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Introduction

North Sydney is Australia’s 7th largest central business district with the
area generating approximately 288,000 trips on an average weekday.
The centre is well serviced by bus and rail, accommodating a
significant portion of all trips and generating a high volume of localised
pedestrian trips accessing public transport nodes. North Sydney’s high
density of residential and commercial uses also allows a significant
portion of internal trips to be made by foot. The combination of the
above generates a high level of pedestrian traffic to the point where
pedestrian facilities are coming under stress in several areas.
In addition to issues around pedestrian mobility, North Sydney
experiences high levels of traffic, especially during peak periods. This
is comprised of through traffic accessing the Sydney CBD and other
adjacent suburbs, as well as private vehicle trips generated internally
within North Sydney on a daily basis.
In response to the above (and other issues), North Sydney Council
(NSC) has commenced the North Sydney Centre Review. The review
aims to identify and implement strategies to ensure that the North
Sydney Centre retains its strong economic presence, whilst becoming a
more attractive and sustainable place for workers, residents and
visitors. This study is particularly driven towards improving the user
experience for pedestrians in the centre, whilst minimising impacts on
other modes. Notwithstanding this, measures to improve the operation
and user experience for all transport modes have been sought.

1.1

Figure 1: Study area

Study area

The study area is defined by North Sydney Council’s Central Business
District zone and is illustrated in Figure 1.
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The area includes the commercial and retail core of North Sydney, and
approximately bounded by:


The education precinct at the west



The North Shore Railway Line at the south



The Warringah Freeway to the east



The inner North Sydney residential areas around McLaren Street to
the north

1.2

Project objectives

The key objectives of the study include the following.
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Final Report



Assess current bus routes and bus stop locations, and develop
strategies to improve access and pedestrian mobility at/to these
stops;

1.3

How to read this report

The study was undertaken in two distinct stages. Stage one of this study
brings together a series of possible interventions for the North Sydney
Centre. Stage two of the study aims to assess the anticipated impact of
possible interventions on traffic operations, using micro-simulation
modelling.
The document map on the next page summarises the processes of
thought that have guided the development of this report.

Promote pedestrian activity within the centre through improved
linkages and amenity, particularly along major streets such as Berry
Street, Pacific Highway, Miller Street and Walker Street. This will
include identification of traffic / pedestrian works that will:


improve pedestrian amenity;



improve the overall vitality of the North Sydney Centre;



integrate pedestrian movements to adjoining precinct areas; and



activate laneways and side streets for increased pedestrian
activity;

Assess the road network in relation to:


current traffic demand;



current traffic operations, including intersection performance;



the network’s capacity to accommodate increased traffic
demand resulting from proposed development;



the impact of implementing a series of potential traffic works in
relation to pedestrian and vehicle movements
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Understanding North Sydney
Centre’s transport network

Bus journeys made up a smaller proportion for both residents (16%)
and employees (12%).
Figure 1: Journey to Work

The sections following aim to “paint the picture” of North Sydney’s
transport network, and demonstrate how each element functions both
independently and as part of the integrated transport network.

2.1

Key:

Residents

Workers

Trip activity

Trip activity in North Sydney has shown that the average traveller from
North Sydney spends more time travelling than the Sydney average.
Table 1 shows the travel time for residents of North Sydney compared
with the Sydney metropolitan average.
Travel time (mins)

North Sydney

Sydney Average

Av. work trip duration

32

31

The 2011 Journey to Work data indicates that both North Sydney
residents and workers have a high proportion of public transport users.
The proportion is quite high in comparison with other centres and is
only matched by the Sydney CBD as shown in Table 2.

Av. non-work trip duration

17

18

Table 2: Comparison of mode split

Av. Trip duration - all
purposes

20

22

Mode

Private
Vehicle

Public
Transport

Walk
Only

Other

Daily travel time per capita

87

79

Sydney CBD

16%

74%

6%

4%

Source: HTS 2011/2012

North Sydney

31%

59%

6%

4%

2011 Journey to Work data gives the overall mode split for residents
and workers of North Sydney.

Chatswood

49%

40%

8%

3%

St Leonards

48%

44%

6%

2%

Parramatta

53%

40%

4%

3%

Macquarie Park

74%

21%

2%

3%

Table 1: Average travel times

Residents who live in North Sydney number less than 1,500 people
and had a fairly even distribution of (approx. 26% each) driving,
walking and catching the train as their method of travel to work.
Employees arriving to the North Sydney Centre numbered
approximately 36,000 and were far more likely to catch the train (50%)
to North Sydney, followed by driving (29%).
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Figure 2 Journey to Work - employment origins Source: Screenshot from BTS
visualiser

Figure 3 Journey to Work - resident destinations Source: Screenshot from BTS
visualiser





This shows the majority of residents in North Sydney go to Sydney
Inner City (553), followed by North Sydney-Mosman (506),
Chatswood (150) and Ryde (64)



Of the residents who work and live in North Sydney, 75% walk and
18% drive to their destination.



