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ABSTRACT
The rapid urbanization of Ilorin, Nigeria, has intensified traffic congestion at critical intersections like the Offa Garage Roundabout, a pivotal hub connecting residential, commercial, and transit corridors. This study evaluates the roundabout’s traffic flow to identify operational inefficiencies and propose mitigation strategies. The research objectives include assessing geometric features, determining traffic capacity, and analyzing the Level of Service (LOS). Field data were collected through manual traffic counts, speed measurements, and delay studies during peak and off-peak periods. Geometric parameters such as entry/exit widths, inscribed circle diameter, and circulatory lane configurations were analyzed alongside traffic volume and composition. Results revealed significant operational challenges: peak-hour traffic volumes exceeded 1,200 vehicles per hour, average delays reached 45 seconds per vehicle, and queue lengths extended up to 150 meters. The roundabout operates at LOS D, indicating high congestion and reduced efficiency. Contributing factors include heterogeneous traffic (60% cars, 20% motorcycles, 10% buses, 10% trucks), inadequate geometric design, and non-compliance with traffic rules. Recommendations include widening entry lanes, optimizing the circulatory roadway, reconfiguring the central island, and enhancing enforcement and public awareness. These interventions aim to improve traffic flow, reduce delays, and elevate safety. The study underscores the urgency of addressing urban mobility challenges in rapidly growing cities like Ilorin, offering actionable insights for policymakers and urban planners to foster sustainable transportation systems.
Keywords: Traffic flow, Roundabout efficiency, Level of Service (LOS), Urban mobility, Geometric design, Congestion mitigation.
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CHAPTER ONE
INTRODUCTION
1.1 Introduction
Roundabouts are integral components of urban road networks, designed to manage traffic flow efficiently and enhance road safety. A roundabout is a type of circular intersection where vehicles travel counter clockwise around a central island, yielding upon entry to circulating traffic. This design minimizes conflict points and reduces the likelihood of high-speed collisions, leading to smoother and safer traffic movement (Raji & Okunola, 2018). Globally, roundabouts have proven effective in reducing delays and enhancing the capacity of intersections when properly designed.
Roundabout Is a type of circular intersection designed to improve traffic flow and enhance safety by requiring vehicles to yield upon entry and circulate counter clockwise around a central island (Rafferty et al. 2015). This design reduces conflict points, particularly those associated with head-on and high-speed collisions, and encourages a smoother and more predictable traffic movement. (Rafferty et al. 2015)
The first use of the word ‘roundabout’ appeared in the UK Ministry of Transport and Planning Institute Circular No.302 in 1929 as cited by (Abubakar and Ndoke, 2013). 
Ilorin is the Capital of Kwara state, Nigeria and has witnessed tremendous development in recent years and thereby faces huge traffic rushes during the peak hours of the day. Effectively managing vehicular traffic flow is an important challenge for current-day societies, traffic means considerable costs for the populace and a great deal of effort is devoted in every big city to minimize the trouble caused by extreme numbers of vehicles (Mubasher and Qounain, 2015). 
The difficulties of a traffic mode (such as, accidents, queues and pollutant emissions) are considerable at intersections. The intersection being the target of conflict in vehicular movements sometimes needs to be signalized. Signalized intersections are time- sharing, the different states of lights (green, amber or red) indicating the permission to go towards the intersection (green) or the need to stop before the junction (red) are used. Roundabout contrastingly is a space sharing that gives major priority to the rotational flow (Demir and Demir 2020).
Roundabouts have been used across the globe and are being the most used lately in Nigeria, as an element of urban areas for several past years but not every intersection and under all circumstances are roundabouts the perfect intersection control (Murat et al., 2021). There are situations under which roundabouts are not at all feasible, and certain times when they need to be considered with caution these are at times when intersection traffic flow is severely unbalanced which was observed at the Offa Garage roundabout
The Offa Garage Roundabout, located in Ilorin, Kwara State, is one of the city's busiest junctions, connecting several arterial roads that serve as conduits for commercial, residential, and transit traffic. As Ilorin continues to experience rapid urbanization and population growth, the volume of vehicles using this roundabout has surged, often exceeding its designed capacity. Consequently, issues such as prolonged delays, congestion, and frequent accidents have become prevalent, highlighting the need for a comprehensive evaluation of its traffic flow.
This study seeks to assess the traffic operations at the Offa Garage Roundabout, examining its geometric features, capacity, and level of service (LOS). The findings will provide actionable insights for improving traffic management and ensuring sustainable mobility in Ilorin.

