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Abstract 
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In a modern society, transportation networks support complex economic and social 

interactions, making them a major component of our society. Traffic congestion still remains 

a major concern in the field of traffic engineering due to an increasing population. Traffic 

congestion can be referred as a state in which the traffic flow at a road network is experiencing 

high densities and low speeds, consequently leading to negative impacts on society.  

A city of Darwin, NT, Australia, is considered as one of the least populated cities. While Darwin 

maintains overall satisfactory traffic conditions, newly constructed suburbs and recent 

increase in migration has led to a drastic increase of transportation footprint. As a result, 

several road networks experience congestion during peak hours (AM and PM). A road network 

including two intersections; roundabout and signalised intersection currently experience this 

issue. This paper aims to provide a traffic efficiency solution for this network. 

Traffic surveys such as traffic volume, queue length surveys were conducted to develop a road 

network in SIDRA INTERSECTION 8 with numerous site visits. This software is a micro-analytic 

modelling tool that will be used for simulating the results from traffic surveys. The results 

suggest that during both AM and PM peak traffic, the two most affected approaches include; 

exit north Nightcliff road and Progress drive, where the Degree of Saturation (DoS) was 

discovered to be more than the maximum practical DoS and unsatisfactory Level of Service 

(LoS).  

Diverse intersections were explored in providing a solution to traffic congestion on Progress 

drive. An addition of a shared lane on Progress drive ensuring both lanes are allowed to turn 

right is one of the possible solutions. Partial signalisation of the roundabout intersection was 

also considered however, site restrictions do not allow. While the recommended solution is 

to replace the roundabout with linked traffic signals so that signals remain coordinated.  
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1. Introduction 

 Background 

Congestion is one of the major problems in people’s daily lives, especially in cities with large 

population. In extreme circumstances, people are forced to take different travel routes to 

avoid traffic congestion. Darwin is considered Australia’s least congested city due to its small 

population. Despite being the least congested, according to Australian Automobile 

Association, Darwin experiences worse congestion during the AM peak hours compared to the 

PM peak hours. In terms of the delay, Darwin North to CBD route had the worst increase travel 

time with an average of 1.2 minute increase in AM peak hours from 2013 to 2018, similarly, 

Wagaman to CBD also had an increase average time of 1.0 minute. Furthermore, average 

speed decreased by 4.8% for the route from Airport to CBD, this is critical as airport routes 

can directly affect the productivity of a city and unreliable travel to airports compromises 

access to key market and redistricts economic growth (Australians Automobile Association , 

2018).  

These delay facts demonstrate that the current traffic conditions are not desirable for a 

relatively small population of Darwin. Therefore, actions must be taken to improve the traffic 

efficiency as Darwin being the capital city of the Northern Territory containing approximately 

60% of the territory’s population. According to Australian Bureau of Statistics, Darwin’s annual 

growth rate is 2.6% since 2006 census and 1.68% in 2018 with a population of 150,880. Due 

to the increase in the population, the current traffic network must be evaluated to meet the 

increased traffic demand (Population Australia , 2019). Since the population of Darwin is 

increasing consistently over the years, the traffic condition will eventually deteriorate and 

result in poor traffic efficiency if no changes are implemented to the current conditions. 

Traffic efficiency refers as to what extent can a facility meet the travel demand of the road 

users. It can be affected by several factors including the road geometry, environmental factors 

as well as human judgement. In general, an intersection is known to have the least efficiency 

due to increase traffic volume as well as number of conflict points. Conflict points are points 

at an intersection when a road user is crossing, merging, or diverging, oppose another road 

user.  
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To improve the traffic efficiency, number of conflict points at an intersection must be kept to 

a minimum where possible. Roundabouts are known to have the least conflict points of only 

8 whereas, a T-intersection has 9 conflict points and a cross-intersection has over 32 

intersection points.  

Not only does the roundabout significantly reduces the conflict points, its features such as the 

as central island and the approach geometry provides speed reduction which makes 

roundabouts one of the safest intersections. In terms of efficiency, roundabouts are 

dependent on the geometric design where an inappropriate design can lead to congestion 

issues and hence result in potential incidents for the road users.  

 

 Aim of Research  

The aim of this paper is to provide a traffic efficiency solution to a road network including; a 

roundabout and a signalised intersection. The focus remains on design principles such as 

geometric changes and treatments to improve the overall efficiency of all road users. Site 

observation, traffic surveys, and SIDRA INTERSECTION modelling software will be used to 

check the traffic conditions and previous studies will also be reviewed to propose possible 

improvements. Safety of all road users will be the priority in any proposed improvement. 

 

 

Figure 1.1: Conflicting intersection manoeuvres (University of Southern Queensland Australia , 2013) 

Figure 1.2: Conflict points (University of Southern Queensland Australia , 2013) 
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 Objectives  

The objectives of this thesis paper have been outlined below:  

1.3.1 Primary objectives  

a) To understand a roundabout intersection design and further evaluate it in terms of 

reduction of traffic delays.  

b) To understand the current traffic condition (congestion) of the selected intersection 

(Nightcliff Road and Progress Drive). 

c) To assess and classify the suitable designs for the intersection according to the 

features and analyse the traffic efficiency of the intersection by using intersection 

modelling software (SIDRA). 

d) By comparing traffic efficiency, determine the most appropriate design for improving 

the traffic efficiency.  

e) To understand a traffic network and explore potential future development for 

intersection design to relieve the traffic congestion. 

1.3.2 Secondary Objectives  

a) To determine appropriate intersection design in the different condition of traffic 

volume. 

b) To explore whether the traffic efficiency of the intersection design can be improved by 

combination of control methods  

c) To determine the types of intersection design that are suitable for multiple control 

methods. 

d) Provide findings that apply to similar issues at an intersection.  
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2. Site Background 

Nightcliff Road and Progress Drive are two primary collector roads that delivers the important 

links for the suburbs of Nightcliff and Rapid Creek to the Darwin arterial road network. These 

two roads currently intersect at a roundabout in very close proximity to the signalized 

intersection of Nightcliff Road and Trower Road. This means some issues may appear in these 

intersections due to large traffic volume. The large traffic volume induces greater traffic 

pressure, which results in increased waiting time, increased possibility of potential accidents 

and difficulty to access the road for other road users than vehicles. Furthermore, there are 

number of schools, within the suburb of Nightcliff and Rapid Creek and particularly during 

school pick-up and drop-off times, this intersection is congested. Traffic can bank up along 

Nightcliff Road and Progress Drive which causes delays. Furthermore, unbalanced flows on 

the roundabout, primarily because of the nearby signalised intersection sending traffic in 

platoons, exacerbate the situation. Therefore, the current design of this network will be 

evaluated to improve the traffic efficiency. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Nightcliff Road and Progress Drive roundabout intersection (Photo by 
Nitin Dhir) 

Figure 2. 2: Site location 
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3. Literature Review 

3.1 Traffic flow  
 
Traffic flow is one of the complex and a fundamental phenomenon that has been studied 

extensively in transportation engineering. Through studies it was determined that traffic flow 

is concerned with the movement of individuals around a network. These units are not only 

limited to movement of traffic indicated by vehicles but also concerns all the road users such 

as pedestrians and cyclists.  

 

Traffic flow can be divided into two categories: uninterrupted flow and interrupted flow. 

Uninterrupted flows are flows in a traffic stream which are not interrupted by external 

controls such as traffic lights and stop and yield signs. A prime example of an uninterrupted 

flow would be a freeway as it consists interactions among the vehicles and with the road 

environment. Most of the road interactions in urban roads fall under the category of 

interrupted flow facilities. To analyse the traffic stream, traffic stream behaviour must be 

considered as roads consist of interactions between drivers, vehicles and with the road 

environment itself. To understand the traffic stream behaviour, transportation professionals 

developed macroscopic and microscopic parameters (Lester A. Hoel, 2011). In macroscopic 

approach, the traffic flow is considered in a cumulative sense and makes use of the physical 

analogies to traffic flow such as heat flow and fluid flow. A relationship of the traffic flow has 

been shown: 

𝑞 = 𝑘𝑣 

Where:  

 

𝒒 𝑖𝑠 𝑡ℎ𝑒  𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑒ℎ𝑖𝑐𝑙𝑒𝑠 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑎𝑡 𝑓𝑖𝑥𝑒𝑑 𝑡𝑖𝑚𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑖𝑛 𝑣𝑒ℎ

/ℎ𝑟 

𝑘 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑠 𝑡ℎ𝑒 𝑡𝑟𝑎𝑓𝑓𝑖𝑐 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑖𝑛 𝑣𝑒ℎ/𝑘𝑚 

𝑣 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑟𝑎𝑓𝑓𝑖𝑐 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑖𝑛 𝑘𝑚/ℎ 

 

The flow rate can be calculated by determining the distance between two points and recording 

the number of passing vehicles and time intervals. In general, this is achieved by observing the 

numbers of vehicles at a certain period of time and between selected points.  
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Where the macroscopic approach considers traffic in a cumulative sense, microscopic 

approach considers the response of each vehicle individually and studies the behaviour of the 

individual driver on vehicle movement. The two main parameters for microscopic approach 

include Headway (h) which refers to the difference in time taken by the front of the vehicle to 

pass a point and time the following vehicle takes to reach the same point and Spacing (d) 

which refers to the distance between the front of the two vehicles following each other (Lester 

A. Hoel, 2011).  

 

3.2 Traffic Capacity  

Before understanding the concept of traffic capacity, one must understand what is meant by 

traffic volume. Traffic volume is referred as the number of vehicles on road network and is a 

measure of quantity. Traffic volume on a specific section of the facility can vary significantly 

between peak and non-peak hours, days, and seasons. Traffic demand patterns are crucial 

particularly in Darwin where there is a large tourist demand in the dry season. To measure 

traffic volumes following parameters are often employed:  

 

Average Daily Traffic (ADT): It represents the total number of vehicles in a certain period (less 

than a year) divided by the number of days in the period. It is often used for specific time 

period during a year for purposes relating to that time period to represent short-term 

performance.  

Average Annual Daily Traffic (AADT): Like ADT, except the fact that it is the total volume of 

traffic for the entire year divided by the number of days in the year. AADT often represents 

the long-term performance and useful for future development (Department of Transport and 

Main Roads, 2004).  

ADT and AADT are used in:  

• Assessing annual usage 

• Aids in strategic link analysis  

• Justifying expenditure of funds on projects 

• Designing structural elements of the road such as pavement 
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Capacity analysis addresses one of the most important questions as to how much traffic a 

given facility can accommodate under a given operating conditions. To do so one develops set 

of models or analytical equations that relate to flow levels, geometric parameters, 

environmental conditions, and control strategies. These analytical models allow to determine 

the maximum traffic-carrying capacity of a facility and the expected quality or level of service 

at different flow levels.  

 

According to The Highway Capacity Manual (HCM) capacity is defined as following:  

“The capacity of a facility is the maximum hourly rate at which persons or vehicles can 

reasonably be expected to traverse a point or a uniform section of a lane or roadway during a 

given time period under prevailing roadway, traffic, and control conditions.” (Lester A. Hoel, 

2011) 

 

It should be noted that this definition covers a great range of situations on the road. Firstly, it 

defines the capacity as either vehicles or persons. The capacity of the roads for example will 

be defined as vehicles on the other hand for transit or pedestrian facilities the capacity will be 

expressed as persons. Secondly, the definition specifies the capacity for a point or a uniform 

section on a given facility. Geometrical characteristics, the class of vehicles using it and any 

control condition such as traffic signals vary the capacity of facility. Therefore, capacity can 

only be defined for a uniform section where factors affecting the capacity remain unchanged. 

Moreover, the definition uses the work reasonably which implies that the capacity could vary 

from one location to another or from day to day for a given facility. This further implies that 

the analysis conducted by HCM does not use the highest recorded values for capacity analysis 

but, rather a flow level that can reasonably be achieved repeatedly on a given facility (Lester 

A. Hoel, 2011).   

 

Traffic volume is generally used to indicate the level of congestion on a facility. Since, traffic 

volume only refers to the number of vehicles on a road network, it does not give a direct 

indication of traffic volume with respect to the facility’s capacity. Therefore, a combination of 

traffic volume and capacity know as volume-capacity ratio, have been developed to allow 

engineers to check the level of congestion.  It represents how much of the facility’s capacity is 

being utilised by the demand. A table has been constructed below to outline what various 

volume to capacity ratio indicate on a facility. 
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V/C ratio  Description  

<0.85 The facility is operating under capacity.  

0.85-0.95 The facility is operating near its capacity. Higher delays may 

be expected however, not continuously. 

0.95-1.0 Unstable flow lead to great range of delays. Improvements 

will be required to avoid excessive delay.   

>1.0 The demand exceeds the designed capacity of the facility. 

Excessive delays and queue are predicted.  

Table 3.1: Volume-Capacity Ratio 

A v/c ratio between 0.85-0.95 is generally used for the peak hour for design purposes. 

