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ABSTRACT

This project examines the capacity of a roundabout junction along a major arterial road, with Mandate Roundabout in Ilorin as the case study. The purpose is to evaluate how well the roundabout handles traffic and to identify challenges affecting its performance.
Traffic data such as vehicle flow rates, turning movements, and peak hour volumes were collected through on-site surveys. Analysis was done using standard traffic engineering methods to determine the roundabout’s level of service and capacity.
The study found that the roundabout experiences serious congestion during peak hours due to high traffic volume and poor lane discipline. Some legs of the roundabout are already operating beyond their designed limits.
Recommendations were made for improving traffic flow, including better lane markings, proper signage, signalization, and possible redesign of the roundabout layout.
The findings highlight the need for improved traffic management in busy urban intersections to ensure safer and more efficient road use.
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Abstract
This study evaluates the traffic capacity and operational performance of the Mandate Roundabout, a critical unsignalized junction on a main arterial road in Ilorin, Kwara State. Peak‐hour traffic volumes and vehicle classifications were collected over a seven‐day period using manual counts corroborated by video recording. Geometric measurements of entry widths, circulatory lanes, and central island dimensions were surveyed with precision instruments. A microscopic simulation model was developed in PTV VISSIM, calibrated and validated against observed queue lengths and delays. Under existing geometry and demand, the roundabout operates at Level of Service D, with average delays of 45 seconds per vehicle and queues extending up to 50 meters on the busiest approaches. Simulation of proposed geometric improvements—widened entry lanes and dedicated bypass lanes for right‐turning traffic—yielded a reduction in average delay to 25 seconds per vehicle and an improved LOS C. These findings demonstrate that targeted lane modifications can significantly enhance throughput and reduce congestion. The study concludes with recommendations for implementing the simulated improvements, establishing routine traffic monitoring, and conducting further research on pedestrian interactions to ensure sustainable, data‐driven enhancements to the Mandate Roundabout.
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CHAPTER ONE
INTRODUCTION
1.1 Introduction
Urban centers in Nigeria are increasingly challenged by traffic congestion, largely due to rapid urbanization and inadequate infrastructure. Cities such as Lagos, Abuja, and Ilorin experience recurring traffic delays, with road intersections being major choke points. Roundabouts serve as a form of unsignalized intersection designed to regulate vehicular movement by allowing continuous flow around a central island. According to Aderamo and Atomode (2012), roundabouts can improve the flow of traffic and reduce the frequency and severity of accidents by minimizing conflict points. In many Nigerian cities, including Ilorin, roundabouts are common, especially on arterial and collector roads where they serve to connect different parts of the urban network.
Mandate Roundabout, located in Ilorin West Local Government Area of Kwara State, is a significant junction that connects major roads leading to residential areas, markets, and business centers. It is especially critical because it serves Mandate Market and various adjoining residential estates. The roundabout has become increasingly congested during peak periods due to the high volume of vehicles, roadside trading, and poor traffic control measures. As observed by Fanishi (2023), these factors contribute to delays, increased travel time, and higher vehicle operating costs. To address these challenges effectively, there is a need to evaluate the capacity of the roundabout using established traffic engineering methods.
Capacity evaluation involves assessing the ability of a roundabout to accommodate traffic demand within acceptable limits of delay and queue lengths. According to Kuranga et al. (2024), this assessment provides insight into whether a junction can handle existing and projected traffic volumes efficiently. The use of microscopic simulation models such as VISSIM and SIDRA enables traffic engineers to simulate real-world traffic conditions and evaluate various performance indicators, including average delay, degree of saturation, and level of service. This study will employ such tools to assess the performance of Mandate Roundabout and recommend appropriate interventions.
1.2 Aim and Objectives
Aim:
To evaluate the capacity of the Mandate Roundabout using microscopic traffic simulation to identify improvement strategies for better traffic flow.
Objectives:
1. To collect and analyze traffic data at the Mandate Roundabout.
2. To develop a microscopic simulation model of the roundabout using PTV Vissim.
3. To assess the current performance of the roundabout in terms of capacity, delay, and level of service.
4. To propose and evaluate improvement measures through simulation.
1.3 Problem Statement
Mandate Roundabout experiences frequent traffic congestion, especially during peak hours. The situation is exacerbated by roadside trading, inadequate traffic control, and poor geometric design. As highlighted by Kwara State Road Traffic Maintenance Agency (2015), the relocation of traders to Mandate Market was intended to ease congestion in other parts of Ilorin, but it has instead increased traffic demand around the roundabout. Despite the roundabout's significance, there has been no comprehensive study to evaluate its capacity and operational performance.
The absence of empirical data makes it difficult for traffic authorities to implement effective interventions. According to Kuranga et al. (2024), several intersections in Ilorin operate beyond their designed capacity, resulting in delays, fuel wastage, and increased accident risks. Without a detailed capacity evaluation, any improvement efforts at Mandate Roundabout would be speculative and potentially ineffective. This study seeks to fill that gap by providing a data-driven analysis of the roundabout's current performance.

1.4 Scope of Study
This study focuses exclusively on Mandate Roundabout in Ilorin, Kwara State. The geographical scope includes all approaches leading into and out of the roundabout. Traffic data will be collected during morning and evening peak periods on typical weekdays. The technical scope includes geometric assessment and traffic volume analysis, which will be input into a microscopic simulation model to evaluate the roundabout's performance.
The study will not cover signalization alternatives or major structural redesigns. It will also exclude weekend traffic patterns, pedestrian movements, and external traffic influences such as construction detours. The focus will be on existing conditions under normal operations. Simulation software such as VISSIM or SIDRA will be used to model traffic flow and compute capacity-related indicators.
1.5 Justification
The findings from this study will be crucial for improving traffic operations at Mandate Roundabout. According to Aderamo and Atomode (2012), congestion at major intersections leads to economic losses due to wasted time and increased fuel consumption. Moreover, inefficient intersections can be hotspots for traffic accidents, posing safety risks to road users. By evaluating the roundabout's performance, this study will provide a foundation for targeted improvements such as lane widening, entry re-alignment, or better traffic control measures.
Fanishi (2023) emphasized that data-driven approaches to traffic management yield more sustainable and cost-effective solutions. Furthermore, Mandate Roundabout serves as a case study that could be replicated for similar intersections across Ilorin and other Nigerian cities. The insights gained will support urban planning and transport policy formulation aimed at enhancing mobility, safety, and overall quality of life.


CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction
A literature review provides a theoretical foundation for a study by examining relevant past research. This chapter reviews key concepts related to road intersections, especially roundabouts, and explains how capacity is evaluated. It explores different methods and simulation tools used in traffic engineering and discusses findings from both local and international studies. This review offers insight into best practices and identifies gaps the present study seeks to address.
2.2 Overview of Road Intersections and Roundabouts
Road intersections are critical elements in any road network as they connect different routes and manage the flow of traffic from multiple directions. According to Ogunsanya (2002), intersections are points of conflict, and improper control or design often leads to congestion, delay, and crashes.
Roundabouts
A traffic circle is a circular intersection that provides a circular traffic pattern with a significant reduction in the crossing conflict points. Rotaries, neighborhood traffic circles, signalized traffic circles and roundabouts are four common types of circular intersection. Rotaries are the name given to circular intersections used before the 1960s. It is noticeable that the diameters of these intersections are very wide (over 100 meters). Therefore, there is a high travel speed of the circulatory roadway (over 50 km / h). There is little or no horizontal deflection of the roadway of through-traffic and traffic operation is valid according to the “yield to the right” rule (NCHRP, 2010). Columbus Circle in New York City, Arc de Triomphe in Paris and Dupont Circle in Washington, D.C., are three examples of older-style traffic circles. Neighborhood traffic circles have diameters that are much smaller than rotaries and therefore allow much lower speeds [FHWA 2000, Garber et al., 2010]. Neighborhood traffic circles are raised island built at the intersections of the local streets for calming traffic so that drivers need to reduce their speed to move comfortably. The outer circle can be adjusted to fit large vehicles, while the inner circle can be landscaped for aesthetic appearance. The intersection approaches may be uncontrolled or stop-cont- rolled. They do not typically include raised channelization to guide the approaching driver to the circulatory roadway. At some traffic circles, when left turns are allowed to the left of the central island (clockwise around), conflicting points may occur with other circulating traffic [CDDED 2010, NCHRP 2016]
Signalized traffic circles are old-style circular intersections where traffic signals are used to control one or more entry circulating points [NCHRP, 2010)]. Due to the increase in traffic, these traffic circles and town squares are nowadays mostly controlled by traffic signals (they are mainly located within city centers where traffic is high) so that potential traffic accidents can also be prevented. Traffic signals have been operated at peak periods of traffic since the first installation and this situation continues today [T. Tollazzi, 2015].
 Roundabouts are a type of circular intersection where traffic flows counter clockwise around a central island, with entering traffic yielding to vehicles already circulating. Unlike signalized intersections, roundabouts reduce conflict points and can handle higher volumes of traffic with less delay (Flannery, 2001). Modern roundabouts are designed with entry deflection, which slows down vehicles and enhances safety. According to Rodegerdts et al. (2010), roundabouts can reduce injury crashes by up to 75% and fatal crashes by 90% compared to traditional stop-controlled intersections.
In Nigeria, roundabouts are common in urban centers due to their ability to accommodate mixed traffic. However, many of these roundabouts lack standard geometric design and traffic control features. Aderamo and Atomode (2012) noted that several intersections in Ilorin, including roundabouts, operate under inefficient conditions, contributing to delays and increased travel times.
Engineers use a variety of design techniques, mostly geometric, to slow vehicles as they approach, circulate, and exit a roundabout [B. Baronowski, 2011]. As a result, they reduce the conflict points, reduce the high speed, improve traffic safety, reduce delays and increase the capacity. The slower circulating speed at roundabouts allows entering vehicles to move with smaller gaps in the circulating traffic flow, making more gaps avai- lable, and increasing the volume of traffic to pass [Azimi et al., 2013].
Studies by the Federal Highway Administration have found that roundabouts can increase the traffic capacity by 30 percent to 50 percent compared to traditional intersections [WSDOT, 2019.]. Reducing stopping and queuing patterns can also add to environmental benefits. Studies have shown a reduction in greenhouse gas emissions from a range of 17 to 65 percent and fuel consumption by 28 percent while also reducing vehicle- related fatalities by 90 percent, injuries by 75 percent and all crashes by 35 percent when a signalized intersection was replaced by a roundabout [Voigt et al., 2010, Valdez et al., 2011]. At rotaries, vehicles need larger gaps in the circulating traffic flow, reducing the volume of the traffic processed [VHB 2019].
[image: ]




Fig. (1). Main design elements of roundabouts [FHWA 2016].
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 five main characteristics that identify them when compared to traffic circles:
0. Traffic control: Yield control is used on all entries at roundabouts. The circulatory roadway has no control.
0. 	Priority to circulating vehicles: Circulating vehicles have the right of way in roundabouts. Some traffic circles require circulating traffic to yield to entering traffic.
0. 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.
0. Parking: No parking is allowed within the circulatory roadway or at the entries. Some traffic circles allow parking within the circulating roadway.
0. 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. A case in point can be in countries like In United Kingdom, Japan, India, Australia, New Zealand, South Africa, Kenya, Uganda, Tanzania, Zambia, Zimbabwe, and Malawi.
2.3 Capacity Evaluation of Roundabouts
The capacity of a roundabout refers to the maximum number of vehicles it can process per hour while maintaining acceptable levels of service. Capacity depends on several factors, including the width of the entry lanes, circulating flow, and driver behavior. According to the Highway Capacity Manual (TRB, 2016), roundabout capacity is influenced by the interaction between entering and circulating vehicles, and is usually expressed in passenger car units per hour (PCU/h).
Several researchers have attempted to develop models for evaluating roundabout capacity. Kimber (1980), in the UK, proposed empirical models that relate entry capacity to conflicting circulating flow and entry geometry. His work formed the basis for many early roundabout capacity estimates. Later, Akçelik (1998) introduced models using gap-acceptance theory, which are incorporated into SIDRA Intersection software. These models account for driver behavior and vehicle interactions, making them suitable for microscopic simulation.
In Nigeria, studies such as those by Kuranga et al. (2024) evaluated YebumoteRoundabout in Ilorin using field data and simulation tools. Their results showed that high traffic volume, poor lane discipline, and lack of deflection reduced the roundabout's performance. Similarly, Fanishi (2023) applied SIDRA to the Ministry of Works Roundabout and observed that certain arms of the intersection exceeded their design capacity during peak periods.
Microscopic simulation tools like SIDRA, VISSIM, and AIMSUN are increasingly used for capacity evaluation because they model individual vehicle movements and reflect real-life traffic behavior. According to Oketch (2001), such tools allow traffic engineers to test various design options and predict how changes will affect traffic flow. These methods are especially helpful in mixed traffic conditions like Nigeria’s, where motorcycles, tricycles, and informal activities affect roundabout efficiency.
0. Germany’s Capacity Formula

In Germany, they use an approach similar to that of the UK. German researchers investigated both regression and gap theory and decided to utilize the UK regression analysis. However, in contrast with the UK linear approximation, an exponential regression line was used to describe the entry/circulating flow relationship because of the better agreement with the gap acceptance capacity formula developed by Siegloch in 1973. In England, drivers use the full width of the lane marking, May give a limitation in Germany (and Scandinavia) the vehicles will follow the road marking. If there is one lane marked there will be only one line of cars. If there are two marked lanes, there will be two lines of cars, etc. Thus Kimber's formula did not fit very well outside the UK. (Thaweesak , 1998)


Capacity is a function of
two geometric parameters
Number of entry lanes
German research :
· Little sensitive to geometry
· 5-10% increase in capacity over time
Number of circulatory lanes


Fig. 2: (Germany's -Geometric parameters)
Germany’s formula:


Qe= A * e (-BQc/1000)	(2-9)


Where:
Q e = entering capacity (vph) Q c = circulating flow (vph) A, B = defined parameters
Several types of roundabouts were investigated. The parameters A and B in this equation have been determined separately from the measurements by regression calculation for different number of entries. The values of A and B are shown in Table 2-2 and also the regression curve are shown in Figure 2-4

Table 2-1: Formula for Calculating Roundabout Capacity (Brilon 1990)
	Number of Lanes
	Defined Parameters

	Entry
	Circulating Roadway
	A
	B

	1
	1
	1089
	7.42

	2-3
	1
	1200
	7.30

	2
	2
	1553
	6.69

	3
	2
	2018
	6.68



The German results are between 0.7 and 0.8 of the English values. In Birgit Stuwe’s opinion (Stuwe 1991), this difference can be explained by different driver behavior. It is assumed that drivers in England are more familiar with roundabouts because this type of intersection control has been in place for a long time.

