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1. Introduction 

AECOM have been commissioned by Nestrans to undertake a microsimulation modelling exercise of 

the B9119 Queenôs Road/Skene Road corridor west of Aberdeen City Centre, which traverses through 

the residential areas of Woodend and Hazlehead. The main purpose of this exercise is to assess the 

current limitations of the network and identify potential solutions to improve public transport journey 

times and reliability along the route, whilst aiding pedestrian and cyclist movements in the locality. An 

outline of the study area is shown in Figure 1.1 below. 

 

Figure 1.1 - The B9119 route corridor 

Source: OpenStreetMap 

The B9119 is a substantial local road, being one of the main roads radiating out of Aberdeen City 

Centre which is frequented by inbound traffic into Aberdeen City, while the western aspect of the road 

serves various business parks and towns in between.  

The study area is situated between two major roads, the A90 Anderson Drive to the East and A944 

Lang Stracht to the West; while in-between there are a range of minor and major junctions of various 

types. These include a roundabout with Kingôs Gate and Hazlehead Avenue, in addition to several 

signalised and priority controlled junctions. There is also high concentration of pedestrian crossings 

along the route due to the residential nature of the area and as a result of several schools being 

located within or neighbouring the study network. 

This report will assess the network while providing potential solutions, and is divided into the following 

sections; 

¶ Chapter 2 ï Background to the Project; 

¶ Chapter 3 ï Base Model Development; 

¶ Chapter 4 ï Calibration/Validation; 

¶ Chapter 5 ï Data Sources and Options; 

¶ Chapter 6 ï Option Model Development; 

¶ Chapter 7 ï Results Discussion; and, 

¶ Chapter 8 ï Conclusion.  
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2. Background to the Project 

2.1 Introduction 

At present, a range of transportation network improvements are currently underway within the 

Aberdeen City Region, aiming to increase capacity, improve journey times and reduce congestion 

across the city. The most prominent is the Aberdeen Western Peripheral Route, the UKôs largest new 

road building project that forms a bypass around the city designed to relieve traffic on the A90 which 

at present runs through the city. This could in turn affect traffic on strategic roads which radiate from 

the city, therefore a package of measures to alleviate congestion on these routes are currently under 

scrutiny. 

The A944 Lang Stracht and B9119 are main radial commuter routes into Aberdeen in the East of the 

city, which will be linked to the AWPR at a new Kingswells junction. At present, a park and ride facility 

is located nearby, with the flagship hydrogen X17 bus route serving the site before continuing onto the 

B9119 Queenôs Road, the route which is under assessment in this route.  

The study area consists of a range of junction types, with several signalised junctions along the route 

which are vehicle actuated, several pedestrian crossings due to the residential nature of the 

neighbourhood and a priority based roundabout centrally located in the network.  

2.2 Main Network Issues 

The main extent of the B9119 is frequented by several bus routes, the 11 and X17, with other local 

bus operators also running services within the modelled area. These services have been affected by 

congestion issues along the stretch of road, with operators voicing concerns through the Local 

Authority and Bus Operators Forum. Some bus operators have been forced to revise the timetabled 

services several times within the last year, ultimately leading to a reduction in the number of services 

passing through the network. Subsequently this has led to an impact on bus journey times, reliability 

and punctuality while traffic congestion worsens. 

Additionally, within the locality of the Queens Road corridor, there are several dedicated cycle routes 

with additional opportunities of sharing the road space through the use of the advisory cycle lane 

which runs between the Kings Gate roundabout and Anderson Drive roundabout. These cycle lanes 

however are often ignored by drivers due to the heavy congestion on the route, whereby drivers often 

utilise the marked cycle lanes to create two informal lanes of traffic in congested sections. Cyclists are 

then forced to weave through traffic, even on potentially dangerous intersections such as a 

roundabout. Otherwise, cyclists have some small stretches of shared space with pedestrians, or 

shared use on bus lanes. Therefore, another positive outcome for the project would be to improve the 

active travel on the route by promoting coherent, safe and attractive options for pedestrians and 

cyclists alike. 

The aforementioned roundabout at Kingôs Gate is the main cause of congestion on the network, as a 

result of being over capacity during peak hours. High volumes of traffic from Kingôs Gate paired with 

high volumes on both directions of Queens Road mean the roundabout can become completely 

blocked, which is worsened when the nearby signals are activated on Provost Graham Avenue.  

2.3 On Site Observations 

A site investigation conducted by the AECOM traffic modelling team was also undertaken on the same 

day as the survey to record on site conditions, driver behaviours and any noteworthy observations 

that could affect the model development. The outcomes of this site investigation are attached to this 

report in Appendix A. 
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2.3.1 AM Peak 

During the morning peak period, the majority of queuing was observed to be on the westbound 

approach to the Kingôs Gate roundabout extending back towards the Hill of Rubislaw traffic signals, as 

a result of the roundabout being overcapacity. As a result of the nearby Hazlehead Primary School, 

the morning peak has many signal activations of the Provost Graham Avenue signals near to the 

Kingôs Gate roundabout for both pedestrians and vehicles emerging from the street, which 

exacerbates the situation on the roundabout. The resultant queuing from the roundabout also causes 

significant delays and queues along Kings Gate and Springfield Road. Additional queuing was also 

observed in the western section, with pockets of queuing occurring at the Groats Road junction and 

Hazlehead Gardens bus terminal. 

Eastbound traffic suffered minor delays in this section, on the approach to the Provost Graham 

Avenue junction and also the approach to the roundabout. Otherwise, eastbound traffic tended to be 

free flowing along Queenôs Road, with no significant delays or queues observed. 

2.3.2 PM Peak 

Similarly to the AM Peak, the evening peak period featured extensive queuing in the westbound 

direction approaching the roundabout with Kings Gate, with occasional queues originating from the 

Provost Graham Avenue junction causing blockages to occur on the roundabout. Once a blockage 

formed on the roundabout, extensive queues were observed to extend onto Kings Gate and 

Springfield Road. Some minor delays were also noted in the eastbound approach to the roundabout 

on Queenôs Road.  

A summary of the queues generally observed in the morning and evening peak periods is 

demonstrated in Figure 2.1. 

 

Figure 2.1 - A summary of the queueing locations within the B9119 Study Area 
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2.3.3 General Observations 

It was noted that temporary diversion signs were present at the junction between Queens Road and 

Springfield Road due to the long-term closure of the C128C Cults-Kingshill Road, since 8
th
 August 

2016. As this closure had been in place for several months prior to the site investigation, it is thought 

that driver behaviours would have responded to this change sufficiently for it to not have a major 

impact on observations. 

  

Figure 2.2 - ñDiverted trafficò sign observed on Springfield Road WB approach to Queens 

Road 

2.4 Study Objectives 

A number of objectives have been established to steer the outcomes from the B9119 Study, which the 

model assessments will be compared against, which are as follows: 

¶ Improve journey times, reliability and punctuality for buses on the B9119 corridor; 

¶ Support coherent, safe and attractive travel opportunities for all modes on the B9119 corridor; 

and, 

¶ Deliver improvements on the B9119 corridor that support wider transport policies in the Aberdeen 

City Local Transport Strategy, Nestrans Regional Transport Strategic and the local/regional active 

travel plans. 
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3. Base Model Development 

3.1 Introduction 

As part of the agreed scope, AECOM were commissioned to develop a base model of the Queenôs 

Road corridor using a 2016 baseline year. Section 3.3 discusses the general model setup such as the 

modelled time period and vehicle types included, while section 3.4 covers the development of the 

base models including special features programmed into the model. 

3.2 Model Data Inputs 

Traffic survey data forms an integral part in the development of a robust traffic model, which can 

utilise all aspects of a traffic survey. To conduct this, MHC Traffic was commissioned by AECOM to 

undertake traffic, public transport and pedestrian/cyclist surveys within the previously outlined study 

area on Tuesday 15
th
 November 2016, an average weekday in a neutral month, between 06:00 to 

10:00 and 15:00 to 19:00. The data gathered included; 

¶ Traffic Data: 

 Full classified junction turning counts; 

 Directional classified link counts; 

 Queue lengths; and 

 Journey times. 

 

¶ Public Transport Data: 

 Bus journey times 

 Bus dwell times at the bus stops;  

 Alighting / boarding passengers; and 

 Bus occupancy estimate. 

 

¶ Pedestrian Data: 

 Pedestrian signal activations; and  

 Number of pedestrians/cycles. 

 

Weather conditions on the day were favourable, with clear skies and no adverse weather conditions 

that could impact driver visibility. However, due to the time of year, the majority of the morning and 

evening peak periods were in darkness. 

During the survey it was noted that the cameras on Kingôs Gate and Springfield Road did not capture 

the full extent of the queueing, therefore on site observations were recorded to infill our understanding 

of the queue lengths. 

Data on the operation of traffic signals on the corridor were provided by Aberdeen City Council for the 

following junctions; 

- Hill of Rubislaw; 

- Springfield Road; 

- Provost Graham Avenue; 

- Groats Road; and, 

- Pedestrian crossings at Woodend Crescent, Craigden and Groats Road. 

Other data sources including the site investigation technical note, active travel audit, bus operator 

consultation and policy review that have also contributed to this document are discussed further in 

Section 5. 
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3.3 Model Settings 

On site observations suggested that the site was highly volatile, meaning the level of traffic and delay 

varied day to day, including the times at which queues developed. Additionally, it was observed from 

initial site visits that queues were present over a long period of time. Therefore to ensure sufficient 

queues developed within the model, and at appropriate times to conditions observed on site, the 

models cover a 2 hour peak period, with a 30 minute warm up and cool down period each side of the 

peak hour in the AM (06:30 ï 09:30) and PM (15:30 ï 18:30) peak periods. 

Other crucial elements that were added to the model include cyclists and pedestrians, who are often 

overlooked in traffic models. As the B9119 is frequented by cyclists due to the local dedicated cycle 

lanes and shared space, it was crucial that cyclists were included to accurately portray the road 

conditions. When cyclists use the road space in the VISSIM model, most drivers will pass the cyclist 

without delay yet is dependent on the road width and vehicle size. Off road cyclists have minimal 

disruption to the operation of the network, besides when pedestrian crossings are activated by 

cyclists. 

3.4 Driver Behaviours 

To ensure sufficient levels of detail were covered in the site area, the model includes a wide range of 

road users that were observed on site, including;  

¶ Cars; 

¶ LGV;  

¶ OGV1 (Ordinary Goods Vehicle 1);  

¶ OGV2 (Ordinary Goods Vehicle 2);  

¶ Buses;  

¶ Coaches;  

¶ Cyclists; and, 

¶ Pedestrians.  

The extensive list of road users were carefully analysed based on the on-site observations which 

were then input to the VISSIM model, to enable accurate and realistic road user behaviours that are 

unique to the study area. 

One such unique behaviour noted was between the Kings Gate roundabout and Springfield Road in 

both directions, in addition to the southbound approach to the roundabout along Kings Gate. In these 

locations, drivers generally ignored the advisory cycle lane markings during busy periods to allow two 

lanes to form in either direction, as vehicles would drive close to the kerb or pass over the centreline.  

To mimic this behaviour, a new road type was added into the VISSIM model which consisted of two 

narrow lanes, and increased hesitation to ensure vehicles would pass with caution, or hold back if a 

HGV or bus was ahead.  

An example of this behaviour observed on site is shown in Figure 3.1, where both the advisory cycle 

lane and centrelines are ignored by road users during congested periods. 
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Figure 3.1 - Multiple lane formation while ignoring advisory cycle lane markings 

Another viewpoint demonstrating this behaviour is shown in Figure 3.2 whereby on regular 

occurrences drivers heading towards the roundabout westbound from Queenôs Road would drive 

close to the curb ignoring the cycle lane, while other drivers would pass the queues for access to 

Kings Gate. 
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Figure 3.2 ï Twin lane formation demonstrated on site (above) compared with a model 

screenshot (below). 

 

Similarly, other overtaking behaviour noted were at bus stops in several locations where road space 

would be sufficient enough to allow even large vehicles to pass parked buses, as observed on site 

near the Craigden junction in Figure 3.3.  

 

Figure 3.3 - HGV overtaking a parked bus near Craigden 

This behaviour was implemented into the model accordingly to allow traffic to pass buses only in 

locations where this behaviour was consistently observed and when road width was sufficient. An 

example of this implementation is demonstrated in Figure 3.4, located at Craigden. 