Overdesigning should be avoided as it can have negative impact to pedestrians associated 

with streets with wider crossing, and the potential for speeding and land use impacts and cost 

(Federal Highway Administration Research and Technology, 2004). Volume and capacity ratio 

can be determined simply by dividing the current demand by the capacity of the facility. 

 

3.3 Level of Service  

It is not viable to only determine the maximum number of vehicles, or pedestrians that a 

facility can accommodate, but also an equal interest of quantifying the quality or the level of 

service in terms of measure of delay such as speed, trip time, interruptions, safety, and ability 

to manoeuvre etc. Level of service is the direct function of the flow or usage level on the 

facility. For instance, on road facility, when there are only few vehicles on the road, drivers 

usually tend to travel at the speed they desire with consideration to the conditions and 

geometric conditions of the road. When the traffic volume tends to increase, the gap between 

the vehicles starts to reduce, and congestion starts to develop. Congestion can be anywhere 

from severe speed reduction to a complete gridlock where the vehicles speed approaches zero 

(Lester A. Hoel, 2011). According to the Department of Main Roads, level of service (LoS) has 

been assigned letters A to F for describing traffic flow conditions, with A being the best 

possible condition and LoS F being the worst. To understand the differences between the level 

of service, Department of Main Roads has developed images with explanations which 

illustrates these differences more clearly (Department of Transport and Main Roads, 2004).  
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Figure 3.1: LoS A, Free flow with high speeds 
and low flows. This allows drivers to travel at 
their desired speeds with little interference. 

Figure 3.2: LoS B, Moderate design flows with reasonable freedom 
to select their speed. 

Figure 3.3: LoS C, drivers are restricted to a speed however still travel at 
an optimum speed. 

Figure 3.4: LoS D, Tolerable capacity  

Figure 3.5: LoS E, Close to the actual capacity of the road with momentary 
stoppages. 

Figure 3.6: LoS F, Demand exceeds capacity, with excessive 
queues and delays. 
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3.4 Degree of Saturation  
 
Degree of saturation just like volume-capacity ratio, as it is a measure of how much demand 

is a facility experiencing compared to its total capacity. A value of 100% indicates that the 

demand to equal to the capacity of the facility and no further traffic intake is possible. Values 

over 85% suggests that a facility is suffering from traffic congestion, with queue of vehicles 

beginning to form (Government of South Australia , 2017).  

 

3.5 Traffic congestion  

Traffic congestion has become the plague of modern society in large cities. It remains a major 

issue in traffic engineering which still requires more work to understand and resolve. Through 

extensive research, traffic congestion has been classified into three main categories: demand 

capacity related, delay-travel time related and, cost related. Since, this paper aims to reduce 

traffic congestion at a certain period, demand and capacity related approach is used to explain 

the term traffic congestion. According to Bovy and Salomom, 2002, traffic congestion is a state 

at which the traffic flow at a facility is experiencing high densities and low speeds, relative to 

some chosen reference state typically with low densities and high speeds (Aftabuzzaman, 

2007).  

 

The main cause of congestion is that the traffic volume is too close to the facility’s maximum 

capacity. In one way, congestion can be thought of as road traffic growing faster than the road 

capacity. This is not a temporary problem as congestion will only increase in the absence of 

measure to reduce traffic. From day to day, traffic congestion has proven to affect he economy 

and people’s daily lives. A study conducted by Richard Arnott and Kenneth Small illustrated 

that cost of driving is quantifiable. The research showed that drivers would willingly pay on 

average of $1.33 to save 10 minutes travel time, $8.00 per hour in United States (Small, 1994). 

Additionally, a study conducted by Kent Hymel on effects of traffic congestion on employment 

growth, provides robust evidence that congestion decreases subsequent employment growth. 

Also, that the dampening effect on growth are non-linear and more intense in highly 

congested places. Moreover, the study also found that congestion has a broad negative 

impact on economic growth (Hymel, 2008).  
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Traffic congestion can also be thought of as a negative traffic flow, where traffic condition is 

highly inefficient. Researchers have divided congestion into two distinguish categories: 

recurrent and nonrecurrent. Recurrent refers to congestion where the general demand 

exceeds the capacity, whereas nonrecurrent refers to conditions caused by arbitrary events 

such as weather conditions, ongoing construction or any collisions. This thesis will also 

investigate recurrent congestion as it uses peak hour event such as morning and evening event 

that cause temporary confined impacts on system performance (Sweet, 2011). A research on 

road accidents and traffic flow shows that accidents vary significantly with traffic flows and 

later determining a proportional relationship between them (ANDREW DICKERSON, 2000).   

 

3.6 Traffic efficiency  

Traffic efficiency is described as to what extent can a facility meet the travel demand of the 

road users. It is the main factor that determines the scale of transportation supply and the 

relationship between supply and demand of the transportation system (Evangelia Gaitanidou, 

2012). In this context the term “road users” refers to vehicles, pedestrians and cyclists. By 

determining the traffic efficiency of a facility, one can comment on whether the traffic supply 

is sufficient or not. A low traffic efficiency indicates that congestion is likely to occur at a 

particular section or at an intersection of a facility which further indicates inappropriate design 

or that the facility has experienced major growth after the last modification was implemented. 

Traffic efficiency is measured by observation and traffic data obtained by conducting traffic 

survey. Time of delay, emission, and cost are some of the main factors that are often used to 

assess the performance of traffic efficiency at specified section of a facility.   

3.7 Time of delay  

Delay appears to be a simple and a well understood concept and is taken to be a name for 

wasted time on a journey. However, it attempts to compute as a measure of performance of 

a transportation facility. From the road users’ point of view delay is the wasted time which 

differs from the researchers. To pursue these differences, a research on The Concept of Delay, 

discovered that delay plays no part in the process of economic appraisal. It is the saving in 

journey time which accounts for about 80% of the benefits, savings in accidents costs account 

for most of the remaining 20% according to the Department of the Environment. However, 

many aspects of the performance of traffic network, including delay are useful measures of 

performance excluding cost-benefit. One measure includes the number of stop per unit length 
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of journey. Having to stop numerous times can cause frustration and hence a performance 

indicator. Another performance measure is the noise of acceleration, which is difficult to 

measure. Frequent changes in the speed reduce the comfort of journey and acceleration noise 

also provides an objective measure of the journey quality. According to Highway Research 

Board Bulletin, delays can be categorised into network delays and operational delays. Network 

delays refer to the losses associated with stopping at intersection etc. On the other hand, 

operation delays are the losses which arise from vehicles interaction. Overall, delay occurs 

due to the existence of driver frustration which converts loss of time into delay. Therefore, 

delay can be defined as unwanted journey time (TILLOTSON, 1981). Figure 3.7, indicates the 

time lost at a signalised intersection.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.8 Emission of CO2 and Costs  

Emission of 𝐶𝑂2 is another measure of traffic efficiency. Due to increase in population as well 

as vehicle ownership, frequency of making trips have increased significantly. Furthermore, 

traffic congestion is another issue which assists in increase 𝐶𝑂2 emission as vehicles spend 

most of their time on the road and hence their journey time increase and as a result, several 

environmental issues such as greenhouse gases have risen (Shashank Bharadwaja, 2017). 

Travel route is also another factor to increase emission rates, as during peak hours, people 

tend to choose a travel route which is least congested or has higher traffic efficiency even if 

the route is longer. Longer route indicates more fuel consumption indicating more fuel costs 

Figure 3.7: Distance verse time for traffic flow through signal-
controlled intersection (Gartner, 2013) 
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and hence more emissions. According to the Environment Protection Agency, transportation 

sector is one of the largest productions of greenhouse gas emission and hence transportation 

system should be focused on making it more environmentally sustainable. Research 

conducted have demonstrated that 56 billion pounds of additional 𝐶𝑂2 was produced due to 

lower vehicles speed under congested conditions. Moreover, traffic lights which is a key 

element in the urban transportation creates speed variation and stops for vehicles.  

These speed fluctuations and stops were noted too sensitive to vehicle fuel consumption rate, 

especially when it comes to aggressive acceleration rates after the stops. As a result, not only 

significant emissions are generated but also costs for users also increases. One of the methods 

that can be implemented to minimise emission is to optimise their travel route as they pass 

through an intersection. This includes designing the signal timing at an intersection that allows 

large percentage of the traffic volume to drive through with minimum acceleration or 

deceleration and stops (Alvaro J. Calle-Laguna, 2019).   

 

3.9  Traffic speed and speed limits  

Speed of the existing road dictates the traffic flow of the facility as it relates to safety, time, 

comfort, convenience and economics. Speed in general can be referred to as the travelling 

distance over travelling time and is measured in meters per seconds (m/s). According to the 

speed studies conducted, speeds can be categorised into the following (Office of Highway 

Information Management , 1998):  

• Spot speeds: Refers to the instantaneous speed of a vehicle at a specific point on a 

facility.  

• Running speed: This is the average speed of the vehicle while it is actually in motion. It 

excludes the time of the journey in which the vehicle suffers delay. 

• Overall speed: It is the speed that a vehicle covers between two terminals including all 

the delays.  

• Time-mean speed: Associated with an average speed with single point along a facility 

over specified period of time.  

• Space-mean speed: It is average speed of all the vehicles passing at a specific location 

on a facility 
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Traffic speed is often controlled by speed limits posted along the length of a facility. Speed 

limit refers to the legal speed that a driver must not drive over. The purpose of speed limits is 

to maximise safety for all road users as well as to reflect the characteristics of the facility such 

as role and function of the road, type of road users, abutting land and access, road geometry, 

hazards that might be present and crash history. Speed limits posted on the road can be on 

temporary basis (due to the on-going construction) as well as permanent depending on the 

facility (Austroads , 2008).  

 

Operation speed also known as the 85th percentile speed is speed at which the roads are 

designed for. It refers to the speed at or below which 85% of the vehicles are observed to 

travel under free-flowing conditions while the remaining 15% of the vehicles exceed their 

speed. Vehicles who exceed their speed are prone accidents and to increase risk safety they 

are expected to maintain a higher level of alertness (Austroads, 2016).  

 

The table below provides typical posted speed limits in km/h as a rough indication, factors 

discussed earlier in this chapter must be considered prior of implementing these at a facility.  

 
 
 
 
 
 
 
 
 
 
 

Table 3.2: Typical posted speed limits (km/h) (Austroads, 2016) 
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3.10 Road users  

The term “Road users” as defined in the earlier chapter of this paper refers to everyone who 

uses the road. This includes vehicles, cyclists, and pedestrians. Since, vehicles are the majority 

of the road users, according to Austroads 2016, the following classification system by vehicle 

length has been adopted and categorised into four different groups.  

 

 

 

 

 

 

 

 

Additionally, these four classifications have been further broken down into 12-bin vehicle 

classification system to allow for more detail and clarity (refer to the appendix A).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3.3: Vehicle classification by length (Austroads, 2006) 
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3.11 Roundabouts  

Roundabouts are a common type of unsignalised intersection which allow traffic flow to be 

operated freely, and entirely based on traffic regulations. Certain give-way rules and road 

signage are used to explain and indicate the road users of priority of accessing the roundabout 

and to ensure that conflicts can be minimised and decrease the amount of collisions. Each 

roundabout contains a circular island in the centre of the intersection and circulating lane 

along the circular island. While following the usual give-way rule, vehicles about to enter the 

roundabout also must give-way to the vehicles which are already in the circulating lanes. 

Roundabouts can be designed in different shapes such as 3-leg and 4-leg roundabout 

depending on the traffic volume and geometry constrains. This paper will focus on a 3-leg 

roundabout which contains three approaches and exits with one or more circulating lanes.  A 

figure below illustrates a typical roundabout and its geometrical elements (Austroads , 2015).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The major components in geometric design in roundabouts have been discussed according to 

Austroads 2015, 4B: 

Figure 3.8: Geometric elements of roundabout (Austroads, 2015) 
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3.11.1  Number of legs and lanes  

One of the primary reasons for using a roundabout intersection is because it significantly 

reduces the number of conflict points. A single-lane roundabout can operate satisfactorily 

with more than four legs. However, legs at angles should be avoided for a multi-leg 

roundabout as it can create conflicts at exits and thus increase the likelihood of a collision. 

Furthermore, the number of roundabout lanes provided should be checked to ensure that it 

achieves the desired capacity and operating requirements for the future traffic volumes. 

Circulating lanes are generally kept as two for safety considerations and must be equal to or 

greater than the entry lanes on that approach. Entry lanes are dictated by the capacity or the 

level of service on that approach and can be determined by capacity analysis. The number of 

exit lane must not be greater than the number of circulating lanes. Additionally, left turn slip 

lanes can be extremely beneficial when significant traffic volume is turning left. This can 

possibly also avoid the need for an additional entry lane (Austroads , 2015).  

