upgrades and the redesign of the rotary intersection to accommodate increased traffic volumes. Their research demonstrated that the intersection's current configuration was inadequate for the city's growing traffic demands, underscoring the importance of timely interventions to prevent further traffic deterioration.
Overall, these studies indicate that while SIDRA INTERSECTION is an effective tool for evaluating roundabout performance, local traffic conditions, driver behavior, and infrastructural constraints play critical roles in determining operational efficiency. The research findings reinforce the need for tailored traffic management solutions to meet the unique demands of each region.
[bookmark: _Toc186296768]2.10 Summary
This section explored the methodologies and tools available for roundabout capacity analysis, with a specific focus on empirical and analytical methods. The empirical method relies on roundabout geometry and traffic design features to estimate capacity, offering a straightforward approach to understanding intersection performance. However, this method may not fully account for dynamic driver behavior and local traffic conditions, which can significantly influence roundabout operations. As a result, the empirical approach is often considered less adaptable to diverse traffic environments, particularly in regions with unique traffic patterns or where roundabouts are a relatively new feature in the road network.
In contrast, the analytical method, specifically the Gap-Acceptance Method, provides a more realistic and nuanced assessment of roundabout capacity. This approach takes into account driver behavior, such as the decision-making process involved in entering the roundabout based on available gaps in circulating traffic. By incorporating these behavioral factors, the Gap-Acceptance Method offers a more accurate and context-sensitive evaluation of roundabout performance. This method is especially valuable in regions where traffic behaviors may differ significantly from standardized assumptions, providing a deeper understanding of how local driving habits influence intersection efficiency.
The Highway Capacity Manual (HCM, 2010) advocates for the use of the analytical method for roundabout capacity and Level of Service (LOS) assessments, given its ability to capture more complex and realistic traffic dynamics. Consequently, this research utilizes the SIDRA INTERSECTION 8 software, which employs the Gap-Acceptance Method as part of its comprehensive analysis framework. SIDRA offers a sophisticated platform for evaluating roundabout performance by incorporating real-world traffic conditions, intersection geometry, and driver behavior into its models.
Through SIDRA's advanced simulation capabilities, the research aims to deliver a thorough assessment of roundabout operations, identifying areas for improvement and proposing potential interventions. By simulating different traffic scenarios, SIDRA allows for a detailed examination of how various design and control strategies impact overall intersection performance. This ensures that recommendations are not only theoretically sound but also practically applicable, offering a valuable tool for traffic planners and engineers seeking to optimize roundabout functionality in diverse regions. Ultimately, the combination of the Gap-Acceptance Method and SIDRA INTERSECTION software provides a robust foundation for understanding and improving roundabout performance across a wide range of traffic environments.


[bookmark: _Toc186296769]CHAPTER THREE
[bookmark: _Toc186296770]METHODOLOGY
[bookmark: _Toc186296771]3.1 Description of Study Area
The Gaa-Akanbi roundabout intersection is located in Ilorin, Kwara State, with coordinates of 8°27'49.49"N and 4°34'55.55"E (Google Earth Pro). Figure 3.1 shows the location of the study area.The intersection has four arms:
1. The western approaches is Gaa-Akanbi Road
2. The Southwest approaches is Offa Garage Road
3. The northeast approache is Tipper Garage Road
4. The eastern approach is Agbabiaka Road
[image: ]
Figure3.1:MapofGaa-Akanbiroundabout intersection
(Source: Google earth)