 

Figure 3.4 - Vehicles overtaking the alighting bus 

In addition, to accurately model the journey time of buses through the network, each bus stop was 

configured to have a certain dwell time which was derived from the survey data. Standard deviations 

and average dwell times were calculated from the survey data resulting in minimum and maximum 
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values per bus stop. This created variability within the model to capture a sufficient range of bus 

boarding and alighting times that can result in either longer or shorter delays, which ultimately better 

reflects the operation of buses in reality rather than abiding by a rigid set of timings. For the non-local 

bus services used over longer distances (i.e. X17 serving Westhill) these buses generally pass most 

bus stops to reflect behaviour in reality, compared with local services i.e. service 11 which have a 

greater likelihood to stop to alight passengers. 

Other aspects implemented to accurately reflect on site behaviour and to calibrate journey times 

included reviewing driver behaviours at junctions, notably at the Queens Road/Kings Gate 

roundabout. Larger vehicles have been programmed to wait for larger gaps at the junction, depending 

on the approach used, whereas smaller vehicles such as cars and LGVs have a much lower gap 

acceptance. Vehicle speed has also been used as a factor due to the mixed use of the network, with 

road surface being shared by cyclists who travel at much lower speeds compared to motorised traffic. 

A visual demonstration of the gap acceptance is shown below in Figure 3.5. 

 

Figure 3.5 - Gap acceptance at the Kings Gate/Queens Road Roundabout 

Across the network, it was noted that drivers behave highly courteously, such as leaving suitable gaps 

at junctions to allow side road traffic to pull out by creating a yellow box effect. This highly courteous 

behaviour most likely occurs as a result of drivers who frequent the route expect delays to occur, and 

so by allowing traffic to pull out would have minimal impact on their journey. 

An example of this observation from site is shown in Figure 3.6.  
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Figure 3.6 - Example of courteous behaviour, whereby the slow moving Queens Road mainline 

(above) allowed the silver car to pull out at Angusfield Avenue, with the same modelled 

scenario shown below. 

Subsequently, this creates some interesting effects on the network, such as at the Springfield Road 

junction. During busy periods, the queue for the right turn movement into Springfield Road from 

Queens Road eastbound actually decreases due to drivers heading westbound providing gaps for 

right turning vehicles to pass through, effectively creating a yellow box. However  during quieter 

periods when queueing is lower along Queens Road westbound, the queue to turn right increases 

due to fewer gaps being made available in the stream of traffic. 

Figure 3.7 demonstrates the observed on site behaviour, whereby the westbound queue along 

Queens Road prevents traffic from passing through the junction, therefore most drivers allow the right 

turning traffic onto Springfield Road to exit. 
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Figure 3.7 - Springfield Road courteous behaviour 

This has been replicated in the VISSIM model of the site, as when the queue builds up in the 

westbound direction of Queens Road, road users hold back from the junction to allow the right turn 

movement to go. This is highlighted in Figure 3.8. 

 

Figure 3.8 - Courteous driver behaviour at the Springfield Road junction 

Elsewhere in the network, the driver behaviour of queuing anticipation caused issues during the 

calibration/validation process, as it was found that the saturation flow over the Groats Road junction 

stopline was significantly lower than expected. In normal circumstances, a flow rate of a similar 

junction would be approximately 1800 pcu/hr (passenger car units), however when reviewing the 

survey footage, the saturation flow rate varied between 1400 - 1600 pcu/hr. This significant shortfall in 

flow rate is the result of drivers taking longer to accelerate and set off within the green time of the 

signals, possibly as a result of this knowledge of the local network and its associated delay. 

Other delays added to the network to better reflect the operation of the site included reducing the 

speed of vehicles leaving the network towards the A90 Anderson Drive to reflect the delays attributed 

with the roundabout. While the roundabout was not included in the modelled area, slowing the 

vehicles allowed queues to build to better reflect the journey times observed on the site. These speed 

reducing measures were validated against the journey times recorded from the survey data. 
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In addition, at the opposite side of the network where the modelled area joins the A944 Lang 

Stracht/Skene Road roundabout, mock signals were implemented in the PM model to replicate the 

operation of the part time signals for vehicles entering the network. These were set up on a fixed 60 

second cycle time, delaying vehicles for 30 seconds at a time to allow vehicles to form columns of 

traffic when entering the network at Skene Road. This better reflects the operation of the network in 

the eastbound direction during the evening peak, as traffic formed columns of traffic with large gaps in 

between, which allows for priority controlled side roads to exit. Additionally, this assisted the 

calibration of the eastbound journey times during the evening peak, validated by the on-site 

observations of waves of traffic. 

3.5 Summary 

This section covered the extensive modifications made to the standard VISSIM model set up to reflect 

the behaviour of drivers on site. By doing this, the model is tailored to the network conditions which 

improves the accuracy and aids the calibration and validation process. This will be covered in the 

following section. 
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4. Calibration/Validation 

4.1 Introduction 

AECOM has adhered to modelling guidance outlined in Transport analysis guidance: WebTAG when 

developing, calibrating and validating the B9119 Queens Road/Skene Road VISSIM model. 

Regarding calibration, turning count data has been utilised, comparing the peak modelled hour with 

survey data. The flow criteria used are detailed below: 

¶ Individual modelled flows within 15% for observed flows between 700 and 2,700 vehicles per 

hour(vph) (greater than 85% of cases); 

¶ Individual modelled flows within 100 vph for observed flows less than 700 vph (greater than 85% 

of cases); 

¶ Individual modelled flows within 400 vph for observed flows greater than 2,700 vph (greater than 

85% of cases); 

¶ GEH statistic less than 5 (greater than 85% of cases). 

GEH is a calculated statistic which is based on the following formula: 

 

 

 

With: O = Observed traffic flow 

M = Modelled traffic flow 

GEH formula is used to assess whether the observed data correlates with modelled outputs.  GEH 

values lower than 5 are seen as having a good correlation between observed and modelled. 

Validation of the model is essential to understand whether the modelled traffic is performing in 

congested or free flow conditions. Journey time comparisons between modelled and surveyed data 

can highlight the model conditions.  The criterion outlined by the DMRB is that modelled journey times 

are within 15% or 1 minute of surveyed journey times. 

In addition to the above, it is also important to show that the journey time profile is correct between 

timing points along the route. This ensures that the model is suitably replicating reality. The total 

journey time could potentially validate without replicating the overall pattern of the journey between 

different timing points. To this end, a graphical representation of the whole journey across different 

timing points is a suitable measure of the closeness of fit between model and survey. 

4.2 Calibration 

In total, 16 junctions were surveyed during the AM and PM peak period, as displayed overleaf in 

Figure 4.1, whereby classified turning counts and queue lengths were obtained to aid in the model 

calibration. 
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Figure 4.1 ï Locations of that junction surveys were undertaken 

Each of the above junction survey data were analysed against the model outputs to evaluate the level 

of calibration achieved. This totalled 108 different turning counts along the route, which are 

summarised in Table 4.1 below.   

Table 4.1 - Summary of GEH values from the calibrated models 

108 Total Counts 
AM Peak 

(07:00-8:00) 
AM Peak (08:00-

09:00 
PM Peak 

(16:00-17:00) 
PM Peak (17:00-

18:00) 

GEH less than 1 50% 54% 59% 64% 

GEH less than 2 80% 86% 87% 87% 

GEH less than 3 95% 94% 97% 90% 

GEH less than 4 100% 100% 100% 98% 

GEH less than 5 100% 100% 100% 100% 

All turning counts were found to satisfy the individual model flow criterion which was outlined in 

section 4.1. 

In addition, it was found that both the AM and PM peak models were volatile and variable, which is 

similar to the on-site conditions, and therefore both were required to be run a number of times to 

ensure a 90% confidence within a 10 second confidence interval in the results. A summary of the 

confidence levels, interval and number of runs required from the base models is shown in Table 4.1. 
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Table 4.2- Base model confidence levels and number of runs 

  

No. of 
Runs 

Req'd No. 
of Runs 

Confidence 
Level 

Confidence 
Interval 

(sec) 

Av. Delay 
(sec) 

Typical 
Seed 

Base AM 120 60 98.0% 7.0 168.3761 72 

Base PM 60 54 91.7% 9.5 156.6578 158 

4.3 Validation 

Journey times and queue length data was used to assess the validation of the VISSIM model, by 

comparing the modelled journey times and queue lengths with the surveyed data, which are 

discussed in section 4.3.1 and 4.3.2 respectively. 

4.3.1 Journey Times 

To validate the model, two journey time routes were chosen through the model from the A944/B9119 

roundabout to the A90/B9119 roundabout running eastbound, in addition to the reverse in the 

westbound direction. The route through the network is shown below in Figure 4.2. 

 

Figure 4.2 - Car journey time routes from A944 Lang Stracht to A90 Anderson Drive 

Similarly, as this is a public transport study, the journey times for buses were also recorded to be 

calibrated against, using a route through the busy sections in the B9119 corridor as shown in Figure 

4.3. 
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Figure 4.3 - Bus journey time routes from Aberdeen Crematorium to Hill of Rubislaw 

Note that the bus journey times were recorded between bus stops and therefore the route is shorter 

than the car journey time route.  Although the bus journey time route is shorter it still covers the 

congested sections of the route.  

The journey times of both passenger cars and buses were recorded and compared against the survey 

data for each peak, using an hourly period. The graphs show the surveyed journey time against the 

modelled, with the subsequent section minimum and maximum values in the model. The error bars 

represent variance in the observed journey time data. 

4.3.1.1 AM Peak 

The AM Westbound and Eastbound car graphs are shown below in Figure 4.4 and Figure 4.5 

respectively, with the dashed lines representing the variability through average minimums and 

maximum journey times per section. 
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Figure 4.4 - AM Peak Westbound Car Journey Times 
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Figure 4.5 - AM Peak Eastbound Car Journey Times 

Both the Westbound and Eastbound journey times fall well within the acceptable criteria, with the 

model demonstrating a slightly slower journey time in comparison with the observed results, with the 

exception of the 08:00 ï 09:00 eastbound journey time. The Westbound results have some variability 

in the first 1.5km section of the route, between Lang Stracht / Skene Road junction and \Groats Road 

/ Skene Road junction, which reflects the surveyed journey times well. Likewise in the Eastbound 

direction there is also some variability, in line with the survey results. All results follow the correct 

profile of the journey times in the Queens Road corridor, and are summarised in Table 4.3. 
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Table 4.3 - AM Car Journey Times 

Journey Time 

07:00-08:00 08:00-09:00 

Eastbound Westbound Eastbound Westbound 

Modelled 07:20 08:29 09:08 13:25 

Observed 07:29 07:52 10:06 12:04 

Difference -00:09 00:37 -00:58 01:21 

Percentage -1.9% 7.8% -9.6% 11.1% 

The bus journey times for the morning peak period for the westbound and eastbound directions are 

shown below in Figure 4.6 and Figure 4.7 respectively. 

 

Figure 4.6 - AM Peak Westbound Bus Journey Times  

The journey times for the westbound direction generally follow the same profile as the surveyed data 

with the exception of the 08:00-09:00 period which is faster than the observed bus journey times. This 
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result still falls within the acceptable criteria limit of Ñ15% or less than 1 minute as defined in 

WebTAG. 

 

Figure 4.7 - AM Peak Eastbound Bus Journey Times 

The Eastbound direction however accurately follows the profile of the surveyed journey times, with 

little to no variation between the model and the data.   
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A summary of the bus journey times are presented in Table 4.4. 

Table 4.4 ï AM Bus Journey Times 

Journey Time 

07:00-08:00 08:00-09:00 

Eastbound Westbound Eastbound Westbound 

Modelled 06:44 08:42 08:10 12:06 

Observed 06:29 08:15 07:59 14:11 

Difference 00:15 00:27 00:11 -02:05 

Percentage 3.9% 5.5% 2.4% -14.6% 
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4.3.1.2 PM Peak 

The car journey times for the evening peak period are shown in Figure 4.8 and Figure 4.9 

respectively. 

 

Figure 4.8 - PM Peak Car Westbound Journey Time 

As shown in Figure 4.8, the journey times from the PM peak model conforms well to the profile of the 

survey data, with the 16:00-17:00 period showing minimal variance compared with the observed data. 

The 17:00-18:00 period deviates slightly, however it remains well within the variance of the survey 

data and overall follows the profile of the survey data. 

The Eastbound journey times are shown overleaf in Figure 4.9. 
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Figure 4.9 - PM Peak Car Eastbound Journey Time 

From the graph shown in Figure 4.9, the PM peak car journey times in the eastbound direction tend to 

follow a similar profile between both peak hour periods, with a slight deviation towards the Kingôs Gate 

roundabout at 2.5 km from the surveyed results. Both minimum and maximum values of the car 

journey times are low compared with the average modelled journey times, which demonstrate there is 

little variation in the model, similar to the observed data. 

