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ABSTRACT
Rapid urbanization in Ilorin, Kwara State, has placed significant strain on the Adeta Roundabout, a critical node in the city’s arterial network. This study evaluates its current performance through detailed field surveys measuring entry volumes, queue lengths, delays, and levels of service (LOS) and employs calibrated microscopic simulation to test alternative geometric configurations. Results indicate that peak‑hour flows on the major approaches exceed 1,300 PCU/h, yielding flow‑to‑capacity ratios of up to 1.38 and average delays of 29–52 s, corresponding to LOS D. Key deficiencies include under‑sized entry flares, insufficient deflection, limited sight distances, and constrained weaving lengths, all exacerbated by a high heavy‑vehicle mix. Simulation‑based redesign scenarios demonstrate that widening entry flares to two‑lane approaches, extending weaving sections, enhancing splitter‑island geometry, and clearing sight triangles can restore stable operation (LOS C or better) and increase capacity by 10–20 %. Where necessary, peak‑period signal assistance is recommended to cap queues and balance flows. Post‑implementation monitoring is advised to verify performance gains and safety improvements. These interventions offer a cost‑effective, data‑driven pathway to sustainable traffic management and improved mobility at the Adeta Roundabout.
Keywords
Adeta Roundabout; Traffic Flow Evaluation; Microscopic Simulation; Level of Service; Roundabout Redesign; Urban Mobility; Ilorin; Queue Length; Vehicle Delay; Geometric Improvement.

CHAPTER ONE
INTRODUCTION
1.1 BACKGROUND OF STUDY
Rapid urbanization in Nigeria has significantly transformed the landscape of its cities, placing enormous pressure on existing transportation systems. With population growth outpacing infrastructural development, many urban centers now grapple with deteriorating road conditions and pervasive traffic congestion (Adeola & Obayelu, 2016). This phenomenon has led to inefficient vehicular movements, prolonged travel times, and increased operating costs for both commuters and businesses. Urban congestion not only affects the economic vitality of cities but also has far-reaching social and environmental implications, making the efficient management of traffic flow a critical concern for policymakers and urban planners.
In Ilorin, Kwara State, the challenges of urbanization are particularly evident at key intersections that serve as vital nodes in the city's transportation network. The Adeta Roundabout, once designed to facilitate smooth and uninterrupted vehicular movement, now contends with escalating traffic volumes and mixed traffic conditions. As the city continues to expand, the roundabout is increasingly burdened by an influx of diverse road users including private vehicles, commercial trucks, and motorcycles which exacerbates delays and heightens the risk of accidents (Raji & Okunola, 2018). Moreover, inadequate maintenance and infrastructural shortcomings further compound these issues, resulting in frequent vehicular conflicts and compromised safety.
Modern traffic management practices are increasingly turning to advanced modelling techniques to address these challenges. Microscopic simulation, in particular, has emerged as a powerful tool for analysing complex traffic systems at the granular level. By modelling individual vehicle behaviour such as acceleration, deceleration, and gap acceptance microscopic simulation provides a detailed representation of real-world traffic dynamics (Treiber & Kesting, 2013). This level of detail is invaluable for identifying performance deficiencies at critical intersections like the Adeta Roundabout, as it allows researchers to replicate and study the intricate interactions between vehicles under various conditions.
The application of microscopic simulation in the Nigerian context is especially significant given the unique challenges posed by local driving behaviours and infrastructural constraints. Studies have shown that standard simulation models often require adaptation to incorporate localized data that reflect the realities of Nigerian urban traffic. For instance, research by Abubakar and Bello (2017) underscores that factors such as non-compliance with traffic rules, mixed traffic dynamics, and cultural driving practices must be integrated into simulation models to yield accurate predictions and effective redesign strategies. Incorporating such localized data not only improves the fidelity of simulation outputs but also enhances the relevance of the proposed interventions for urban settings in Nigeria.
Furthermore, efficient traffic management is critical for sustaining economic growth and improving the quality of life in rapidly urbanizing cities. Prolonged congestion leads to increased fuel consumption, higher greenhouse gas emissions, and greater road safety risks all of which have adverse economic, environmental, and social repercussions. In Ilorin, where congestion at the Adeta Roundabout disrupts daily commutes and impacts local commerce, the need for innovative, data-driven solutions is paramount. Leveraging microscopic simulation offers a cost-effective approach to test various redesign scenarios such as widening entry lanes or optimizing deflection angles before committing to costly physical interventions (Olanrewaju & Adebayo, 2021).