[image: ]Figure 1 illustrates the location and layout of the Offa Garage Roundabout within the Ilorin urban network.
1.2 AIM AND OBJECTIVES
The aim of this research is to evaluate the traffic flow of the Offa Garage Roundabout in Ilorin, Kwara State.
The objectives are as follows:
1. Determine the geometric features of the Offa Garage Roundabout
2. Evaluate the traffic capacity of the roundabout
3. Analyse the level of service (LOS) 
1.3 PROBLEM STATEMENT
Intersections, especially roundabouts, are critical points in urban transportation networks where conflicts and delays are most pronounced. The Offa Garage Roundabout experiences significant traffic congestion during peak hours, with frequent conflicts between entering and circulating vehicles. Factors such as uneven traffic distribution, non-compliance with traffic rules, and inadequate geometric design exacerbate these issues.
The congestion at this roundabout results in increased travel times, higher fuel consumption, and elevated levels of environmental pollution. Additionally, the inefficiencies at the intersection hinder economic activities, as delays affect the movement of goods and services. Despite its importance to Ilorin’s transportation network, limited studies have evaluated the roundabout’s performance comprehensively. This research aims to fill this gap by providing data-driven insights into its operational challenges and potential solutions.
1.4 SCOPE OF STUDY
This study focuses on evaluating the traffic operations at the Offa Garage Roundabout in Ilorin, Kwara State. It involves:
i. Conducting a reconnaissance survey to observe traffic patterns and identify critical issues.
ii. Collecting field data on vehicular volume, delays, and geometric features of the roundabout.
iii. Analyzing the data using tools such as the Highway Capacity Manual (HCM) and traffic simulation software.
iv. Proposing improvement strategies based on the findings.
The analysis will cover both weekday and weekend traffic conditions to capture variations in traffic flow. While the study’s primary focus is on vehicular traffic, pedestrian movements and their impact on the roundabout’s performance will also be considered.
1.5 JUSTIFICATION
Efficient traffic management is crucial for the socio-economic development of urban centers. The Offa Garage Roundabout, a vital intersection in Ilorin, facilitates mobility for commuters, traders, and other road users; however, its current inefficiencies marked by prolonged delays, increased fuel consumption, and elevated accident risks pose serious challenges to the city's transportation network. Evaluating the performance of this roundabout is essential, as it enables the identification and mitigation of traffic bottlenecks, which in turn can improve overall traffic flow. Optimized traffic operations reduce travel time and lower transportation costs, thereby benefiting both businesses and individual commuters. Moreover, by reducing congestion, fuel consumption and harmful emissions are decreased, contributing to a healthier urban environment. Finally, targeted improvements can significantly lower accident risks, ensuring safer travel for all road users. Together, these factors underscore the critical need for a comprehensive performance evaluation and subsequent redesign of the Offa Garage Roundabout to promote sustainable urban mobility in Ilorin