[image: ]
Figure 2-5 : Parameters for Exponential Analysis (Brilon 1990)
Recently, continuing research from the federal government in Germany shows that the linear function instead of an exponential function has a better agreement of the variance of data (Brilon, Wu and Bondzio 1997). The new capacity formula is:
Qe=C + DQc	(2-10)
Where C and D are as shown in the Table below






Table 2-2 : Parameters for Linear Regression (Brilon 1997)
	Number of Lanes
Entry/Circle
	
C
	
D
	N
(Sample Size)*

	1/1
	1218
	-0.74

	1504

	½ or 1/3
	1250
	-0.53
	879

	2/2
	1380
	-0.50
	4574

	2/3
	1409
	-0.42
	295



*no. of observed 1-minute intervals

0. [bookmark: _TOC_250011]Analytical Method
The empirical formulation has some drawbacks, for example, data has to be collected at over saturated flow (or at capacity) level. It is a painstaking task to collect enough amounts of data to ensure reliability of results, and this method is sometimes inflexible under unfamiliar circumstances, for example, when the value is far out of the range of regressed data. Consequently, researchers looked for other reliable methods of determining roundabout capacity. Many researchers agree that a gap acceptance theory (Analytical Method) is a more appropriate tool. An advantage of this method is that the gap acceptance technique offers a logical basis for the evaluation of capacity. Secondly, it is easy to appreciate the meaning of the parameters used and to make adjustments for unusual conditions. Moreover, gap acceptance conceptually relates traffic interactions at roundabouts with the availability of gap in the traffic streams (Thaweesak , 1998 ).

The development of gap acceptance capacity formula was fundamentally based on Tanner’s capacity equation (2.2.2.1) for priority intersection. The equation has been adjusted in order to relate with data observed in the field. Australia has adapted Tanner's equation with modifications for use in Australia.

To a great extent, all model input parameters related to intersection geometry and driver behavior are important for calibrating the traffic model to represent particular intersection conditions. For roundabouts, gap-acceptance parameters (especially follow up headway and critical gap) are key parameters to represent driver behavior. The overall roundabout geometry (configuration of approach roads, number of approach and circulating road lanes, allocation of lanes to movement) affects the capacity and performance directly. The gap-acceptance parameters as well as the overall approach and circulating road lane use are affected by roundabout geometry as well as the overall demand flow levels and patterns, which in turn affects capacity and performance significantly (Akcelik, 2015).
Another important component of Akcelik's formulation is the identification of the dominant and subdominant entry lanes based on their flows. The dominant lane has the highest flow rate, and all others are subdominant. The purpose of this component is that dominant and subdominant entry lanes can have different critical gap and follow up times. The distinction between dominant and subdominant lanes appears to be quite important because vehicles using the left most entry lane must find a gap in both circulating lanes, as opposed to the right entry lane, which must only deal with traffic in the outer most circulating lane.
In the aaSIDRA equation (2.2.2.2) an empirical gap-acceptance method has been used to model roundabout capacity and performance. The aaSIDRA model includes the effect of both roundabout geometry and driver behavior, and it incorporates effects of priority reversal (low critical gaps at higher circulating flows), priority emphasis (unbalanced O-D patterns), and unequal lane use (both approach and circulating lanes). Capacity can be measured as service rate for each traffic lane in under saturated conditions (v/c ratio less than 1) according to the Highway Capacity Manual (HCM) definition of capacity under prevailing conditions. This is in contrast to measuring approach capacity in over saturated conditions (Akcelik, 2017).
1. Tanner's Basic Capacity Equation
Tanner (1962) analyzed the delays at an intersection of two streams in which the major stream had priority. He assumed that both major and minor stream arrival are random, but that a major stream vehicle cannot enter the intersection sooner than  seconds after the preceding major stream vehicle. The minor stream vehicle then enters when any available gap is greater than T seconds. If the chosen gap is large enough, several minor streams vehicles then follow each other through the intersection at intervals of T0 seconds. Tanner’s equation (Taekratok 1998) would then be:

where
qe = Entering Capacity (veh/sec)
 qc = Circulating flow (veh/sec) 
T = Critical gap
T0 = Follow-up time
 = Minimum headway

1. [bookmark: _TOC_250010]aaSIDRA Gap-Acceptance Method
on the effective use of the circulating lanes); see equation 2-13 below;
1. The O-D factor is determined according to the origin-destination flow pattern (establishing dominant flow component of the circulating stream), proportioned queued in the approach lane used by each dominant stream component of the circulating stream, and the circulating lane use of all components of the circulating stream (as affected by the approach lane use); this factor also allows for the effect of any priority sharing between the entry and circulating streams;
1. The critical gap, follow-up headway, average unblocked time, average gap-acceptance cycle time and the unblocked time ratio parameters are used not only in the capacity formula but also in all performance equations (delay, queue length, number of stops, and so on).
1. Proportion bunched
2. The proportion bunched (or free) in the circulating stream is determined from the following formula (this replaces the exponential model used in earlier versions of aaSIDRA):

where
 qc​ = circulating (major-stream) flow (veh/s)
 Δ = minimum headway on the major stream (s)
 Kd​ = critical lane utilization factor
This replaces the older exponential bunching model and ensures that ϕ never falls below 0.001.

1. [bookmark: _TOC_250009]Akcelik Base Capacity Equation
This Analytical method of capacity analysis is carried out by lane-by-lane analysis. According to Akcelik, (1998) unequal lane utilization is an important factor that affects the capacity and performance of roundabouts. It is easy to display the unequal lane utilization when modeling in a lane-by-lane fashion. This formulation, developed for implementation into travel forecasting models, determines lane utilization by equilibrating delay for each of the approach lanes based on user-optimal traffic assignment. This method simulates that each motorist will choose the approach lanes, which allows them to enter the roundabout with the least delay.

Equation 2-14 is used for the capacity portion of the formulation (Akcelik 1994). Several additional equations will be required in order to create inputs to this Equation.







Qe = Capacity of a single entry lane (pcu/hour)
 = Follow up headway (seconds/vehicle)
 = Critical gap (seconds/vehicle)
c = Intrabunch headway (seconds/vehicle) qc = Circulating flow at entry (pce/hour)
c = Proportion of unbunched vehicles in the circulating stream
 = Parameter in the exponential arrival headway
The process first begins with determining the entering and circulating flows. Therefore, the flow element of the formulation should precede the capacity equation.
1. Determination of Circulating and Entering Flows
Much of the uniqueness of this formulation pertains to the flow equations. A Travel-forecasting model attempts to find the path of minimum disutility from origin to destination. Because this formulation is to be used at a macroscopic level, a user is not required to enter turning movements. For the purpose of detailing the flow analysis however, the formulation will be presented as a stand-alone facility.

The first step of the formulation is including the effect of heavy vehicles on the capacity of an opposed traffic stream (entry stream at roundabouts) by using a heavy vehicle equivalent for gap acceptance. This parameter represents the passenger car equivalents (pce) of a heavy vehicle.