A summary of the evening peak car journey times is shown in Table 4.5. 
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Table 4.5 - PM Car Journey Time Summary 

Journey Time 16:00-17:00 17:00-18:00 

Eastbound Westbound Eastbound Westbound 

Modelled 07:05 09:05 06:35 10:19 

Observed 06:27 09:15 05:51 09:44 

Difference 00:38 -00:10 00:44 00:35 

Percentage 9.74% 1.88% 12.48% 6.07% 

 

Public transport journey times for the evening peak period are shown in Figure 4.10 and Figure 4.11 

below. 
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Figure 4.10 - PM Peak Westbound Bus Journey Times 

 

As demonstrated in Figure 4.10, the modelled westbound bus journey times closely follow the profile 

of the observed bus journey times, with some variance towards the start of the bus journey time route. 

This variance is similar to the car journey times, and can be attributed to the congestion occurring 

prior to Springfield Road. 

The Eastbound journey time for the public transport is shown overleaf in Figure 4.11. 
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Figure 4.11 - PM Peak Eastbound Bus Journey Times 

Similar to the westbound direction, there is some variance in the bus journey times in comparison with 

the observed data in certain locations, which could be caused by the surveyed buses stopping in 

different locations per recording period. Overall however, the profile and total journey time remain 

similar across both hourly time periods. 

4.3.2 Queue Lengths 

An appraisal of the queue lengths observed on site was undertaken in order to validate the VISSIM 

model. These were conducted in two locations, Kings Gate in a southbound direction (towards the 

roundabout) in addition to Springfield Road heading northbound towards the signalised junction. The 

survey data captured the average queue length in five minute intervals, with the maximum visibility of 

the queue capped depending on the camera footage. 

The results for the AM Kings Gate queue are shown in Figure 4.12, followed by the results for 

Springfield Road in Figure 4.13 overleaf. 
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Figure 4.12 - King's Gate AM Queue Count 

 

Figure 4.13 - Springfield Road AM Queue Count 

As shown in the graphs, both queues accurately portray the network conditions surveyed. It must be 

noted that due to the camera placement on Springfield Road, the maximum observed queue length 

that can be observed is represented by the red dotted line. However, from our on-site observations we 

were able to provide an estimate on where the queue end location was during the peak period, as 

illustrated by the purple dotted line. The modelled queue results should reflect the remainder of the 

queue which is out of view. 

Similar to the AM model, the PM queue length validations are shown in Figure 4.14 and Figure 4.15. 
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Figure 4.14 - King's Gate PM Queue Count 

 

Figure 4.15 - Springfield Road PM Queue Count 

Similarly in the evening peak, there is a limitation on the maximum queue length as a result of on-site 

visibility. However, this has not impacted the comparison between the modelled queue lengths and 

the survey data, as both reflect a similar profile to the observations. 

4.4 Summary 

In summary, it is considered that the models have been well calibrated and validated against the 
surveyed data, and therefore provide a robust base to develop option tests upon.  
 
The models were presented to the client group on Tuesday 14

th
 February 2017 whereby it was agreed 

that the base model is a good representation of the on-site conditions.  
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5. Data Sources and Options 

5.1 Introduction 

Several data sources fed into the option development for the B9119 Queens Road corridor to ensure 

the solutions raised were relevant to the site, appropriate for local policies and positively impacted 

sustainable travel modes. To meet this aim, a number of objectives were set out for the B9119 corridor 

to guide the option development, as follows: 

¶ Improve journey times, reliability and punctuality for buses on the B9119 corridor; 

¶ Support coherent, safe and attractive travel opportunities for all modes on the B9119 corridor; 

and, 

¶ Deliver improvements on the B9119 corridor that support wider transport policies in the Aberdeen 

City Local Transport Strategy, Nestrans Regional Transport Strategy and the local/regional active 

travel plans. 

To help meet these objectives, a number of data sources have been assessed and are discussed in 

this section. A discussion on the site investigation is covered in section 5.2, the active travel audit 

summary is outlined in section 5.3 and the consultation with bus operators is discussed in section 5.4. 

An assessment of the policies relevant to the corridor and option development is covered in section 

5.5. 

5.2 Site Investigation Note 

As part of any modelling exercise, a site investigation should be conducted in order to establish an 

accurate account of observed driver behaviours and the network conditions at the time of the site visit 

and survey. The parameters established from the site visit would then feed into the model to ensure it 

is accurate and detailed to reflect the road conditions at the time of the survey and to identify any 

potential issues that could affect the results, for example if an accident occurs while the survey is 

being undertaken. 

The investigation was undertaken on the 15
th
 November 2016, with two previous site visits also 

undertaken prior to the main survey and investigation date. An overview on the site conditions 

observed during the visit was discussed previously in section 2.3, while the observed driver 

behaviours were incorporated into the Base Model Development, within section 3.4. 

While on site, it is also crucial to attempt to identify the cause of the congestion and other issues 

observed to not only ensure this is properly incorporated into the model, but also to begin to identify 

how these issues can be overcome. Section 5.2.1 firstly discusses the site issues which were 

observed whilst the site investigation took place, on a section by section basis while section 5.2.2 

attempts to address these by highlighting a range of potential solutions that could be implemented, 

based upon witnessed issues. 

5.2.1 Observed Issues 

While visiting the study area, several issues were observed that could contribute to the regularly 

occurring congestion on Queens Road. These issues were categorised by location, and summarised 

in Table 5.1. 
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Table 5.1 - A summary of the perceived on site issues 

Location Perceived Issue(s) 

Kingôs Gate / Queenôs Road  / 
Hazelhead Avenue Roundabout 

¶ The roundabout is over capacity on the Kingôs Gate and Queenôs Road WB 
approaches, resulting in large queues. 

¶ There is frequent ñblocking backò from the signalised junction at Provost 
Graham Avenue to the West. 

¶ The roundabout is difficult to cross for pedestrians and cyclists alike 

Springfield Road ¶ There are large WB queues at the junction with Queenôs Road in both time 
periods, regularly extending from the Kingôs Gate roundabout right across the 
junction.   The location of the detector for right turning traffic into Springfield 
Road is resulting in this phase being missed on occasion.  

Provost Graham Avenue / 
Queenôs Road Signalised 
Junction 

¶ WB arm over capacity, seemingly due to limited green times as a result of side 
road and pedestrian crossing demands. 

Bus Stops ¶ At various locations across the study area drivers will choose to queue behind 
a bus parked at a bus stop rather than overtake, due to narrow road widths 
and oncoming traffic. This can cause queues to form as vehicles wait for the 
bus to depart. 

Angusfield Avenue ¶ Some WB vehicles appeared to be using Angusfield Avenue as a ñrat runò to 
avoid queues on Queenôs Road and reach the roundabout via Kingôs Gate, 
particularly in the AM 

Signalised junctions and 
pedestrian crossings 

¶ Primarily to the West of the roundabout, the prevalence of signalised junctions 
and pedestrian crossings results in frequent stoppages for traffic in both 
directions. 

 

These observed issues were found to be in line with comments raised during the project inception 

meeting on 24
th
 October 2016, which were as follows; 

¶ The corridor suffered long delays in both morning and evening peaks, with delays predominately 

occurring in the westbound direction in both peaks; 

¶ The AM flow is actually higher in the eastbound direction than the westbound direction, with only 

minor delays occurring in the eastbound; 

¶ The PM flows are relatively balanced between the two directions, with similar delays occurring in 

the eastbound as the AM which suggests a combination of network issues and high flows being 

the cause; 

¶ During the PM peak queuing can build as early as 15:00 due to the offshore working times; 

¶ The Provost Graham Avenue signals can cause delays which affect the operation of the Kings 

Gate / Queenôs Road / Hazlehead Avenue Roundabout; and 

¶ Long queues are observed WB on Queenôs Road, southbound Kingôs Gate and northbound 

Springfield Road.    

5.2.2 Potential Solutions 

Based upon the issues identified in the previous section, a high level review of the network was 

undertaken, with input from the AECOM transport modelling and traffic engineering teams to identify 

potential network improvements that address the perceived issues, which are listed in Table 5.2. 
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Table 5.2 ï A list of identified potential high level network modifications 

Location Measure 
Type 

Potential alteration 

Groats Road Soft ¶ Review signal timings to optimise operation 

¶ Link the pedestrian crossing with the signalised junction (if not already 
in place) 

Hazlehead Gardens Soft ¶ Bus only exit at the west junction 

Hard ¶ Simplify junction (T Junction) 

¶ Signalise junction 

¶ Link the nearby pedestrian crossing with a bus priority signal to allow 
buses to exit quickly and safely 

Provost Graham Avenue  Soft ¶ Review location of stop-lines to minimise the intergreen period 

¶ Review signal timings to optimise operation 

¶ Improve connectivity for cyclists through the junction 

Hard ¶ Change the one way system in order to remove traffic exiting onto 
Queenôs Road (see Additional Bus Improvements). 

¶ Flaring at the junction 

Kings Gate / Queens Road 
Roundabout 

Soft ¶ Officially mark the two lanes informally used by drivers on the Kingôs 
Gate approach to the roundabout  

Hard ¶ Narrow pedestrian crossing points 

¶ Replace with a Signalised junction 

 Link signal timings with adjacent signalised junctions 

 Improve safety of pedestrian and cyclists 

¶ Add pedestrian crossing points on the approaches to provide some 
control of the roundabout and improve pedestrian safety  

Springfield Road  Soft ¶ Review signal timings to optimise operation 

Hard ¶ Provide pedestrian islands to allow ñwalk withò operation of signals 

¶ Relocate WB right turn detector (location is poor for activation) 

Additional bus / non-
motorised road user 
measures 

Soft ¶ Remove on street and pavement parking 

¶ Smart ticketing 

 

Hard ¶ Consider rerouting buses onto Provost Graham Avenue (immediately 
west of the roundabout) to improve patronage and bypass delays on 
Queenôs Road 

¶ Real Time Information at bus stops 

¶ Create a bus lane WB on Queensôs Road approach to Springfield 
Road and/or Kingôs Gate roundabout (subject to road width checks) 

These identified solutions are for indication only, and were assessed against the other data source 

inputs which will be discussed in the following sections. 

The full Site Investigation Note is attached in Appendix A. 

5.3 Active Travel Audit 

The Active Travel Audit was undertaken on 19
th
 November 2016 with the aim to identify current active 

travel infrastructure, highlight issues with the current infrastructure and suggest areas for 

improvement. The full audit can be found attached to this report in Appendix B. 

At present, there is a range of active travel infrastructure in place within the study area, such as 

advanced stop lines, bus lanes, shared use footways and advisory on-road cycle lanes. There is a 



B9119 Queen's Road/Skene Road Study  

FINAL 

  
Project Reference: B9119 Queens Road Study 

 

 
Prepared for:  Nestrans   
O:\Strategy\Transport Modes\Buses\Quality 
Partnership\Statutory Quality 
Partnership\Queens Road - Skene 
Road\Queens Road Final Modelling Report 
(Issued 20072017).Docx 

AECOM 
40 

 

main off road cycle route adjacent to the corridor between Lang Stracht / Skene Road junction and 

Woodend Avenue, the Aberdeen to Westhill Cycle Path, with other informal walking and cycle routes 

also present nearby. 

Several issues and opportunities were identified by the audit with a range of suggestions provided to 

improve the active travel infrastructure within the area. A map was produced which highlighted the 

issues found in the specified locations, grouped into 11 categories. 

From the audit, four priority areas were identified for future active travel investment along the B9119 

corridor, including; 

¶ Improved active travel infrastructure at the Queenôs Road/Hazlehead Avenue/Kingôs Gate 

roundabout; 

¶ Improvements on the Aberdeen to Westhill Cycle Path; 

¶ Improvements on the A90 Anderson Drive/B9119 roundabout; 

¶ The provision, layout and location of tactile paving and push button units; and, 

¶ The path network and gaps in infrastructure to key trip attractors in the locality. 

These suggested improvements can be incorporated into wider network enhancements that will 

benefit other road users including public transport. By improving the B9119 Queens Road/Kings Gate 

roundabout through signalisation, as identified in the Site Investigation, this can provide additional 

benefits to active travel in the locality due to the existing poor provisions for pedestrians and cyclists. 

Further enhancements can also be implemented along the route for the Westhill cycle path, such as 

at Provost Graham Avenue.  

Complementing this, a detailed bus stop audit was also undertaken along the route assessing the 

facilities and infrastructure in place in addition to bus stop locations, all of which were found to be 

sufficient and accessible. 

5.4 Bus Operator Consultation 

A consultation was arranged following concerns raised through the Local Authority Bus Operator 

Forum regarding the traffic flow on the B9119 and the associated impact on bus journey times, 

reliability and punctuality. In attendance were First Aberdeen, Stagecoach in addition to the local 

authorities Aberdeen City and Shire councils and Nestrans. 