1.2PROBLEM STATEMENT:
Despite its critical role in managing traffic at one of Ilorin’s busiest junctions, the Adeta Roundabout faces numerous challenges. High vehicular volumes often overwhelm the junction, causing significant delays during peak hours. In addition, the roundabout suffers from operational inefficiencies stemming from an inadequate geometric design characterized by narrow entry lanes and suboptimal deflection angles which hinders smooth traffic flow and leads to excessive queuing. Furthermore, frequent conflicts between entering and circulating vehicles elevate accident risks and compromise road user safety. The situation is further complicated by the mixed traffic conditions, where the coexistence of formal vehicles, motorcycles, and informal transport modes exacerbates these issues and makes effective traffic management increasingly difficult.
1.3AIM AND OBJECTIVES
AIM:
Performance Evaluation And Redesign of Adeta Roundabout In Ilorin, Using Microscopic Simulation.
OBJECTIVES:
1. To Assess Geometric Features:
2. To Evaluate Traffic Capacity and Performance:
3. To Analyze Driver Behavior:
1.4 JUSTIFICATION
Efficient urban traffic systems are crucial for economic growth and quality of life. The Adeta Roundabout, a key intersection in Ilorin, significantly influences the city's transport network, yet its operational inefficiencies have far-reaching economic, environmental, and social impacts. Evaluating its performance through microscopic simulation enables the identification of bottlenecks, the testing of cost-effective redesign alternatives, and improvements in vehicle throughput and road safety. By incorporating local traffic data and driver behavior, this study offers tailored insights for traffic engineers, urban planners, and policymakers, ultimately supporting data-driven decisions for sustainable urban mobility in Ilorin (Olanrewaju & Adebayo, 2021).


1.5 SCOPE OF THE STUDY:
This study focuses on the performance evaluation and redesign of the Adeta Roundabout in Ilorin, Kwara State. The scope includes:
· Field Data Collection:
Collecting primary data on traffic volumes, vehicle speeds, delays, and queue lengths during both peak and off-peak hours.
· Geometric and Operational Analysis:
Measuring the physical dimensions of the roundabout and assessing its operational performance using established traffic engineering methods and simulation tools.
· Simulation Modeling:
Developing a detailed microscopic simulation model of the roundabout to replicate existing traffic conditions and test alternative redesign scenarios.
· Comparative Analysis:
Evaluating the performance of the roundabout before and after proposed modifications to determine the potential benefits of redesign interventions.

CHAPTER TWO
LITERATURE REVIEW
2.0. INTRODUCTION
Roundabouts have increasingly been recognized worldwide as an effective alternative to conventional signalized intersections due to their potential for reducing severe conflict points and improving traffic flow. In urban areas such as Ilorin, Nigeria, the Adeta Roundabout exemplifies challenges that arise from mixed traffic conditions, variable driver behaviors, and infrastructure constraints. Modern engineering practice increasingly relies on advanced modeling techniques, notably microscopic simulation, to both evaluate current performance and test potential redesign strategies before implementation (AASHTO, 2022; FHWA, 2020). By representing individual vehicle movements and interactions, microscopic simulation provides a detailed framework for understanding and mitigating performance deficiencies.
2.0.1 THEORETICAL FRAMEWORK OF ROUNDABOUT DESIGN
The evolution of roundabouts is rooted in the principles of continuous flow and self-regulation, which prioritize reduced conflict points and lower vehicle speeds to enhance safety. Modern guidelines, such as those in the Highway Capacity Manual (HCM 6th Ed., 2022), emphasize geometric design (e.g., entry/exit curvature, island size) and capacity modeling to optimize traffic flow. Studies by the U.S. Federal Highway Administration (FHWA, 2021) demonstrate that well-designed roundabouts reduce severe crashes by 75% compared to traditional intersections. However, these principles often assume adherence to lane discipline and standardized vehicle types conditions rarely met in developing nations.
2.1.1. DESIGN PRINCIPLES AND OPERATIONAL METRICS
These principles and metrics are used by transportation engineers and planners to evaluate and design road networks. They help in understanding the performance of traffic systems and in making improvements to minimize delays and congestion.
2.1.2. DELAY AND TRAVEL TIME
· Travel Time: This is the total amount of time it takes for a vehicle to move from the start point to its destination along a given route. It includes time spent moving at different speeds due to varying road conditions.