3.11.2  Central Island  

Central island can take the shapes of circular, elliptical, oblong or other shapes to suit unusual 

site conditions, however, circular is preferred. When considering shapes other than circular, 

different circulation speed for different section of the carriageway will be required. Central 

island is raised on flat terrain and when the size of the roundabout is greater than 20-25m 

diameter to ensure that drivers can recognise that they are approaching a roundabout and to 

improve visibility of the island. It should be made sure that the roundabout is not excessively 

large as it can promote high entry or circulating speeds and therefore the size should be large 

enough to achieve the desired geometry (Austroads , 2015).  

3.11.3  Approach and Entry Geometry  

Approach and entry treatments are one of the most important geometric parameters for 

roundabouts as they influence the entry speed of the traffic and consequently the safety 

performance of the roundabout. Controlling the entry speed of the traffic minimises rear-end 

type crashes and potential risk to pedestrians and cyclists. Roundabouts achieve this by 

including a raised median island on the approach and a kerb along the left side and together 

with the approach alignment create a physical restriction that slows the drivers. Successive 

reverse curves treatments are implemented with approaches for high speed of greater than 

80km/h. It significantly reduces the traffic speed by 20km/h. Blisters on the other hand are 
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executed in low-speed areas and involve the extension of the kerb to create entry curvature 

(Austroads , 2015).  

3.11.4  Design Principles 

Now that the geometrical parameters have been covered, there are several design principles 

that should be applied to achieve a safe and efficient roundabout. According to Austroads 

2015 4B, these are as following:  

• The most important design principle is providing drivers with sufficient approach sight distance 

in advance of approaching the roundabout. 

• To limit the entry speed, appropriate entry curvature should be implemented. 

• Entry speed should be adopted after considering all road users such as pedestrians and cyclists. 

• Exits should be designed in a way that all vehicles depart efficiently.   

• To avoid overlapping, the inscribed circle diameter must be large enough to accommodate all 

entries and exits to an appropriate standard.  

• Swept path analysis of the vehicles should be conducted to ensure that the width of circulating 

roadway is sufficient. Clearance to kerbs should also be provided for both through movements 

and right-turn movements.  

• To ensure that the roundabout operates at a satisfactory level of service, sufficient circulating 

and exit lanes must be provided.  

• For vehicles approaching the roundabout, sufficient visibility should be present so that they 

are able to see both circulating traffic as well as potentially conflicting traffic from the other 

approaches so that they can enter the roundabout safely.  

 

3.11.5  Safety concerns on roundabouts 

Numerous before and after type studies have established that in general, few motor vehicle 

accidents resulting in casualty crashes occur at roundabouts when compared to other types 

of intersections such as traffic signals, stop, or give-way signs. Thus, according to Austroads 

2015, a well-designed roundabout is known to be the safest form of intersection control. 

Lower speeds at the roundabouts is the primary reason for the improved safety. On the other 

hand, safety aspects for pedestrians and cyclists are of concern at a roundabout intersection. 

This is because roundabouts do not give priority to pedestrians over through or right-turning 

traffic, and results is reduction in accessibility for pedestrians. While several treatments that 

can be implemented at roundabout intersection for pedestrians and cyclist, it is not 
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recommended to utilise a roundabout intersection where high level of cycle and pedestrian 

traffic is expected (Austroads , 2015).  

 

3.11.5.1 Pedestrians and Cyclists  

The main issue for pedestrians is that they are unable to cross the road due to the traffic 

coming in several directions at a roundabout intersection. As a result, stage crossing is often 

implemented for a safer crossing as the size of the roundabout intersection is quite large. 

Generally, installation of spitter island of sufficient size to hold and protect pedestrians allows 

them to cross only one direction of traffic at a time. Where there is higher pedestrian volume 

across one leg of an intersection compared to moderate to low pedestrian volume on the 

other approaches, it may be appropriate to install signalised pedestrian crossing. This must 

consider the traffic analysis and safety issues. Some of methods that will improve the level of 

service and safety of pedestrians have been discussed below (Austroads Sydney , 2017):  

• Provision of pedestrian crossing on approaches 

• Crossing designed for disability  

• Crossing should be oriented to provide pedestrians to have a straight travel path across 

the road by the shortest route.  

• The location of the crossing on the approaches should be 6-12m back from the holding 

line and at exits it should be 12-24m to provide drivers with adequate time to observe 

and respond to the pedestrian.  

 

For cyclists, studies have revealed that majority of the crashes involved an entering vehicle 

colliding with a cyclist on the circulation lane. This issue suggests that entering vehicles have 

difficulty in detecting the cyclists as they look out for larger vehicles approaching from their 

right. Consequently, a separate cycle path may be the safest treatment where traffic volumes 

are high. For instances, where large cyclist volumes have been recorded, an off-road bicycle 

path around the roundabout should be constructed (Austroads Sydney , 2017).  
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3.11.6  Travel way Characteristics  

The basic characteristics of the travel way depends on the associated human and vehicle 

characteristics. Some of the roadway characteristics that provides safe stopping and passing 

manoeuvres have been discussed below:  

Sight Distance: This refers to the length of the road that a driver can see ahead at any given 

time. Sight distance consists of stopping sight distance (SSD). This is a minimum sight distance 

that should be provided on the road to a driver traveling at the designed speed of the road so 

that the driver can observe any obstruction on the road, and be able to stop without any 

collision. Stopping sight distance is known to be the sum of the distance travelled during 

reaction time and the braking distance. SSD can be expressed as the following equation:  

𝑆𝑆𝐷 = 0.028𝑢𝑡 +
𝑢2

254.3(0.35 ± 𝐺)
 

Where,  

𝑢 is the design speed of the road (kmh/hr) 

𝐺 is the grade of the roadway  

 

Taking this into consideration, the sight distance at any point on the road should be at least 

equal to the SSD. This sight distance is usually adequate for normal condition when the driver 

expects the stimulus, however, it may not be adequate for situations when the stimulus is 

unexpected or in situations where driver has no choice but to make unusual manoeuvre. In 

that case, longer sight distance will provide the driver with an opportunity to perform evasive 

manoeuvres, which is some cases may prove to be better than stopping (Lester A. Hoel, 2011).  

 

3.11.6.1 Sight distance on roundabout  

According to Austroads 2015b, there are three criteria that must be met for safe and efficient 

roundabout. They are discussed below:  

• The configuration on the approach should provide the drivers with sufficient approach 

sight distance (ASD) from the holding line so that they have clear vision of the 

circulating carriageway. ASD is based on the speed of vehicles on the geometric 

element before entry curve.  

• Provide adequate sight distance so that driver entering a roundabout can see a vehicle 

entering from the approach directly to the right as well as travelling on the circulating 

roadway. 
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• A vehicle approaching a roundabout should be able to see other vehicles entering 

vehicles prior to reaching the holding line and therefore buys the driver the time to 

stop and allow other vehicles to exit the roundabout.  

 

3.12 Limitations and Potential solutions 

When the roundabout is not performing satisfactorily due to increased traffic volume, it may 

be required to be upgraded. When such cases arise, congestion may occur if upgrade is not 

performed. The current traffic conditions may suggest that the roundabout is still performing 

efficiently with increased traffic volume. However, future population growth must also be 

considered in advance so that roundabout intersection will not suffer congestion. Roundabout 

may need to be upgraded when there are significantly higher traffic volumes and when there 

is a dominant flow in one of the approaches of the roundabout (Austroads , 2015). The 

potential solutions to these issues have been discussed below:  

3.12.1  Increased traffic volume  

Traffic volume can often increase in metro cities due to people migrating as well as tourism. 

Due to the increase in population and traffic demand, the designed capacity maybe not be 

adequate to carry desired demand. Consequently, different methods must be adopted to 

control this situation. One of the possible solutions is to fully signalise the roundabout and in 

this approach traffic modelling must in-cooperated to ensure that timing at the junction can 

be coordinated to achieve the required capacity and performance in terms delay. In doing so, 

geometric changes may require to be altered to achieve improved saturation flow and 

improved capacity.  

Another potential solution is to replace the unsignalised roundabout with a conventional 

signalised intersection. This method involves redesigning the entire intersection which may 

require major construction work and thus the intersection will be closed and diversions will 

be proposed. This control method has been implemented in Queensland at Petrie roundabout 

at the intersection of Anzac Avenue, Dayboro Road and Gympie Road (Department of 

Transport and Main Roads , 2019).  
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3.12.2  Dominant flow  

The performance of roundabouts is sensitive to unbalanced traffic flows. Unbalanced traffic 

flow occurs when the traffic at one approach (dominant) of the roundabout prevents the 

traffic from another affected approach to the left of the dominant flow from entering the 

roundabout. In this issue, metering roundabout signals are often installed. This control 

method is generally considered as a short-term solution when problem develops due to 

changing traffic flows over time. (Main Roads Western Australia , 2015) 

Metering signals consists of two approaches, metered and controlling approach. In metered 

approach, the traffic is stopped by red signals and is given to the approach which is causing 

problems for a downstream approach. Controlling approach is used for the approach with a 

queue detector, and is the approach benefited by metering signals. Practically, when the 

queue on the controlling approach extends back to the queue detector, the signals on the 

metered approach turns red to create a gap in the circulating flow. This assists the controlling 

approach traffic to enter the roundabout. When the red signal is not displayed on the metered 

approach, the roundabout reverts to normal operation.  The sequence of aspect display is Off 

to Yellow to Red to Off. The recommended geometric design of metering signals has been 

indicated below: 

 

 

 

 

 

 

 

 

 

Figure 3. 9: Recommended distances for metering signals (Akçelik, 2011) 
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3.13  Road Pavement  

To avoid excessive deformation on the natural soil caused by loadings of the road users, it is 

necessary to cushion the natural soil using a structure capable to withstand the applied loads 

and distribute them over the natural soil. This structure is called the pavement. Pavements 

are normally classified as either flexible or rigid. The type of pavement used is dependent on 

if they are used for light-trafficked, heavy-trafficked or heavy-duty roads. This further dictates 

the types materials used on these roads. Pavement material can be categorised as cement, 

concrete, asphalt, and granular material such as rocks and gravel. Road cross-sections of these 

pavements’ types have been shown below (University of Southern Queensland Australia , 

2013):  

One of the primary functions of a pavement is load distribution. Therefore, to effectively 

design the pavement, the expected loads excreted on the pavement must be known. Due to 

the applied loads overtime, pavements wear out. Pavement wear is a process in which several 

different deterioration processes act and interact, influenced by various factors such as 

(Pavement Interactive , n.d.):  

• Tire loads  

• Axle and tire configuration  

• Repetition of loads  

• Distribution of traffic across the pavement  

• Vehicle speed  

All these factors must be considered in design the pavement of a road. For example, the 

pavement for a freeway where the speeds of vehicles are 100kmh, would be required to be 

much stronger due to significant traffic volume and loads excreted compared to a residential 

street with speeds of 50kmh are projected with only residents driving of the nearby suburbs. 

Studies have also shown that the energy consumptions during construction, maintenance and 

operation of roads is lower for asphalt pavements than for concrete pavements.  

Figure 3.10:Road cross section of a flexible pavement structure Figure 3.11: Road cross section of a rigid pavement structure 
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Furthermore, the pavement of the road dictates ride quality, delay cost and fuel consumptions 

which are a measure of traffic efficiency (JOINT EAPA/EUROBITUME , 2004). Some of common 

pavement distress modes are fatigue cracking due to the great number of repetitions of 

bending due to wheel loads causing cracks to occur in the bituminous material, rutting causing 

depression in the pavement surface along the wheel path, and potholes resulting from local 

collapse due to structural defects or from frost acting on water access often through cracks. 

(NVF committee Vehicles and Transports , 2008).  

Even though only a small proportion of heavy vehicles are present on roads compared to light 

vehicle, the road pavement must in-cooperate the loadings and damage that a heavy vehicle 

can cause, which in future impacts its operational life in terms of rehabilitation or 

reconstruction sooner than expected (Wilde, 2014). 

3.14 Road Network  

In today’s world, a development of a region is a function of a good transportation network. 

The society demands for an efficient and unimpeded road network after witnessing significant 

issues such as traffic congestion, delays, emissions as well as higher vehicle running costs and 

road accidents. To resolve these issues, network analysis can be utilised which provides the 

shortest route between origin and destination (OD) points. The analysis focuses on numerous 

network characteristics such as travelling distance, time, transportation costs and vehicle 

restrictions. Studies have shown that shortest route does not necessarily indicate shortest 

route in terms of time. This is predominantly due to immense flow of vehicles along the only 

shortest route resulting in time consumption. Therefore, considering time as impedance 

factor should be considered for improved accuracy and efficiency. This information will 

provide the road users to save their transportation costs, time and traffic congestion on 

commuter routes by diverting the excess flow through shorter routes that are less traversed. 