3.2 Data collection
[bookmark: _Toc186296772]3.2 .1.TrafficFlow Pattern 
The traffic data for this study were gathered using a Video recording method, which involves recording of vehicle movements. This method provides a reliable way to collect traffic data, allowing for detailed observations. Data collection occurred over a two-hour period each day, from 7:30  to 8:30 AM and 3:30 to 4:30PM, conducted at 15-minute intervals over seven days (from Monday, December 2, 2024, to Sunday, December 8, 2024).
The study identified the peak traffic period predominantly between 7:30 to 8:030 AM   and 3:30 to 4:30PM.This choice was informed by previous studies indicating that morning hours typically exhibited the highest traffic volume (Atomode, 2013; Yusuf et al., 2018). To ensure accurate data collection, two skilled enumerators were stationed at strategic locations at the Top of the uncompleted building very close to the roundabout, ensuring that their views of traffic movements were unobstructed.
Additionally, the enumerators noted the types of vehicles, which provided insights into traffic composition and potential impacts on the roundabout’s performance. This data was collected systematically for the peak periods, allowing for a comprehensive understanding of vehicle movements and flow dynamics at the intersection.
3.2.2Geometric features
In this study, a measuring tape was employed to collect the geometric features of the Gaa-Akanbi roundabout intersection located in Ilorin, Kwara State, Nigeria. The geometric parameters measured include the entry width, which is critical for determining how many vehicles can safely enter the roundabout simultaneously; the approach half-width, which aids in evaluating the roadway configuration as vehicles approach the intersection; the circulatory width, essential for understanding how vehicles navigate within the roundabout; and the inscribed circle diameter, which represents the overall size of the roundabout. These measurements are vital for assessing the roundabout's capacity and flow characteristics.
Following the geometric data collection, the data was formatted to meet the input requirements for SIDRA Intersection 8 software. This software is widely used in traffic engineering for modelling and analyzing intersection performance. The accurate geometric data ensured that the simulation would reflect real-world conditions, providing a solid basis for subsequent traffic analysis and evaluation
[bookmark: _Toc186296773]3.3 Data Analysis
The SIDRA Intersection 8 software was used to analyze the collected data using the input data to determine the capacity and level of service (LOS) of the roundabout. This input data was entered into the software through several specific windows designed for various input categories as shown in the figure (3.3-3.8) in the appendix.This window allows users to visualize the overall configuration of the intersection, including arrangement of lanes and approaches.
The inputdata across these various windows, was used to run simulations and produce analytical results. These results provided a detailed performance evaluation of the Gaa-Akanbi roundabout, revealing insights into congestion factors affecting the intersection. Based on the analysis, a redesign of the Gaa-Akanbi roundabout was initiated, involving modifications to the geometric parameters to address identified congestion issues effectively.



[bookmark: _bookmark64][bookmark: _bookmark66][bookmark: _Toc186296774]CHAPTER FOUR


[bookmark: _bookmark67][bookmark: _bookmark70][bookmark: _bookmark71][bookmark: _Toc186296776]
RESULTS AND DISCUSSION


This chapter presents the results obtained from the data analyzed to evaluate the performance of 
Gaa-Akanbi Roundabout.
[bookmark: _bookmark72][bookmark: _Toc186296777]4.1 Geometricfeatures
The geometryof Gaa-Akanbiroundaboutwere measured onthesiteusing a measuring tape, as summarized in the Table 4.1 and illustrated in on Figure 4.1 .TheentrywidthsforGaa- Akanbi and Offa garage approaches  are 7.30 and 5.20m, respectively .Similarly, the entry width of Tipper garage and Agbabiaka approaches have entry width  5.20m and 8.90m respectively. The roundabout lane width and roundabout diameter are 10.3 and 8.00 m respectively. This implies that three lanes exist at the roundabout and this may warrant more vehicles trying to use roundabout at the same time  causing traffic  congestion at the roundabout.
[bookmark: _bookmark73][bookmark: _bookmark74]


Figure4.1:GeometricparametersofGaa-AkanbiRoundabout

[image: ]

   Table4.1:Geometry features of Gaa-Akanbi roundabout


	Approach
	Entrywidth
(m)
	Approach
width(m)
	Circulatory
width(m)
	Inscribed
diameter (m)

	Gaa-Akanbi
	7.30
	6.9
	10.1
	8.0

	OffaGarage
	5.2
	4.7
	10.1
	8.0

	Tipper Garage
	5.2
	4.9
	10.3
	8.0

	Agbabiaka
	8.9
	7.6
	10.3
	8.0






[bookmark: _Toc186296778]
4.2 Trafficflow on each approach of roundabout

The collected traffic data represents the existing peak two hour traffic conditions at the 
Gaa- Akanbi Roundabout for all approach lanes: Gaa- Akanbi, Offa garage, Tipper garage and Agbabiaka Road. The data was gathered over seven days from December 2 to December 8, 2024, during two peak hours’ time intervals:7:30-8:30AM and 3:30- :4:30PM.The results were analyzed and computed using Microsoft Excel, as  shown below for each day.
	