Following the completion of the previous Site Investigation Note, there was an agreement between 

the organisations on four key issues; 

1. Lack of Westbound bus stop with lay-bys would allow for passing vehicles; 

2. Right turning movement from Hazlehead Gardens require a large sweeping movement for buses, 

occasionally resulting in bus delays waiting for suitable gaps in the traffic; 

3. Bus lane on approach to roundabout well-observed by all vehicles but can be tight; and 

4. All arms of the Kings Gate roundabout are fairly narrow, which could result in difficulty for turning 

buses 

While most of the discussion echoed in agreement, there were additional comments specifically to the 

X17 Stagecoach service. At present, due to the worsening conditions  along the B9119 corridor, the 

timetable of the service has been frequently modified to alleviate the delays on the route, now at the 

fifth time in the past year.  

Based upon these agreed observations, a number of potential network improvements were suggested 

to feed into the option development stage. These ranged from ósoftô measures such as optimising 

signal timings for greater bus priority or implementing parking restrictions along the route to óhardô 

engineering solutions with significant infrastructure modifications.  
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The majority of these hard engineering approaches would in theory provide significant benefit to 

public transport along the corridor. It was highlighted that the wide pavement east of the Kingôs Gate 

roundabout could be encroached upon to provide bus priority measures along the route with low 

detriment to footpath users. Similarly, due to potential available land south of Queenôs Road between 

Woodend Hospital and Provost Graham Avenue, the road could be widened in a similar fashion to the 

route prior to Kingôs Gate, to create an additional bus lane in the westbound direction. Tidal lanes 

were also suggested, allowing additional capacity at key times of the day to improve traffic flow and 

consequently benefit bus running times in addition to other road users.  

The present state of the roundabout was also brought into question, with suggestions to implement 

movement restrictions or installing part-time signals on the roundabout to prioritise the main flow of 

traffic on the B9119.  

In terms of the side roads on the B9119 corridor area, Provost Graham Avenue was dismissed as a 

possible bus diversionary route to improve journey times as the residential area presently has parking 

issues, creating difficulty for buses to navigate the estate as a result of the narrow streets. However, 

the right turn out of Provost Graham Avenue could be banned to remove a stage of the signals at the 

junction by allowing only left turning traffic onto Queens Road. A pedestrian crossing is a requirement 

at this location and must be retained due to the close proximity to Hazlehead Primary School. 

The suggestions raised by the bus operators were fed into the option development which will be 

discussed in the following chapter. A full copy of the bus operatorsô discussion meeting is attached in 

Appendix C. 

5.5 Policy Review 

A policy review was undertaken to evaluate key bus policies and strategies that are applicable to the 

Queens Road corridor, by assessing local, regional and national planning policies that provide 

additional context for the objective setting of the study. This section provides a summary of the 

document, while the full copy is attached in Appendix D. 

5.5.1 Nestrans Regional Transport Strategy 

The RTS was refreshed in 2014 following its original publication in 2008, aligning with the Strategic 

Development Plan.  

A core element of the document is to improve bus services throughout the North East to encourage a 

modal shift towards public transport and in turn reduce air pollution and free up road space for other 

road users. Increased co-operation is envisaged between Nestrans and bus operators to increase 

patronage and enhance the performance and quality of bus services in the region through the IC3 

Bus Improvements intervention. Key elements of the intervention include a package of improvements 

to bus services, facilities and bus priority enhancements to improve the overall quality and reliability of 

the services. The implementation of Real Time Passenger Information systems, park and ride 

schemes and increasing the range of bus priority measures are encouraged to increase the 

effectiveness of public transport. 

Walking and cycling is another key focus for the document (IC6) to increase the proportion of journeys 

undertaken on foot or by bicycle, which would make a significant contribution to achieving the 

strategyôs accessibility, health and environmental objectives, with reference made to the junction 

improvements at the A944/B9119. 

5.5.2 Local Transport Strategy 

The Aberdeen City Council Local Transport Strategy 2016-2021 aims to guide the planning and 

improvement of the local transport network, setting key actions for implementation on radial corridors 

between the city centre and AWPR scheme. One such action refers to the A944/B9119 Switchback 

junction to improve the overall operation to allow greater east-west priority, in addition to the creation 

of a HOV/bus lane eastbound to the A90 Anderson Drive junction. 
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Furthermore, the LTS features an objective to increase the attractiveness of public transport by 

becoming more competitive with private vehicles on speed and cost. The establishment of a statutory 

Quality Partnership is discussed to facilitate bus improvements along the A944 corridor in the form of 

increased bus priority measures, traffic management and the use of Real Time Passenger Information 

systems. Enforcement of bus lanes is also highlighted, as present systems installed to date has 

reduced the number of unauthorised vehicles and thus improved the flow of buses, reducing delays, 

improving punctuality and journey times. 

Additional objectives related to walking and cycling aim to improve conditions for active travel, such 

as ensuring that on-road cycling improvements are exempt from traffic management schemes. 

5.5.3 Bus Action Plan for North East Scotland (Volume 1 and Volume 2) 

The Nestrans Bus Action Plan, split into Volume 1 which discusses data collection and analysis, and 

Volume 2 discusses the detail behind the proposed elements of the Action Plan, identifying specific 

locations where the initiatives could be implemented to provide the greatest benefit. 

Interventions and initiatives for buses include short and medium term projects, the former through 

improving the quality of bus infrastructure by providing safe and comfortable waiting environments, 

which has proved successful, and the latter through bus priority schemes. These bus priority schemes 

include an expansion of traffic priority signals for buses, implementation or expansion of further bus 

lanes and overall improvements in bus running schemes, which made reference to the Queens Road 

corridor. 

Within the study area, bus companies have allocated additional running time due to high levels of 

congestion, causing significant quality issues for passengers. The route has been identified as a 

Quality Bus Corridor, with major improvements to provide free flow conditions for city-bound buses at 

all times. Figure 5.1 below highlights this route and its associated bus priority measures. 

 

Figure 5.1 - Corridor 8, Aberdeen City West - Kingswells and Switchback Quality Bus Corridor 

The orange dotted line identify areas of the carriageway to be reconfigured to provide a continuous 

city-bound bus lane, blue lines shows existing city bound bus lanes, while the red circles indicates 

major junction improvements to provide free flow conditions for city-bound buses, most likely 

signalisation. The highlighted section demonstrates the study area location. 

Key 

Major Junction Improvements 

Carriageway reconfiguration 

Existing city bound bus lane 
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5.5.4 Aberdeenshire and City Bus Passenger Satisfaction Surveys 2016 

The survey report discusses the methodology of the survey, results and key findings on the bus 

satisfaction of users in early 2016, with data back dating to 2008. Comparing the 2015 and 2016 

results, overall satisfaction is lower with the smoothness of the journey featuring the largest reduction 

by -16%. However, awareness of real-time information recorded the largest increase in satisfaction to 

+29%. No specific comments were raised however relating to bus operation on the B9119 corridor. 

5.5.5 A944 Corridor Bus Passenger Satisfaction Survey 2014 

Although targeted at the A944, the close proximity of the corridor to the study area means the 

outcomes of the survey provide an indication of bus passenger perceptions in the same locality. 

Forming part of an investigation into introducing a statutory Quality Partnership (sQP) on the A944 

corridor, additional surveys were undertaken in Westhill at Woodend Hospital and Lang Stracht. 

In Westhill, 93% of respondents were very or fairly satisfied with their overall experience on their most 

recent journey, with service frequency receiving the highest level of dissatisfaction (20%) and 19% 

expressing dissatisfaction with bus stop condition. 

Similarly, 90% of the Woodend Hospital/Lang Stracht element responded very or fairly satisfied with 

their overall experience, with value for money receiving the highest level of dissatisfaction (22%). 

5.5.6 Fares and Ticketing Strategy for Aberdeen City and Shire 

Through working with operators, the aim of the strategy is to improve public awareness of tickets to 

suit personal travel patterns and to ensure operators provide value for money. Multi-operator 

integrated tickets are also promoted, such as the Aberdeen Plusbus, Westhill Bus, Railbus and 

Aberdeenshire Connect, with 11 overarching actions and sub-actions. While it recognises there are 

some constraints placed upon local authorities and operators in terms of implementing tickets, the 

suggested actions are considered deliverable, such as smart cards, multi-modal tickets and E-

ticketing.  

5.5.7 Reducing the Barriers to Bus Use 

Following research undertaken in 2014 by the Aberdeen and Grampian Chamber of Commerce, First 

Group and Nestrans, it was found that there was a low level of bus usage in and around Aberdeen, 

with only 12% of employees travelling by bus to work.  

Journey times proved to be one of the largest barriers for some, with many respondents highlighting 

the bus takes too long or is unreliable. Another major barrier included a lack of nearby bus stop or bus 

route going to their destination. Other responses highlighted a perceived higher cost of using the bus 

than the car, which is a major barrier for modal shift and requires challenging through evidence based 

marketing. 

One of the recommendations from the study included consideration on the length and operating hours 

of bus lanes, which could assist in reducing the current barriers for bus use. 

5.5.8 Nestrans Active Travel Action Plan 2014-2035 

The report highlights a downward trend in physical activity over the last 50 years, alongside the 

decline of bus patronage in favour of the private car, most hard felt in rural or suburban areas. Overall, 

there are eight actions detailed in the plan, with 46 supporting sub-actions. Actions include 

development of a strategic network, safety related actions such as audits, identification of safe cycling 

routes and promotion of these through marketing, publicity and information. 
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5.5.9 Draft Aberdeen Active Travel Plan 2016-2021 

Similar to the Nestrans plan, this document identifies actions that Aberdeen City Council will pursue to 

increase the modal share of active travel, such as consideration of the forms of interchange with other 

transport modes through to liaison with First Aberdeen to identify options for bicycle carriage on bus 

services.  

Ten areas are also identified for infrastructure improvements, one of which is the A944 Aberdeen to 

Westhill route (Strategic Route 5). While a well-used off road pedestrian and cycle route exists 

between Westhill and the A944/A90, the plan states there are sections of the route that require 

upgrades, and limited infrastructure is in place for cyclists between Anderson Drive and the city 

centre. 

5.5.10 Aberdeen Bus Information Strategy 2011 

The Aberdeen City Council strategy outlines the vision for improving the quality and availability for 

local bus information, combining a best practice review with outcomes from public and stakeholder 

consultation. These were combined to form a series of actions for the council and local bus operators 

to work towards, to ensure high quality and easily comprehensible information on all local bus 

services to, from and within Aberdeen is widely available to both local residents and visitors. 

5.5.11 Policy Review Summary 

While the B9119 is not specifically cited in the majority of the documents, the problems identified on 

the corridor and the objectives that have been set for the study, outlined in the previous section, 

provide complementary support through the overall public transport policy framework. 

5.6 Summary 

Drawing upon the various data sources outlined in this chapter, the information has been collated and 

categorised by input to demonstrate the process leading to the option development. Suggested 

options that could be developed are also shown in Table 5.3. 
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Table 5.3 ï A summary of the data which fed into the Option development Option Inputs 
Options 

Location Site Investigation Active Travel Audit Bus Operator Forum Supporting Policy 

Groats Road ¶ Optimise signals 

¶ Link Ped Crossing with 

signals 

 General improvements to journey 

time reliability 

¶ Local Transport Strategy 

¶ Regional Transport Strategy 

¶ Bus Action Plan 

¶ Bus Satisfaction Surveys 

¶ Reducing the barriers to bus use 

Aberdeen Bus Information Strategy  

¶ Review signal timings to optimise operation 

¶ Link the pedestrian crossing with the signalised junction (if 

not already in place) 

 

Hazlehead 

Gardens 

¶ Simplify junction  

¶ Signalise junction 

¶ Link Ped Crossing with 

signals 

 General improvements to journey 

time reliability 

¶ Local Transport Strategy 

¶ Regional Transport Strategy 

¶ Bus Action Plan 

¶ Bus Satisfaction Surveys 

¶ Reducing the barriers to bus use  

¶ Aberdeen Bus Information Strategy 

¶ Bus only exit at the west junction 

¶ Simplify junction (T Junction) 

¶ Signalise junction 

¶ Link the nearby pedestrian crossing with a bus priority signal 

to allow buses to exit quickly and safely 

Provost Graham 

Avenue 

¶ Review location of stoplines 

¶ Optimise signals 

¶ Improve cycle connections 

¶ Change one-way system 

¶ Flaring at the junction 

Improve cycle connections General improvements to journey 

time reliability 

¶ Local Transport Strategy 

¶ Regional Transport Strategy 

¶ Bus Action Plan 

¶ Bus Satisfaction Surveys 

¶ Reducing the barriers to bus use  

¶ Nestrans Active Travel Action Plan 

¶ Aberdeen Active Travel Plan 

¶ Aberdeen Bus Information Strategy 

¶ Review location of stop-lines to minimise the intergreen 

period 

¶ Review signal timings to optimise operation 

¶ Improve connectivity for cyclists through the junction 

¶ Change the one way system in order to remove traffic exiting 

onto Queenôs Road  

¶ Flaring at the junction 

Kings Gate / 

Queenôs Road 

Roundabout 

¶ Officially mark two lanes 

¶ Improve pedestrian crossings     

(controlled or narrowing) 