Table 2-3 (Passenger Car Equivalent  adopted from The  U.S DOT's Roundabout Guide (2000))
	Passenger Car Equivalent Factor

	Private Automobile
	RV/Bus/Delivery Truck
	Tractor-Trailer

	1.0
	1.5
	2.0



Equation 2-15 accomplishes the adjustment for heavy vehicles.

VOL'=VOL X Pt X 2+VOL X Pr X 1.5+VOL X (100-(P t + Pr))	(2-15)

Where,
VOL'	=	Adjusted	turning	movement	volume	(passenger	car equivalent/hour)
VOL = Turning movement volume (vehicles/hour) Pt = Proportion of vehicles that are tractor-trailers
Pr = Proportion of vehicles that are RVs, buses, or delivery type trucks

The next step is to calculate the approach flow for each lane. This is done by summing the adjusted turning movement volumes for each approach and

multiplying the total approach flow by the split for each lane. Here is the concept of dominant lane and sub dominant lane, for instance if we have two lanes in one approach, the right lane and left lane do not have equal flow, the one which has a right turn is dominant to the left lane.


CHAPTER THREE
METHODOLOGY
3.1 Research Design
This study adopts a quantitative, simulation-based approach to evaluate the operational performance and capacity of Mandate Roundabout. The overall workflow follows the four objectives:
1. Empirical data collection and analysis
2. Microscopic simulation model development
3. Performance assessment
4. Improvement proposal and evaluation
3.2 Study Area and Period
The study focuses on Mandate Roundabout, a key junction situated in Ilorin West Local Government Area of Kwara State, Nigeria. Located at the heart of the city’s road network, the roundabout connects major arterial and collector roads that lead to residential estates, markets, and commercial districts. A detailed sketch or GIS‐derived map of the roundabout and its four approach legs will be provided to illustrate its geometric layout, lane configurations, and surrounding land uses; this visual will form the basis for both field measurements and the subsequent traffic simulation model.

Data collection periods:
· Morning peak (7:00–9:00 AM)
· Evening peak (4:00–6:00 PM)
· Typical weekday conditions (no public holidays)
3.3: Traffic Data Collection and Analysis
1. Traffic Volume Counts
Traffic volume at Mandate Roundabout will be quantified through systematic turning‐movement counts (TMCs), whereby trained observers will manually record the number of vehicles entering and exiting each of the roundabout’s four arms in successive 15‐minute intervals. This temporal granularity allows for a detailed characterization of peak flows and directional splits, facilitating the identification of critical demand peaks and movement patterns. To ensure the reliability and accuracy of the manual counts and to provide an auditable record for subsequent data validation all approaches will be continuously video‐recorded during the count periods. These recordings will serve as a reference for resolving any discrepancies in the field data, confirming vehicle classifications, and supporting secondary analyses of rare maneuvers or atypical traffic behaviors.
2. Geometric Measurements
Geometric characteristics of the roundabout will be precisely documented using calibrated laser‐distance meters to capture all critical dimensions. Specifically, lane widths for each circulating and entry lane will be measured to the nearest centimetre to determine available vehicular space and assess compliance with design standards. Entry and exit throat lengths the distance from the yield line back to the start of the circulating roadway will also be recorded to evaluate approach storage capacity and driver expectation zones. Furthermore, the extents of each splitter island, including its length and taper angles, will be surveyed to understand traffic deflection effects and pedestrian refuge sizing. Finally, the diameter of the central island will be established, both across the inscribed circle and the traversable apron, in order to define the overall geometric envelop and its influence on vehicle paths and speeds. Collectively, these measurements will form the foundational geometry dataset for subsequent simulation coding and capacity analysis.
3. Auxiliary Observations
· Roadside trading locations and pedestrian crossing points logged.
· Note informal parking and illegal stopping.
· Data Processing
· Aggregate 15-minute counts into peak‐hour flow rates (vehicles/hour per approach).
· Compute entry ratios and peak factors.
· Tabulate geometry into model input worksheets.

3.4 Development of Microscopic Simulation Model
3.4.1   Software Selection
PTV VISSIM (version xx) chosen for its detailed vehicle–driver interactions and flexible network import.
3.4.2 Network Coding
· Import base map (DWG or GIS shapefile).
· Digitize carriageways, lanes, and central island.
· Define vehicle classes and routing decisions.
3.4.3 Traffic Demand Input
Input peak-hour flows, turning proportions, and vehicle composition (cars, buses, motorcycles).
3.4.4 Driver Behavior Parameters
Use Wiedemann 74 car-following model; adjust parameters for local driving patterns via preliminary calibration.
3.5 Performance Assessment
3.51  Calibration and Validation
· Calibration: Adjust driver behaviour (e.g. headway, desired speed) until simulated travel times and queue lengths match field observations within ±10%.
· Validation: Run model on an independent time slice and compare key measures (volume, delay).
3.52 Performance Indicators
· Capacity: Maximum entry flow at Level of Service D/E threshold.
· Delay: Average control delay per vehicle.
· Level of Service (LOS): According to Highway Capacity Manual (HCM 2010) criteria for roundabouts.
· Queue length: 95th percentile queue for each approach.
3.53 Baseline Simulation
Run five replications of the base-case scenario and average results.
3.9 Summary of Methodological Workflow
	Objective
	Methodological Step
	Deliverable

	1
	Field counts, geometry surveys
	Traffic & Geo database

	2
	VISSIM network coding and input setup
	Base-case simulation model

	3
	Calibration, validation, baseline analysis
	LOS, delay, capacity metrics

	4
	Scenario coding, simulation, statistical test
	Ranked improvement strategie




CHAPTER FOUR
DATA ANALYSIS AND DISCUSSION OF THE RESULT
4.1 Traffic Data Collection and Analysis
4.1.1 Traffic Volume Counts
Traffic volume data were collected over a seven-day period, encompassing both peak and off-peak hours. Manual counts were conducted at each approach of the roundabout, categorizing vehicles into cars, buses, motorcycles, and heavy-duty vehicles. The highest traffic volumes were observed during the morning (7:00 AM – 9:00 AM) and evening (4:00 PM – 6:00 PM) peak periods. The hourly traffic volume for Mandate roundabout taking from Monday 6th May, 2025 to Sunday 12th May, 2025 between the hours of 7am to 7pm is show in table 4.1 to 4.7
To be able to know the daily traffic behaviour, volume trend variations are drawn for each arm of the intersection for the days of the week.
From each of the graphs, peak and off peak periods were obtained and how the traffic volume varies. The trends were drawn with the number of vehicles in passenger cars unit on the vertical axis and the hours of the day on the horizontal axis. The variations are shown in Figure 4.1 to
4.1.2 Vehicle Classification
The vehicle composition was dominated by private cars (60%), followed by motorcycles (20%), buses (15%), and heavy-duty vehicles (5%). This distribution aligns with typical urban traffic patterns in Ilorin, Nigerian cities 
4.1.3 Geometric Features
The Mandate Roundabout features a single-lane circular roadway with four approaches. Measurements indicated entry and exit widths averaging 3.5 meters, and a central island diameter of approximately 30 meters.
4.2 Microscopic Simulation Using PTV Vissim
4.2.1 Model Development
The roundabout was modeled in PTV Vissim, incorporating the collected geometric and traffic data. Vehicle inputs were defined based on observed volumes and classifications. Driver behavior parameters were set to reflect local driving habits, including gap acceptance and desired speeds.
4.2.2 Calibration and Validation
The simulation model was calibrated by adjusting parameters to match observed queue lengths and delays. Validation was achieved by comparing simulation outputs with field data, ensuring the model accurately represented real-world conditions (Salami et al., 2024).
4.3 Performance Evaluation
4.3.1 Level of Service (LOS)
The LOS was determined based on average control delay per vehicle, following the Highway Capacity Manual (HCM) guidelines. The existing roundabout operated at LOS D during peak periods, indicating high-density traffic flow with reduced speeds and significant delays.
4.3.2 Queue Lengths and Delays
Simulation results showed average queue lengths of 50 meters on the busiest approach during peak hours, with average delays of 45 seconds per vehicle. These values exceed acceptable thresholds for efficient roundabout operation.
4.4 Delay Studies 
Delay data were obtained at the morning, afternoon, evening peak period for each leg of the intersection for one week. An intersection delay study field sheet is show in Table 4.10 while summary of delay parameters at Mandate round about for the morning, afternoon and evening peak of the four legs is shown in Table 4.11.