Figure4.2: Showing the total, average of flow pattern of each approachesofGaa-Akanbi
Roundabout




Figure4.3: Showing the total, average of flow pattern of each approachesof
Gaa-AkanbiRoundabout


	
Figure4.4: Showing the total, average of flow pattern of each approachesof
Gaa-AkanbiRoundabout



	
Figure4.5: Showing the total, average of flow pattern of each approachesof
Gaa-AkanbiRoundabout


	
	


Figure4.6: Showing the total, average of flow pattern of each approachesof
Gaa-AkanbiRoundabout

	

Figure4.7: Showing the total, average of flow pattern of each approachesof
Gaa-AkanbiRoundabout
	
	

Figure4.8: Showing the total, average of flow pattern of each approachesof
Gaa-AkanbiRoundabout





[bookmark: _Toc186296779][bookmark: _Toc186296780]4.3 SIDRA Software 8 PlusforPerformance of RoundaboutIntersection
4.31: Trafficdatainput

Table4.2presentstrafficdatainputsuchasEntryDemand Volume;  
Peak Hours Factor (PHF).The PHFs were computed from Equation 2.20 

















Table4.2:SIDRATRAFFIC DATAINPUT
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4.3.2 ResultsofSIDRA Roundabout Intersection-Analysisof Traffic Flow

The traffic volume results presented in Tables 4.0.2 to 4.0.8 highlight the peak traffic conditions at the Gaa-Akanbi roundabout. The analysis indicates the roundabout experiences significant congestion, particularly during peak periods on week days (Monday – Friday) Traffic flow data from seven peak-periods were utilized for this analysis. The assessment was conducted using the HCM (2010) roundabout performance method module.
This methodology was implemented within the SIDRA 8 software to evaluate the existing traffic conditions effectively.
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LANE SUMMARY
ROUNDABOUT COMPRISING FOUR (4) CONNECTING ROADS WHICH ARE :GAA -AKANBI,OFFA GARAGE
,TIPPER GARAGE & AGBABIAKA 

Table 4.3Gaa-Akanbiroundaboutlane performanceonDay
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LANE FLOWS
ROUNDABOUT COMPRISING FOUR (4) CONNECTING ROADS WHICH ARE :GAA -AKANBI,OFFA 
GARAGE,TIPPER GARAGE & AGBABIAKA 
Table 4.4Gaa-AkanbiroundaboutlaneflowsummaryonDay1
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	Table 4.5Gaa-AkanbiroundaboutcirculatingflowratesonDay1



			


[bookmark: _bookmark91]
	Circulating Lane Flow Rates
	

	Lane
	Circulating Flow Rate
	

	No	veh/h
	pcu/h
	Percent

	East: AGBABIAKA ROAD
	
	

	Lane 1 	 514
Approach 	 514
	518
518
	100.0

	
	
	

	NorthEast: TIPPER GARAGE
	
	

	Lane 1 	 534
Approach 	 534
	540
540
	100.0

	
	
	

	West: GAA-AKANBI ROAD
	
	

	Lane 1 	 519
Approach 	 519
	524
524
	100.0

	
	
	

	SouthWest: OFFA GARAG E
	
	

	Lane 1
Approach
	526
526
	530
530
	100.0

	
	
	
	





















Table 4.5.1.5 Gaa-AkanbiroundaboutPerformance IntersectionandLOSonDay1
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 (
Site:
101
[
GAA
-
AKANBI ROUNDABOUT DAY1] 
)Table 4.5.1.5 Gaa-AkanbiroundaboutcontroldelayandLOSonDay1
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Table4. 15:Gaa-AkanbiRoundaboutDegree ofsaturationof eachapproach Day 1
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Site:
101
[
GAA
-
AKANBI ROUNDABOUT DAY 2] 
)Table 4.1.6.1 Gaa-Akanbiroundaboutlane performanceonDay2
LANE SUMMARY
ROUNDABOUT COMPRISING FOUR (4) CONNECTING ROADS WHICH ARE :GAA
-AKANBI,OFFA GARAGE,TIPPER GARAGE & AGBABIAKA 
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Table 4.1.6.2 Gaa-AkanbiroundaboutlaneflowsummaryonDay2
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Table 4.1.6.3 Gaa-AkanbiroundaboutcirculatingflowratesonDay2
	