Having such information can also provide long term transportation planning solutions such as 

determining areas which are likely to perform urban activities like shopping centres, schools, 

offices, health centres and recreational activities etc, which are still required to be established 

at a specific location depending on the travel demand and required availability of road class 

to make accessible to  people both within and outside the vicinity. (Debashis Das, Anil Kr. Ojha, 

Harlin Kramsapi, Partha P. Baruah & Mrinal Kr. Dutta, 2019).  
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Performance measure for evaluating road networks is conducted through reliability of road 

network. This has become important particularly considering changes in demand for OD traffic 

and link flow capacity over time. Road network reliability is usually defined by connectivity 

reliability and travel time reliability. Connectivity reliability refers to the probability that a 

destination can be reached with at least one route without disruption within a given period of 

time. On the other hand, a probability that traffic can reach a given destination within a stated 

time is known as travel time reliability. A reliability analysis is also conducted in both normal 

and abnormal (major accidents, disasters) scenarios. This analysis aims at constructing and 

controlling road networks to ensure that road users travel smoothly even if some links in the 

network become congested or fail. (Iida, 1999) 

 

3.15 Traffic Survey  

Traffic surveys refer to the methods of collecting traffic data and basic information about the 

operating characteristics of the traffic. Traffic surveys are utilised for the purpose of traffic 

studies which furthermore are used to plan and design traffic facilities (Austroads Sydeney , 

2017). Therefore, the choice of a survey method used is crucial for the overall survey results. 

Some of the most common survey types are listed below:  

• Traffic volume surveys  

• Travel time, queuing and delay survey,  

• Speed survey  

• Origin-destination survey  

• Pedestrian and cyclist survey  

• Noise, fuel and emission survey  

• Vehicle mass and dimension survey  

• Parking survey  

• Traffic generation surveys 

 

Due to the scope of this paper and the limitations such as time, equipment, and funding, only 

traffic volume and queue survey will be discussed in this paper and moreover, these will be 

required for SIDRA modelling as well.  
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3.15.1  Traffic Volume survey  

Traffic volume survey is based on the point-based studies which involve measurements and 

analysis of data collected at point in space of a road link. They are often used for planning and 

designing the road network system. Traffic count data are the most crucial to understand state 

of a traffic system and are expressed as flow rate indicating number of traffic unit per unit 

time. Expressing traffic count as flow rate is important to calculate the load borne by the traffic 

facility. Due to their outcomes of performance of a facility as well as economic evaluation, it 

is necessary that that they are measured in accordance of standards.  

According to (Austroads Sydeney , 2017) traffic counts can be conducted manually and 

automatically. Some of the common methods of counting traffic automatically include 

automatic axle counts, inductive loops, video image detection. Due to the constrains, manual 

counting approach will be used. Manual counts are carried out at an intersection where 

vehicles turning movements are recorded by mechanical hand-counter. Number of people 

required at an intersection is dictated by the amount of data required and experience of the 

personnel. Manual counts generally underestimate traffic volumes due to missed observation 

and therefore, undercounting of approximately 5% is expected.  

 

3.15.2  Queuing survey  

Queuing survey is based on link- based studies where measurements of a parameter are over 

a road link. Queuing surveys measure the length of the queue when a vehicle in front of it or 

it has stopped by a component of a traffic system. Commonly queues are formed at an 

intersection due to the intersection control methods. The length of the queue and delay are 

related to one another and provides performance of the road network. Queue lengths are 

measured by recording the number of stationary vehicles at particular point which can be later 

be converted to length to represent the queue. Video cameras can also be used to assist in 

recording the queue length and for accuracy purposes.  
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3.16 Previous studies  

There are numerous studies proposed to explain the traffic congestion at a roundabout 

intersection. Although the literature covers a wide variety of such theories, this review will 

focus on delays and capacity estimates as well as geometrical adjustment approach which 

emerge repeatedly throughout the literature reviewed.  

3.16.1  Effects of Pedestrian Impedance on vehicular capacity 

A study was conducted in 2012, on the effects of Pedestrian Impedance on vehicular capacity 

at multilane roundabout with consideration of crossing treatment. The primary objective of 

this study was to determine pedestrian impedance effects of the vehicles entering capacity at 

multilane roundabouts. The study should be able to develop relationships to the tendency of 

drivers to yield to pedestrians and allow for different infrastructure-based treatments to 

improve yielding. Pedestrian Hybrid Beacon (PHB) is one of the crossing treatments should be 

specifically considered. (Bastian Schroeder, 2012) 

To highlight this topic even further, various studies had indicated that roundabouts pose 

accessibility challenges to pedestrians and therefore, there has been a great interest in testing 

different treatments at roundabouts to increase pedestrian safety. PHB is one of the studied 

treatments, and according to the Manual on Uniform Traffic Control Devices, PHB is described 

as a device intended to “warn and control traffic at signalised locations” to help pedestrians 

cross the street by having a red indication. Tests were conducted for several different 

scenarios such as unsignalised with different yielding rates (100%, 75%, 50%, 25% and 0%), 

and signalised treatment (PHB). There were few assumptions been made for this study and 

they are: for PHB, full pedestrian compliance with signal was assumed, meaning that every 

pedestrian would actuate the signal and would wait for the signal to come live prior to 

crossing. Similarly, drivers were also assumed to fully comply with the signal, meaning that 

the drivers would stop for the red indication and with caution drive ahead after the 

pedestrians had cleared the crossing.  
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Results for the unsignalized illustrate that yielding rates at a zebra-crossing were much higher 

in Germany where the original research was performed compared to US roundabouts. This 

suggests that drivers of each country will behave differently to pedestrian crossing treatment. 

Results for the signalized show that as with more pedestrians activating the signal, more 

drivers were delayed, resulting in capacity reduction. It was also established that the 

impedance effect becomes more severe (lower factor) for higher pedestrian volumes. The 

difference in the unsignalised and PHB is the range of impedance factor is quite narrow.   

The effects on pedestrian delay shows extremely high pedestrian delay at low conflicting flows 

for the 0% yielding. This outcome is expected as at low circulating flows, vehicles entering are 

unlikely to stop at the roundabout. With very high approach volumes, only few crossing 

opportunities are available for pedestrians, hence causing high delays up to more than 300s 

on average. As conflicting traffic increases, entering vehicles are more likely to be stopped, 

which creates crossing opportunities in between stopped cars. The pedestrian delay therefore 

decreases to a level of approximately 25-30s. For the 100% yielding case, pedestrians generally 

find several crossing opportunities at all volumes of conflicting traffic. The average pedestrian 

delay is one the order of 5 to 10s which is clearly very low. The results also show a slight 

increase in the pedestrian delay at higher circulating volumes.  

 

 

For PHB, pedestrian delay ranges between 15-30s. There is an effect of circulating volumes 

because at 100% compliance, pedestrian delay is independent of vehicular operations. The 

PHB results in higher delays due to the timing parameter of PHB. For instance, at low 

pedestrian volumes, any pedestrian who arrives is likely to arrive at a time in the cycle after 

the minimum green time has passed and therefore receives immediate service. However, as 

the pedestrian volume increases, additional pedestrian have arrived shortly after a previous 

service call, resulting in the pedestrian having to wait for the next cycle to cross. Overall, the 

Figure 3.13: 0% yield Figure 3.12: 100% yield 



34 | P a g e  
 

PHB pedestrian delay are expected to be higher than the 100% yielding but are not subject to 

the extreme delays as seen in the 0% yielding case.  

 

 

 

 

 

 

 

 

The results obtained from the study discover that the pedestrian impedance is more severe 

with higher pedestrian flow rates but decreases significantly with greater conflicting flow. For 

congested roundabout approaches, the effect of yielding rates on the impedance effect is 

minimal as the relative effort of yielding is small compared with that of pedestrian volumes 

and conflicting circulating flow. The analysis of the PHB treatment shows that the impedance 

effect of the same pedestrian flow is generally less than that for an unsignalized crossing 

environment. PHB treatment offers a more robust means of controlling the interaction 

between pedestrian and vehicles. Also, PHB impedance factors are less severe than any of the 

nonzero yielding cases. 

3.16.2  The Clearwater Beach Entryway Roundabout  

Clearwater is located about midway along Florida’s west coast. Where the Clearwater Beach 

Entryway previously had nine intersections, three of which were signalised with a traffic 

volume of approximately 30,000-58,500 vehicles per day. The beach district was a tourist 

location, congested with diversity of road users which included, drivers and pedestrians of all 

ages, bicyclists, rollerblades and skateboarders. The engineering challenge at Clearwater 

Beach was to design an efficient intersection to provide good service and a pleasant 

experience to the whole spectrum of users. As a result, roundabout was the only solution that 

would provide the safety as it significantly reduced the number of conflict points from 32 with 

high speed and high impact angle to only 8 conflict points at low speeds and low impact angle, 

traffic flow and ambience needs of all users, both motorised and non-motorised. The 

roundabout was designed with an average daily traffic (ADT) of 39,500 (Ken Sides, n.d.).  

Figure 3.14: PHB treatment 
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After implementing roundabout, the traffic conditions during non-peak and peak times 

indicated a level of service (LoS) of A to B, which is considered as high efficiency. When the 

roundabout was once noticed to be overloaded with a traffic volume of 58,456, excessive 

queues were developed as the traffic pours into the local streets and they approach 

saturation, traffic movement slows, and congestion increases rapidly. Consequently, the 

roundabout can deliver arriving traffic to the beach faster than the beach can absorb it, so the 

beach congestion builds that much faster (Ken Sides, n.d.).  

 

 

 

Figure 3.15: Nine intersections prior to roundabout upgrade. 

Figure 3.16: Roundabout upgrade 



36 | P a g e  
 

Therefore, metering signals were adopted to resolve this issue. Placing a metering signal on 

Causeway Boulevard, to be triggered by a vehicle detector on southbound Mandalay Avenue 

at a distance away from the roundabout was considered an acceptable queue length. When 

southbound Mandalay traffic backs up to the loop, the metering signal turns red, incoming 

causeway traffic stops entering the roundabout, the roundabout clears and southbound 

Mandalay traffic can enter the roundabout. Furthermore, the metering signal can also be 

combined with the required pedestrian crosswalk on Causeway Boulevard and be actuated by 

pedestrians, as well as the vehicle loop. Moreover, as a result of the roundabout upgrade, 

pollutants released into the atmosphere greatly reduced due to the free-flow operation. As 

vehicles generate the most pollutants during deceleration, idle, and acceleration (Ken Sides, 

n.d.). From SIDRA modelling software, it was uncovered that roundabout upgrade would 

result in reduction of 493,456 Kg of pollutants released into the atmosphere during the first 

20 years, which is considered a sustainable design.  

 

3.16.3  A Two-lane T-intersection Roundabout 

This study highlights the importance of the circulating lane in a roundabout. Prior to the 

upgrade, the roundabout consisted of two entry lane and single lane circulating road for all 

approach roads. Due to the exclusive arrangement on approach roads, all circulating streams 

would operate effectively as single lane movements irrespective of specifying a single lane or 

two-lane circulating road. As a result, the capacity of the roundabout reduces. Geometric 

parameters and the traffic volume data have been shown in the figures below:  

 

Figure 3.18: T-intersection roundabout with single-lane circulating road 
Figure 3.17: T-intersection roundabout with shared approach lanes and 
two-lane circulating road. 
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The traffic volumes from different approaches of the roundabout indicates that there is a 

potential for unbalanced flow conditions since, the approach of the Arm B carries double the 

circulating volume of the other two approaches. Also, that the traffic volume on Arm A 

approach is only 800 compared to 1000 on Arm C and 1600 at Arm B. To increase the capacity 

of the roundabout, two lane approach with shared lanes and two circulating lanes for all 

approach roads was implemented. Due the addition of a circulating lane, the central diameter 

was reduced to 20m from 24m while keeping the inscribed diameter constant of 40m as 

indicated in figure 13.16. To further investigate the effectiveness of this upgrade, analysis was 

carried out for 15 minutes peak period before and after the upgrade. The modelling output 

from SIDRA intersection uncovered that the degree of saturation on the Arm C prior to 

upgrade was 1.091 which is highly undesirable and having a total capacity of 1224 veh/h. The 

upgrade to the roundabout had brought the degree of saturation down to 0.705 with an 

increase in total capacity of Arm C of 1419 veh/h, indicating great efficiency results (Akcelik, 

2004).   

   

Therefore, the previous studies covered in this paper have illustrated several means of 

improvements for roundabouts. Overall, resolving issues such as unbalanced flow, pedestrian 

safety and delay treatment and replacing several intersections with roundabout which reduce 

the conflict points and thus, proving to have safe intersection operation for all road users. 
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4. Practical Approach 

4.1 Approach  

In the practical component of this paper, traffic conditions of the road network including a 

roundabout intersection and traffic signals will be analysed. Site observations of the traffic 

conditions will be conducted at both AM and PM peak hours and further simulation will also 

be conducted. The three main segments of practical investigation include: site observations, 

traffic survey and traffic modelling.  