¶ Revise to a signalised 

junction 

¶ Poor cycle and pedestrian 

facilities 

¶ Refuge islands found to be 

too small 

¶ Daunting area for 

pedestrians 

¶ General improvements to 

journey time reliability 

¶ Part time signals 

¶ Local Transport Strategy 

¶ Regional Transport Strategy 

¶ Bus Action Plan 

¶ Bus Satisfaction Surveys 

¶ Reducing the barriers to bus use  

¶ Nestrans Active Travel Action Plan 

¶ Aberdeen Active Travel Plan 

¶ Aberdeen Bus Information Strategy 

¶ Officially mark the two lanes informally used by drivers on the 

Kingôs Gate approach to the roundabout 

¶ Narrow pedestrian crossing points 

¶ Replace with a Signalised junction 

¶ Link signal timings with adjacent signalised junctions 

¶ Improve safety of pedestrian and cyclists 

¶ Add pedestrian crossing points on the approaches to provide 

some control of the roundabout and improve pedestrian 

safety 

Springfield Road ¶ Optimise signals 

¶ Provide pedestrian islands 

¶ Relocation of WB right turn 

detectors 

  ¶ Local Transport Strategy 

¶ Regional Transport Strategy 

¶ Bus Action Plan 

¶ Bus Satisfaction Surveys 

¶ Reducing the barriers to bus use  

¶ Nestrans Active Travel Action Plan 

¶ Aberdeen Active Travel Plan 

Aberdeen Bus Information Strategy 

¶ Review signal timings to optimise operation 

¶ Provide pedestrian islands to allow ñwalk withò operation of 

signals 

¶ Relocate WB right turn detector (location is poor for 

activation) 

Additional bus / 

non-motorised 

road user 

measures 

¶ Remove on street parking 

¶ Smart ticketing 

¶ Extend dual purpose 

pavement  

¶ Re-routeing buses (provost 

Graham Avenue) 

¶ Real time information at bus 

stops 

¶ Bus lanes WB  

 Car parking restrictions ¶ Local Transport Strategy 

¶ Regional Transport Strategy 

¶ Bus Action Plan 

¶ Bus Satisfaction Surveys 

¶ Reducing the barriers to bus use  

¶ Nestrans Active Travel Action Plan 

¶ Aberdeen Active Travel Plan 

Aberdeen Bus Information Strategy 

¶ Remove on street and pavement parking 

¶ Smart ticketing 

¶ Introduce dual purpose pavement use east of roundabout 

¶ Consider rerouting buses onto Provost Graham Avenue 

(immediately west of the roundabout) to improve patronage 

and bypass delays on Queenôs Road 

¶ Real Time Information at bus stops 

¶ Create a bus lane WB on Queensôs Road approach to 

Springfield Road and/or Kingôs Gate roundabout (subject to 

road width checks) 
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6. Option Model Development 

6.1 Introduction 

Following discussions with Nestrans, in addition to the bus operator consultation, several options 

have been identified for further testing based upon the data sources in the previous section. This 

report will assess five options within the VISSIM traffic model of Queens Road, which are; 

¶ Option 1a ï Westbound bus lane on Queens Road between Viewfield Road and Kingôs Gate; 

¶ Option 1b - As above, but with a banned right turn on Queens Road eastbound onto Hazledene 

Road, diverted onto Woodburn Avenue via Springfield Road; 

¶ Option 2 ï Removal of the Kings Gate roundabout, with a signalised crossroad installed. 

SCOOT/MOVA system implemented for Springfield Road, the new Kings Gate signals and 

Provost Graham Avenue junctions (note these systems are a representation in the model); 

¶ Option 3 ï A combination of Option 1 and Option 2, a Westbound bus lane and signalised 

crossroads; and, 

¶ Option 4 ï As Option 2, with an additional lane running eastbound from the Kingôs Gate junction 

to Springfield Road. 

The development of these options within VISSIM will be discussed in sections 6.2 to 6.5 respectively. 

6.2 Option 1a ï Westbound Bus Lane 

While it is appreciated that local policy generally favours a city bound (eastbound) bus lane, based 

upon the VISSIM model testing it was found that the eastbound direction generally does not 

encounter any substantial delay. Most of the congestion occurs, both in the morning and evening peak 

periods, in the westbound direction, leaving the city. Therefore it would be counter intuitive to install an 

eastbound bus lane when the journey reliability and stability issues are in the opposite direction, as 

there would be very little benefit to the bus reliability and journey times on the corridor.  

In the base network, the westbound queues along Queens Road can start at Provost Graham 

Avenue, stretching back at worse to Rubislaw Park Road prior to the Hill of Rubislaw signalised 

junction. Therefore, it would be logical to commence the bus lane from the back end of the queue at 

Viewfield Road, with some anticipation that queues could increase due to a reduced road space on 

the route. 
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Figure 6.1 - Option 1a westbound bus lane route 

Ordinance Survey CAD mapping was used to assess the suitability of the route for reconfiguration of 

the road layout and it was found that the road width between the outlined locations was around 11m 

(accurate to 0.5m), pending further on site measurements. The proposed lane configuration would be 

two westbound lanes, the nearside being a bus/taxi/cycle lane, while the other would be for general 

motorised traffic as would the single eastbound lane.  The SCOTS National Road Development 

Guidelines Part 3 recommends a road width of 11.1m with a minimum road width of 9m, however the 

minimum road width is not recommended for this corridor due to the traffic volumes and bus /HGV 

numbers.  Therefore it is recommended that an accurate kerb to kerb measurement should be 

undertaken and if required a slight relaxation of the SCOTS guidelines should be applied to minimise 

civil works.  A proposed configuration of the bus lane is shown below in Figure 6.2.  

  

Figure 6.2- Proposed configuration of the westbound bus lane on Queens Road 

While it is recognised that removing the advisory cycle lanes would be discouraged in terms of local 

policy, it is envisaged that the wide footways could be converted to a shared use path. This would 

therefore meet local policy and improve the appeal of cycling along the corridor, reducing the barriers 

to use. The present advisory lanes were highlighted in the Active Travel Audit as being insufficient, 

and are often ignored by road users during busy periods. A safe option of a segregated cycleway 

would enable further user groups to use the route through demonstrating a commitment to active 

travel, providing suitable crossing points were installed at the junctions with residential streets. 

The operation of the bus lane would likely be during peak times; however this can be confirmed 

during the design stage, with the aim that buses would be able to bypass the current lengthy queues 
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before merging with the general traffic prior to the stop line at Springfield Road. Optional bus priority 

signals could be installed at this location if deemed necessary, while bus lane enforcement cameras 

could also have the potential to be installed along the route should driver compliance be an issue. 

Following Springfield Road, buses would merge within general traffic due to the two lanes being 

required in the eastbound direction for Springfield Road, before forming a bus lane once again after 

Hazledene Road until the Kings Gate roundabout. At present, vehicles can be held behind a parked 

bus at the stop for Hazlehead Park, therefore by designating the bus lane vehicles would be able to 

safely pass on the approach to the roundabout. 

Furthermore, parking restrictions would likely need to be enforced along Queens Road to ensure the 

carriageway is kept clear of parked vehicles. Most residents along the corridor do have access to an 

off street driveway, however efforts should also be made to prevent vehicles from parking on 

pavements should the shared use system come into effect, as demonstrated in Figure 6.3. 

 

Figure 6.3 ï Parked vehicle blocking the pavement on Queens Road 

Considerations would also need to be made for the eastbound direction. At present, the width of 

Queens Road allows any parked bus to be overtaken in either direction by other road users. This may 

not be possible if the effective lane widths are reduced to allow for the bus lane to be installed; 

therefore negatively affecting the eastbound traffic being held behind stopping buses. 

Between Hazledene Road and Springfield Road, two lanes are to be retained in the eastbound 

direction to allow for right turning movements from Queens Road eastbound onto Springfield Road at 

the signalised junction. Currently, the flare is 85m in length which can reasonably accommodate the 

level of right turning demand, and should not be shortened to accommodate the a longer section of 

westbound bus lane. The flare length however could be reviewed for detailed option development to 

ensure it is of suitable length. 

The results for Option 1a will be discussed in Section 7. 

6.3 Option 1b ï Westbound Bus Lane with banned right turn 

As detailed in the previous section, one cause for delays in the eastbound section between the Kingôs 

Gate roundabout and the Springfield Road junction was due to right turning vehicles onto Hazledene 

Road from Queens Road. Due to the reduced available road width in this section, any vehicle waiting 

to make the turning movement would effectively block any eastbound traffic until a suitable gap would 

appear. However, during free flowing conditions, gaps were unlikely to open and as a result cause 

queue backs from this location onto the roundabout. 

An alternative was suggested that would ban right turns onto Hazledene Road, similar to the banned 

right coming from Hazledene Road, meaning vehicles would need to seek an alternative route using 
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Woodburn Avenue via Springfield Road. While this would displace right turning vehicles, there is an 

existing 85m filter lane for Springfield Road which Hazledene Road traffic could utilise without 

significant additional delay. If the flare length was found to be too short, the westbound bus lane 

starting location could be adjusted to increase the flare length to allow for the additional right turning 

vehicles. 

Potential drawbacks to this solution could be the relatively short section of road between Queens 

Road and Woodburn Avenue which could cause queues to build behind right turning vehicles onto 

Woodburn Avenue should a suitable gap was not available. The blue arrows in Figure 6.4 represent 

the present situation whereby any right turning vehicles may block Springfield Road due to the lack of 

capacity on the link. It must be noted however that at present there is an extensive yellow box in place 

prior to the signals on Springfield Road to allow sufficient space for vehicles to exit Woodburn Avenue. 

On site observations showed high compliance for the yellow box, with very few drivers edging forward 

until sufficient space was available in front. 

Despite this, to accommodate the additional turning vehicles onto Springfield Road for Hazledene 

Road, as a result of the re-routed traffic, modifications would be required to the junction to 

accommodate the additional vehicles doing this movement. As Figure 6.4 demonstrates, despite there 

being a large amount of road space available to accommodate these modifications, the street lamp 

highlighted in orange would need to be repositioned to further increase the road width to incorporate 

the right filter lane for Woodburn Avenue, highlighted in purple.  

 

Figure 6.4 - The present layout of the Springfield Road junction ï the lamp post highlighted in 

orange would need to be repositioned to accommodate the traffic island/right filter lane 

highlighted in purple. 

Furthermore, there is a large amount of available pavement space on the corner of Springfield 

Road/Queens Road, meaning should any pavement space be required to accommodate the 

highlighted modifications in Option 1b, this should not be a large detriment to active travel at the 

junction. In fact, incorporating a traffic island for pedestrian and cyclist refuge at the junction would 

benefit localised active travel, meaning a fair trade-off.  
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Figure 6.5 - Large pavement space on the corner of Springfield Road. Woodburn Avenue is 

ahead, noting the yellow box compliance for the signals. 

In terms of the VISSIM model, the Option 1b model was implemented through using the same 

modification files as the Option 1a model with the bus lane, with the addition of another modification to 

re-route the traffic. The connecting link between the eastbound lanes on Queens Road and 

Hazledene Road was removed to prevent unnecessary turning movements, while single entry point 

was created for Woodburn Avenue which linked to the previous zone on Hazlehead Road. An 

overview of the modification is shown below in Figure 6.6. Note there is still no exit location for 

Woodburn Avenue as per the base model. 

 

Figure 6.6 - The new link created in the VISSIM model for Woodburn Avenue, linking with the 

previous zone for Hazledene Road 

To ensure vehicle turning counts were realistic as a result of the change, movements were banned in 

the VISSIM model from Queens Road westbound to Woodburn Avenue via Springfield Road, as it is 
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assumed vehicles destined for Hazledene Road would continue on Queens Road until the junction, 

rather than taking an unnecessary detour. 

6.4 Option 2 ï Signalisation of Queens Road/Kings Gate Junction 

Option 1 focused on improving the journey times and reliability of buses through the network, Option 2 

aims to tackle the issue of congestion on the network. Based on site observations and base model 

development, it is apparent that the roundabout with Queens Road and Kingôs Gate is overcapacity 

for the level of demand flowing through it, with queues present along both Kingôs Gate and Queens 

Road. 

During the development of the option tests, a sub test was developed on the base model whereby a 

phase at the Provost Graham Avenue junction was removed, allowing entry only, effectively creating a 

one way system through the housing estate with the signals being retained for a pedestrian crossing. 