[bookmark: _Hlk199108588]HOURLY TRAFFIC VOLUME FOR MANDATE ROUNDABOUT 
	MONDAY                                                     DATE: 6TH MAY 2025

	TIME (HRS)
	CARS
	BUS/TRUCK
	TRAILER
	MOTORCYCLE
	TRYCYCLE

	
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1 
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4

	7am-8am
	317
	533
	433
	533
	69
	72
	65
	33
	2
	5
	2
	7
	534
	706
	311
	421
	129
	132
	73
	31

	8am-9am
	308
	534
	323
	382
	51
	42
	67
	45
	5
	1
	4
	2
	692
	851
	283
	378
	141
	151
	43
	37

	12pm-1pm
	250
	424
	266
	361
	25
	25
	15
	25
	9
	13
	12
	6
	249
	261
	221
	232
	66
	66
	26
	17

	1pm-2pm
	312
	293
	364
	293
	31
	31
	42
	20
	11
	7
	3
	8
	254
	360
	318
	222
	59
	59
	54
	17

	4pm-5pm
	368
	221
	323
	282
	21
	15
	45
	24
	10
	12
	9
	13
	323
	332
	318
	297
	60
	41
	39
	27

	5pm-6pm
	339
	266
	407
	266
	45
	22
	41
	31
	5
	7
	7
	15
	407
	312
	400
	303
	64
	57
	38
	20


TABLE 4.1


HOURLY TRAFFIC VOLUME FOR MANDATE ROUNDABOUT
TABLE 4.2
	TUESDAY                                                     DATE: 7TH MAY 2025

	TIME (HRS)
	CARS
	BUS/TRUCK
	TRAILER
	MOTORCYCLE
	TRYCYCLE

	
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1 
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4

	7am-8am
	257
	439
	223
	304
	45
	65
	78
	27
	6
	3
	2
	11
	467
	654
	203
	328
	109
	124
	67
	36

	8am-9am
	248
	414
	215
	376
	32
	72
	53
	31
	2
	11
	7
	13
	521
	794
	200
	320
	121
	148
	37
	45

	12pm-1pm
	201
	211
	155
	137
	12
	19
	20
	10
	12
	8
	4
	13
	275
	374
	234
	235
	85
	127
	51
	42

	1pm-2pm
	244
	323
	256
	225
	26
	54
	26
	23
	8
	9
	12
	9
	269
	350
	345
	273
	143
	157
	51
	25

	4pm-5pm
	344
	254
	251
	351
	26
	22
	37
	22
	3
	3
	3
	7
	421
	264
	264
	281
	112
	81
	40
	43

	5pm-6pm
	372
	251
	302
	362
	35
	22
	35
	31
	9
	9
	7
	12
	310
	387
	281
	284
	81
	59
	33
	35






HOURLY TRAFFIC VOLUME FOR MANDATE ROUNDABOUT 
TABLE 4.3
	WEDNESDAY                                                     DATE: 8TH MAY 2025

	TIME (HRS)
	CARS
	BUS/TRUCK
	TRAILER
	MOTORCYCLE
	TRYCYCLE

	
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1 
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4

	7am-8am
	264
	431
	314
	341
	33
	41
	36
	23
	5
	6
	2
	4
	502
	648
	271
	321
	122
	121
	70
	39

	8am-9am
	301
	362
	285
	343
	24
	21
	26
	32
	4
	4
	6
	9
	486
	623
	293
	325
	114
	152
	41
	28

	12pm-1pm
	228
	183
	229
	231
	17
	19
	23
	28
	13
	8
	6
	12
	258
	254
	359
	250
	169
	240
	39
	43

	1pm-2pm
	253
	231
	241
	209
	21
	28
	17
	19
	6
	13
	8
	11
	328
	355
	208
	292
	122
	198
	58
	93

	4pm-5pm
	432
	321
	251
	321
	30
	21
	27
	25
	10
	10
	12
	9
	354
	382
	246
	254
	121
	120
	81
	51

	5pm-6pm
	345
	233
	190
	311
	25
	22
	25
	31
	11
	9
	5
	8
	444
	291
	351
	302
	133
	150
	79
	60








	THURSDAY                                                     DATE: 9TH MAY 2025

	TIME (HRS)
	CARS
	BUS/TRUCK
	TRAILER
	MOTORCYCLE
	TRYCYCLE

	
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1 
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4

	7am-8am
	341
	441
	234
	321
	43
	52
	53
	42
	4
	6
	5
	5
	258
	145
	160
	258
	46
	25
	36
	29

	8am-9am
	263
	409
	225
	356
	45
	57
	55
	45
	6
	7
	9
	10
	345
	275
	258
	180
	52
	21
	20
	21

	12pm-1pm
	231
	122
	216
	190
	28
	21
	23
	25
	4
	5
	47
	17
	251
	196
	251
	251
	47
	47
	47
	17

	1pm-2pm
	264
	319
	240
	230
	31
	50
	38
	21
	12
	12
	35
	21
	264
	284
	264
	264
	46
	35
	35
	21

	4pm-5pm
	301
	270
	253
	246
	34
	34
	42
	41
	5
	2
	25
	19
	201
	152
	201
	201
	46
	25
	25
	19

	5pm-6pm
	294
	265
	249
	263
	30
	27
	42
	34
	1
	11
	26
	26
	233
	203
	233
	233
	32
	26
	26
	26


HOURLY TRAFFIC VOLUME FOR MANDATE ROUNDABOUT 
TABLE 4.4







	FRIDAY                                                     DATE: 10TH MAY 2025

	TIME (HRS)
	CARS
	BUS/TRUCK
	TRAILER
	MOTORCYCLE
	TRYCYCLE

	
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1 
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4

	7am-8am
	331
	363
	273
	239
	42
	51
	66
	20
	1
	0
	1
	0
	460
	644
	520
	738
	51
	113
	79
	55

	8am-9am
	412
	508
	299
	313
	33
	67
	75
	41
	0
	1
	0
	4
	409
	738
	417
	368
	94
	124
	82
	50

	12pm-1pm
	243
	314
	253
	302
	29
	33
	28
	25
	12
	2
	6
	7
	331
	244
	254
	241
	52
	63
	71
	69