This shows the majority of workers at North Sydney come from
North-Sydney-Mosman (4,152) followed by Chatswood-Lane Cove
(2,853), Sydney Inner City (2,772), Warringah (2,065) and Ku-ringgai (1,974)
Other notable locations include Eastern Suburbs, Ryde-Hunters
Hill, Strathfield-Burwood-Ashfield and Hornsby
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2.2

Public transport network

Blue Street via Greenwood Plaza. Lifts provide access from the
platforms to the street level for people with disabilities.

2.2.1

Trains

Most locations within the North Sydney CBD are easily accessible
from the station. Areas south of Mount Street are within 5 minutes’
walk of the station, and locations south of McLaren Street are within 10
minutes’ walk.

The local train station servicing the centre is the North Sydney Station,
located on the T1 North Shore line. This station provides key services
to the Sydney CBD and the northern suburbs.

In both directions during peak periods trains are scheduled to run every
3 minutes. Train services travel as far as Wyong via Macquarie Park or
Gordon, and Emu Plains via the Sydney CBD.
North Sydney is the fifth most patronised station in Sydney. Barrier
counts recorded at the station in 2012 are outlined in Table 3.
Table 3: North Sydney Station barrier counts
Period

In

Out

Total

Daily

28,780

28,780

57,560

AM peak (6-9.30am)

2,060

19,030

21,090

PM peak (3-6.30pm)

17,840

2,630

20,470

Source: Cityrail Station Barrier Counts, 2004-2012

Figure 4: Train network. Source: Screenshot from BTS visualiser

North Sydney Station is located on the southern side of Blue Street.
Pedestrian access is provided by either the street level or underneath
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Buses

North Sydney experiences large volumes of bus traffic during peak
periods. Bus is the third most popular mode of transport for those
accessing North Sydney, behind train and private vehicle. As such, bus
routes have been planned with a focus to service areas away from the
North Shore rail line. These services connect North Sydney with:


The Sydney CBD



Kirribilli (via route 269)



Mossman area (via routes 227, 228, 229, 230)



Northern Beaches (via routes E50, 168, 173, 175, 183, 184, 187,
L78, L84, L87)



Cammeray / inner northern suburbs (via routes M20, 200, 202, 203,
207, 208, 209, 263, 273)



Far north (via route 260 - Forest Hills service)



North Ryde / Marsfield (via routes 286, 287, 290)



Far north west (via routes 602, 612, 622, 653 - Hills Bus services)



Lane Cove (via routes 252, 254, 261, 265)

The BTS data indicates that the primary catchment areas for bus
patrons are:


For workers (Figure 5), Chatswood/Lane Cove, North
Sydney/Mosman, the Northern Beaches (Manly and Warringah),
and far north-western areas around Baulkham Hills



For residents (Figure 6), the Sydney CBD and Chatswood/Lane
Cove
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Figure 6: Resident bus patron catchments

Bus activity within the precinct is centralised around the Victoria Cross
bus stops as shown in Figure 7 near the intersection of the Pacific
Highway and Miller Street and adjacent the North Sydney Station. The
stops provided at Blue Street immediately outside the station in
particular also facilitate a convenient rail to bus connection. The other
main bus stops are located along the Pacific Highway and Miller Street.
In general the existing stops are considered geographically centred
within the precinct and accessible.
Figure 7 Bus services in North Sydney Centre
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Pedestrian network

North Sydney’s high density of both dwellings and places of work
also allows a high portion of internal trips to be made by foot. With a
strong public transport network of bus and rail, the Centre’s work,
residential and education uses generate a high volume of localised
pedestrian trips accessing public transport nodes.
Within the pedestrian network, key pedestrian desire lines have been
identified crossing Pacific Highway at both Walker Street and Miller
Street as pedestrians move from the key node of North Sydney Train
Station to the commercial core uses of the Centre as shown in Figure 8.
Further strong pedestrian desire lines are identified from the cluster of
bus stops along Miller Street towards the commercial uses with the
Centre and towards the Monte Saint Angelo School along Berry Street.
Mount Street also acts as a key pedestrian route to provide access to the
commercial uses on either side of the Pacific Highway.