Site Category: ROUNDABOUT
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Table 4.1.6.4 Gaa-AkanbiroundaboutperformancesummaryonDay 2
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Table4.1.6.5 Gaa-AkanbiroundaboutcontroldelayandLOSonDay2
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Table 4.1.6.6 Gaa-AkanbiRoundaboutDegree ofsaturationof eachapproach Day 2
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 (
Site:
101
[
GAA
-
AKANBI ROUNDABOUT DAY 3] 
)Table 4.1.7.1 Gaa-Akanbiroundaboutlane performanceSummary Day 3
LANE SUMMARY
ROUNDABOUT COMPRISING FOUR (4) CONNECTING ROADS WHICH ARE :GAA -AKANBI,OFFA GARAGE,
TIPPER GARAGE & AGBABIAKA 
Site Category: ROUNDABOUT
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Table 4.1.7.2 Gaa-AkanbiroundaboutlaneflowsummaryonDay3
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Table 4.1.7.3 Gaa-AkanbiroundaboutcirculatingflowratesonDay3
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Table 4.1.7.4 performance summary on Day 3
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Table 4.1.7.5 Gaa-AkanbiRoundaboutcontroldelayandLOSonDay3
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Table 4.1.7.6 Gaa-AkanbiroundaboutdegreeofsaturationonDay3
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Table 4.1.8.1 Gaa-Akanbiroundaboutlaneperforance summary Day4


LANE SUMMARY
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	Table 4.1.8.2 Gaa-AkanbiroundaboutlaneflowsummaryonDay4
ROUNDABOUT COMPRISING FOUR (4) CONNECTING ROADS WHICH ARE :GAA -AKANBI,OFFA GARAGE,
TIPPER GARAGE & AGBABIAKA 
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Table 4.1.8.3 Gaa-AkanbiroundaboutcirculatingflowratesonDay4
ROUNDABOUT ANALYSIS
 (
Site:
101
[
  GAA
-
AKANBI ROUNDABOUT DAY 4] 
)
ROUNDABOUT COMPRISING FOUR (4) CONNECTING ROADS WHICH ARE :GAA -AKANBI,OFFA GARAGE
,TIPPER GARAGE & AGBABIAKA 
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Table 4.1.8.4 Gaa-Akanbi Intersection performance SummaryDay 4
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	Table 4.1.8.5 Gaa-AkanbiRoundaboutcontroldelayandLOSonDay4
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			Table 4.1.8.6 Gaa-AkanbiroundaboutdegreeofsaturationonDay4
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Table 4.1.9.1. Gaa-Akanbi roundaboutlane performance SummaryDay 5
LANE SUMMARY
ROUNDABOUT COMPRISING FOUR (4) CONNECTING ROADS WHICH ARE :GAA -AKANBI,OFFA 
GARAGE,TIPPER GARAGE & AGBABIAKA 
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Site Category: ROUNDABOUT
Table 4.1.9.2  Gaa-AkanbiroundaboutlaneflowsummaryDay5
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Table 4.1.9.3 Gaa-AkanbiroundaboutcirculatingflowratesonDay5
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Table 4.1.9.4.Gaa-Akanbi  intersection performance SummaryDay 5
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	Table 4.1.9.5 Gaa-AkanbiroundaboutcontroldelayandLOSonDay5
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	Table 4.1.9.6 Gaa-AkanbiroundaboutdegreeofsaturationonDay5
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Table 4.1.10.1. Gaa-Akanbi roundaboutlane performance SummaryDay 6
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Table 4.1.10.2. Gaa-akanbiroundaboutlaneflowsummaryDay6
ROUNDABOUT COMPRISING FOUR (4) CONNECTING ROADS WHICH ARE :GAA -AKANBI,
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Table 4.1.10.2. Gaa-akanbicirculatory Lane  flow rateDay6
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Table 4.1.10.4. Gaa-Akanbi intersection performance SummaryDay 6
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Table 4.1.10.5. Gaa-AkanbiroundaboutcontroldelayandLOSonDay6
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Table 4.1.10.6 Gaa-AkanbiroundaboutdegreeofsaturationonDay6
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Table 4.1.11.1.Gaa-Akanbi roundaboutlane performance SummaryDay 7
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Table 4.1.11.2. Gaa-AkanbiroundaboutlaneflowsummaryDay7
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Table 4.1.11.3. Gaa-AkanbiroundaboutcirculatingflowratesonDay7
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Table 4.1.11.4. Gaa-Akanbi intersection performance SummaryDay 7
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Table 4.1.11.5.Gaa-AkanbiroundaboutcontroldelayandLOSonDay7
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	Table 4.1.11.6.Gaa-AkanbiroundaboutdegreeofsaturationonDay7
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	Table 4.1.12.SummaryofGaa-Akanbiperformancecapacityresults
	ontheapproaches
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[bookmark: _Toc186296782]4.2. DiscussionofResults