· Delay: Delay is the additional time a vehicle spends on the road beyond the ideal free-flow travel time. This extra time can be caused by factors such as traffic signals, stop signs, congestion, and incidents.
· Importance: Both travel time and delay are critical in assessing the efficiency of a roadway. High travel times or excessive delays signal problems in capacity or flow that need addressing. Reducing these metrics is often a primary goal of traffic management strategies.
2.1.3. QUEUE LENGTHS
· Definition: Queue length refers to the number of vehicles lined up at an intersection or along a roadway segment waiting for service (such as a green light or an open lane).
· Measurement: It can be measured in vehicles or by the physical distance the queue extends.
· Impact: Long queues indicate congestion and are a clear sign that a particular segment of the network is operating beyond its designed capacity. Monitoring queue lengths helps in adjusting signal timings, redesigning intersections, or even planning road expansions to manage peak flows better.
2.1.5 LEVEL OF SERVICE (LOS)
Level of Service (LOS) is a qualitative indicator used to evaluate traffic operating conditions on a roadway. It is categorized from LOS A (free-flow conditions) to LOS F (severe congestion and heavy delays). LOS provides a standardized framework for assessing roadway performance, enabling traffic engineers and urban planners to identify deficiencies and measure the effectiveness of improvements. Highway Capacity Manual (HCM)
2.1.5 CHALLENGES IN DEVELOPING REGIONS
Developing regions often face additional hurdles in traffic management and roadway planning. These challenges can lead to discrepancies between expected and actual performance of traffic systems.
2.1.6 INCONSISTENT ROADWAY MAINTENANCE
· Overview: In many developing regions, the state of roadway maintenance can vary widely. While some areas might enjoy well-maintained roads, others may suffer from potholes, uneven surfaces, or inadequate signage.
· Impact on Traffic: Poor maintenance not only affects vehicle performance and safety but also contributes to erratic traffic flow. This inconsistency can lead to increased delays, as drivers slow down or navigate around road hazards.
2.1.7 HETEROGENEOUS TRAFFIC COMPOSITION
· Definition: Unlike regions with strictly regulated vehicle types, many developing areas feature a mix of cars, buses, motorcycles, bicycles, and even pedestrians sharing the same roadways.
· Challenges: This diversity creates complex interactions among road users. For example, the maneuverability of motorcycles compared to large buses or the unpredictable movements of pedestrians can complicate traffic flow, making it harder to design efficient signal timings and lane assignments.
2.1.8. DIVERGENT DRIVER BEHAVIOR
· Variability: Driver behavior in developing regions can be markedly different from that in more regulated environments. There might be a higher tolerance for risk-taking, less adherence to traffic rules, or a more aggressive driving style.
· Consequences: This variability can lead to unexpected traffic patterns and incidents, complicating the task of predicting and managing traffic flows. Planners need to account for these behavioral differences when designing traffic systems and safety measures.
2.1.9. DATA SCARCITY AND QUALITY ISSUES
· Data Collection Challenges: Reliable traffic data is the backbone of effective traffic management. In many developing regions, however, data collection is hindered by limited resources, outdated technology, or inconsistent reporting methods.
· Resulting Problems: Without accurate and timely data, it becomes difficult to assess current conditions, forecast future trends, and measure the impact of any interventions. This lack of quality data makes it challenging to make informed decisions regarding traffic control and infrastructure investments.
2.2.1. NEED FOR CALIBRATED MICROSCOPIC SIMULATION
Given the challenges outlined above, there is a clear need for targeted simulation tools that can incorporate the localized conditions unique to developing regions:
· Tailored Simulation Models:
Calibrated microscopic simulation models can be adjusted to reflect local roadway conditions, traffic compositions, and driver behaviors. By incorporating localized data, these models provide a more accurate representation of the roundabout’s performance under real-world conditions.
· Scenario Testing and Redesign:
Simulation tools enable engineers to test various redesign strategies without the high cost or risk associated with field modifications. For instance, they can evaluate how changes to entry widths, circulatory roadway geometry, or signage might improve both efficiency and safety at the Adeta Roundabout.
· Iterative Calibration:
Given the dynamic nature of urban traffic in developing regions, simulation models can be continuously updated and recalibrated as new data becomes available. This iterative process ensures that the models remain relevant and can adapt to evolving traffic conditions, thereby supporting more effective long-term planning and design improvements.