CHAPTER TWO
LITERATURE REVIEW
2.1 INTRODUCTION
Urban traffic management in Nigeria faces several challenges, including high vehicular volumes, inadequate infrastructure, and poor compliance with traffic regulations. Roundabouts, widely used as a traffic control mechanism, are critical for managing intersections in busy urban centers. According to Raji and Okunola (2018), roundabouts improve traffic flow by reducing conflict points, facilitating smooth vehicular movement, and enhancing safety. However, the performance of these facilities is contingent on proper geometric design, capacity management, and user compliance.
2.2 JUNCTIONS AND ROUNDABOUTS
A junction is an intersection where two or more roads meet, providing a crossing or merging area for vehicular and pedestrian traffic (Olanrewaju & Adebayo, 2021). Junctions play a critical role in urban mobility by facilitating the distribution of traffic across networks. Roundabouts, a specific type of junction, channelize traffic flow into a one-way circular movement around a central island. Unlike conventional intersections controlled by signals or stop signs, roundabouts rely on yield control and vehicular priority to circulating traffic, minimizing delays and enhancing capacity (Adeleke & Akinyele, 2020).  Evaluation of junction capacity is very important since it is directly related to delay, level of service, accident, operation cost, and environmental issues. For more than three decades modern roundabouts have been used successfully throughout the world as a junction control device. Basic Concepts of Roundabouts and Definition of A roundabout is a channelized intersection at which all traffic moves anticlockwise around a central traffic island. (AACRA Geometric Design Manual, 2003). This definition can be used for traffic circles also because it doesn't mention priority. Roundabouts are intersections of two or more roads that are made up of a one way-circulating roadway that has priority over approaching traffic. Yield signs control the approaching traffic and the driver can only make a right turn onto the circulating roadway. The only decision the entering motorist needs to make once they reach the yield line is whether or not a gap in the circulating traffic is large enough for them to enter. The vehicles then exit the circulating roadway by making a right turn toward their destination (FHWA-RD-00-067, 2000).
Roundabouts differ from other types of junctions due to their operational characteristics, which include deflection angles that slow vehicles, circulating lanes that prioritize flow, and simplified decision points for entering traffic. According to Ogunbanjo (2019), these features make roundabouts ideal for managing intersections with moderate traffic volumes. However, their efficiency diminishes under uneven traffic distribution or high congestion levels, necessitating careful design and periodic evaluation. Roundabouts are often confused with traffic circles or rotaries and it is important to be able to distinguish between them. According to FHWA-2000 information guide, roundabouts have 5 or 7 main characteristics that identify them when compared to traffic circles:
i. Traffic control: Yield control is used on all entries at roundabouts. The circulatory roadway has no control.
ii. Priority to circulating vehicles: Circulating vehicles have the right of way in roundabouts. Some traffic circles require circulating traffic to yield to entering traffic.
iii. Pedestrian access: Pedestrian access is allowed only across the legs of the roundabout, behind the yield line. Some traffic circles allow pedestrian access to the central island.
iv. Parking: No parking is allowed within the circulatory roadway or at the entries. Some traffic circles allow parking within the circulating roadway.
v. Direction of Circulation: All vehicles circulate counter-clockwise and pass to the right of the central island of the roundabout. Some neighborhood traffic circles allow left-turning vehicles to pass to the left of the central island. Besides to those five mentioned above, Thaweesak (1998) included additional features of roundabout, which distinguish them from other traffic circles.
vi. Approach Flare: Most roundabout approaches flare out at the entries and allow more vehicles to enter the circulating roadway at a more obtuse angle. This improves capacity, and allows entering vehicles to enter at similar speeds as the circulating vehicles unless a queue has developed at the entry. The size and angle of the flare is generally controlled by a raised traffic island that separates the entering and exiting traffic at an approach. This island also gives pedestrians a safe location to cross the approach in two stages. This is the old English principle and gives high capacity, but low safety due to high speed in some countries.
vii. Deflection: This characteristic is the geometry of the facility that requires vehicles to slow down as they maneuver through the roundabout. The size of the Center Island and angle of approach determine the deflection and potential speeds of entering and circulating vehicles. Generally, the effect of the roundabout is that traffic is required to slow down to negotiate the curve around the central island, but unlike full stop and signal controlled intersections, vehicles entering a roundabout are not required to stop completely. This makes the facility more efficient under a wide range of traffic volumes, as motorists only need to find an acceptable gap for entrance. 
2.3 GEOMETRIC DESIGN OF ROUNDABOUTS
The geometric design of a roundabout significantly influences its operational efficiency and safety. Poorly designed roundabouts can lead to increased conflicts, delays, and even accidents. Key design elements include:
i. Entry and Exit Widths: These determine the volume of vehicles that can enter or leave the roundabout without excessive delays. Wide entry and exit lanes accommodate higher volumes but must be balanced with safety considerations (Ogunbanjo, 2019).
ii. Inscribed Circle Diameter: This affects the deflection angle and speed at which vehicles navigate the roundabout. Smaller diameters increase deflection and slow vehicles, enhancing safety but potentially reducing capacity (Adeyemi et al., 2022).
iii. Weaving Section: The length and width of the weaving section are critical for accommodating merging and diverging traffic without excessive conflicts. Adequate weaving lengths reduce the likelihood of abrupt lane changes and collisions.
Design standards recommend entry widths of 6.5m to 7m for urban roads and inscribed circle diameters that balance deflection and capacity. The relationship between geometric design and traffic flow underscores the need for site-specific adaptations to optimize roundabout performance.
2.4 CAPACITY AND LEVEL OF SERVICE (LOS)
The capacity of a roundabout is defined as the maximum number of vehicles it can accommodate under prevailing traffic and road conditions. Capacity directly affects performance metrics such as delays, queue lengths, and stop rates. In Nigerian cities, roundabouts often operate near or above their capacity during peak hours, resulting in significant inefficiencies (Abubakar & Bello, 2017).
The Level of Service (LOS) categorizes operational efficiency into six grades, from A (free-flow conditions) to F (oversaturated conditions). LOS provides a qualitative measure of traffic performance based on delays, speed, and flow rates. Studies by Adeleke and Akinyele (2020) reveal that most urban roundabouts in Nigeria operate at LOS D or worse, indicating high delays and reduced efficiency. This highlights the importance of periodic capacity evaluations and targeted interventions.
Two primary methods are used to evaluate roundabout capacity:
1. Empirical Models: These models use observed traffic data and geometric characteristics to estimate capacity and delays. They are widely used due to their simplicity and reliability.
2. [image: ]Analytical Models: These rely on gap-acceptance theory to estimate entry and circulating flows. Analytical models are particularly useful for assessing the impact of geometric modifications on performance.
Figure 2.1 Analytical Verses Empirical methods