The key performance indicators used for evaluating the performance analysis of the Gaa- Akanbi roundabout were; capacity, v/c ratio (degree ofsaturation), average delayand LOS.
[bookmark: _bookmark165][bookmark: _Toc186296783]4.2.1. Effectof volume onthe capacity ofthe roundabout

The traffic data collected at the Gaa-Akanbi roundabout revealed consistent peak hours occurring primarily between 7:30–8:30 AM and 3:30–4:30 PM over the course of seven days.
[bookmark: _bookmark166][bookmark: _Toc186296784]4.2.2.Capacity of the roundabout

The capacity is a critical metric for evaluating roundabout performance. As shown in Table 4.1.12, the average capacities of the roundabout during these peak times fall within the range of 619.8 to 708.5 veh/h per each day, as detailed in the table.
Figure4.9: Showing the average of capacity of each day at Gaa-AkanbiRoundabout

[bookmark: _bookmark167][bookmark: _Toc186296785]4.2.3. Degree of saturation  (v/c)

Table 4.1.12. reveals that the average v/c ratios, ranging from 0.73 to 1.19, were recorded on Agbabiaka Road and Tipper Garage  Road approaches during Days 1 to 7 , These elevated values indicate significant delays, queuing, and service breakdowns at the roundabout.
Figure4.10: Showing the average of degree of satuationof each day at 
Gaa-AkanbiRoundabout
	

[bookmark: _bookmark168][bookmark: _Toc186296786]


4.2.4. Average control delay

Table 4.1.10 shows that average control delays at the Gaa-Akanbi roundabout during peak periods range from 18 to 71.7 seconds across all approaches. The highest delay, 120.6 seconds, occurred on Day 5 at the on Agbabiaka approach, while the lowest delay, 15.2 seconds, was recorded on Day 6 at Offa garage Road. Overall, the roundabout experienced its highest average delay of 71.7 seconds on Day 4 and its lowest of 18.0 seconds on Day 6 during peak periods.
Figure4.10: Showing the average of control delay of each day at
Gaa-AkanbiRoundabout
	



[bookmark: _bookmark169][bookmark: _Toc186296787]4.2.5. Levelof service (LOS)

Table 4.1.12. Indicates that the Gaa-Akanbi roundabout operated at LOS ranges from E-F during the analysis period on weekday. Agbabiaka approach operated at LOS F except on weekend when its experienced C and D.
Other approaches operated at LOS between E to C, except on weekend when they operated between E TO B 

Figure4.10: Showing the Level of service criteria from HCM 2010
		

	
[bookmark: _Toc186296788]CHAPTER FIVE
[bookmark: _bookmark189][bookmark: _Toc186296789]CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _bookmark190][bookmark: _Toc186296790]
5.1 Conclusion
Video footage was used to collect traffic data and vehicle movement information. Video recording data was used to validate the obtained data. Utilizing the HCM 2010 approach, SIDRA INTERSECTION 8 was employed to conduct the Gaa-Akanbi roundabout's capacity and performance analysis. 
The study's findings included the following conclusions:
(i) The Gaa-Akanbi Roundabout saw its peak on all days, primarily between 7:30 and 8:30 am and 3:30 and 4:30 pm, respectively. 
(ii) The average capacities of the roundabout during these peak times fall within the range of 619.8 to 708.5 veh/h, as detailed in the table
 (ii) For all Approaches, the average delays encountered during the analysis periods at the Gaa-Akanbi roundabout range from 18.0 to 71.7 seconds as detailed in the table 4 .1.12
(iii) For all the approaches the average degree of saturation interval, which is 0.73 to 1.19, as detailed in the table4 .1.12
(iv) At peak, the Agbabiaka Approach Roundabout runs at LOS F. 
(v) The Gaa-Akanbi Roundabout is assessed to be underperforming at its design capacity under the current conditions except on weeekend.