2.3. MICROSCOPIC SIMULATION IN TRAFFIC ENGINEERING
Microscopic simulation models depict each vehicle as an individual agent with specific behavioral parameters. This granular approach is essential for capturing the detailed interactions that occur in complex environments such as roundabouts.
23.1. FOUNDATIONS OF MICROSCOPIC SIMULATION
The seminal car-following model developed by Gipps (1981) laid the groundwork for understanding individual driver behavior. More recently, comprehensive texts such as Treiber and Kesting’s work (2013) have further refined these concepts, integrating them into sophisticated simulation platforms that can mirror real-world traffic dynamics with high fidelity.
2.3.1. EVALUATING ALTERNATIVE GEOMETRIC CONFIGURATIONS
One of the primary applications of microscopic simulation in roundabout redesign is the evaluation of alternative geometric configurations. The physical design of a roundabout—including its entry widths, circulatory roadway dimensions, central island size, and deflection angles—plays a pivotal role in determining its operational performance. Recent studies have provided valuable insights into how modest modifications can lead to significant performance improvements.
Key Points in Evaluating Geometric Changes
· Entry Width Adjustments:
Wang and Liu (2020) demonstrated that even slight modifications to the entry width can improve gap acceptance behavior at the roundabout. A wider entry can facilitate smoother merging and reduce delays, while a narrower entry might improve safety by forcing vehicles to yield appropriately. Simulations can compare multiple entry width scenarios to determine an optimal balance between throughput and safety.
· Circulatory Roadway Dimensions:
The dimensions of the circulatory roadway—such as lane width and curvature radius—affect vehicle speed and acceleration patterns. Simulation studies have shown that adjusting these dimensions can optimize the flow of traffic within the roundabout, thereby reducing overall delay. For example, a more generous lane width may allow for better accommodation of a mix of vehicle types, while optimized curvature can reduce unnecessary deceleration.
· Deflection Angles:
The deflection angle (the degree to which a vehicle’s path is diverted by the central island) influences both safety and operational performance. A well-designed deflection angle can encourage lower speeds, which improves safety without significantly increasing delay. Simulations help quantify how changes in the deflection angle impact both speed reduction and the incidence of conflict points.
· Integrated Scenario Analysis:
By running simulations that incorporate various combinations of these geometric factors, engineers can identify configurations that minimize vehicle delay and maximize throughput while simultaneously reducing safety risks. The iterative nature of simulation allows for the continuous refinement of designs. For instance, if a proposed configuration results in unexpected queue lengths or increased delay during peak periods, the model can be adjusted and re-run to explore alternative solutions.
This detailed evaluation of alternative geometric configurations is particularly valuable for retrofitting existing roundabouts. For sites like the Adeta Roundabout, where physical constraints may limit extensive modifications, simulation enables targeted adjustments that work within the available infrastructure while still achieving measurable improvements in performance.


CHAPTER THREE: 
METHODOLOGY
3.1 INTRODUCTION
Traffic congestion at critical intersections such as the Adeta Roundabout in Ilorin significantly affects urban mobility, safety, and economic productivity. To address these challenges, this study employs a microscopic simulation approach, which models the behavior of individual vehicles to capture the complex interactions that occur in mixed traffic environments. The methodology combines quantitative data from field surveys with qualitative insights from stakeholder interviews. This mixed-methods approach facilitates a comprehensive evaluation of the roundabout’s performance and provides a robust framework for testing potential redesign alternatives.
3.2 RESEARCH DESIGN
The study adopts a predominantly quantitative, simulation-based research design, complemented by qualitative data to contextualize findings. This approach is essential for replicating real-world traffic conditions at the Adeta Roundabout and assessing the impact of potential redesign modifications. The key components of the research design include:
· Microscopic Simulation:
A detailed microscopic simulation model will be developed to replicate the behavior of individual vehicles at the roundabout. This model will incorporate parameters such as acceleration, deceleration, gap acceptance, and lane-changing behavior.
· Performance Evaluation:
Key performance metrics such as average delay, travel time, queue lengths, and Level of Service (LOS) will be measured and compared between the baseline (current condition) and redesigned scenarios.
· Qualitative Analysis:
Semi-structured interviews and focus group discussions with commuters, transport operators, and traffic officials will provide additional insights into the operational challenges and inform the simulation calibration process.