This had a negligible effect on the overall operation of the network, despite several seconds being 

saved from the removal of a phase. Therefore, this established that the queuing problems on the 

network can mainly be attributed to the level of demand flowing through the roundabout. 

The roundabout remains the only priority based major junction on the B9119 corridor, with the other 

major junctions being signalled controlled. This lack of control for the main junction within the network 

restricts the opportunity to fine tune the operation of the corridor to provide fluid movements of traffic 

flow through the network.  

Furthermore, due to the constrained existing geometry of the roundabout, signalisation of the present 

layout would be unfeasible to investigate further especially when considering the verdict of the Active 

Travel Audit on the present state of the roundabout for crossing facilities. Furthermore, implementing 

part time signals or partial signalisation of the present roundabout layout would not be feasible due to 

insufficient internal road capacity for traffic on the roundabout, meaning the signals would unlikely 

solve the congestion issues, perhaps even exacerbating the problem.  These issues, paired with the 

close proximity of the Provost Graham Avenue traffic signals with the roundabout, limits the potential 

solutions that can be developed that retain the present layout. 

Therefore, it is proposed that the existing roundabout is removed, with a signalised junction to be 

developed in its place to better regulate the flow of traffic along the corridor and to improve pedestrian 

crossing facilities. As part of the traffic signal implementation, it is proposed that the signals operate 

as ówalk withô for pedestrians, to minimise the amount of green time lost to crossing pedestrians to 

maintain an optimal traffic flow. The location of the proposed new junction is shown in Figure 6.7. 
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Figure 6.7 ï Location of the new signalised junction 

As part of the development of the new signalised junction, it is assumed the other nearby junctions at 

Provost Graham Avenue and Springfield Road be linked to better regulate the traffic through using a 

system such as SCOOT or MOVA. These systems can allow ógreen wavesô to be engineered that 

allow a fluid motion of traffic through the route with minimal impedance within in the area of control. 

Signals can also effectively work together to reduce levels of congestion, adjusting priorities based 

upon the level of demand being placed upon the junctions, even down to optimising the timing of 

certain phases at the junction. As we were not instructed to develop a SCOOT system in VISSIM, a 

simplified approach to SCOOT has been implemented utilising loop detectors to trigger stage changes 

in the signals. 

A LinSig model was developed to establish the signal plan to be used for the new junction, alongside 

creating optimal signal timings for the operation of the junction. Initial testing using the timings from 

the model suggested that a more dynamic approach would be more efficient, therefore loop detectors 

were placed to adapt the operation of the signals based on the demand on the junction arms. 

The signal plan created from LinSig was used to advise the new junction design in VISSIM, with a 

visual representation of the junction plan shown overleaf in Figure 6.8. 
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Figure 6.8 ï Simplified proposed layout of the Queens Road/King's Gate signalised junction 

Initially, to optimise the signal timings for the three junctions, LinSig timings for Springfield Road, 

Kingôs Gate junction and Provost Graham Avenue were programmed using fixed cycle times with set 

signal timings based upon the LinSig outputs. Despite the timings appearing promising from the static 

based LinSig outputs, the dynamic nature of VISSIM with profiling, gap acceptance and vehicle 

behaviour it resulted in significant delays to the network 

To work around this, the new signalised junction was programmed as demand based signals, still 

using the LinSig timings, yet allowing the signal plan to adapt based on the demand placed upon the 

junction. This meant that if the headway dropped below a certain level, the next stage would be 

called, or if no vehicles or pedestrians were present on Hazlehead Avenue then Stage 4 will be 

skipped. Both of these would ultimately allow more green time for Queens Road and Kingôs Gate.  

The signals at Provost Graham Avenue were then linked to the new crossroads, with the new plan in 

place only allowing the signal to change for the side arm once Stage 3 on the Kings Gate junction was 

active, or after a set number of seconds had passed. Additional flexibility was added to the Provost 

Graham Avenue junction to allow the signals to change if the headway on the Queens Road main line 

dropped below a specified value, allowing the signals to be opportunistic if the vehicles on the main 

line were delayed elsewhere. This ensured a much more efficient operation of the junction with fewer 

activations overall than in the base model, whereby the side arm at Provost Graham Avenue would 

frequently be more active than required, even for only a single vehicle. 

The signal plan for Springfield Road however was reverted back to the previous plan that was in 

place, as it was found to operate more efficiently than the proposed LinSig signal timings. Despite 

this, the junction operated much better when the neighbouring Kingôs Gate junction was also under a 

signal plan. The setup of the signalised junctions and timings used for this exercise could be adapted 

in future should this option be investigated further in the detailed design stage. 

It must be noted that the modelled signal programs for these junctions are not strictly under the 

proposed MOVA/SCOOT operation as described previously; these merely emulate the effects of a 

system being in place therefore the results could improve further by up to 10%. Likewise, the signal 

timings from the LinSig report are for reference only and are not fully representative as a potential 

MOVA/SCOOT system.  

Furthermore, as highlighted in the calibration/validation section of the report, the stop line saturation 

flow for the Groats Road traffic signals and Provost Graham Avenue were found to be lower than 
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expected. It has been assumed that the saturation flow of the signals will be ónormalô, and no 

saturation flow reducing measures have been added to the model like at the Groats Road/Provost 

Graham Avenue signals. 

The results for this option will be further discussed in Section 7. 

6.5 Option 3 ï Westbound Bus Lane and Signalised Crossroads 

During the option development meeting, it was decided that if option 1 and 2 demonstrated promising 

results then a hybrid, combining the two options should be tested.  From our initial modelling, the 

results from the AM peak showed great promise. By combining the two, it was anticipated that it 

should address both the cause of the congestion on the corridor and directly improve the bus journey 

times on the route.  

Additionally, due to the flexible nature of the VISSIM scenario management system, it allowed both 

the options to be combined seamlessly as both options addressed different areas of the network 

meaning there was minimal impact on the model set up. A diagram demonstrating the modifications to 

the corridor is shown below in Figure 6.9. 

 

Figure 6.9 ï The areas of the network modified by Option 3; a westbound bus lane and 

signalisation of the Kingôs Gate junction 

A more detailed plan of Option 3 is shown in two merged options is shown in Figure 6.10 and Figure 

6.11. 
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Figure 6.10 - King's Gate Junction and Westbound Bus lane (West section) 

 

Figure 6.11 - Westbound bus lane (East section) 

6.6 Option 4 ï Signalisation of Queens Road/Kingôs Gate Junction 

with two eastbound lanes 

Option 4 aims to improve journey times primarily for city bound traffic heading east through some 

slight land take between Hazledene Road and Kingôs Gate, through implementing a second 

eastbound lane. Although on site observations noted the congested nature of westbound movements 

as a result of the roundabout, the future completion of the AWPR would likely completely modify the 

traffic demand on the corridor. The strategic nature of Queens Road would likely increase traffic 

volumes entering and leaving the city as a result, meaning there must be opportunities to improve 

both east and westbound movements. 

Initially, using the signalisation in the Option 2 model as a basis for Option 4, some additional 

modifications were made to the functionality of the signals to better optimise the flow of traffic through 

the junction, making note of the large availability of space freed up from the roundabout. An additional 

eastbound lane was added at the Kingôs Gate junction, reallocating some road space on the Queens 

Road eastbound section until the junction at Springfield Road. The new additional eastbound lanes 

are expected to be around 3m, with the inside lane eventually forming the right turn for Springfield 

Road. Figure 6.12 is an indicative plan for the Kingôs Gate junction with the Option 4 modification, 

demonstrating the additional lane added eastbound. 
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Figure 6.12 - Indicative road layout plan for Option 4 

As a result of this, the eastbound direction on Queens Road would have its throughput increased, 

allowing more vehicles to travel city bound into the network. Although congestion was not as 

pronounced in the eastbound direction, it does mean that green time can be reduced from Queens 

Road eastbound and allocated more to Kingôs Gate and Queens Road westbound to improve the 

journey times and queuing in the westbound direction. The lane widths on Queens Road westbound 

and on Kingôs Gate north and southbound have remained unchanged at 5m. 

Figure 6.13 overleaf is a model screenshot which demonstrates the operation of the link between 

Kingôs Gate and Springfield Road.  
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Figure 6.13 - Two lane eastbound section between King's Gate and Springfield Road 

 

It must also be noted that as per Option 2, the eastbound bus lane prior to the roundabout has been 

removed and converted for general traffic, as it was found that the bus lane had no net benefit to the 

journey times of buses, and in fact improved journey times once it was removed. By allowing general 

traffic to utilise both lanes, queue lengths are reduced which ultimately improves the journey time of 

buses while in general traffic. 

6.7 Summary 

This section discussed the development of the option tests for the Queens Road corridor, based upon 

the wide range of input data evaluated in addition to the observations on the operation of the base 

model. The network has been studied in detail in order to understand the source of congestion and to 

develop an appropriate response to improving the appeal of public transport and active travel on the 

corridor. Therefore, the options highlighted in this chapter have been deemed to meet the objectives 

established in section 5, which will be assessed in the following chapter based upon the VISSIM 

outputs and results.  
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7. Results Discussion 

7.1 Introduction 

Based upon the options developed in the previous section, this chapter will assess the performance of 

each of these on the merit of their journey times, general network performance and some 

commentary on any observed behaviours or performance of the network against the base models. 

The results to be compared will focus on the journey times and variability of cars and buses for the 

base models and each option model, while the network performance indicators will focus on average 

vehicle speed and latent demand. The latent demand is the number of vehicles that cannot be 

processed by the network and are still yet to enter the model at the end of the recorded simulation. 

7.2 Option 1a 

The results for the Option 1a test featuring the westbound bus lane between Viewfield Road and the 

Kingôs Gate roundabout are presented and discussed in sections 7.2.1, 7.2.2 and 7.2.3. 

7.2.1 Journey Times 

The introduction of a westbound bus lane and the subsequent lane remodelling of the Queens Road 

corridor between the Kingôs Gate roundabout and Viewfield Road was expected to have a positive 

impact in the westbound direction, by segregating the private and public vehicles, thus allowing 

quicker bus journey times and removing delays for private vehicles when buses alight / board 

passengers. In the eastbound direction however, there is a reduction in the road capacity due to the 

loss of road width. The results shown in Table 7.1 are in line with the above expectations, with a 53 

second journey time improvement during the 07:00 ï 08:00, further increasing to a 3 minute journey 

time saving in the last peak hour period, which is discussed further in section 7.2.3. Eastbound 

journey times also increase slightly by around 4.7% across the whole AM peak hours. 

Table 7.1 - AM Option 1a Car Journey Times 

Journey 
Time 

07:00-08:00 08:00-09:00 

Eastbound Westbound Eastbound Westbound 

Option 1a 07:39 07:36 09:36 10:26 

Base 07:20 08:29 09:08 13:25 

Difference 00:19 -00:53 00:28 -02:59 

Percentage 4.3% -10.4% 5.1% -22.2% 

 

For buses, the journey time in the eastbound direction also increases by a similar amount to the car 

journey times, slightly more so in the 07:00 ï 08:00 peak hour period. However, more substantially, 

there is a journey time saving of 3 minute 41 second (22.7%) in the westbound direction between 

08:00 ï 09:00 as buses can avoid the bulk of the peak time traffic. There is also a 1 minute 20 second 

(11%) journey time saving in the westbound direction between 07:00 and 08:00 as the peak traffic 

begins to build. The eastbound direction suffered slightly in journey times, as a result of traffic 

queueing for the right turn onto Hazledene Road, worsened by the increased free flowing traffic in the 

westbound direction meaning fewer gaps to utilise and longer eastbound delays. Occasionally, this 

queue extended back onto the roundabout causing the eastbound traffic to completely halt for a short 

period of time. 
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Table 7.2 - AM Option 1a Bus Journey Times 

Journey 
Time 

07:00-08:00 08:00-09:00 

Eastbound Westbound Eastbound Westbound 

Option 1a 11:36 10:45 12:43 12:34 

Base 10:42 12:05 12:17 16:15 

Difference 00:54 -01:20 00:26 -03:41 

Percentage 8.4% -11.0% 3.5% -22.7% 

In the evening peak, the average journey times for cars is marginally better than the base model, with 

some minor journey time savings in the westbound direction that can be attributed to private vehicles 

being segregated from buses, thus removing delays for private vehicles while buses are alighting and 

boarding passengers.- In the westbound direction, there is a journey time saving of 15 seconds 

(2.7%) between 16:00 - 17:00, falling to 6 seconds in the 17:00 ï 18:00 peak (1%). Conversely, 

eastbound car journey times increase by 3.2% in the first hour (13 seconds) and 4.9% in the last hour 

(19 seconds). The results are summarised in Table 7.3. 