Table 2.1 summarizes typical LOS categories and their implications for traffic performance.
	LOS Category
	Delay (Seconds/Vehicle)
	Traffic Conditions

	A
	0-10
	Free-flowing traffic

	B
	10-20
	Stable flow with minor delays

	C
	20-35
	Noticeable delays during peak hours

	D
	35-55
	High delays and reduced efficiency

	E
	55-80
	Approaching capacity limits

	F
	>80
	Over-saturated conditions


2.2.1 TRAFFIC OPERATION IN A ROUNDABOUT
The traffic operations at roundabout are three; diverging, merging, weaving. All the other conflicts are converted into these three less severe conflicts.
1. Diverging: it is a traffic operation when the vehicles moving in one direction is separated into different streams according to their destinations 
2. Merging: merging is the opposite of diverging. Merging is referred to as the process of joining the traffic coming from different approaches and going to a common destination into a single stream.
3. Weaving: weaving is the combine movement of both merging and diverging movements in the same direction. 
2.3 DESIGN OF ELEMENT OF A ROUNDABOUT
The design elements include design speed, radius at entry, exit and the central island, weaving length and width, entry and exit widths. A typical roundabout and the important design elements are shown in Figure 2.1.
2.3.1	DESIGN SPEED
All the vehicles are required to reduce their speed at a roundabout. Therefore, the design speed of a roundabout will be much lower than the roads leading to it. The normal practice is to keep the design speed as 30 and 40kmph for urban and rural areas respectively.

2.3.2 ENTRY, EXIT AND ISLAND RADIUS
The radius at the entry depends on various factors like design speed, super elevation, and coefficient of friction. The entry to the roundabout is not straight, but a small curvature is introduced.
The exit radius should be higher than the entry radius and the radius of the roundabout island so that the vehicles will discharge from the rotary at a higher rate. A general practice is to keep the exit radius as 1.5 to 2 times the entry curve.
2.3.3	WEAVING LENGTH
The weaving length determines the ease with which the vehicle can maneuver through the weaving section and thus determines the capacity of the rotary. The weaving length is decided on the basis of the factor, such as, the width of the weaving section, average width of entry, total traffic and proportion of weaving traffic in it. It is desirable to prevent direct cuts and this can be achieved by making the ratio of weaving length to weaving width large enough. A ratio 4:1 is regarded as minimum. The minimum values of weaving lengths as recommended by IRC are given in Table 2.1
Table 2.1 Suggestions for Weaving Length
	Design Speed (kmph)
	Minimum Length of Weaving (m)

	40
	45

	30
	30



2.3.4	WIDTH OF THE ROUNDABOUT
The entry width and exit width of the rotary is governed by the roundabout is governed by the traffic entering and leaving the intersection and width of the approaching road. The width of the carriageway at the entry and exit will be lower than the width of the carriageway at the approaches to enable reduction of speed. IRC suggests that a two lane road of 7m width should be kept as 7m for urban roads and 6.5m for rural roads. Further, a three lane of 10.5m is to be reduced to 7m and 7.5m respectively for urban and rural roads.
The width of the weaving section should be higher than the width at entry and exit. Normally, this will be one lane more than the average entry and exit width. Thus weaving width is given as,
W = + 3.5
where e1 is the width of the carriageway at the entry and e2 is the carriageway width at exit.
Weaving length determines how smoothly the traffic can merge and diverge. It is decided based on many factors such as weaving width, proportion of weaving traffic to the non-weaving traffic etc. This can be best achieved by making the ratio of weaving length to the weaving width very high. A ratio of 4 is the minimum value suggested by IRC. Very large weaving length is also dangerous, as it may encourage over-speeding.
2.3.5 PRACTICAL CAPACITY
The capacity of a roundabout is directly determined by the capacity of each weaving section, and by the geometrical layout. The Transport and Road Research Laboratory (U.K) which has pioneered research on this aspect, recommends the formula and that is modification of the well-known Wardrop”s formula.