4.1.1  Site visit 

The first part of the practical investigation will be the site observations and will be carried out 

prior to the traffic survey. Site observations allows traffic patterns of the road intersection to 

be known including what the major and minor flow on the that intersection might be, and 

estimated queue length in meters. Furthermore, observations on pedestrians and cyclist will 

also be made in terms of how they difficult is for them to cross the road during peak traffic 

times. Current safety issues present on the roundabout will also be addressed such as the sight 

distance, traffic signage, lane marking, and geometric design. By conducting a site visit prior 

to the traffic survey, the traffic auditor will know what traffic conditions are expected and can 

be prepared accordingly.   

 

4.1.2  Traffic survey  

Traffic surveys of traffic volume and movement survey, vehicle classification, pedestrian 

survey and queue length survey will be conducted in this thesis for traffic simulation and then 

further verify with the site observations to accuracy and reliability.  

Traffic volume and movement survey covers the number entering the roundabout and their 

respective directions. These will ultimately be inputted into SIDRA INTERSECTION for 

modelling. In the vehicle classification survey, movement of the types of vehicles such as light 

and heavy vehicles at the intersection will be noted. According to Austroads, light vehicles are 

class 1 and 2 and heavy vehicles will be class 3 to 12. These classifications will again be used 

in the simulation process to analyse the traffic conditions. In this paper, motorists will not be 

separated from the light vehicles.   
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The queue length survey determines the number of vehicles waiting in the queue. This survey 

will be conducted multiple times to obtain an average value, which will be used to validate 

the base model in SIDRA INTERSECTION. To achieve the queue length in the SIDRA base model, 

the model is required to be calibrated and validated to match the existing conditions.  

Due to the insufficient funding for this project, traffic survey will be conducted manually 

without any use of traffic auditing technology. Therefore, this experiment will be labour 

extensive, as at least three people will be required to conduct the traffic survey and that too 

for AM and PM peak hours. One person on each approach of the roundabout counting the 

number of vehicles passing and their movements. Since, Nightcliff Road and Progress Drive 

roundabout is a three-leg roundabout, three people will be utilised there, and additional 

labour will be required for the pedestrian survey and queue length survey. Since, these surveys 

are all conducted manually, these surveys are deemed to have some error. According to 

Austroads, theses traffic surveys will often cause underestimation of traffic volume due to 

missed observation and as a result 5% adjusting factor will be implemented for the simulation 

(Austroads Sydeney , 2017).  

4.1.3  Traffic modelling  

To assess the traffic conditions of the road network, SIDRA INTERSECTION will be used. While 

having the current conditions of the traffic, future projections can also be made using this 

software. The issues present on the site location will be identified and its causes, and this will 

be done through observations the on-site.  Through determining the cause of the congestion 

present on the roundabout, an attempt will be made to provide a potential solution. 

Additionally, the SIDRA simulation will be used again to verify the performance of the 

proposed solution. There will be multiple models constructed in this thesis to analyse the 

traffic conditions of the roundabout. The following models developed are shown below:  

Firstly, since the congestion occurs mainly at peak hours (AM and PM), a base model 

representing those peaks hours will be required to be developed to illustrate the traffic 

conditions (Government of South Australia , 2017). Then this base model will be calibrated to 

ensure that it matches with the current traffic conditions. This will be completed through the 

traffic surveys as well as observation. Based on the outcome of this calibrated base model, 

possible improvements will be proposed to further improve the roundabout efficiency and to 

check its practicality. To check its practicality, the proposed improvements can be applied to 

the calibrated base model. Moreover, as discussed in the objectives of this thesis, a future 
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model where the traffic volume will be increased, will provide an overview for the future 

condition based on the newly improved roundabout. It is expected that the future model’s 

outcome will provide a significantly lower performance when compared with the current 

design. However, it is also safe to say that the performance provided by the future model with 

increased traffic volume will be within the acceptable standard with a maximum level of 

service D (LOS D).  

 

4.2 SIDRA INTERSECTION 8  

SIDRA INTERSECTION software is a micro-analytical tool for evaluation of intersection 

performance in terms of capacity, level of service and provides various performance measures 

such as delay, queue length, and stops for vehicles and pedestrians. Since, SIDRA is a micro-

level tool, it requires a range of road geometry and traffic data to generate a lane-by-lane 

analysis for the intersection (SidraSolutions , 2019). Additionally, not only does the software 

provides performance and its evaluation but also provides estimates of operating costs, fuel 

consumption, CO2, as well as other emissions that enables the designer to verify the 

advantages of other alternative intersection design as well as to check the proposed 

improvement to an existing intersection. This feature of the software can be used to conduct 

the cost-benefit analysis to further evaluate the practicality of the type of intersection design 

proposed (Akcelik, 2011).  

While SIDRA offers great source of features, it is used for modelling individual intersections 

and is not suitable for all analytical takes which require computer-based modelling of traffic 

operations. SIDRA covers a variety of traffic efficiency analysis for most existing types of 

intersection including signalised intersection, roundabouts, stop control, and give-way 

control, and signalised pedestrian crossing (Government of South Australia , 2017).  

One of the features that SIDRA provides is modification of external factors such as the socio-

economical factor. This factor allows the base model to be calibrated at a very close proximity 

to the existing traffic conditions. Calibration of the SIDRA model should cover checks of the 

input data such as the traffic volumes according to the type of traffic survey chosen as well as 

site observations to ensure the data is adequately represented in the model. Even after 

calibration, there is an additional step called validation which provides another check, 

independent of the calibration. This is done by comparing the outcomes from the simulations 

to the observed situation. Through calibration and validation, the model representation gains 
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confidence for conducting further analysis. The next section of this thesis will cover the input 

and the output of the software.  

In the first part, the data required for the input will be outlined to develop a traffic model as 

well as the procedure of how measurements are conducted on-site. Moreover, the outcomes 

of the simulation will also be discussed to ensure that the results indicated by the model have 

a certain standard. Lastly, calibration and validation will be discussed in detail to illustrate 

accuracy of traffic model.  

4.2.1  Inputs 

This section is one of the most important section in developing an accurate model. The model 

requires basic information of the site location such as the survey and measurements, which 

allows the software to produce performance information, where the designer can further 

implement changes for improvements. Since this thesis is mainly focused on roundabout 

intersections, only the input requirement for a roundabout will be discussed. According to 

Main Roads Western Australia 2018, the input information can be divided into the following 

categories:  

• Parameters  

• Intersection Geometry  

• Movement information  

• Traffic volume  

Before, inputting the intersection geometry it is advised that some basic information about 

the site is entered. This includes naming of the streets which will be analysed and ensure to 

rotate the site layout to provide the north direction to the top.  

For parameters, most of the parameters can remain as default as they do not interfere with 

the simulation. However, site level of service method should be set to Delay (SIDRA) and the 

site level of service target should be set to LoS D as they have a major impact on the model 

performance. Furthermore, default values should be used in the Fuel and Emission tab as this 

parameter is the output that allows the designer to compare different intersection types and 

their feasibility. Gap parameters can also be left as default due to the length of this paper 

being insufficient to provide in-depth information.  
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Intersection geometry is the most important part of achieving an accurate model since, SIDRA 

uses this information to do its simulation. This section includes three different input option 

and they are lane configuration, lane disciplines and lane data. Lane configuration tab allows 

its users to enter the number of lanes (approach and exit), also the type of lane meaning 

normal or slip lane to channelise the traffic as well as types of control measures (yield or stop, 

continuous). Additionally, lane width and grade must be looked at as they influence the 

saturation flow adjustments made by the model. The grade value should be changed from 

default (0%) if it is greater than 5% incline or decline (Government of South Australia , 2017). 

For roundabouts, there are several aspects of the roundabout geometry that should be clearly 

specified as this data is critical in determining the approach capacity, including “Number of 

Circulating lanes, Circulating Width, Island Diameter, Inscribed Diameter, Entry Radius, and 

Entry Angle of each arm” (MainRoads Western Australia , 2018).  

 

 

 

 

 

 

 

 

 

 

 

 

Lane discipline allows to programmer to specify which movement classes are allowed on each 

approach lane. In any case, where a certain movement classes are restricted in a lane, the 

appropriate box should be unchecked indicating restricted. Another option available is the 

free queue distance, where it is the length in a lane that the vehicles can queue away from 

the lane without blocking other movements sharing that lane. Where the queue length of the 

lane is restricted, the designer should measure the free queue distance.  

 

Figure 4.1: Lane Geometry dialogue in SIDRA (Government of South Australia, 2017) 
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Lane data dialogue specifies the Basic Saturation Flow which can be adjusted using traffic 

congestion factors, Lane Utilisation Ratio which is used to determine the reduced flow rate of 

an underutilised lane with respect to the approach of the critical lane, as well as other factors 

which remain as defaults (MainRoads Western Australia , 2018).  

The movement information can be divided into two sections, vehicle and pedestrian 

movement. In vehicle movement data consists modifications to the Path Data. Many of these 

parameters can remain as defaults, while the Approach Cruise Speed and Exit Cruise Speed 

should be changed to the mentioned speed limits on the road (MainRoads Western Australia 

, 2018). For pedestrians, the type of pedestrian crossing (none, full, staged, slip/bypass lane 

crossing or diagonal crossing) must be specified. If “None” is used, clearance and intergreen 

times calculated by SIDRA will be affected. (Government of South Australia , 2017) 

For traffic volume, SIDRA provides with two data groups, Vehicle Volumes and Volume 

Factors. Vehicle volume plays a significant role as this is the parameter that determines the 

performance of the intersection in terms of vehicles. The designer is also able to separate the 

light vehicles from heavy vehicles to future produce a better base model. Volume Factors 

menu consists of Peak Flow Factor which represents the peaking effect at 60 minutes input 

volumes and 30 minutes peak flow period, Flow scale and Growth Rate. The growth rate factor 

is kept at 0% and can be changed for new scenarios when further developed (Government of 

South Australia , 2017).  

One of the short-term solutions for a roundabout that is experiencing congestion, is Metered 

Roundabout. There are number of parameters that should be provided in the SIDRA model to 

achieve the best possible outcome. Some of these are discussed below:  

• For the controlling approach, the queue detector setback distance should be specified  

• Based on the layout, the stop line setback distance should be specified  

• Start loss and end gain which are times during the change of Red- Green should be 

three seconds.  

• Cycle time for signals 
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4.2.2  Measurement of inputs 

As discussed in the input chapter of this paper, road geometry and traffic volume are required 

to measure. The road geometry data such as the lane width will be measured by using the 

measurement tool in Google Earth. Google Earth provides with the satellite imagery of the 

site which can also be used to identify the number of lanes, type of lane (normal or slip), as 

well as information on if there an existing pedestrian crossing and what type. The traffic 

volume and pedestrian volume on the other hand will be obtained by conducting traffic 

survey. The survey will provide the volume and it will be relatively accurate for the simulation 

of the model.  

4.2.3  Calibration and Validation  

For a SIDRA model, calibration ensures that the input data in the base case is adequately 

represented by the model. Calibration process is based on various traffic data, including 

surveys as well site observations. The most important factors for calibration are the 

intersection geometry and the driver behaviour. Some of the key elements required for the 

base model calibration have been indicated in the figure below:  

 

 

 

 

 

 

 

Since, this thesis is primarily focused on roundabouts, only calibration for roundabouts will be 

discussed in this chapter. From the table above, Environmental Factor is the key calibration 

parameter for roundabouts (MainRoads Western Australia , 2018). It is used to calibrate the 

capacity to allow for less restricted and more restricted roundabout environments. The higher 

the capacity, less restricted the roundabout environment is, and vice versa. The capacity 

decreases with increasing value of the Environmental Factor and it has a range value of 0.5-

2.0. This Environmental Factor should be modified by the on-site assessments for the base 

case models. Some of the factors on-site that dictate the value of Environmental Factor are 

the following, visibility, drivers’ behaviour, pedestrian volume as well as roadside parking 

Table 4.1:Key elements of model calibration (MainRoads Western Australia, 2018) 
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conditions. Furthermore, according to The Government of South Australia, roundabout 

capacity model can also be calibrated by Entry/Circulation Flow Adjustment parameter. The 

maximum entry capacity must be known for the dominant lane at zero circulating flow which 

would indicate the unbalanced flow patterns.  

 

Validation provides an additional check, independent of the calibration. It uses the output 

from the base case model to check that the results are representative of the observed 

conditions on site. The validation criteria consist of Queue Length and Degree of Saturation. 

The queue length determined while conducting the traffic survey by counting the number of 

cars when the queue is formed. To get an average queue length this will be done several times, 

then this value will be compared to queue length from the base model outcome. Degree of 

saturation for the base model should less than or equal to 100% for the all the movements 

(MainRoads Western Australia , 2018). The base model will be calibrated and validated only if 

the observations from site and the outcomes from SIDRA are within the acceptable range.  

4.2.4 Outputs  

SIDRA outputs the performance of the intersection with respect to the inputs after calibration 

and validation has been conducted. These outputs help to analyse the traffic conditions of the 

intersection, so that appropriate improvements can be implemented. The core performance 

features that should be assessed are discussed below:  

• Degree of Saturation (DoS) 

• 95% Back of queue distance  

• Level of Service (LoS) 

• Vehicle delay (veh/h) 

• Number of vehicles stops  

The first three elements of the outputs are the major elements used in the analysis. The 

remaining two, delay and stops are measures of comparative performance and provide an 

indication of how congested the intersection is.  
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Degree of Saturation describes the ratio between the current traffic and the desired capacity. 