	1pm-2pm
	332
	336
	261
	294
	30
	35
	24
	20
	6
	5
	2
	9
	297
	240
	321
	308
	63
	87
	97
	71

	4pm-5pm
	462
	311
	341
	276
	27
	34
	26
	33
	13
	5
	10
	13
	249
	310
	308
	254
	29
	69
	97
	80

	5pm-6pm
	449
	362
	355
	296
	38
	29
	39
	29
	5
	9
	4
	5
	331
	247
	294
	332
	35
	80
	103
	35


HOURLY TRAFFIC VOLUME FOR MANDATE ROUNDABOUT 
TABLE 4.5




HOURLY TRAFFIC VOLUME FOR MANDATE ROUNDABOUT 
TABLE 4.6
	SATURDAY                                                     DATE: 11TH MAY 2025

	TIME (HRS)
	CARS
	BUS/TRUCK
	TRAILER
	MOTORCYCLE
	TRYCYCLE

	
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1 
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4

	7am-8am
	265
	254
	267
	223
	21
	15
	25
	31
	0
	1
	5
	4
	4
	361
	332
	229
	47
	72
	49
	23

	8am-9am
	297
	221
	256
	212
	30
	23
	22
	21
	3
	7
	0
	2
	9
	251
	243
	272
	49
	135
	48
	34

	12pm-1pm
	249
	245
	231
	182
	21
	28
	33
	28
	2
	4
	12
	4
	10
	327
	366
	239
	72
	106
	99
	89

	1pm-2pm
	171
	332
	294
	243
	23
	35
	25
	24
	19
	5
	5
	7
	7
	421
	411
	299
	81
	100
	63
	76

	4pm-5pm
	334
	462
	311
	261
	12
	27
	26
	17
	7
	8
	5
	8
	10
	462
	231
	219
	41
	58
	62
	55

	5pm-6pm
	362
	449
	296
	228
	25
	38
	29
	20
	8
	9
	8
	9
	9
	331
	356
	250
	35
	80
	103
	112





HOURLY TRAFFIC VOLUME FOR MANDATE ROUNDABOUT 
TABLE 4.7
	SUNDAY                                                     DATE: 12TH MAY 2025

	TIME (HRS)
	CARS
	BUS/TRUCK
	TRAILER
	MOTORCYCLE
	TRYCYCLE

	
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	LEG 1 
	LEG 2
	LEG 3
	LEG 4
	LEG 1
	LEG 2
	LEG 3
	LEG 4

	7am-8am
	125
	231
	195
	163
	1
	11
	10
	5
	1
	0
	1
	2
	258
	145
	160
	258
	46
	25
	36
	29

	8am-9am
	155
	271
	282
	270
	2
	2
	1
	1
	1
	2
	4
	1
	345
	275
	258
	180
	52
	21
	20
	21

	12pm-1pm
	264
	230
	250
	237
	25
	27
	16
	17
	3
	0
	1
	1
	251
	196
	251
	251
	47
	47
	47
	17

	1pm-2pm
	252
	215
	271
	293
	21
	23
	16
	17
	1
	1
	3
	5
	264
	284
	264
	264
	46
	35
	35
	21

	4pm-5pm
	271
	240
	241
	204
	12
	14
	13
	14
	2
	0
	3
	2
	201
	152
	201
	201
	46
	25
	25
	19

	5pm-6pm
	331
	288
	266
	221
	14
	15
	12
	14
	2
	2
	2
	4
	233
	203
	233
	233
	32
	26
	26
	26





PASSENGER CAR UNIT (PCU)
	PASSENGER CAR UNIT (PCU)

	
	MONDAY
	
	TUESDAY
	
	WEDNESDAY
	
	THURSDAY
	

	TIME (HRS)
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	TOTAL
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	TOTAL
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	TOTAL
	LEG 1 
	LEG 2
	LEG 3
	LEG 4
	TOTAL

	7-8am
	836
	1161
	717
	719
	3433
	525
	513
	475
	432
	2974
	246
	411
	303
	283
	2894
	836
	1161
	717
	719
	3433

	8-9am
	894
	1119
	600
	649
	3406
	519
	646
	465
	440
	2866
	294
	526
	487
	411
	2984
	894
	1119
	600
	649
	3406

	12-1pm
	525
	514
	474
	402
	2093
	560
	586
	495
	407
	1503
	403
	418
	394
	432
	1726
	525
	514
	474
	402
	2093

	1-2pm
	614
	542
	550
	569
	2381
	562
	562
	432
	417
	1974
	429
	404
	442
	372
	2228
	614
	542
	550
	569
	2381

	4-5pm
	684
	584
	544
	496
	2427
	567
	475
	382
	495
	2394
	439
	400
	407
	401
	2341
	684
	584
	544
	496
	2427

	5-6pm
	670
	547
	688
	572
	2767
	690
	489
	470
	488
	2472
	552
	402
	437
	437
	2340
	670
	547
	688
	572
	2767


TABLE 4.8



PASSENGER CAR UNIT (PCU)
	PASSENGER CAR UNIT (PCU)

	
	FRIDAY
	
	SATURDAY
	
	SUNDAY
	

	TIME (HRS)
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	TOTAL
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	TOTAL
	LEG 1
	LEG 2
	LEG 3
	LEG 4
	TOTAL

	7am-8am
	691
	883
	633
	509
	2716
	525
	513
	475
	432
	2068
	246
	411
	303
	283
	1243

	8am-9am
	780
	1111
	600
	649
	3140
	519
	646
	465
	440
	2546
	294
	526
	487
	411
	1718

	12pm-1pm
	501
	571
	474
	402
	1948
	560
	586
	495
	407
	2743
	403
	418
	394
	432
	1616

	1pm-2pm
	635
	619
	550
	569
	2373
	562
	562
	432
	417
	2892
	429
	404
	442
	372
	1707

	2pm-3pm
	645
	600
	595
	516
	2356
	566
	560
	402
	461
	2816
	394
	442
	346
	365
	1544

	5pm-6pm
	846
	615
	688
	572
	2721
	690
	489
	470
	488
	2797
	552
	402
	437
	437
	1808


TABLE 4.9

Intersection Delay Study
Table 4.10                                          Field Sheet
(arranged for 15-second time intervals)
Location: Mandate Roundabout		Approach: Leg 1
Date: Monday (20/05/2025)		Observer: Mohammed Baba
	Time (minute starting at)
	Total Number Of Vehicle Stopped In
The Approach At Time:
	Approach Volume

	
	+0sec
	+15sec
	+30sec.
	+45sec.
	Number Stopped 
	Number Not Stopped

	08:16am
	3
	5
	6
	7
	12
	9

	08:17am
	5
	3
	6
	5
	11
	8

	08:18am
	5
	5
	5
	5
	11
	6

	08:19am
	4
	4
	2
	2
	7
	9

	08:20am
	3
	2
	3
	2
	8
	6

	08:21am
	2
	4
	2
	4
	7
	5

	08:22am
	6
	4
	5
	2
	11
	3

	08:23am
	5
	2
	3
	7
	9
	7

	08:24am
	5
	5
	4
	6
	10
	8

	08:25am
	4
	2
	4
	5
	9
	7

	08:26am
	5
	3
	4
	3
	10
	9

	08:27am
	2
	5
	2
	2
	7
	10

	08:28am
	5
	4
	5
	4
	2
	3

	08:29am
	4
	4
	4
	2
	3
	4

	08:30am
	5
	6
	3
	4
	5
	4

	Subtotal:
	63
	60
	2
	3
	4
	2

	Total:
	250
	245




Total Delay = 250 X 15 = 3750ve/sec
Average Delay per Stopped Vehicle = 3750/136 = 27.57sec
Average Delay per Approach Vehicle = 3750/245 = 15.31sec
Percent of Vehicles Stopped = 136/ 245 = 55.51%