Figure 8 Pedestrian generators and attractors
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The key pedestrian desire lines are also supported by the pedestrian
hotspots, identified through pedestrian survey data in Figure 11.
The education uses in and surrounding the study area contributes to a
diversity of users in the North Sydney Centre. The Education Precinct
hosts the Australian Catholic University, Shore School, and includes
the North Sydney Demonstration School. The study area also includes
Monte Saint Angelo School. Educational uses in a centre provide a
younger population to the streets of North Sydney and can support
activity in broader times throughout the day, beyond typical commuter
peak hours.

Figure 9 High pedestrian movement on
Pacific Highway/ Walker Street

Figure 10 Students from Shore
School

Figure 11 AM peak and PM peak pedestrian movements
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The development of a series of residential apartments is shifting the
focus of the Centre towards a more poly-functional centre that has a
mix of uses. This presents an opportunity for a positive impact on the
public life in the area, bringing activity to the Centre during all hours of
the day.
A series of development applications have also been submitted to
Council for the development of mixed use and commercial uses as
shown in Figure 12.

Figure 12 Current development applications
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The footpaths are currently undergoing transition throughout the North
Sydney Centre to high quality granite paving treatments as shown in
Figure 14. These pavements enhance the amenity of the environment at
the street level, and support a legible pedestrian network.
Street level frontages have a positive impact on the pedestrian amenity
throughout the Centre, and have the potential to support a safe and
active city centre. Pockets of the North Sydney Centre are starting to
support an active and interesting street frontage, as shown in Figure 13.
The pedestrian network is supported by a number of shared zones
throughout the Centre, as shown in Figure 15. These provide
opportunity for pedestrians to be prioritised and support a stronger,
more permeable pedestrian network.
The pedestrian overbridge between Greenwood Plaza and Hill Street
also contributes to the pedestrian network. Observations suggest that
this link is not well utilised and ground connections in the Centre are
preferred.

Figure 13 Active frontages on
Mount Street

Figure 14 Example granite footpath
treatments. Snapshot from North
Sydney Public Domain Style
Manual and Design Code.
Figure 15 Pedestrian facilities
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Open space network
The North Sydney Centre currently has a sparse and dispersed open
space network. This presents limited opportunities for workers,
residents, students and visitors to enjoy recreation opportunities in the
Centre. With limited pockets of parklands and open space, this means
that each of the open spaces needs to be a high quality public realm to
support a centre with high amenity. As highlighted through Figure 16
and Figure 17, the Brett Whitely Place at Mount Street is one of three
public recreation spaces available in North Sydney Centre, and
therefore has a key role in providing a welcoming space, that caters for
workers, residents and students.

Figure 16 Brett Whitely Place on Mount Street
Figure 17 Open space network
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Cycling facilities

The current cycling network in the North Sydney Centre is illustrated
in Figure 19. A predominant role of the network in North Sydney is to
facilitate safe and efficient connections to the Harbour Bridge. The
Harbour Bridge is integral to all cycle trips between the Sydney CBD
and northern suburbs. The bridge is currently accessed via a stairwell
located at Alfred Street South (located in the southeast corner of Figure
19). Connection between North Sydney and the bridge is provided by
marked routes along Middlemiss Street and a shared path along the
Pacific Highway.
The map demonstrates that the cycle network within the North Sydney
Centre is predominantly comprised of marked on-road routes, with
intermittent sections of off-road shared path facilities. These are mostly
provided on medium to lower order roads, with a limited portion
provided along the more heavily trafficked areas including Pacific
Highway and Miller Street.
In terms of publically accessible bicycle storage facilities, 4 fully
enclosed bike lockers (class 1 facilities) exist on Mount Street (Figure
18). These lockers are managed by Council and a significant waiting
list usually exists for access to these lockers.

Figure 18: North Sydney bike lockers
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In order to gauge current ridership on the North Sydney cycle network,
information has been extracted from an application-based data source.
Strava is a mobile and online application that allows users to track their
ride using a GPS device, and upload their data. Raceshape.com is a
website that collates the data uploaded by Strata users which is then
used to update a global heat map every hour. The heat map for the
North Sydney area is shown in Figure 20 below.


The heatmap indicates:


High utilisation of state and regional roads including the Pacific
Highway, Miller Street and Blue Street. Of particular note is the
high demand along the Pacific Highway between Berry Street
and Miller Street where marked routes are currently in place.



A shift in cycle traffic between West Street and Miller Street via
Ridge Street



A comparatively low utilisation of the dedicated route to the
west of the Pacific Highway along Mount Street, Edward Street
etc.

The combination of the above observations indicate that cyclists in
North Sydney want to utilise the more direct routes, despite the risk of
interaction with heavier traffic flows.