[bookmark: _bookmark191][bookmark: _Toc186296791]5.2 Recommendations

Thefollowing recommendationsarebased ontheprojectwork.
(i) I will recommend that all the bike and Keke Napep (tricycle) at the entry and exit lane of Agbabiaka,Tippergarage,andGaa-Akanbi should be totally relocated to improve the traffic flow and roundabout performance.
(ii) For smooth and effective driving, I will suggest that the Gaa-Akanbi roundabout be signalized on all approaches
(iii) A speed limit or control measure should be implemented at the roundabout to ensure smooth traffic flow and efficient utilization
(iv) To improve driver efficiency, the roundabout's circular width should be expanded by adding extra lane to all the approaches
.		(v) To ensure that heavy vehicles operate smoothly, the central island's diameter should be increased. 



[bookmark: _Toc186296792]
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APPPENDIX1
The SIDRA specific windows are shown below
[image: ]

[bookmark: _bookmark62]Figure3.3:SIDRAINTERSECTIONsiteinputdatapreparationform
(Source:Akcelikand Associates 2018).




Figure3.4:SIDRAINTERSECTION,INTERSECTION LAYOUT.
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Figure3.5:SIDRAINTERSECTIONMOVEMENT DEFINTION LAYOUT

[image: ]
[image: ]



Figure3.6:SIDRAINTERSECTIONLANE GEOMETRYWINDOW
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Figure3.7:SIDRAINTERSECTIONROUNDABOUT GEOMETRYWINDOW
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Figure3.8:SIDRA INTERSECTION VOLUMES GEOMETRY WINDOW
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Figure3.8:SIDRA INTERSECTION VOLUMES GEOMETRYWINDOW
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Figure3.8:SIDRA INTERSECTION volume input window



DAY1
LT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	128.98620022849312	141.21992108892078	149.42345582305794	158.28559765416975	577.91517479464142	144.47879369866038	RT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	184.81604808858708	170.14448323966349	223.23504243444805	267.86793449167169	846.06350825437062	211.51587706359254	TT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	219.46905710519698	215.2327712981743	197.13094473041997	241.48700154931021	873.31977468310174	218.32994367077544	UT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	0.96258358379472331	0.8507224161983189	0.90014130013890392	1.0146512670139078	3.7280985671458562	0.93202464178646349	



DAY 2
LT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	177.13744596799174	172.23063329530584	142.57228603885014	198.61596511232551	690.556330414473	172.63908260361825	RT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	235.33974964318878	192.49306074181234	183.1723410035558	228.89821988281494	839.90337127137298	209.97584281784296	TT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	188.94660903252441	214.5975270470926	209.60958609685227	205.74120152891118	818.89492370538039	204.72373092634507	UT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	0.84351164746662677	0.92101942938666259	0.94418732476059697	0.89065455207320954	3.5993729536870958	0.8998432384217746	



DAY 3
LT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	155.32292820228878	151.39288089755101	137.20086197414892	167.3593732226368	611.27604429662608	152.81901107415618	RT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	198.36422155954941	212.86756586807158	181.00595645987138	187.26156895722067	779.4993128447129	194.87482821117811	TT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	231.11303172268239	207.36237019906977	168.60828820919531	251.49138246428654	858.57507259523413	214.64376814880831	UT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	0.93568029037523281	0.91753261150030851	0.82651121671174166	0.90464526066290163	3.5843693792501847	0.89609234481254563	



DAY 4
LT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	159.93989462917597	174.94081493174173	183.27929222613795	184.77874129188143	702.93874307893805	175.73468576973426	RT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	186.29362726693807	197.7974038172963	185.05870283027565	234.8229837250997	803.97271763960953	200.99317940990235	TT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	208.1036128981894	206.58839954250951	218.86750430888361	260.80749421927044	894.36701096885281	223.5917527422132	UT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	0.90874940130213799	0.87909957252131699	0.88970530206863263	0.9623892775618843	3.6399435534539677	0.90998588836349303	