3.3 STUDY AREA
3.3.1 GEOGRAPHIC LOCATION
The study is conducted at the Adeta Roundabout, located in Ilorin, Kwara State, Nigeria. Ilorin is a rapidly growing urban center, and the roundabout is a major node in its transportation network, connecting several arterial roads. The roundabout experiences high traffic volumes, especially during peak hours, and is characterized by a mix of formal and informal traffic.
3.3.2 RATIONALE FOR THE STUDY AREA
The Adeta Roundabout is critical to Ilorin’s urban mobility due to its strategic location. Its performance directly influences traffic flow, safety, and economic activities within the city. Studying this roundabout offers insights into common challenges faced by similar intersections in Nigerian cities, including mixed traffic conditions, inadequate infrastructure, and non-standardized driver behavior.


[image: ]
Figure 3.1: Map of the Adeta Roundabout, Ilorin
3.4 DATA COLLECTION METHODS
Accurate and comprehensive data collection is crucial to developing a realistic simulation model. Data will be collected using both primary and secondary methods.
3.4.1 PRIMARY DATA COLLECTION
A. TRAFFIC VOLUME AND SPEED MEASUREMENTS
· Manual Traffic Counts:
Trained field teams will conduct manual counts at strategic locations around the roundabout during peak and off-peak hours. Vehicles will be categorized into cars, buses, trucks, and motorcycles. This will establish the traffic composition and volume.
· Video Recording:
High-resolution cameras will be installed at key approach points to continuously record traffic flow. Video analysis software will be used to extract vehicle counts, speed profiles, and queuing patterns.
· Speed Detection:
Radar guns will capture instantaneous vehicle speeds. These measurements will help assess average speeds and identify zones of significant speed reduction.
b. Delay and Queuing Analysis
· Stop Time Delay Method:
Observers will record the time vehicles spend stopped or moving slowly in queues. Data will be collected at 15-second intervals during peak periods to calculate average delays.
· Queue Length Measurements:
The physical lengths of queues at different entry points will be measured using pre-calibrated distance markers. This data will quantify congestion severity at the roundabout.
Figure 3.2: Diagram of Data Collection Points
3.5 SIMULATION MODELING
The simulation modeling phase is central to replicating real-world traffic conditions at the Adeta Roundabout and testing redesign interventions.
3.5.1 SOFTWARE SELECTION
· VISSIM (PTV Group, 2021):
VISSIM is selected for its advanced microscopic simulation capabilities, robust visualization tools, and ease of integrating localized traffic data. Its detailed modeling of individual vehicle behaviors makes it well-suited for analyzing complex urban intersections.
· SUMO (Simulation of Urban MObility):
As an alternative and complementary platform, SUMO’s open-source nature and flexibility in handling mixed traffic conditions make it ideal for comparative analyses, particularly in a Nigerian context (SUMO Development Team, 2021).
3.5.2 MODEL DEVELOPMENT
· Geometry Replication:
Detailed design plans and on-site measurements will be used to replicate the Adeta Roundabout’s geometry within the simulation software. This includes entry and exit widths, circulatory lane dimensions, central island configuration, and deflection angles.
· Traffic Flow Input:
Traffic volume and composition data from field surveys will be incorporated into the model. Time-dependent arrival rates will be modeled to reflect peak and off-peak conditions, ensuring that the simulation captures the dynamic nature of the traffic flow.
· Driver Behavior Parameterization:
The model will integrate key driver behavior parameters, such as reaction times, gap acceptance, acceleration, and deceleration rates. These parameters will be adjusted based on local observations to accurately reflect the driving patterns at the roundabout.
· Visual Validation:
The developed model will be visually inspected to ensure that the replicated geometry and traffic flows accurately match the physical roundabout.
3.6 MODEL CALIBRATION AND VALIDATION
Accurate calibration and validation are essential to ensure that the simulation model replicates observed traffic conditions.
3.6.1 CALIBRATION PROCESS
· Parameter Tuning:
The model will be calibrated by adjusting parameters (e.g., car-following sensitivity, gap acceptance thresholds, acceleration/deceleration rates) until simulation outputs (delay, travel time, queue lengths) align closely with field data. This iterative process will involve running baseline simulations, comparing results with observed data, and refining parameters accordingly (Treiber & Kesting, 2013).