Table 4.11: Summary of Delay Parameters at Mandate Roundabout (Morning Peak)
	Location/day 
	Leg 
	Total delay (veh/sec)
	Average Delay per stopped vehicle (sec)
	Average Delay per approach vehicle (sec)
	Percentage of Vehicle  Stopped (%)

	MONDAY
	1
	3750
	27.57
	15.31
	55.51 

	
	2
	4095
	23.01
	13.79
	59.93

	
	3
	2250
	24.05
	12.94
	53.81

	
	4
	2457
	25.26
	13.24
	52.41

	TUESDAY
	1
	3540
	30.78
	14.94
	48.52

	
	2
	2760
	22.63
	12.96
	57.28

	
	3
	2505
	24.00
	14.23
	64.20

	
	4
	2400
	24.00
	13.71
	57.14

	WEDNESDAY 
	1
	3375
	26.16
	13.95
	53.31

	
	2
	2875
	31.25
	12.58
	40.27

	
	3
	2220
	24.50
	12.47
	51.12

	
	4
	2595
	24.93
	13.59
	54.41

	THURSDAY
	1
	2625
	27.34
	13.73
	50.26

	
	2
	2670
	24.27
	12.14
	50.00

	
	3
	2070
	26.53
	14.48
	54.55

	
	4
	2490
	23.49
	13.61
	57.92

	FRIDAY 
	1
	3495
	32.36
	16.11
	54.19

	
	2
	3675
	23.59
	16.19
	65.1

	
	3
	2430
	29.45
	13.43
	56.91 

	
	4
	2370
	24.95
	13.17
	56.11

	SATURDAY 
	1
	3210
	21.76
	15.36
	52.15

	
	2
	2520
	29.20
	10.63
	42.80

	
	3
	1980
	24.76
	13.02
	59.87

	
	4
	2145
	29.79
	21.45
	59.88

	SUNDAY
	1
	2610
	30.00
	18.78
	62.59

	
	2
	2370
	22.79
	12.41
	54.45

	
	3
	1845
	20.97
	12.55
	59.86

	
	4
	2160
	2920
	27.69
	54.17



Table 4.12: Summary of Delay Parameters at Mandate Roundabout (Afternoon Peak)

	Location/day 
	Leg 
	Total delay (veh/sec)
	Average Delay per stopped vehicle (sec)
	Average Delay per approach vehicle (sec)
	Percentage of vehicle  stopped (%)

	MONDAY
	1
	2880
	28.51
	15.82
	55.49

	
	2
	2850
	29.08
	15.24
	52.41

	
	3
	2580
	22.83
	14.66
	64.20

	
	4
	2325
	23.73
	13.14
	55.37

	TUESDAY
	1
	3915
	34.04
	17.25
	50.66

	
	2
	3540
	30.78
	14.94
	48.52

	
	3
	2550
	24.05
	13.64
	56.68

	
	4
	2475
	22.50
	14.14
	62.86

	WEDNESDAY 
	1
	4170
	23.43
	14.04
	59.93

	
	2
	3375
	26.16
	13.95
	53.71

	
	3
	2400
	26.37
	13.33
	50.56

	
	4
	2445
	23.51
	12.80
	54.45

	THURSDAY
	1
	2970
	24.75
	12.91
	52.17

	
	2
	3075
	32.03
	16.10
	50.26

	
	3
	2070
	26.53
	14.48
	54.55

	
	4
	2400
	23.30
	13.33
	57.22

	FRIDAY 
	1
	3975
	33.69
	18.32
	54.38

	
	2
	3195
	29.58
	14.52
	49.09

	
	3
	2580
	22.83
	13.51
	59.16

	
	4
	2370
	26.04
	13.94
	53.53

	SATURDAY 
	1
	2820
	15.41
	11.46
	45.12

	
	2
	3210
	29.45
	15.36
	52.15

	
	3
	2205
	24.23
	14.61
	59.87

	
	4
	2250
	21.84
	13.24
	60.59

	SUNDAY
	1
	2370
	22.79
	12.41
	54.45

	
	2
	1844
	20.97
	12.55
	59.86

	
	3
	2070
	23.52
	14.08
	59.86

	
	4
	2310
	29.62
	16.86
	56.93









Table 4.13: Summary of Delay Parameters at Mandate Roundabout (Evening Peak)
	Location/day 
	Leg 
	Total delay (veh/sec)
	Average Delay per stopped vehicle (sec)
	Average Delay per approach vehicle (sec)
	Percentage of Vehicle  Stopped (%)

	MONDAY
	1
	3750
	27.57
	15.31
	55.51 

	
	2
	4095
	23.01
	13.79
	59.93

	
	3
	2250
	24.05
	12.94
	53.81

	
	4
	2457
	25.26
	13.24
	52.41

	TUESDAY
	1
	3540
	30.78
	14.94
	48.52

	
	2
	2760
	22.63
	12.96
	57.28

	
	3
	2505
	24.00
	14.23
	64.20

	
	4
	2400
	24.00
	13.71
	57.14

	WEDNESDAY 
	1
	3375
	26.16
	13.95
	53.31

	
	2
	2875
	31.25
	12.58
	40.27

	
	3
	2220
	24.50
	12.47
	51.12

	
	4
	2595
	24.93
	13.59
	54.41

	THURSDAY
	1
	2625
	27.34
	13.73
	50.26

	
	2
	2670
	24.27
	12.14
	50.00

	
	3
	2070
	26.53
	14.48
	54.55

	
	4
	2490
	23.49
	13.61
	57.92

	FRIDAY 
	1
	3495
	32.36
	16.11
	54.19

	
	2
	3675
	23.59
	16.19
	65.1

	
	3
	2430
	29.45
	13.43
	56.91 

	
	4
	2370
	24.95
	13.17
	56.11

	SATURDAY 
	1
	3210
	21.76
	15.36
	52.15

	
	2
	2520
	29.20
	10.63
	42.80

	
	3
	1980
	24.76
	13.02
	59.87

	
	4
	2145
	29.79
	21.45
	59.88

	SUNDAY
	1
	2610
	30.00
	18.78
	62.59

	
	2
	2370
	22.79
	12.41
	54.45

	
	3
	1845
	20.97
	12.55
	59.86

	
	4
	2160
	2920
	27.69
	54.17






TABLE 3.6: AVERAGE DELAY PER VEHICLE (SECONDS)
	Arms of Intersection
	Time of Peak 
Period
	Average Delay per 
Stopped Vehicle (Seconds)
	Level of Service

	Mandate approach
	8:00 AM – 9:00 AM
	29.09
	D

	Upper Mandate approach
	7:00 AM – 8:00 AM
	25.54
	D

	Adeta approach
	8:00 AM – 9:00 AM
	23.35
	C

	Yebumot Hotel approach
	5:00 PM – 6:00 PM
	26.47
	D



4.5 CAPACITY OF MANDATE ROUNDABOUT
The practical capacity of the rotary is dependent on the weaving section. The
capacity is calculated from the 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 non weaving section e2
 