Table 7.3 - PM Option 1a Car Journey Times 

Journey 
Time 

16:00-17:00 17:00-18:00 

Eastbound Westbound Eastbound Westbound 

Option 1a 07:04 08:52 06:48 10:22 

Base 06:51 09:07 06:29 10:28 

Difference 00:13 -00:15 00:19 -00:06 

Percentage 3.2% -2.7% 4.9% -1.0% 

 

Crucially, the journey time increases in the eastbound direction during the morning peak period for 

buses are similar to the evening peak, with an increase of 28 seconds (5%) during the 16:00 ï 17:00 

period, decreasing  to 22 seconds (3.6%) in the final peak hour, demonstrating that the bus lane has a 

fairly minimal impact on the journey times in the eastbound direction. Similar to the morning peak, the 

westbound bus journey time decreases by 1 minute 13 seconds (8.8%), reducing further by just shy of 

3 minutes (20%) in the following time period. The results are summarised in Table 7.4 below. 

Table 7.4 - PM Option 1a Bus Journey Times 

Journey 
Time 

16:00-17:00 17:00-18:00 

Eastbound Westbound Eastbound Westbound 

Option 1a 09:46 12:32 10:30 11:53 

Base 09:18 13:45 10:08 14:50 

Difference 00:28 -01:13 00:22 -02:57 

Percentage 5.0% -8.8% 3.6% -19.9% 

7.2.2 Network Performance Indicators (NPI) 

The overall performance of the network is highlighted using two key indicators, average speed and 

latent demand (traffic volumes which cannot enter the network due to congestion).  Table 7.5. 

Table 7.5 - Network Performance Indicators of Option 1a for all vehicles 

Model 
Average Speed (mph) 

Latent Demand 
(vehicles) 

AM PM AM PM 

Option 1a 15.3 16.3 0 2 

Base 15.0 15.6 0 1 
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The average speed increases with Option 1a by 0.3 mph between the base and Option 1a in the AM 

peak, with an increase in the average speed in the PM from the base by 0.7 mph. There is a low 

amount of latent demand (vehicles which are unable to enter the network during the model period) in 

the PM Option 1a, this is located at the Kingôs Gate entry to the network. 

Focusing on the statistics for public transport only, the average speeds fall by 0.7 mph in the AM 

model, yet increase in the PM model by 0.7 mph.  It should be noted that average speed is taken 

while the vehicle is in transit.  Table 7.6 overleaf summarises the NPI data for public transport. 

Table 7.6 - Network Performance Indicators of Option 1a for public transport 

Model 
Average Speed (mph) 

AM PM 

Option 1a 9.8 11.0 

Base 10.5 10.3 

7.2.3 General Network Observations 

The journey time saving in the westbound direction can be attributed to the inclusion of the bus lane 

which improves both the bus and private vehicle performances by segregating the two. However, due 

to the reduced lane width in the eastbound direction, vehicles are unable to overtake parked buses at 

the Hazledene Road bus stop, consequently causing queue backs onto the roundabout. This reduces 

the number of gaps for Kings Gate traffic, meaning fewer cutting movements, allowing more traffic to 

exit Queens Road westbound while increasing the length of the queues on Kingôs Gate. These 

behaviours are demonstrated in Figure 7.1 overleaf, noting the difference in traffic volumes for the 

eastbound movements compared to the westbound movements, represented by the yellow arrow. 
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Figure 7.1 - Demonstrating the queue back from parked buses in Option 1a (bottom) vs the 

overtaking room available in the base (top) 

To counter this issue, a yellow box or keep clear markings should be installed for the Kingôs Gate exit 

to ensure vehicles can still pull out of Kingôs Gate, should any blocking back from Queens Road 

eastbound occur. 

At the end of the first stretch of bus lane prior to Springfield Road, there could be provision to modify 

the signals to give priority to buses, rather than allowing them to give way into the Queens Road 

traffic. There could even be bus priority signals installed to ensure buses are the first across the line, 

allowing public transport to have several additional seconds prior to the rest of the traffic to exit 

efficiently.  
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7.3 Option 1b 

The Option 1b test results featuring the westbound bus lane proposal from Option 1a in addition to a 

banned right turn onto Hazledene Road is discussed in the following sections; 7.3.1, 7.3.2 and 7.3.3. 

7.3.1 Journey Times 

Implementing the westbound bus lane for Option 1b in addition to the banned right turn for Hazledene 

Road is expected to have a similar impact on the network as Option 1a, with the results expected to 

improve in the eastbound direction over Option 1a. Table 7.7 summarises the results of the car 

journey times for Option 1b in the morning peak, and demonstrates that there is a good saving in the 

westbound direction across both time periods of 49 seconds (9.6%) between 07:00 ï 08:00 and 2 

minutes 48 seconds (20.9%) in the 08:00 ï 09:00 period. Eastbound journey times on the other hand 

increase slightly in the 07:00 ï 08:00 period by 7 seconds (1.6%), increasing more so in the 08:00 ï 

09:00 period by 21 seconds (3.8%). 

Table 7.7 ï Option 1b AM Car Journey Times 

Journey 
Time 

07:00-08:00 08:00-09:00 

Eastbound Westbound Eastbound Westbound 

Option 1b 07:27 07:40 09:29 10:37 

Base 07:20 08:29 09:08 13:25 

Difference 00:07 -00:49 00:21 -02:48 

Percentage 1.6% -9.6% 3.8% -20.9% 

 

Public transport on the other hand as a greater improvement for Option 1b as expected, as Table 7.8 

demonstrates below. The eastbound traffic in both time periods have a similar increase in journey 

times by 23 and 18 seconds respectively (~3%). The westbound direction however has a 1 minute 17 

seconds (10.6%) journey time improvement between 07:00 ï 08:00 and a 3 minute 37 seconds 

(22.3%) improvement in the following peak time period. 

Table 7.8 - Option 1b AM Bus journey times 

Journey 
Time 

07:00-08:00 08:00-09:00 

Eastbound Westbound Eastbound Westbound 

Option 1b 11:05 10:48 12:35 12:38 

Base 10:42 12:05 12:17 16:15 

Difference 00:23 -01:17 00:18 -03:37 

Percentage 3.6% -10.6% 2.4% -22.3% 

 

There is a similar trend for the evening peaks, as the car journey times have a minor benefit between 

16:00 ï 17:00 for both eastbound and westbound, with an increase in journey time in the eastbound 

direction by 13 seconds (3.2%), and a 28 seconds (5.1%) saving in the westbound. The following time 

period has a greater difference in savings, with a 1 minute 2 seconds (9.9%) journey time saving in 

the westbound direction and a 16 second (4.1%) increase in journey times for the eastbound traffic. 

These results are summarised in Table 7.9. 

Table 7.9 - Option 1b PM Car journey times 

Journey 
Time 

16:00-17:00 17:00-18:00 

Eastbound Westbound Eastbound Westbound 

Option 1b 07:04 08:39 06:45 09:26 

Base 06:51 09:07 06:29 10:28 

Difference 00:13 -00:28 00:16 -01:02 

Percentage 3.2% -5.1% 4.1% -9.9% 
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The public transport journey times continue the trend with a high westbound journey time saving and 

an increase in eastbound journey times despite the banned right turn. Between 16:00 ï 17:00, the 

eastbound journey times rise by 26 seconds (4.7%) while in the westbound direction the journey times 

improve by 1 minute 15 seconds (9.1%). Similarly, during the 17:00 ï 18:00 period when the bulk of 

the evening peak traffic occurs, eastbound bus journey times rise by 21 seconds (3.5%), with a large 

2 minute 59 seconds (20.1%) journey time saving occurring in the westbound direction. These results 

are shown in Table 7.10 

Table 7.10- Option 1b PM Bus journey times 

Journey 
Time 

16:00-17:00 17:00-18:00 

Eastbound Westbound Eastbound Westbound 

Option 1b 09:44 12:30 10:29 11:51 

Base 09:18 13:45 10:08 14:50 

Difference 00:26 -01:15 00:21 -02:59 

Percentage 4.7% -9.1% 3.5% -20.1% 

 

7.3.2 Network Performance Indicators (NPI) 

The overall vehicle network performance indicators for Option 1b are summarised in Table 7.11. 

Table 7.11 - Network Performance Indicators for all vehicles for Option 1b 

Model 
Average Speed (mph) 

Latent Demand 
(vehicles) 

AM PM AM PM 

Option 1b 15.1 16.3 1 2 

Base 15.0 15.6 1 1 

 

The average speeds for Option 1b is similar to the base model, with little detriment to all other 

vehicles despite the bus lane being present, with a 0.1 mph and a 0.7 mph increase in average speed 

over the base model during the morning and evening peak respectively. Additionally, the latent 

demand for the evening peak does increase however, with latent demand being present at Kingôs 

Gate in the evening peak. 

The NPI statistics for public transport is summarised in Table 7.12. 

Table 7.12 - Network Performance Indicators for public transport for Option 1b 

Model 
Average Speed (mph) 

AM PM 

Option 1b 9.9 11.1 

Base 10.5 10.3 

 

Despite the bus lane improvements, there is a 0.6 mph decline in average speeds for Option 1b. This 

is more than offset by the PM which sees a 0.8 mph increase in journey times over the base model. 

7.3.3 General Network Observations 

The network operates comparably to the Option 1a model due to the shared similarities, with strong 

journey time savings in the westbound direction as a result of buses being relocated into a dedicated 

lane, allowing more free flowing traffic to bypass alighting bus services. While the journey times do 

slightly increase in the eastbound direction, this could be attributed to an increased number of 
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vehicles in the right turn filter lane for Springfield Road causing some slight additional delay in this 

direction. 

By removing the right turning traffic onto Hazledene Road, traffic on Queens Road eastbound rarely 

blocks back onto the Kingôs Gate roundabout as a result of the reduced lane width on this section. 

Other vehicles do still get caught behind alighting bus services, but this is unavoidable given the 

reduced lane width and lack of space for a bus lay by or bus lane. This behaviour was demonstrated 

in Figure 7.1 previously. 

Focusing on the newly added right filter lane for Woodburn Avenue, allowing space for a single 

vehicle is generally sufficient in the model due to the low vehicle flow accessing the street. It must be 

noted however that vehicle turning counts were not recorded for Woodburn Avenue, therefore a larger 

filter lane may be required than what was modelled, potentially even eliminating the possibility of a 

traffic island. When more than one vehicle attempts to enter the filter lane, traffic can occasionally 

queue back onto Queens Road, as demonstrated in Figure 7.2, which may cause issues at the 

junction due to the present signal plan. 

 

Figure 7.2 - Queue back from the Woodburn Avenue turning 

7.4 Option 2 

The Option 2 test results featuring the new signalised junction are discussed in the following sections; 

7.4.1, 7.4.2 and 7.4.3. 

7.4.1 Journey Times 

The removal of the roundabout and subsequent signalisation of the junction is expected to have a 

large benefit in the overall journey times on the corridor, by providing a stable foundation on which to 

control the flow of traffic through the network.  Table 7.13 summarises the results of the Option 2 

tests, which shows a detriment in the journey times in the eastbound direction, firstly by 28 seconds 

over the base (6.4%) then by 1 minute 54 seconds (20.8%) in the latter hour. Westbound journey 

times however improve by a greater margin, almost allowing both directions to have similar journey 

times to effectively balance the two directions. There is a greater journey time saving in the 

westbound direction, by 56 seconds (11%) between 07:00 ï 08:00 and by 3 minutes 21 seconds 

(25%) in the latter hour.  
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Table 7.13 - Option 2 AM Car Journey Times 

Journey 
Time 

07:00-08:00 08:00-09:00 

Eastbound Westbound Eastbound Westbound 

Option 2 07:48 07:33 11:02 10:04 

Base 07:20 08:29 09:08 13:25 

Difference 00:28 -00:56 01:54 -03:21 

Percentage 6.4% -11.0% 20.8% -25.0% 

 

However, the net benefit for public transport is slight, with a reduction in journey times in the 

westbound direction being substantially less than for other vehicles. A 33 second journey time saving 

would be expected in the first hour, increasing the saving to 1 minute 43 seconds between 08:00 ï 

09:00. Eastbound journey times for buses increase relatively in line with other vehicles, by 10.1% and 

13.2% respectively. 

Table 7.14 - Option 2 AM Bus Journey Times 

Journey 
Time 

07:00-08:00 08:00-09:00 

Eastbound Westbound Eastbound Westbound 

Option 2 11:47 11:32 13:54 14:32 

Base 10:42 12:05 12:17 16:15 

Difference 01:05 -00:33 01:37 -01:43 

Percentage 10.1% -4.6% 13.2% -10.6% 

 

In the evening peak period, it was found that the eastbound journey times increases substantially, by 

almost 75% between 17:00 ï 18:00 by 4 minutes 48 seconds. On the flipside, the westbound journey 

times have a 2 minute 18 second journey time improvement in the same time period, which is 

unfortunately not as beneficial as expected. The full summary of journey times is shown below in  

Table 7.15. 