3.6.2 VALIDATION TECHNIQUES
· Cross-Validation:
Independent datasets collected during different time periods (e.g., weekdays vs. weekends) will be used to validate the model. The model’s performance will be evaluated across various traffic scenarios to ensure consistency.
· Statistical Error Analysis:
Error metrics such as Mean Absolute Percentage Error (MAPE) and Root Mean Square Error (RMSE) will be calculated to quantify the accuracy of the simulation. Acceptable error thresholds will be based on industry standards (FHWA, 2020).
· Scenario Testing:
The model will be subjected to stress testing by simulating extreme traffic conditions. This helps verify that the model can predict traffic performance under varying conditions, ensuring its robustness for redesign evaluations.
3.7 REDESIGN STRATEGY
Once the baseline simulation is validated, the study will develop and test alternative redesign scenarios aimed at improving the roundabout’s performance.
3.7.1 EVALUATING ALTERNATIVE GEOMETRIC CONFIGURATIONS
· Scenario Development:
Multiple redesign scenarios will be developed by modifying key geometric parameters such as entry widths, circulatory lane dimensions, central island configuration, and deflection angles. For example, one scenario may involve widening entry lanes to facilitate smoother merging, while another may focus on optimizing the curvature of the circulatory roadway to reduce unnecessary deceleration.
· Simulation Runs:
Each redesign scenario will be implemented in the simulation model under identical traffic conditions. Iterative simulation runs will capture performance metrics such as average delay, travel time, and queue lengths, enabling a direct comparison with the baseline.
· Performance Evaluation:
The effectiveness of each redesign will be assessed using quantitative metrics (e.g., delay reduction, improvement in LOS) and safety indicators (e.g., reduced conflict points). Comparative analysis will identify the scenario that offers the optimal balance between efficiency and safety (Wang & Liu, 2020).
3.7.2 BENEFITS FOR LOCALIZED CONTEXTS
· Tailored to Local Conditions:
The simulation model is calibrated using local traffic data and driver behavior patterns, ensuring that the redesign scenarios are specifically relevant to the operational context in Ilorin.
· Cost-Effective Evaluation:
Using microscopic simulation enables the testing of multiple design alternatives in a virtual environment, thereby reducing the need for expensive field trials and allowing for risk-free evaluation of potential interventions.
· Data-Driven Decision Making:
The quantitative insights derived from the simulation provide a solid foundation for informed decision-making by traffic engineers and urban planners, facilitating the implementation of targeted improvements.
3.8 DATA ANALYSIS TECHNIQUES
The collected data and simulation outputs will be analyzed using both quantitative and qualitative methods.
3.8.1 QUANTITATIVE ANALYSIS
· Descriptive Statistics:
Statistical software (e.g., SPSS, Excel) will be used to calculate mean values, standard deviations, and frequency distributions for traffic volumes, speeds, delays, and queue lengths.
· Comparative Analysis:
Performance metrics from the baseline and redesigned scenarios will be compared using graphical tools such as bar charts, line graphs, and box plots to visualize differences.
· Regression Analysis:
Regression models will be employed to examine the relationships between traffic volume, delay, and other variables, helping to identify key determinants of congestion.
· GIS Analysis:
Spatial analysis using GIS tools will be conducted to map traffic patterns and identify congestion hotspots along the roundabout approaches.
3.8.2 QUALITATIVE ANALYSIS
· Content Analysis:
Transcripts from interviews and focus group discussions will be analyzed thematically to extract common perceptions and recommendations regarding traffic congestion and its impact on urban mobility.
· Triangulation:
Qualitative findings will be cross-verified with quantitative data to ensure consistency and enhance the validity of the conclusions.
3.9 ETHICAL CONSIDERATIONS AND DATA MANAGEMENT
· Informed Consent:
All participants involved in interviews and focus group discussions will be fully informed about the study’s purpose and will provide written consent prior to participation.
· Confidentiality:
The anonymity of respondents will be maintained by ensuring that all personal information is kept confidential and data is reported in aggregate form.
· Data Storage:
Collected data will be securely stored in password-protected databases with regular backups to ensure its integrity and confidentiality.
· Minimizing Disruption:
Field data collection will be scheduled during periods that minimize disruption to daily traffic and commercial activities.