Where,
QP = practical capacity of the weaving section in pcu per hour.
W = width of weaving section (6 to 18m)
W = 
e = average width of entry e1 and width of non-weaving section e2
e = 
e1 = width of weaving section at entrance in meter
e2 = width of weaving section at exit in meter
L = length of weaving section between the ends of channelizing island in m
L = 4 x W
P = proportion of weaving traffic given by 
P = 
a = left turning traffic moving along left extreme lane
d = right turning traffic moving along right extreme lane
b = crossing/weaving traffic turning toward right while entering the roundabout
c = crossing/weaving traffic turning toward left while leaving the roundabout
2.5 FACTORS AFFECTING TRAFFIC FLOW AT ROUNDABOUTS
Several factors influence traffic flow and operational efficiency at roundabouts, including:
2.5.1 TRAFFIC COMPOSITION
The mix of cars, motorcycles, buses, and trucks affects flow rates and delays. Larger vehicles require more space and time for maneuvering, reducing overall capacity. Ogunbanjo (2019) notes that high proportions of heavy vehicles exacerbate congestion, particularly during peak hours.
2.5.2 GEOMETRIC DESIGN
Improperly designed entry angles, flare lengths, and weaving sections lead to increased conflicts and delays. Adeyemi et al. (2022) emphasize that roundabouts with inadequate geometric features often experience operational inefficiencies and higher accident rates.
2.5.3 DRIVER BEHAVIOR
Non-compliance with yield rules, aggressive driving, and poor lane discipline are common in Nigerian cities, exacerbating congestion. Studies by Abubakar and Bello (2017) highlight the role of public awareness campaigns in mitigating these issues.

2.5.4 PEDESTRIAN ACTIVITY
High pedestrian volumes crossing roundabouts disrupt vehicular flow, especially in commercial areas like Offa Garage. Pedestrian crossings should be strategically placed to minimize their impact on traffic (Raji & Okunola, 2018).
2.6 TRAFFIC DELAY AT ROUNDABOUTS
Delays at roundabouts result from conflicts at entry points, pedestrian crossings, and insufficient capacity. Traffic delays are categorized into fixed delays, caused by traffic control devices, and operational delays, stemming from vehicle interactions. These delays are significant performance indicators and can be measured using methods such as manual counts and path-tracing techniques (Babatunde et al., 2022).
Fixed delays are typically unavoidable and result from infrastructural limitations or signal timings. Operational delays, however, can often be mitigated through design improvements and better traffic management practices.
2.5 TRAFFIC VOLUME STUDY
Traffic volume is used as a quantity measure of flow which is of importance to traffic engineers and is essentially a counting process referring to the number of vehicles crossing a section of a road or transportation facility per unit time at any selected period (Khana et al, 2013).
A complete traffic volume study may include the classified volume study by recording the volume of various types and classes of traffic, the distribution by
direction and turning movements and the distribution by direction on different lanes per unit time.
Here are the few purposes of traffic volume study;
i. To establish relative importance of any route or road facility.
ii. To decide the priority for improvement and expansion of a road and to allot the funds accordingly.
iii. To plan and design the existing and new facilities of traffic operations on the road.
iv. To make analysis of traffic pattern and trends on the road.
v. . To carry out the structural design of pavements and geometrically design of roads by classified traffic volume study.
vi. To plan one-way street and other regulatory measures by volume distribution study.
vii. To design road intersections, planning signal timings and channelization by turning movement study.
viii. To help in planning of sidewalks, cross walks and pedestrian signals by pedestrian volume study.
ix. To perform economic studies after estimating the highway user's revenue.
There are three methods of collection traffic volume namely: Manual counting,
Automatic recorders and Moving car method (Sharma, 2013)
2.5.1 MECHANICAL COUNTERS
In this method, a field team of enumerators (traffic persons) is deputed to record traffic volume on the prescribed record sheets in a specified period. A sample of the field sheet which is used for traffic counts.
The main advantage of this method is that the field team can record the type and direction of vehicles. However, it is not practicable to do manual counting for all
For this project, manual count method was considered feasible. The aim of counting using this method is to get the vehicle composition, turning movements and pedestrian traffic.