DAY 5
LT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	172.12995661115352	132.95236823361824	168.33157373365742	220.55411293588838	693.96801151431771	173.49200287857954	RT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	180.65124159190367	187.45458129833116	203.68120421772574	237.94219652834437	809.72922363630482	202.43230590907621	TT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	203.65871103992924	194.06091015466021	198.63125700571601	279.12449977363474	875.47537797394045	218.86884449348511	UT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	0.85212849807501789	0.82579110704110759	0.8416578686682884	0.91516229433978602	4	1	



DAY 6
LT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	95.913705832021847	107.57390941885258	133.52884759408363	182.86198695049967	519.87844979545741	129.96961244886435	RT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	109.79595272876195	140.46841064610501	143.87992105098931	185.33309488226291	579.47737930811957	144.86934482702992	TT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	190.56538921888568	152.02593810432882	162.51185327341938	163.09312349639126	668.19630409302533	167.04907602325622	UT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	1.2620224451581834	0.88904057370952561	1.0351073456905697	1.2355539658817538	4.4217243304400311	1.1054310826100078	



DAY 7
LT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	133.02525379857457	123.58735508722546	161.41550970493012	133.43680690860867	551.46492549933828	137.86623137483485	RT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	151.26258698063745	155.51408848475856	164.73226675366161	159.92044797443967	631.42939019349706	157.85734754837452	TT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	172.71827307718158	115.34819808141043	174.68253789985596	153.80883849770942	616.55784755615787	154.13946188903941	UT	
GAA- AKANBI ROAD	OFFA GARAGE ROAD	TIPPER GARAGE ROAD	AGBABIAKA ROAD	TOTAL	AVERAGE	1.0727843048272161	1.029894625726878	1.1055856829104798	1.018601579455028	4.2268661929196094	1.0567165482299008	



Capacity in veh/hr for 7 days
DAYS	
0	0	0	0	0	0	0	capacity of the roundabout	
652.20000000000005	629.29999999999995	643.79999999999995	619.79999999999995	629	708.5	707.3	Days

Capacity in veh/h



Degree of saturation 	
DAY 1	DAY 2	DAY 3	DAY 4	DAY 5	DAY 6	DAY 7	1.1000000000000001	1.0900000000000001	0.99	1.149999999999999	1.1900000000000008	0.73000000000000043	0.73000000000000043	Days

degree of saturation


Average control delay in seconds
Average control delay	
DAY 1	DAY 2	DAY 3	DAY 4	DAY 5	DAY 6	DAY 7	51.9	60.8	45.4	71.7	70.5	18	18.7	Days

Average delay in sec


Level Of Service
E	E	D	F	F	B	B	51.9	60.8	45.4	71.7	70.5	18	18.7	DAYS

Avrg Contro Delay
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Step 12: Compute 95th Percentile Queues for Each Lane

The 95th percentile queue for a given lane on an approach iscalculated by
using Equation 21.20:

C @ O File | C/Users/ENGR%20JOHNSON,/Desktop/NITRO/Highway-Capacity-Manual-2010-PDFDrive-pdf

Y Vo @

7

|
Equation 2120 9071412 +

¢ S« 1
1507|3600
where
Qs = 95th percentile queve (veh,
x = volume-to-capacty ratoofthesubjec anc,

¢ = capacily of the subjectane (vehvh), and
T = time period () (T =1 fora I-hanalysis, =025 for  13-min analysis.
The queve length calculated for each lane should be checked against the
availble storage, The queue in ach lane may interact with adjacent lanes in one
or more ways:

« Tfquenes in adjacen lans exceed the available stoage, the quee n the
subjectlane may be longer than anicipated due o additional queuing,
from the adiacent lane.

+ i queues in the subjct lane exceed the availablestorage for adjacent
lanes,the adjacent lane may be sarved by the queue in the subjct lae.

Should one or more of these conditions occur,  sensiiviy analysis can be
conducted with the methodology by varying the demand in each le. The '
analyst may also use an alternatve tool that is sensiiv to lane-by-lane effects, as
discussed inthis chapler's Applications secton.
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Intersection Performance - Hourly Values

Performance Measure Vehicles Persons
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Intersection Performance - Hourly Values
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Intersection Performance - Hourly Values
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Intersection Performance - Hourly Values
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Intersection Performance - Hourly Values
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