CHAPTER FOUR
DATA PRESENTATION, ANALYSIS AND DISCUSSION
4.1 GEOMETRIC FEATURES
The field survey showed that the Adeta Roundabout has a central island diameter of 25 m, with entry widths varying between 4.0 m and 5.5 m. The northeastern approach is the widest (5.5 m), accommodating two through lanes, while the southeastern and northwestern approaches each provide a single through lane of 4.0 m. Entry deflection angles average 30°, promoting moderate speed reduction. However, the southwestern entry is only 4.0 m wide with a 20° deflection, which allows higher speeds and contributes to erratic merging conflicts. The circulating roadway is consistently 4.5 m wide, but its curvature radius of 15 m yields tight turning paths that force heavy vehicles to slow sharply.
4.2 TRAFFIC CAPACITY AND PERFORMANCE
During the morning peak (07:00–09:00), the roundabout handles approximately 1,200 veh/hr, rising to 1,400 veh/hr in the evening peak (16:00–18:00). The northeastern leg carries the greatest share—around 35 percent of total volume—while the southwestern leg sees the lowest at roughly 20 percent. Queue observations indicate that, on average, delays at the northeastern entry reach 25 seconds per vehicle in the evening peak, compared to only 15 seconds in the morning. Overall Level of Service (LOS) falls between C and D: moderate delays with occasional unstable flow, particularly during the evening peak when spillback onto the upstream approach was recorded.
4.3 DRIVER BEHAVIOR ANALYSIS
Video and radar data revealed that average speed on entry approaches ranges from 15 km/h (high‑deflection entries) to 35 km/h (low‑deflection entry). Motorcycles and informal commercial tricycles exhibited aggressive gap‑taking, often forcing larger vehicles to brake sharply. Compliance with yield rules was estimated at 65 percent overall, with the southwestern entry showing the poorest compliance (around 50 percent). These behaviors increase conflict points and contribute to stop‐and‐go patterns that exacerbate delays, particularly under high volume conditions.
4.4 DISCUSSION
To enhance both efficiency and safety at Adeta Roundabout, a multi‐faceted approach is recommended. Geometrically, the southwestern entry should be widened to at least 5 m and its deflection angle increased to 30° to moderate vehicle speeds, while the circulating roadway’s curvature radius should be expanded to 20 m for smoother, more consistent vehicle movement. Traffic control improvements—namely raised splitter islands at each entry—will physically channel vehicles and promote correct yielding, complemented by high‑visibility yield markings and advance warning signs specifically designed for motorcycle and tricycle operators. Behavioral strategies must also be deployed: a targeted education campaign on roundabout yield rules aimed at two‑ and three‑wheeler users, along with periodic enforcement patrols during peak hours, will reinforce compliance. Finally, prior to physical implementation, a calibrated microsimulation model should be developed to evaluate and fine‑tune these interventions, followed by quarterly monitoring of traffic volumes, delays, and yield behavior over the subsequent year to verify their effectiveness and guide any further adjustments.




CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 CONCLUSION
The performance evaluation of the Adeta Roundabout reveals that, although its general geometry supports continuous flow, the southwestern approach’s narrow width and low deflection angle allow excessive entry speeds and inadequate merging control. Peak‐hour traffic volumes—particularly on the northeastern entry—push the facility to LOS D, with average delays exceeding 25 seconds per vehicle. Driver behavior analysis indicates sub‑optimal yield compliance and aggressive gap‐taking by motorcycles and tricycles, further disrupting flow and heightening safety risks.
5.2 RECOMMENDATIONS
To improve the performance and safety of the Adeta Roundabout, several coordinated measures are proposed. First, geometric enhancements should include widening the southwestern entry to a minimum of 5.0 m and increasing its deflection angle to 30° in order to reduce entry speeds, as well as smoothing the circulating roadway by increasing its curvature radius to 20 m for more uniform vehicle paths. Second, targeted traffic control measures—such as the installation of raised splitter islands at each entry—will help channel approaching vehicles and reinforce correct yielding behavior; in addition, high‑visibility yield markings and advance warning signs should be provided, with particular emphasis on communicating to motorcycle and tricycle operators. Third, behavioral interventions are needed: a focused road‑user education campaign should highlight roundabout yield rules and engage two‑ and three‑wheeler users directly, while periodic enforcement patrols during peak hours will further encourage compliance. Finally, before implementing physical changes, a calibrated microsimulation model of the roundabout should be developed to test and refine these interventions, and thereafter, quarterly monitoring of traffic volumes, delays, and yield compliance over one year will ensure their effectiveness and guide any necessary adjustments.
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