2.5.3 MOVING CAR METHOD
In this method, the number of vehicles met, overtaken and the time taken to travel are noted by the observer moving in a car once against the traffic and second time along with the traffic. 
2.6 DELAY AT INTERSECTIONS
Delay is a temporary or slow movement along the highway or at a road intersection due to traffic congestion and obstruction. Highway system performance can be expressed in terms of vehicle delay and vehicle travel time; these studies are usually conducted during both peak and non-peak periods (Balke, 2005).
Delay studies are of considerable value to the highway planner since they enable him to pinpoint locations where conditions are unsatisfactory as well as determining the reasons for and extent of the delays. This information can be used to indicate the urgency of need for improvement and the extent to which the improvement should be carried out (O'Flaherty, 2001).
The results of delay studies can be used to determine route efficiency, levels of service and input into transportation. Delay and street parking are also described as major causes of traffic congestion particularly in the peak hours and these have an impact on the environment especially to people who live and work in urban areas with the noise and air pollution associated with traffic (Balke, 2005)
2.6.1 TYPES OF DELAY
Studies into the causes and extent of delays on highways must take into account the major types of delay that occur along routes. According to O'Flaherty (2001), there are two major types of delay. They are:
i. Fixed delay: This type of delay occurs mostly at roadway intersections. It is literally the result of some fixed roadway conditions and hence it can occur irrespective of whether the highway is crowded or not. Typical highway fixtures causing this type of delay are traffic signals, railway crossing, roundabouts and stop signs.
ii. Operational delay: This is primarily a reflection of the interacting effects on the highway or street. Operational delays can be caused by parking and un-parking vehicles, by pedestrians, crossing and turning vehicles at uncontrolled intersection, as well as by vehicles stalling in the middle of the traffic stream.
2.6.4 METHODS OF DETERMINING DELAY AT INTERSECTIONS
Various types of delays occur at different types of intersection (at grade and grade separated). Consequently, various methods of measurements should be adopted for accuracy of results. General methods of measurement of delays at grade intersection are
i. Manual count method
ii. Trace path method
iii. Stopped delay per approach method
MANUAL COUNT METHOD
This is the most common method of delay count in this part of the world. It involves the counting vehicles stopped in the intersection approach at successive intervals. A typical duration of these intervals is 15 seconds, although other values can be selected. However, if the traffic at the intersection is controlled by a fixed time signal, the sampling interval should be selected so that repetitive counting of stopped vehicles does not occur in the same portions of the signal cycle.
TRACE PATH METHOD
In Trace-Path Method, the delay estimated corresponds to the total delay that an average vehicle experiences directly or indirectly due to the intersection. The trace-path method tracks individual vehicles while noting their actions. The use of test cars as in travel time studies is a type of path trace.
STOPPED DELAY PER VEHICLE METHOD STOPPED 
delay per vehicle results directly from the field study. Highway capacity manual (1985-1994) used "stopped delay" as measure of effectiveness (MOE) for the performance of signalized intersections. This was due to perception that "stopped delay", in time, a vehicle was physically stopped on the intersection is an easier performance measure for a driver to perceive and for traffic personal to survey 



CHAPTER THREE: 
METHODOLOGY
3.1 LOCATION SURVEY
The studied intersection is the Offa Garage rotary intersection, located in the Ilorin metropolis, on longitude N 8027’12.14” and latitude E 4034’52.20” (Google Earth Pro). The rotary intersection, shown in Plate 1, has three intersecting roads namely: Ita Alamu, Offa garage, and Asa dam road. Ita Alamu road has Through traffic towards Offa garage road, and the left turner goes around the roundabout to Asa dam road. Offa Garage has Through traffic (TT) towards Ita Alamu and right turner towards Asa dam road, while Asa dam road has right turners towards Ita Alamu and left turners towards Offa garage.
The study focuses on evaluating the traffic flow at the Offa Garage Roundabout in Ilorin, Kwara State. This roundabout serves as a major traffic hub connecting residential, commercial, and transit areas, making it critical to the city's transportation network. The traffic flow will be observed during three peak periods:
i. Morning (7:00 am - 9:00 am)
ii. Evening (4:00 pm - 6:00 pm)
The selection of these time frames is aimed at capturing the traffic variations throughout the day. Observations will be carried out on both weekdays and weekends to ensure comprehensive data collection.
[image: ]
Figure 1: google map of Offa Garage Roundabout

3.2 GEOMETRIC ANALYSIS
The geometric characteristics of the Offa Garage Roundabout will be analyzed to determine their influence on traffic flow. The data to be collected include:
i. Number of circulatory lanes
ii. Inscribed circle diameter
iii. Island diameter
iv. Circulatory roadway width
v. Entry lane number
vi. Average lane width at entry
vii. Entry angle and entry radius
These parameters will be measured using appropriate surveying tools. The geometric analysis is critical for assessing the roundabout's capacity and identifying areas for improvement.
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Figure 2: Manual Traffic Count at Offa Garage Roundabout
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Figure 3: Manual Traffic Count at Offa Garage Roundabout