Since it’s a ratio, if it exceeds 1, it indicates an over-saturated condition and saturated 

condition if under 1. However, practically, the maximum practical degree of saturation of 

different intersection types have been shown in the table below. The intersection will require 

improvements to be implemented if the degree of saturation exceeds the practical values.  

 

 

 

 

 

 

The statistical 95% back of queue value refers to the actual queue observed at the approach. 

This value can then be used to validate the base case model against the measured queues. For 

a proposed intersection, it will be used to establish the storage length for a short lane.  

Level of Service (LoS) is one of the important performance parameters for the intersection. 

LoS is an assortment of degree of saturation and vehicle delay. Level of service from A to D is 

considered as acceptable during the peak hours, whereas E and F requires treatments to 

improve its current situation. Apart from these major output parameters, SIDRA also provides 

𝐶𝑂2 emissions and the fuel cost in evaluating the performance of the intersection. Some of 

the output reports provided by SIDRA are movement summary and lane display. 

 

 

 

 

 

 

 

 

 

 

Table 4.2: Maximum practical degree of saturation (Government of South Australia, 2017) 
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5. Site Observations  

Site observations are one of the major components of this thesis as it provides necessary 

information of the site such as vehicle behaviour, site distance, vehicle flow pattern as well as 

issues that are present within the site. Various observations which were important to this 

study have been listed in the table below:  

Observation Site image 

The two lanes at traffic signals turning right 

to go to CBD, become oversaturated that 

no more traffic can enter the lanes. This 

then causes a drawback on the roundabout 

intersection as there is no movement at 

roundabout until traffic lights turns green. 

 

One of the two lanes turning right from East 

Trower road, most of the time only the left 

lane is fully utilised and as a result, other 

vehicles are unable to access the right lane. 

This causes a problem further back where 

vehicles have used a part of another lane. 

 

 

 

 

 

 

 

 

 

Figure 5. 2: Traffic at east Trower road turning right at 
signals 

Figure 5. 1: Traffic at signals up to roundabout 
intersection 
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Drivers who exit Progress drive turning right 

from the roundabout towards the traffic 

lights, speed up while entering the 

roundabout to ensure that they are able to 

cross the green lights. This can be 

hazardous as it can cause safety issues for 

vehicles on north Nightcliff road while they 

look to enter the circulating lane.  

Insignificant pedestrian volumes were seen 

on site. It is also seen that pedestrians 

choose not to use the pedestrian crossing 

provided at the roundabout and use the 

splitter island prior to roundabout to cross 

the road.   

 

 

The site distance for the drivers to identify 

pedestrians at the roundabout crossing is 

insufficient due to the road curvature as 

well as the vegetation present.  

 

In terms of road user’s behaviour, drivers 

tend to race at the merging lane on 

approach Progress drive (slip lane to 

Progress drive and left turn from the 

roundabout to access Progress drive).  

 

 

 

Figure 5. 3: Inappropriate method of pedestrian 
crossing 
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People who live closer to the roundabout 

intersection have the problem of not 

getting adequate gap to enter and exit 

Progress drive lane. 

 

Significant traffic volume on North 

Nightcliff road is seen, as parents are 

leaving after dropping their children to 

school.  

 

Low traffic volume from north Nightcliff 

road turns right at the roundabout to 

enter Progress drive. Relatively low traffic 

volume on Progress drive turns left at the 

roundabout to enter Nightcliff road.  

 

 

Table 5. 1: Site observations 

These site observations will be further used in SIDRA modelling to calibrate and validate the 
data acquired from the traffic surveys. 
 
 
A table indicating the queue lengths on different approaches have been shown below:  
 

Approach AM peak (m) PM peak (m) 

North Nightcliff road 120 50 

South Nightcliff road 110 30 

Progress drive 170 180 

East Trower road 88 70 

West Bagot road 160 110 
Table 5. 2: Queue lengths 

 
 
 
 
 
 
 
 
 
 

Figure 5. 4: Traffic at north Nightcliff road 



50 | P a g e  
 

6. SIDRA Modelling methodology and results  

6.1 Roundabout base model  

To construct a roundabout model, geometrical parameters play an essential role in SIDRA. 

These parameters were obtained from Google Earth and were validated from site visits. The 

geometrical parameters and the site layout have been indicated by the figures below:   

 

 

 

 

 

 

 

The second step is to obtain the traffic volumes for the site. Initially, traffic volume and queue 

length were going to be obtained through a traffic volume survey and queue length survey. 

However, due to the crisis of COVID-19, the traffic volumes had decreased significantly and 

therefore, the traffic volume survey could not be conducted. As a result, the traffic data was 

collected from a highly credible source, Department of Planning, Logistics and Infrastructure 

(DIPLE). DIPLE provided data from an urban traffic management system; SCATS which stands 

for Sydney Coordinated Adaptive Traffic System. It synchronises traffic signals to optimise 

traffic flow across a city (Transport Roads & Maritime Services , n.d.).  

 

 

 

 

 

 

Figure 6.1: Roundabout site layout 

Figure 6.2: Geometrical parameters 

Figure 6.3: SCATS data provided by DIPLE 
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Not all the data obtained from DIPLE was recent as they were only able to provide data which 

was detected at the signalised intersection (SCATS), the remaining data was from a previous 

study conducted on the site. Therefore, the previous data was used to scale the recent data 

to ensure that it represents today’s traffic conditions. The next step was to calibrate and 

validate the model, and in SIDRA, calibration for a roundabout intersection is conducted 

through an environmental factor. 

 

 

 

Once, the model has been calibrated it then undergoes a validation, where the principle values 

used are Degree of Saturation (DoS) and calculated 95%ile queue length on the approaches to 

ensure that they represent the current traffic conditions (Government of South Australia , 

2017).  

It is not only important to access the performance of the roundabout, but also its impacts on 

the upstream intersections and in this case; signalised intersection. Many studies have 

discovered that roundabout intersections are highly impacted by signalised intersection when 

in close proximity (Main Roads Western Australia , 2015). Therefore, any proposed changes 

to the roundabout will directly impact the performance of a signalised intersection and vice 

versa.    

  

Figure 6.4: Roundabout calibration 
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6.2 Traffic signal intersection  

To develop a network of the site, signalised intersection is also required to be modelled. The 
layout of the traffic signal intersection is shown below:  

Similarly, all the geometrical parameters for signalised intersection were also obtained from 

Google Earth and then checked through site visits. Then using SCATS data from DIPLE, traffic 

volumes were obtained and entered directly into SIDRA. Traffic controllers use the concept of 

phases, which are direction of movement grouped together. Phases are defined by specifying 

the OD movements by movement class that run in each phase. The different phases for the 

signalised intersection have been shown below indicating their movements. A figure 

illustrating what each color indicates in terms of movements are also shown below: 

 

 

 

 

 

 

 

 

Figure 6.5: Traffic signal intersection layout 

Figure 6.6: Phasing of signalised intersection 
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Furthermore, User-given cycle time was used in the timing option. It calculates green times 

that satisfies the practical degree of saturation for critical movements and determines green 

times using the given cycle time. Signal timing calculation is conducted on the basis of critical 

movements and it refers to phases or combination of phases in which the movements with 

the largest time required is chosen. The cycle time chosen in this case was 120 seconds. Once 

all the different phases have been added, and in a given sequence with signals’ timing, outputs 

will be available, and performance of the intersection can be checked.   

6.3 AM peak base network model  
 
To develop a network, network configuration tool is used which allows multiple different 

intersections to interconnect. For AM peak model, AM roundabout and AM signalised 

intersection were connected. Figures below indicates a network model of the two 

intersections:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 6.7: Phasing movements indications 

Figure 6.8: Network configuration 
Figure 6.9: Network site layout 
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The traffic volumes for the AM peak network have been shown below:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The results from the AM peak hour are shown below:  

It can be clearly seen that the major problem occurs at Progress Drive, where the degree of 

saturation is 1.010 and level of service of LoS E. The second worse is the north Nightcliff road, 

where DoS is 0.951 and LoS B. It should also be noted that the overall performance of this 

roundabout is at LoS C, which is reasonable at this traffic condition. 

 

Figure 6. 11: Movement summary of roundabout intersection for AM peak  
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118 
340 
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Figure 6.10: Traffic volumes of AM peak network 
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From the figure above, it can be seen that the approach that is most affected is north Nightcliff 

road, with DoS of 0.635 and LoS D. Trower road is the second most affected approach with 

DoS of 0.628 and LoS D, and lastly Bagot road is then least impacted with DoS of 0.630 and 

LoS C.  

6.4 PM peak base network model  
 
To develop the PM peak model, PM roundabout and signalised intersection were connected 

in network configuration. The traffic volumes for the PM peak hour has been shown below:  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.12: Movement summary of signalised intersection for AM peak 
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Figure 6.13: Traffic volumes of PM peak network 
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The results from the PM peak hours are shown below:  

From Figure 6.14, it can be seen that the only affected approach is the Progress drive with DoS 

of 1.140 and LoS F. The other two approaches; north Nightcliff road and south Nightcliff road 

are performing satisfactorily with LoS B and LoS A respectively. With an overall LoS E for the 

roundabout intersection.  

The results for the signalised intersection indicate that north Nightcliff road is experiencing 

major congestion issues with DoS 0.582 and LoS E. While Trower road experiences DoS 0.587 

and LoS D, Bagot road remains one of the lest affected approach in the network. The results 

are highlighted where the arrival flow is reduced due to the capacity constraint at 

oversaturated upstream approaches.  

  

Figure 6.14: Movement summary of roundabout for PM peak 

Figure 6.15: Movement summary of signalised intersection for PM peak 



57 | P a g e  
 

7. Discussion  

One of the reasons why Progress drive experiences most congestion during both AM and PM 

peaks is due to the close proximity of signalised intersection. Signalised intersection sends a 

platoon of traffic which causes the traffic on Progress drive to accumulate due the give-way 

rule at the roundabout. Traffic congestion only occurs at Progress drive when traffic arrives 

from the signalised intersection at Trower road resulting LoS E in AM peak and LoS F in PM 

peak. In one way, this can be thought as dominant flow coming from Trower road. This means 

that it causes traffic from one or more approach lanes not to enter the circulating lane of the 

roundabout.  

Similarly, traffic on north Nightcliff road also builds up as they must give-way to the traffic 

coming on their right (Progress drive). The results from the AM peak for roundabout 

intersection indicates that north Nightcliff approach experiences a high DoS of 0.951 while 

only LoS B. This suggests that while the road’s traffic demand is closer to its maximum 

capacity, its level of service is doing exceptionally well. Traffic congestion at north Nightcliff 

road is not a major concern as there is no major intersection downstream. On the other hand, 

if the traffic at Progress drives is allowed to accumulate, it will create a major traffic congestion 

downstream as there is another roundabout intersection which connects the nearby suburbs 

such as Nightcliff and Coconut Grove. Furthermore, that intersection is an alternative route to 

CBD and other major event places such as Darwin Turf Club and East Point.  

It should be noted that that the overall level of service in AM peak at Trower road and exit 

north Nightcliff road are actually within the acceptable limits i.e. LoS B and LoS C respectively. 

This is primarily due to some lanes of those approaches having continuous lanes which are not 

affected by signalised intersection. On the other hand, approaches such as Progress drive, and 

approach north Nightcliff road experience major delays as they are directly impacted by 

intersection control whether it is roundabout or signalised intersection. Lane-by-lane analysis 

and network analysis generated from SIDRA of the network illustrates this as shown below.  
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When looking at north Nightcliff road from the signalised intersection, the queue length of the 

traffic reaches its maximum capacity i.e. the lane length of 70m is fully saturated with DoS 

0.635 and LoS D. This would not be a major problem however, the roundabout is 70m away 

from the signalised intersection. From the traffic volumes it is seen that nearly 59% of the 

traffic drives towards the traffic signals. Traffic accumulated at the signalised intersection 

causes major problems to downstream approaches as well as safety issues because the traffic 

queue ends up at the centre of the roundabout and no movement takes place until traffic 

signal turns green. This leaves no choice but for the queue to extend overall to 110m from 

traffic signals to north Nightcliff road. One would think of adjusting the cycle time of the signals 

to ensure more traffic exits from north Nightcliff road to prevent is this issue. However, this is 

not a practical solution as Trower road is one of the major roads in Darwin and its performance 

is first priority.  

Another major impacted approach is on the two right turning lanes at Trower road, where the 

queue length of the traffic on the left lane is 84.4m while the length of the lane is 90m. Since, 

the left lane is fully saturated, the downstream traffic can no longer enter the right lane (length 

60m), resulting in lane blockage (see Figure 6.5). During site visits it was observed that traffic 

downstream had to wait at the signals, for the same cycle to repeat in order for them to cross 

traffic signals. This indicates that those lanes have reached their maximum capacity with DoS 

0.628 and LoS D.   