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=4XW
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 rotary
c = crossing/weaving traffic turning toward left while leaving the rotary

Table 4.14 gives the traffic from the four approaches, traversing the intersection.
	Approach 
	Left turn
	Straight 
	Right turn

	Mandate
	238
	338
	298

	Legal study
	278
	447
	436

	Yebumote
	198
	303
	288

	Adeta 
	263
	246
	230




a. Yebumote to Upper Mandate (E-S)
 



L = 4 X 8.51 = 34.04m 





b. Adeta to Mandate (W-N)





L = 4 X 8.89 = 35.56m 




c. Mandate to Yebumote (N-E)





L = 4 X 9.81 = 39.24m 




d. Upper Mandate to Adeta(S-W)





L = 4 X 10.48 = 41.92m 





Now it is clear that the minimum capacity of the rotary intersection is 3735 PCU/hour. The capacity of rotary is the minimum of the capacity of all the weaving section. Now it is seen from the above result that the maximum capacity of the rotary is 3735 PCU/hour. And the total traffic entering the intersection is 4479 PCU/hour. Hence in this case the Signalized Rotary can be provided which is suggested in this case.


	Approach
	Traffic flow (F)
	Capacity (C)
	 Ration (F/C)

	Mandate 
	5273
	4507
	1.17

	Lagal Study
	6759
	4891
	1.38

	Adeta 
	4544
	3735
	1.22

	Yebumot Hotel
	4638
	3868
	1.20


Table 4.15 Ratio of Traffic Flow to Capacity.

4.3 Discussion of the Results
There are four approaches to the intersection, namely: Mandate, Upper Mandate, Adeta and Yebumot Hotel approaches. The performance and improvement of approaches are discussed below:
For Mandate approach, it has an entry width of 6.42m, exit width of 6.20m, and approach width of 6.83m. The peak period fell between 8:00am and 9:00am, when workers, children and market women go to work and school. The delay study shows that the approach has average delay per stopped vehicle of 29.09 seconds and is operating at level of service D, meaning that the leg was approaching unstable flow. This approach had the highest traffic volume. From volume trend variation graph, the morning peak period fell between 8am and 9am while the afternoon peak period fell between 2pm and 3pm. The evening peak period fell between 5pm and 6pm. The highest traffic volume fell on Monday while Sunday exhibited the lowest traffic volume for the approach.
For Upper Mandate approach, it has an entry width of 6.91m, exit width of 7.05m, and approach width of 6.95m. The peak period fell between 7:00am and 8:00am, when workers, children and market women go to work and school. The delay study shows that the approach has average delay per stopped vehicle of 25.54 seconds and is operating at level of service D, meaning that the leg was approaching unstable flow. This approach had the second highest numbers of traffic volume. From volume trend variation graph, the morning peak period fell between 7am and 8am while the afternoon peak period fell between 2pm and 3pm. The evening peak period fell between 5pm and 6pm. The highest traffic volume fell on Monday while Wednesday exhibited the lowest traffic volume for the approach.
For Yebumote approach, it has an entry width of 5.22m, exit width of 4.80m, and approach width of 4.58m. The peak period fell between 5:00pm and 6:00pm, when workers return from their working place, traders return from market and children return from school and extramural studies. The delay study shows that the approach has average delay per stopped vehicle of 26.47 seconds and is operating at level of service D, meaning that the leg was approaching unstable flow. This approach had the third highest traffic volume. From volume trend variation graph, the morning peak period fell between 7am and 8am while the afternoon peak period fell between 2pm and 3pm. The evening peak period fell between 5pm and 6pm. The highest traffic volume fell on Monday while Sunday exhibited the lowest traffic volume for the approach.
For Adeta approach, it has an entry width of 5.44m, exit width of 4.34m, and approach width of 5.23m. The peak period fell between 8:00am and 9:00am, when workers, children and market women go to work and school. The delay study shows that the approach has average delay per stopped vehicle of 23.35 seconds and is operating at level of service C, meaning that the leg was operating at a relatively stable flow. This approach had the lowest traffic volume. From volume trend variation graph, the morning peak period fell between 8am and 9am while the afternoon peak period fell between 1pm and 2pm. The evening peak period fell between 5pm and 6pm. The highest traffic volume fell on Monday while Saturday exhibited the lowest traffic volume for the approach.
4.5.1 Traffic Improvement at the Intersection
From the graph of daily volume trend for each leg of the intersection, the peak period for leg 1 (Mandate) approach fell between 8am - 9am on Monday, the capacity is 894 PCU/hour. Also, the peak period for leg 2 (Upper Mandate) approach fell between 7am - 8am on Monday and the capacity is 1161 PCU/hour. Similarly, the peak period for leg 3 (Offa Garage) approach fell between 5pm - 6pm on Monday and the capacity is 789 PCU/hour. Likewise, the peak period for leg 3 (Tipper Garage) approach fell between 8am - 9am on Monday and the capacity is 740 PCU/hour. The capacity of the major route is beyond maximum PCU/hour, hence the need for improvement measures to be considered.
4.6 Proposed Improvement Measures
4.6.1 Geometric Modifications
To enhance capacity, the following geometric improvements were proposed:
· Widening entry and exit lanes to 4.5 meters.
· Adding a bypass lane for right-turning traffic on the busiest approach.
· Reducing the central island diameter to 25 meters to allow for wider circulating lanes.
4.6.2 Simulation of Proposed Design
The improved design was simulated in PTV Vissim. Results indicated a reduction in average queue lengths to 30 meters and average delays to 25 seconds per vehicle during peak periods. The LOS improved to C, reflecting stable flow with acceptable delays.


CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 Summary of Findings
The study evaluated the capacity and performance of the Mandate Roundabout using microscopic simulation. Key findings include:
· The existing roundabout operates at LOS D during peak periods, with significant delays and queue lengths.
· Microscopic simulation using PTV Vissim effectively modeled current conditions and tested improvement scenarios.
· Proposed geometric modifications led to improved performance, reducing delays and enhancing LOS to C. 
5.2 Conclusions
The Mandate Roundabout currently experiences operational challenges during peak traffic periods. Microscopic simulation has proven to be a valuable tool in diagnosing these issues and evaluating potential solutions. Implementing the proposed geometric improvements is expected to enhance traffic flow and reduce delays.
5.3 Recommendations
Based on the study's findings, the following recommendations are made:
1. Implementation of Geometric Improvements: Adopt the proposed design changes to increase capacity and improve LOS. 
2. Regular Traffic Monitoring: Establish a routine traffic data collection program to monitor performance and inform future interventions.
3. Public Awareness Campaigns: Educate drivers on proper roundabout usage to improve compliance and safety.
4. Further Studies: Conduct additional research on the impact of pedestrian movements and public transportation integration at the roundabout.
5.4 Limitations of the Study
The study was limited by the availability of traffic data and the exclusion of pedestrian and cyclist interactions in the simulation model. Future studies should incorporate these elements for a more comprehensive analysis.
5.5 Suggestions for Future Research
Future research could explore the application of intelligent transportation systems (ITS) at roundabouts, assess environmental impacts of traffic flow improvements, and evaluate the cost-benefit analysis of proposed interventions.
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