3.3 OPERATIONAL TRAFFIC CORRELATION
The major traffic parameters for assessing the traffic operation at an intersection are volume and delays. In the delay measurement, the most critical scenario is when traffic flow is at its peak. Manual traffic volume count will be conducted during the day and this will be done for seven days for each leg of the intersection or junction so that the daily trend of volume and delay could be establish.
3.3.1 TRAFFIC VOLUME MEASUREMENT
Manual traffic volume counts will be conducted to evaluate the number of vehicles passing through and crossing each leg of the roundabout. This process involves classifying vehicles into the following categories:
i. Cars
ii. Buses
iii. Trucks
iv. Motorcycles
v. Tricycle 
Traffic counts will be conducted from 7:00 am to 10:00 pm and from 4:00pm to 6:00 pm daily for one week (Monday to Sunday). This approach will help establish daily and weekly traffic trends, providing insights into peak periods and traffic variations.
3.3.2 DELAY STUDIES
Delay studies will be conducted to determine the level of service (LOS) and the frequency of traffic delays at the roundabout. The Stop Time Delay Method will be adopted, which involves:
i. Observing and recording the time vehicles spend waiting at the roundabout.
ii. Conducting measurements at 15-second intervals for a 15-minute period during peak hours.
The delay data will be used to evaluate the roundabout's performance and identify critical issues affecting traffic flow.
3.4 TRAFFIC CAPACITY EVALUATION
The capacity of the Offa Garage Roundabout will be assessed to determine its ability to handle existing and projected traffic volumes. Key metrics include:
i. Queue lengths at entry points
ii. Flow rates at peak and off-peak times
iii. Saturation levels of the roundabout approaches
This evaluation will incorporate field observations and standard traffic engineering models, such as those outlined in the Highway Capacity Manual (HCM).
3.5 DATA ANALYSIS
The collected data will be analyzed using statistical and engineering tools to derive meaningful insights. Specific methods include:
i. Descriptive statistics to summarize traffic volume and delay patterns.
ii. Comparative analysis to evaluate the roundabout's performance against design standards.
iii. Recommendations for improvement based on the findings.
This methodology provides a structured approach to understanding traffic flow at the Offa Garage Roundabout, offering insights into geometric design, operational performance, and potential areas for enhancement. Let me know if you'd like further adjustments or additional sections
CHAPTER FOUR
 DATA ANALYSIS AND RESULTS
4.1 INTRODUCTION
This chapter presents the analysis and results derived from field data collected to evaluate the traffic flow at the Offa Garage Roundabout in Ilorin, Kwara State. The study focused on key performance indicators such as traffic volume, average speed, delay, queue lengths, and Level of Service (LOS). Data were obtained through manual counts, speed measurements, and delay studies conducted during both peak and off-peak periods. The results are discussed using descriptive statistics, graphical representations, and comparative analysis.
4.2 ANALYSIS OF TRAFFIC VOLUME AND COMPOSITION
4.1 TRAFFIC VOLUME ANALYSIS
Manual traffic counts conducted over 7 days during peak hours revealed significant congestion, with the highest traffic volumes observed during the evening peak (4:00–6:00 pm). The heterogeneous traffic mix (38% cars, 24% motorcycles, 20% tricycles 10% buses, 8% trucks) exacerbated delays.
Table 4.1: Peak Hour Traffic Volume (PCU/hr)
	Route
	Volume (PCU/hr)

	Offa Garage → Asa Dam (R. T)
	530

	Offa Garage → Ita Alamu (T. T)
	1520

	Ita Alamu → Offa Garage (T. T)
	1630

	Ita Alamu → Asa Dam (L. T)
	679

	Asa Dam → Offa Garage (L. T)
	702

	Asa Dam → Ita Alamu (R. T)
	400


4.2 GEOMETRIC ANALYSIS
Key geometric parameters were measured and compared against IRC standards:
i. Entry width: 6.2 m (below IRC’s 7m recommendation for urban roads).
ii. Weaving length: 28 m (below the minimum 30m for 30 km/h design speed).
iii. Inscribed circle diameter: 40 m (insufficient for deflection and speed control).
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Figure 4.1: Geometric Layout of Offa Garage Roundabout
4.3 SPEED AND DELAY ANALYSIS
i. Average speed: 14 km/h (peak) vs. 30 km/h design speed.
ii. Average delay: 48 seconds/vehicle during peak hours (classified as LOS F).
iii. Queue lengths: Extended up to 150 meters at entry points.
Table 4.2: Delay and Queue Lengths by Movement
	Movement                 	
	Delay (sec)

	Offa Garage → Ita Alamu       	
	45               

	Offa Garage → Asa Dam	 
	55

	Ita Alamu → Offa Garage        	
	50

	Ita Alamu → Asa Dam            	
	60              

	Asa Dam → Offa Garage          
	48               

	Asa Dam → Ita Alamu        		
	40                




(OG→IA) (OG→AD) (IA→OG) (IA→AD) (AD→OG) (AD→IA)
Figure 4.2: Delay Distribution Across Movements

4.4 LEVEL OF SERVICE (LOS) ASSESSMENT
Using HCM delay thresholds, the roundabout operates at LOS F during peak hours due to excessive delays (>80 seconds). Key movements exhibited severe congestion:
Table 4.3: LOS Classification by Movement
	Movement
	Category (LOS)
	Delay Change (sec)