 

 

Figure 7.1: Lane by lane analysis of AM peak Figure 7.2: Network analysis of AM peak 
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The results from the PM peak period suggests that the majority of the incoming traffic from 

both; Bagot road and Trower road drives straight to north Nightcliff road. This causes a major 

traffic congestion at Progress drive as they must give-way to the incoming traffic, resulting 

with queue length of 180m with DoS of 1.140 and LoS F. On the other hand, because the major 

traffic flow heads towards north Nightcliff road, this allows the traffic on north Nightcliff road 

to procced to either the traffic signals or the continuous lanes towards Casuarina resulting 

with a queue length of 50m with LoS B and DoS 0.938. From the SCATS data it was discovered 

that only 19% of the traffic volumes drive towards the traffic signals during PM peak hours 

resulting in only 30m queue compared to 110m in the AM peak. While the remaining 81% of 

the traffic volume travels through the two-left lane; one being continuous and other being a 

give-way control. This causes a major drawback in the level of service resulting in LoS E and 

DoS 0.582. A lane-by-lane analysis and network analysis shown below generated by SIDRA 

indicates the performance of each approach.  

 

 

 

 

 

 

 

 

There were also some unexpected results found after PM peak modelling. It was discovered 

that the queue length on two right turns on Trower road is only 66m for PM peak, while being 

88.6m for AM peak despite the fact that the traffic volumes turning right for PM peak is far 

greater for PM peak. Not only that, but both AM and PM peaks have exactly the same cycle 

timing.  

 

Figure 7.4:Network analysis for PM 
peak Figure 7.3: Lane by lane analysis for PM peak 
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A study conducted by the Australian Automobile Association in 2018 on congestion levels 

reveals that AM peak congestions are worse than the PM peak congestions in Darwin region. 

However, the results from this traffic study reveals that traffic volumes increase significantly 

during the PM peak and hence, the network being oversaturated. The results also suggest that 

during PM peak period, the arrival flow value is reduced due to capacity constraints at 

oversaturated upstream lanes. Therefore, taking this into consideration, future models with 

plausible solution will be developed for the worst-case scenario and in this case, it is PM peak 

hours.  

A future model will be developed to assess the traffic condition of the network. This model 

will comprise of the ‘base case comparison’ without any geometrical changes however with 

traffic flow projections to the future year projection. It should also be noted that prior to 

commencing the model, discussion with the specific road authority (DIPLE) must be made as 

to how it is proposed to incorporate the effects of future year projected growth  (Main Roads 

Western Australia , 2015). After the discussion it was decided that the growth factor for 

Darwin region is approximately 1.5%. The current traffic volumes were increased by 1.5% to 

develop a future model of year 2030 and indicated the following results:  

The results for the roundabout intersection portray unsatisfactory results, with overall LoS F 

and DoS 1.459. The queue lengths on Progress drive are expected to reach approximately 

400m. It was checked that the distance between the Progress drive and Nightcliff road 

roundabout intersection and Progress drive and Dick Ward drive roundabout intersection is 

approximately 400m. If the queue length extends to the Dick Ward drive roundabout 

intersection, it would cause the entire network downstream to fail. The queue length on north 

Nightcliff road accumulates to 120m.  

Figure 7.5: Projected roundabout performance in 10 years 
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The results for the signalised intersection indicate an overall LoS C, however, the arrival flow 

from north Nightcliff road is reduced due to the capacity constraint at oversaturated upstream 

approaches. This can prove to be a major concern to the downstream approaches.  

It is also essential that any proposed solution should be tested for a minimum 10-year forecast 

horizon  (Main Roads Western Australia , 2015).   

One of the improvements that can be implemented on Trower road signalised intersection is 

adjusting the two right turning lanes. Currently, one of the two right lanes (left lane with 

length 90m) starts earlier than the other (right lane with length 60m). From the site 

observations, it was noted that left lane experiences saturation while right lane is generally 

unsaturated causing blockage downstream. One way to overcome this issue is by making the 

right lane start early as well. This can be achieved by reducing the width of the splitter island 

so that there is adequate space for the right lane to start earlier and having the length of 80m 

instead of 60m and thus reducing the effect of blockage downstream. This sort of treatment 

has been done extensively in Darwin, where at a T-intersection, a right turn auxiliary lane is 

provided to reduce blockage and it has led to satisfactory results.  

There are several limitations in this study which have directly impacted the outcomes. One of 

the limitations is that the traffic volume survey was not conducted due to the significant 

impact of COVID-19. Due to this pandemic, most people had lost their jobs and people who 

had jobs were asked to work from home and hence traffic volumes on roads decreased 

enormously. Secondly, even though majority of the data used for modelling purposes was 

recent due to SCATS, however, the data was not available for the roundabout and past study 

data was scaled and then used in this study. Vehicle classification also remained unidentified 

as they were not provided within the data from SCATS. Therefore, the percentage of heavy 

vehicles were entered into SIDRA from site observation. All of these limitations should be 

considered when interpreting the results from this study.  

Figure 7.6: Projected signalised intersection performance in 10 years 
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8. Possible Solutions  
 
The results obtained from SIDRA model clearly demonstrates that Progress drive is one of the 

most affected approach due to the increase in traffic volume in the recent years. 

Consequently, a solution which primarily focuses on this approach should be presented while 

considering all the other approaches as well. 

8.1 Shared Roundabout lane  

A plausible solution is to have a shared a lane which allows the traffic to turn both right and 

left from the same lane.  The reason being that the left turning volume from Progress drive is 

significantly lower than the volume turning right. A figure below illustrates how a shared lane 

can be implemented on the Progress drive.  

Changing left turning lane on Progress drive into shared 

lane is not the only part of the solution. According to the 

Guide to Road Design Part 4B: Roundabouts, there are 

other geometrical adjustments that must be made so that 

roundabout performs efficiently and safely. It includes 

increasing the width of circulating lanes to 9.3m for a 

design vehicle of 12.5m. The design vehicle of 12.5m was 

chosen due to the access of heavy vehicles such as public 

busses and delivery trucks in the network.  

 

All of these changes were made to ensure the safety of road users and swept path analysis 

was also checked. By implementing this design, a vehicle of length 12.5m and normal vehicle 

both will be able to use the circulating lane simultaneously. Furthermore, the approach speed 

of the vehicles was also reduced from 60kmh to 50kmh to meet the standard requirements. 

Although this proposed solution requires some major changes to the geometry of the 

roundabout intersection, in long term this solution will be the most economical as does not 

require any ongoing costs. Moreover, there will be no changes to the driver behaviour in off 

peaks hours as roundabout remains as it is. This type of improvement has been implemented 

in many parts of the world. A similar use of shared lane improvement study has been discussed 

in section 3.16.3 where it significantly increased the traffic efficiency.  

Figure 8.1: Shared lane roundabout on Progress 
drive 
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All the changes were entered into SIDRA and the results indicated that an addition of a shared 

lane on Progress drive is only capable of providing satisfactory results for the current traffic 

conditions and for the next 2-3 years. As discussed earlier, any proposed solution should be 

tested for a minimum 10-year forecast horizon  (Main Roads Western Australia , 2015). 

The results from the predicted traffic volume in 2030, indicates that this solution will not be 

able to withstand the increased traffic volumes. The results for 2030 traffic volumes have been 

shown below:  

The results indicate that the roundabout intersection experiences severe congestion on both 

north Nightcliff road and Progress drive with unacceptable queues of 112m and 210m 

respectively. Not only that, it also caused queue lengths to form for the left turn resulting in 

major delays. An overall LoS F and DoS is 1.112 is seen, which is beyond the maximum 

acceptable practical degree of saturation of 0.85 for roundabout intersection.  

 

 
 
 
  

Figure 8.2: Shared lane roundabout performance in 2030 

Figure 8. 3: Traffic signals performance in 2030 
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8.2 Linked traffic signal intersection  
 
Another possible solution is to replace the roundabout intersection with another signalised 

intersection. Since the roundabout will be replaced by signals, it will require extensive 

construction. Some changes in the lane geometry is also proposed for increased traffic 

efficiency. This includes an addition of a short right turn lane on approach north Nightcliff road 

which will allow the majority of the traffic to travel straight to the upstream intersection 

without having to queue while some of the traffic volume turns right into Progress drive. 

Another change in the lane geometry includes an addition of a short right turn lane on 

Progress drive which will allow most of the traffic in that approach to cross the signals.  Since 

there will be no roundabout, splitter island on Progress drive will no longer be required, 

resulting in adequate space for an addition of a short lane with length 30m.  

Considering the worst-case scenario where there is inadequate space for an extra lane, the 

width of the splitter island on the slip lane can also be reduced but must be 2.4m wide. In 

most cases, where traffic volumes are expected to increase significantly, the designer normally 

considers that upgrading the roundabout intersection to a signalised intersection. Prior to 

installing signalised intersection, there are several warrants that must be satisfied. According 

to the Traffic Signal Design- Section 2 Warrant, the most appropriate warrant for this scenario 

is the traffic demand and is as follows:  

For each of four one-hour periods of an average day:  

I. The major road flow exceeds 600 vehicles/hour in each direction and;  

II. The minor road flow exceeds 200 vehicles/hour in one direction 

As per the aim of this thesis, only the AM and PM peak traffic volumes were used.  However, 

SCATS provided traffic volumes for an entire day and it was discovered that all the four one-

hour periods were satisfied, and traffic signals can be implemented. Since the network has a 

slip lane, special considerations are given to the pedestrians. A pedestrian crossing must be 

provided at all traffic signal intersection with slip lanes as shown in Figure 8.4  (Roads and 

Traffic Authority, 2010). This warrant on the other hand does not consider that there is 

another intersection at a close proximity. Therefore, considering that there is already an 

existing pedestrian crossing provided 70m downstream of this intersection, another 

pedestrian crossing will not be provided again due to its significant impacts on traffic 

efficiency.  
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Both signalised intersections must be coordinated and linked with each other. If not then it 

can cause a major congestion issues downstream at Trower road which will cause the traffic 

on Bagot road to suffer due to the short distance between the two intersections. For example, 

one cycle of right turning movement at Trower road will be insufficient for north Nightcliff 

road to accommodate. Therefore, implementing coordination of signals will prevent the 

queue of vehicles at one intersection from extending back and interfering with an upstream 

intersection. It also increases the capacity of the linked route and offers minimum overall 

delay for road users. The main purpose of linked signals is to ensure that the cycle time is 

common with the intersection to ensure that the green waves fall in relation to each other to 

provide a progression of green periods along the road in both directions (MAIN ROADS 

Western Australia , n.d.). This simply means that when signals at Trower road turn green, the 

signals at south Nightcliff road should also turn green to allow traffic to flow and similarly, the 

signals at north Nightcliff road should also turn green. Cycle time for coordinated signals are 

predominantly dictated by the timings of the main intersection (Bagot road). The approach 

with largest Spare green time is allocated as the time required to clear running into the main 

route from side road (exit Nightcliff road) in order not to delay the through platoon. For a two-

way road, a common cycle time equivalent to twice the average travel time between junction 

is usually used to achieve good coordination (Roads and Highways Department, n.d.).  

However, there are some drawback to this solution. Firstly, installing another signalised 

intersection will cause on-going costs and maintenance. Also, drivers’ behaviour will also 

change in off peak period as they will now have to stop and wait for the signals to turn green. 

Whereas, roundabout intersection imposes a safer behaviour on drivers where they only have 

to give-way when traffic approaches in another lane. Moreover, with installing traffic signals, 

left turn from the traffic lights is now prohibited therefore, traffic must use the slip lane to 

access Progress drive. This will also change the lane utilisation on two right turns on Trower 

road.  

Figure 8.4: Pedestrian crossing in case of a slip lane at signalised intersection 
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Two coordinated signalised intersections were modelled in SIDRA and the site layout and 

network layout is shown below:  

 

 

 

 

 

 

 

 

 

 

To link the two signalised intersection in SIDRA, the routes that have to be linked must be 

specified (Sidra Support , 2018). As discussed earlier, the routes that have to be linked have 

been shown in the figures below. Furthermore, signal offsets were also specified in the SIDRA 

model, where the signals on south Nightcliff road would turn green in the middle of green 

time of Trower road signals. The signals for the route 2 would turn green simultaneously with 

Trower road green cycle time.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Note: The route line position does not specify lane use.  