Table 7.15 - Option 2 PM Car Journey Times 

Journey 
Time 

16:00-17:00 17:00-18:00 

Eastbound Westbound Eastbound Westbound 

Option 2 08:39 09:21 11:17 08:10 

Base 06:51 09:07 06:29 10:28 

Difference 01:48 00:14 04:48 -02:18 

Percentage 26.3% 2.6% 74.0% -22.0% 

 

The overall bus journey times in Option 2 also a similar situation as to the other vehicles. Journey 

times increase by 1 minute 26 seconds in the eastbound direction between 16:00 ï 17:00, and by 36 

seconds in the westbound direction. Between 17:00 ï 18:00, there is a large 3 minute 51 seconds 

increase in journey time in the eastbound direction, despite a saving of 1 minute 54 seconds in the 

westbound as shown in Table 7.16. 

Table 7.16 ï Option 2 PM Bus Journey Times 

Journey 
Time 

16:00-17:00 17:00-18:00 

Eastbound Westbound Eastbound Westbound 

Option 2 10:44 14:21 13:59 12:56 

Base 09:18 13:45 10:08 14:50 

Difference 01:26 00:36 03:51 -01:54 

Percentage 15.4% 4.4% 38.0% -12.8% 
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7.4.2 Network Performance Indicators (NPI) 

The vehicle network performance statistics are summarised in Table 7.17 for Option 2. 

Table 7.17 - Network Performance Indicators for all vehicles in Option 2 

Model 
Average Speed (mph) 

Latent Demand 
(vehicles) 

AM PM AM PM 

Option 2 14.7 13.0 1 44 

Base 15.0 15.6 0 1 

 

The average speeds fall from the base to Option 2, by 0.3 mph in the AM peak period but more 

dramatically by 2.6 mph in the evening peak period due to more demand being placed upon the 

network. There is some latent demand in the Option 2 models also; however this is confined to Kingôs 

Gate. 

The public transport network performance indicators are shown in Table 7.18. Average speeds 

generally fall across both peak periods in the Option 2 model, by 1.3 mph in the morning peak and 0.8 

mph in the evening peak which can be a side effect of signalisation. 

Table 7.18 - Public transport vehicle network performance indicators 

Model 
Average Speed (mph) 

AM PM 

Option 2 9.2 9.5 

Base 10.5 10.3 

7.4.3 General Network Observations 

As previously mentioned, the initial LinSig programs that were derived were input into the model on a 

fixed cycle basis. The model did not respond well to the timings, with wasted green time when phases 

were unnecessarily called upon when no demand was present, leading to increased delays across 

the network. When the side arms were called, the green time was found to be not long enough for the 

level of demand, especially on the major side roads such as Springfield Road and Kingôs Gate.  

To counter this, the signal program was switched to vehicle actuated with a variable cycle time with 

detectors added to the model to allow the signals to adjust where necessary based upon the demand 

placed upon the network. This new program was set up in such a way to mimic a system such as 

MOVA or SCOOT, whereby the Provost Graham Avenue junction signals were linked to the new 

Kingôs Gate signals to ensure they ran in parallel without conflict, demonstrated in Figure 7.3. In 

reality, the MOVA/SCOOT system could perform up to 10% better than the results portrayed in this 

report due to the many inputs and dynamics that underpin the system. 
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Figure 7.3 - A demonstration of the linked signals, with both Provost Graham Avenue and 

King's Gate ósharingô green time simultaneously 

Since the signals were linked and placed under vehicle actuated control, the network performed better 

with much shorter peak demand periods as the signals handled the queues well. It was noted 

however that Kingôs Gate in the PM peak was at peak saturation flow for the allocated green time 

during the latter peak hour, along with Queens Road eastbound.  

During initial testing, the short bus lane prior to the Kingôs Gate junction was retained which caused 

longer queues on the eastbound approach, delaying both private and passenger transport. By 

removing the minor bus lane, it was found that allowing all vehicles to use both lanes on the approach 

to the junction, specifically the nearside lane for left turning traffic, reduced the length of the queues 

on Queens Road eastbound. 

Despite this, as the journey time results show, the queues can be significant on the eastbound 

approach to the Kingôs Gate junction; therefore an additional modification could be to implement two 

ahead only lanes which continue onto Queens Road towards Springfield Road. If the stretch of road 

between Kingôs Gate and Springfield Road was to be widened to two lanes in the eastbound direction, 

the saturation flow would drastically increase across the stop line. This would improve the journey 

times for eastbound traffic, and also allow additional green time to be added to Kingôs Gate or right 

turning traffic from Springfield Road. 

While it was expected that the signalised option to perform much better than the base, there is an 

imbalance in the network at present as a result of the heavy congestion around the roundabout. At 

present, there are a low number of cutting movements from Queens Road westbound to Kingôs Gate 

which allows a relatively smooth flow from Queenôs Road eastbound with few delays encountered. 

This can be worsened by the occasional blocking back from the Provost Graham Avenue junction 

onto the Kingôs Gate roundabout, further aiding the smooth operation of Queens Road eastbound. 

Therefore, any additional improvements made to the westbound direction will consequently cause 

eastbound movements to be further delayed in comparison with the relatively free flowing nature of 

the eastbound traffic in the base. 
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7.5 Option 3 

The combination option test with the westbound bus lane and the new signalised junction will be 

assessed in the following section. 

7.5.1 Journey Times 

The journey times for the combined bus lane and signalised junction option yielded some interesting 

results, through providing some journey time saving for all vehicles in the westbound direction at the 

expense of the eastbound traffic movements. In the 07:00 ï 08:00 period, there is a benefit to 

westbound traffic of 39 seconds, with a 54 second increase in the eastbound direction. Similarly, 

between the busier 08:00 ï 09:00 period the journey times improved by 2 minutes 53 seconds 

(21.5%) for westbound traffic, which soared by 3 minutes 26 seconds in the eastbound direction, 

effectively reversing the location of the queueing traffic. The results are summarised in Table 7.19. 

Table 7.19 - Option 3 AM Car Journey Times 

Journey 
Time 

07:00-08:00 08:00-09:00 

Eastbound Westbound Eastbound Westbound 

Option 3 08:14 07:50 12:34 10:42 

Base 07:20 08:29 09:08 13:25 

Difference 00:54 -00:39 03:26 -02:53 

Percentage 12.3% -7.7% 37.6% -21.5% 

 

Equally, the public transport on the corridor suffers some delays in the eastbound direction, while 

reducing the journey times in the westbound direction as demonstrated in Table 7.20. During 07:00 ï 

08:00, the eastbound direction of traffic has just over 1 minute (9.5%) of additional delay, while the 

westbound features a reduction in journey times by 1 minute 13 seconds (10.1%). However, the bus 

lane and signal combination clearly show benefit, with a reduction in bus journey times by an 

impressive 6 minutes 25 seconds (~40%) as a result of the bus lanes enabling buses to be first to the 

stop line at Springfield Road and Kings Gate. The eastbound journey times does suffer with a 2 

minute 17 seconds of additional delay. 

Table 7.20 - Option 3 AM Bus Journey Times 

Journey 
Time 

07:00-08:00 08:00-09:00 

Eastbound Westbound Eastbound Westbound 

Option 3 11:43 10:52 14:34 09:50 

Base 10:42 12:05 12:17 16:15 

Difference 01:01 -01:13 02:17 -06:25 

Percentage 9.5% -10.1% 18.6% -39.5% 

 

Unfortunately, Option 3 suffers further in the evening peak period due to the greater westbound 

demand in the network than in the morning peak, with most of the increase being attributed to more 

traffic from Kingôs Gate.  

Table 7.21 clearly shows the network is over capacity, with an increase of almost 6 minutes even in 

the initial peak period for the eastbound traffic, while westbound journey times increases by over 3 

minutes. The network clearly struggles between 17:00 ï 18:00, as the journey time increases by 14 

minutes 23 seconds in the eastbound direction, while increasing by over a minute in the westbound 

direction.  
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Table 7.21 - Option 3 PM Car Journey Times 

Journey 
Time 

16:00-17:00 17:00-18:00 

Eastbound Westbound Eastbound Westbound 

Option 3 12:46 12:19 20:52 11:34 

Base 06:51 09:07 06:29 10:28 

Difference 05:55 03:12 14:23 01:06 

Percentage 86.4% 35.1% 221.9% 10.5% 

 

Fortunately, public transport journey times do slightly improve in Option 3 in the westbound direction 

as a result of the bus lane as Table 7.22 demonstrates. Between 16:00 ï 17:00, westbound journey 

times only improve by 16 seconds, and only reducing by 1 minute 45 seconds in the following peak 

period. The eastbound direction however has a similar fate to the car journey times, with a 5 minute 

40 second increase in journey times initially, worsening to just over 11 minutes between 17:00 and 

18:00. 

Table 7.22 - Option 3 PM Public Transport Journey Times 

Journey 
Time 

16:00-17:00 17:00-18:00 

Eastbound Westbound Eastbound Westbound 

Option 3 14:58 13:29 21:09 13:05 

Base 09:18 13:45 10:08 14:50 

Difference 05:40 -00:16 11:01 -01:45 

Percentage 60.9% -1.9% 108.7% -11.8% 

7.5.2 Network Performance Indicators (NPI) 

The network performance summary for Option 3 is shown below in Table 7.23. 

Table 7.23 - Option 3 network performance indicators for all vehicles 

Model 
Average Speed (mph) 

Latent Demand 
(vehicles) 

AM PM AM PM 

Base 15.0 15.6 0 1 

Option 3 14.1 9.2 3 67 

 

In the morning peak period, the general operation of the network is only slightly worse than the base, 

with a decrease in average speed by 0.6 mph. However, it is clear that the network capacity cannot 

cope with the level of demand in the evening peak, with the average speed reducing by large margin 

of 6.4 mph. The network also cannot process as many vehicles as the base mode, with high average 

latent demand which is confined either to Kingôs Gate or Springfield Road. 

The situation does not improve for the public transport results either, as Table 7.24 summarises. While 

the average speed does improve by 0.6 mph over the base model, the PM model however remains 

far worse than the base model, with the average speed falling by 1.7 mph. 

Table 7.24 - Option 3 network performance indicators for public transport 

Model 
Average Speed (mph) 

AM PM 

Base 10.5 10.3 

Option 3 11.1 8.6 
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7.5.3 General Network Observations 

The lower demand in the morning peak period meant that the network coped well with the signals and 

bus lane combined option, with the signal timings managing the level of demand. However, there are 

big changes in vehicle routing in the evening peak hour, with increased flows of traffic going to and 

from Kingôs Gate. More traffic on movements such as right turning traffic from Queens Road onto 

Kings Gate which can have implications on the operation of the signals, from the end of the bus lane 

to the stop line. The higher number of vehicles turning right onto Kings Gate in the PM peak means 

vehicles cannot always move across into the nearside lane, increasing the delays on the westbound 

direction.  

The way the signals have been programmed means that westbound traffic receives an extra 7 

seconds of green time to allow for the right turn movements onto Kings Gate, consequently holding 

back eastbound traffic in the process to relieve the westbound traffic. A longer flare length (and 

shorter bus lane) may resolve this and would allow ahead movements to bypass queuing traffic for the 

right turn.  

The increased traffic from Kings Gate also presents a difficult issue, whereby most traffic is bound for 

Queenôs Road westbound. To complete this movement, traffic in both directions on Queens Road 

must be held back in order for vehicles to safely cross the main flow of traffic. It was found that Kingôs 

Gate reaches saturation flow for the right turn movements during the peak periodsô, meaning the 

junction is operating at capacity.  

Additionally, as the Provost Graham Avenue signals are timed with Kings Gate, this limits the amount 

of storage capacity on the link between the two junctions. As a result, it is not a simple solution as 

adding additional green time to Kings Gate to flush more traffic out of the junction, as there is 

physically not enough space to do this. To demonstrate this, Figure 7.4 shows queueing from Kingôs 

Gate right turning traffic. 

 

Figure 7.4 ï The at capacity link between Provost Graham Avenue and Kings Gate, 

demonstrating that additional green time would not benefit Kings Gate. 

Both issues discussed has a detrimental impact on Queens Road eastbound, which is held back while 

both of these stages on the signals take place, without even considering Hazlehead Avenue which 

has its own stage of 7 seconds. The roundabout currently allows eastbound traffic to be effectively 

free flowing as a result of few cutting movements from Queens Road westbound. With the signals 
































































































































































