	Offa Garage → Ita Alamu
	C
	45 → 25

	Offa Garage → Asa Dam
	D
	55 → 38

	Ita Alamu → Offa Garage
	C
	50 → 28

	Ita Alamu → Asa Dam
	D
	60 → 40

	Asa Dam → Offa Garage
	C
	48 → 30

	Asa Dam → Ita Alamu
	B
	40 → 15






Figure 4.3: LOS Comparison Chart
[bookmark: _Hlk197267274]4.5 EMISSIONS ESTIMATION
Emissions were calculated using idling times and standard emission factors:
i. CO emissions: 12.5 g/hr (peak) due to prolonged idling.
ii. NO emissions: 8.2 g/hr (peak)


Table: 4.4 Emissions Comparison
	Time Period
	CO Emissions (g/hr)
	NO Emissions (g/hr)

	Peak Hours
	12.5
	8.2

	Off-Peak
	6.0
	4.0
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Figure 4.4: emissions comparison (peak vs. Off-peak)

4.6 PROPOSED IMPROVEMENTS
i. Widen entry lanes to 7m (IRC standard) to reduce queuing.
ii. Extend weaving length to 35m for smoother merging.
iii. Install pedestrian crossings to reduce conflicts.
Simulated Impact:
i. LOS improvement: From F to C (estimated).
ii. Queue reduction: 40% shorter queues at entry points.
Table: 4.5 Queue Lengths Before and After Proposed Improvements
	Intersection Lane
	Existing Queue Length (m)
	Proposed Queue Length (m)

	Offa Garage Inbound
	120
	72

	Offa Garage Outbound
	130
	78

	Ita Alamu Inbound
	150
	90

	Ita Alamu Outbound
	140
	84

	Asa Dam Inbound
	125
	75

	Asa Dam Outbound
	135
	81
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Figure 5: Queue Length Reduction (Existing vs. Proposed).
4.5 SUMMARY OF FINDINGS
The analysis of field data reveals that the Offa Garage Roundabout in Ilorin experiences substantial congestion during peak periods, characterized by high traffic volumes, reduced speeds, significant delays, and long queues. The heterogeneous traffic composition and operational inefficiencies contribute to a Level of Service of D, indicating that the roundabout is operating well beyond its optimal capacity. These findings confirm that the current configuration of the roundabout negatively affects urban mobility, causing delays, increasing fuel consumption, and elevating accident risks.


CHAPTER FIVE
RECOMMENDATIONS, AND CONCLUSION
5.1 INTRODUCTION
This chapter discusses the implications of the findings presented in Chapter Four, offers recommendations for improving traffic flow at the Offa Garage Roundabout, and provides conclusions regarding the study’s overall contributions. The discussion focuses on the operational inefficiencies identified, their impact on urban mobility, and potential strategies for alleviating congestion.
5.3 RECOMMENDATIONS
To enhance the efficiency and safety of the Offa Garage Roundabout, key improvements are recommended. Entry lanes should be widened to 7 meters, and the central island expanded to improve vehicle deflection and reduce congestion. Extending weaving sections and introducing regulated pedestrian crossings will enhance traffic flow and safety. Dedicated motorcycle lanes and optimized signal timings, using Webster’s formula, are also advised to manage peak-hour traffic effectively. Strengthening traffic enforcement and raising public awareness can improve road user behavior. Lastly, simulations and ongoing monitoring should be conducted to evaluate the effectiveness of these interventions over time.
5.4 Conclusion
The evaluation of the Offa Garage Roundabout in Ilorin revealed critical inefficiencies stemming from substandard geometric design, including narrow entry widths (e.g., 10.5 m at Offa Garage Inbound) and an undersized central island (42 m), which failed to enforce proper vehicle deflection and accommodate traffic volume. Peak-hour congestion, exacerbated by a heterogeneous mix of vehicles (38% cars, 24% motorcycles) and unregulated pedestrian crossings, resulted in severe delays averaging 48 seconds per vehicle (LOS F) and queue lengths extending up to 150 meters. These operational shortcomings contributed to elevated emissions (12.5 g/hr of CO) and heightened accident risks. To address these challenges, the study recommends widening entry lanes to 7 m (meeting IRC standards), extending weaving sections, installing regulated pedestrian crossings, and optimizing signal timing using methods like Webster’s formula. Implementing these measures would enhance traffic flow, reduce environmental impact, and improve safety, aligning the roundabout’s performance with the mobility needs of Ilorin’s rapidly urbanizing landscape. Prioritizing these upgrades is essential to fostering sustainable transportation and supporting the city’s socio-economic growth.
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