Figure 8.7: Route 1- Trower road to Nightcliff road Figure 8.8: Route 2- Nightcliff road to Trower road 

Figure 8.6: Signalised intersection on Nightcliff road 
and Progress drive intersection Figure 8.5: Network layout of two linked 

traffic signals 
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The movement summary of 2030 traffic volumes generated from SIDRA is shown below:  

The results clearly demonstrate that there are no congestion issues present in either 

approaches of the road network. The approach that was most impacted by traffic congestion; 

Progress drive will not experience any congestion till year 2030 indicated by the queue length 

of only 40m with LoS C and DoS 0.674. Furthermore, implementation of linked signals now 

results in a queue on south Nightcliff road which is also within the acceptable limits. Lastly, 

the overall performance of the road network achieves LoS B and under the maximum practical 

degree of saturation.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8.10: Proposed signals performance in 2030 

Figure 8.9: Trower road signals performance in 2030 
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8.3 Metering signals  

As discussed previously in section 7, traffic flow from the traffic signals act as a dominant flow. 

Therefore, roundabout metering signals are usually installed as they stop the dominant flow 

and allow traffic from other approaches to enter the roundabout. They are also considered as 

a part-time solution for congestion during peak hours. Progress drive will be the controlling 

approach with a detector at 120m from the roundabout and south Nightcliff road will be the 

metered approach with stop line being at 15m from the roundabout.  

With metering signals coming with several advantages, it also comes with confusion and error 

it adds to the drivers. Not only that, it also adds ongoing increased maintenance costs for the 

traffic signals. Therefore, installing roundabout metering signals should not be considered as 

the first option (Main Roads Western Australia , 2015). Consequently, there are only a few 

number of metering signals which have been implemented in Australia. There are several 

specifications of metring signals that must be met prior to installing. A figure below indicates 

requirements of when it is beneficial to install metering signals for a single lane roundabout.  

 
 

 

 

 

 

 

 

 

 

 

In this case, the traffic volumes circulating in front of controlling approach does not promote 

metering signals while the volumes on controlling approach do. It should be noted that these 

are just guidelines and do not consider the site geometry and site conditions. One of the major 

restrictions in implementing metering signals is the distance (70m) between the two 

intersections. Metering signals will only be implemented if the queue on south Nightcliff road 

does not accumulate and cause congestion and safety issues downstream at Bagot road and 

Trower road. 

Figure 8.11: Benefits from metering signals 
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SIDRA modelling conducted on current traffic volume provides the following results:  

From the results it can be seen that there is a queue length of 70m on south Nightcliff road 

which means that the entire lane length has been utilised which is unacceptable. The results 

from lane use and performance also suggests that the average back of queue has been 

restricted to the available queue storage space and there is a blockage percentage of 50% 

downstream. This has also been indicated by the queue length of 87.2m on Trower road. 

Moreover, it can be established that metering signals will not be implemented as they do not 

provide satisfactory results in current traffic condition.  

  

Figure 8.13: Metering signals roundabout performance 

Figure 8.12: Signalised intersection performance 
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9. Recommended solution  

Diverse intersections were explored in providing a solution to traffic congestion on Progress 

drive. They included changes on the geometry of the roundabout to accommodate the 

increased traffic demand. Part-time signalisation of roundabout intersection was explored as 

traffic congestion only occurs during peak hours. Lastly, replacing the roundabout with traffic 

signals was also explored as a last resort for this issue. To implement any of the proposed 

solution they must all be checked if they would be able to carry the traffic volumes of 2030. 

The results of all three solutions were discussed in section 8, and it was concluded that both 

the shared lane and metering signals did not provide satisfactory results. Linked signals on the 

other hand provided more than satisfactory results for year 2030. Linked signals were able to 

resolve traffic congestion on Progress drive while maintaining a reasonable performance on 

all the other approaches of the road network. The network level performance of linked signals 

has been shown in Figure 9.1 for year 2030. It should be noted that the worst level of service 

for this solution is LoS C and that is also in year 2030.  

An approximate cost analysis was also undertaken to get an estimate of the costs relating with 

installing traffic signals. According to the Washington State Department of Transportation, it 

costs $250,000 to $500,000 to purchase and install traffic signals. This is only the upfront costs, 

there still remains the electrical costs of approximately $8,000 a year. Installing traffic signals 

would also increase costs for the drivers for fuel, time delay and accidents (Washingston State, 

2020).  

 

 

  

Figure 9.1: Network performance of 
linked signals in year 2030 
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10. Conclusion  
 
The aim of this thesis was to provide a traffic efficiency solution for a road network including 

a roundabout and a signalised intersection.  The objectives were achieved as the issues within 

the network were identified and a solution was provided to increase the traffic efficiency. It 

was determined that that due to the close proximity of the signalised intersection, the 

roundabout experiences unbalanced traffic flow. As a result, Progress drive experiences traffic 

congestion during peak hours (AM and PM). Moreover, exit north Nightcliff road also 

experiences congestion due to the site restrictions as right turning lanes at signalised 

intersection become oversaturated.   

Methodology included multiple site visits which provided an insight on the traffic condition 

and the traffic flow of the network. Traffic surveys such as traffic volume and queue lengths 

survey were also conducted. Department of Planning, Logistics and Infrastructure were 

contacted for traffic volumes as there was significant impact of the traffic volumes due to the 

corona virus outbreak. To obtain results from the traffic surveys, SIDRA INTERSECTION 8 was 

used and it is a micro-analytical tool used for evaluation of intersection performance in terms 

of capacity, level of service and provides various performance measures such as delay, queue 

length, and stops for vehicles and pedestrians. Since, it is a micro-level tool, it requires a range 

of road geometry and traffic data to generate a lane-by-lane analysis for the intersection. To 

obtain the road geometry, Google Earth was used as a tool and then was verified by the site 

visits.  

Furthermore, both AM and PM peak road network were modelled. The results indicated that 

for AM peak the two most affected approaches were Progress drive and exit north Nightcliff 

road with level of service, LoS E and LoS C. The results also suggested that the two right turning 

lanes on Trower road experience blockage due to the left lane starting earlier and than the 

right lane. The outputs from the PM peak portrayed similar results from the AM peak but more 

concentrated as the traffic volumes were higher during the PM peak. The two most affected 

approaches remain the same, but the level of service is now LoS F for Progress drive and LoS 

B for exit north Nightcliff road since 81% of the traffic volume travels through the give-way 

lane and a continuous lane.  
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Base case comparison was made where the current geometrical parameters were kept 

unchanged while the traffic volumes were increased by 1.5% growth rate. After modelling, it 

was determined that the road network would fail and also cause congestion downstream to 

the point where the queue length on Progress drive roundabout would end up at the 

downstream roundabout intersection approximately at 400m.  

Various intersections were investigated in resolving this issue. There were three solutions 

proposed for this issue and they were; shared lane roundabout, metering signals and, linked 

traffic signals. To check their efficiency on the current road network, all three solutions were 

modelled in SIDRA. To implement any of these solutions, they must accommodate traffic 

demand for the 10-year horizon traffic. After modelling, it was discovered that both the shared 

lane and roundabout metering signals are unable to capacitate the future traffic demand. 

Linked signals on the other hand, requires extensive construction to implement and have 

major upfront and ongoing costs, nevertheless it has proved to provide satisfactory results 

with LoS C and practical DoS for the year 2030 for the road network and hence is the 

recommended solution.  
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Appendix A: Vehicle classification  

 

 

 

 

 

Appendix A.1: Vehicle Classification system (Austroads, 2006) 
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Appendix A.2: Austroads 12-bin vehicle classification system 
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Appendix B: Raw traffic volumes  
 
Wednesday, 11 March 2020 
 
Trower IB RT, Detectors:  1-2 
         00:   01:   02:   03:   04:   05:   06:   07:   08:   09:   10:   11: 
  :15     11     9     6     1     5     1    24    38   124    58    46    68 
  :30     13     4     5     3     2     6    23    71    88    59    73    90 
  :45      8     4     2     2     5     8    26    75    78    60    69    62 
  :60      4     1     3     8     4    20    39   145    66    55    69    71 
Hourly 
Total     36    18    16    14    16    35   112   329   356   232   257   291 
 
AM Total:     1712   AM peak     435 07:45 - 08:45 
         12:   13:   14:   15:   16:   17:   18:   19:   20:   21:   22:   23: 
  :15     81    73    79    86   117   143   140    99    50    44    41    10 
  :30     80    59   106    86   113   136   103    92    48    62    22     9 
  :45     58    50   112   116   146   139    95    74    36    36    25    16 
  :60     81    71    72    79   146   129    99    83    38    45    20     7 
Hourly 
Total    300   253   369   367   522   547   437   348   172   187   108    42 
PM Total:     3652   PM peak     571 16:30 - 17:30 
Daily Total   5364 
 
Nightcliff RT BagotIB, Detectors:  3-4 
         00:   01:   02:   03:   04:   05:   06:   07:   08:   09:   10:   11: 
  :15      4     1     0     0     1     6    18    45   141    33    27    26 
  :30      4     3     0     1     1     9    24    65   106    33    32    25 
  :45      1     1     1     5     4    14    37    89    53    21    25    30 
  :60      2     1     0     1     5    12    31   100    49    39    17    26 
Hourly 
Total     11     6     1     7    11    41   110   299   349   126   101   107 
 
AM Total:     1169   AM peak     436 07:30 - 08:30 
         12:   13:   14:   15:   16:   17:   18:   19:   20:   21:   22:   23: 
  :15     37    34    28    54    43    57    32    40    25    18    12     2 
  :30     30    32    32    38    30    32    41    36    21    25     7     2 
  :45     35    26    56    39    48    42    36    37    19    15     6     1 
  :60     29    31    45    41    60    45    32    33    16    16     2     0 
Hourly 
Total    131   123   161   172   181   176   141   146    81    74    27     5 
 
PM Total:     1418   PM peak     197 16:30 - 17:30 
Daily Total   2587 
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Bagot Leftslip to NC, Detector:  5 
         00:   01:   02:   03:   04:   05:   06:   07:   08:   09:   10:   11: 
  :15      6     6     1     0     1     1    13    35   101    51    41    45 
  :30      4     4     0     3     3     3    12    42    65    38    47    42 
  :45      5     2     1     0     3     4    13    52    41    37    50    52 
  :60      5     4     1     1     3    13    26    86    44    41    35    63 
Hourly 
Total     20    16     3     4    10    21    64   215   251   167   173   202 
AM Total:     1146   AM peak     304 07:30 - 08:30 
         12:   13:   14:   15:   16:   17:   18:   19:   20:   21:   22:   23: 
  :15     55    45    66    51    92   122   112    67    36    36    18    12 
  :30     51    45    97    79   122   119    70    61    36    30    13    11 
  :45     56    50    60    67   106   105    81    47    47    33    16     7 
  :60     57    31    68    59   128    97    53    41    33    20     5     6 
Hourly 
Total    219   171   291   256   448   443   316   216   152   119    52    36 
PM Total:     2719   PM peak     478 16:15 - 17:15 
Daily Total   3865 
 
Bagot OB ST, Detectors:  6-7 
         00:   01:   02:   03:   04:   05:   06:   07:   08:   09:   10:   11: 
  :15     14     9     4     1     8    10    19    73   220   131   142   131 
  :30     11     6     5     4     4    10    36    93   235   137   151   149 
  :45      4     5     3     3     7    22    65   208   178   121   152   142 
  :60      2     8     3     4     8    24    71   271   177   149   149   135 
Hourly 
Total     31    28    15    12    27    66   191   645   810   538   594   557 
 
AM Total:     3514   AM peak     934 07:30 - 08:30 
 
         12:   13:   14:   15:   16:   17:   18:   19:   20:   21:   22:   23: 
  :15    130   135   134   164   166   248   147   104    65    60    36    17 
  :30    142   123   151   172   231   232   101    76    59    56    41    16 
  :45    163   136   149   181   208   204   117    79    57    61    25    12 
  :60    143   148   194   149   261   174    95    78    49    46    25    14 
Hourly 
Total    578   542   628   666   866   858   460   337   230   223   127    59 
 
PM Total:     5574   PM peak     949 16:30 - 17:30 
 
Daily Total   9088 
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Appendix C: Projected future traffic volumes  
 

Approach  2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

North Nightcliff 
straight  559 567 576 585 593 602 611 620 630 639 649 

North Nightcliff 
right turn 156 158 161 163 166 168 171 173 176 178 181 

South Nightcliff 
right  197 200 203 206 209 212 215 219 222 225 229 

South Nightcliff 
left 852 865 878 891 904 918 932 946 960 974 989 

Progress Drive 
right turn  490 497 505 512 520 528 536 544 552 560 569 

Progress Drive 
left turn  171 174 176 179 181 184 187 190 193 196 198 

Roundabout 
straight  413 419 425 432 438 445 452 458 465 472 479 

Roundabout 
left 272 276 280 284 289 293 297 302 306 311 316 

Slip lane  364 369 375 381 386 392 398 404 410 416 422 

Trower road 
right 571 580 588 597 606 615 624 634 643 653 663 

Trower road 
straight 928 942 956 970 985 1000 1015 1030 1045 1061 1077 

Bagot road left  478 485 492 500 507 515 523 531 538 547 555 

Bagot road 
straight  949 963 978 992 1007 1022 1038 1053 1069 1085 1101 
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