Figure 20 Bicycle heat map (source: labs.strava.com/heatmap)
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2.5

Road network

Road management in NSW, between Roads and Maritime and
Councils, provides for three categories of road: State, Regional and
Local.

North Sydney Centre Traffic and Pedestrian Study
Final Report

associated with the education precincts overlap with those associated
with the nearby commercial core, whereas they are typically offset in
the afternoons with schools closing around 3pm, before nearby
businesses at around 5pm. This is also characterised in the data profile
by a small peak around 3pm to 3:30pm.

State Roads form the major arterial links throughout NSW and are the
principal traffic carrying routes for the movement of people and goods.
Roads and Maritime take responsibility for managing state roads
including funding and maintaining their primary function. Pacific
Highway, Berry Street and Arthur Street are the state roads within the
North Sydney Centre precinct.
Miller Street and Blue Street are regional roads. These roads are key
sub-arterial and secondary links to regional centres and local
communities. These roads are the responsibility of Council to fund and
maintain, but are eligible for assistance grants from the State in
recognition of their role in the road network. Along with the state
roads, this forms the primary network for bus services (see Section
3.2.2), cyclists (see Section 3.4) and general traffic within North
Sydney.

Figure 21: AM peak traffic arrival profile

Walker Street, Mount Street, McLaren Street and all laneways are local
roads. Local roads provide local access and circulation and are Council
owned and maintained.
Traffic count data collected within the North Sydney Centre indicates
that the peak hours on the road network are 7:45am to 8:45am in the
morning and 5pm to 6pm in the evening. Figure 21and Figure 22
illustrate the profile of traffic flow into the North Sydney Centre every
15 minutes for the morning and evening peak periods respectively.
The data indicates that the AM peak experiences a shorter, more acute
peak period when compared with the PM peak which is longer and less
intense. These observations are typical of precincts that include a
significant portion of educational facilities. Morning peak periods
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Kerbside utilisation

The North Sydney Centre has an abundant amount of kerbside space
used for loading, car parking, taxi and bus zones. Clearways are in
place on Miller Street during peak hours (i.e. southbound carriageway
in AM peak and the northbound carriageway in PM peak).
Table 4 summarises the main uses of kerbside restrictions within the
North Sydney Centre. It should be noted that some zones have a
number of restrictions and these have not been accounted for in this
table.
Table 4: Proportion of kerbside usage
Main parking
restriction

Approximate
kerbside distance
(m)

Proportion of
total distance

No Stopping / No
Parking

6,000

54%

Available Parking
(e.g. 1P, 2P etc.)

3,800

34%

Bus Zone

650

6%

Loading Zone

500

4.5%

Taxi Zone

100

1%

Mail Zone

40

0.5%

Figure 23 Kerbside utilisation in North Sydney Centre
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2.7

Crash data

2.7.1

Crash summary
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Crashes were analysed in the North Sydney Centre over a five year
period (from July 2008 – June 2013 inclusive). Overall, there were 172
crashes recorded during this time period, of which there were no
fatalities, 97 injuries and 75 non-casualty (tow away) crashes recorded.
The crash data was classified into the various road user movement
(RUM) codes to analyse crash clustering. The majority of crash types
were recorded as vehicles from same direction, followed by pedestrian
related crashes (Figure 24).

Figure 24: Crash types by road user movement categories

Crash clusters were focused around key intersections and are detailed
in Table 5 and Figure 25.
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Table 5: Investigation of crashes
Primary
street

Cross
street

Pacific
Highway

Berry
Street

3

Pacific
Highway

Miller
Street

5

Pacific
Highway

Blue
Street

3

Miller
Street

Blue
Street

Walker
Street

Mount
Street

Walker
Street

Berry
Street

Arthur
Street

Berry
Street

Miller
Street

McLaren
Street

2.7.2

Crash type (road user movement code description)
Rear
ends

Oppositeright turn

Sideswipe
lane change

Pedestrian

Off path,
on curve

3
3

5
17

3

6
3
3

3
4

3

Crashes involving pedestrians

There were a total of 34 crashes that involved pedestrians. All crashes
occurred either at intersections or within 50m of the approach
(indicating jaywalking). A summary of crashes and where they
occurred is shown in Figure 26. The highest number of crashes
involving pedestrians was recorded at Blue Street / Miller Street where
a two-phase signalised intersection operates under heavy traffic
conditions, followed by the Pacific Highway (at Miller Street and Blue
Street), where narrow splitter islands and slip lanes are located.
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3

A modal perspective – key issues

A variety of methods were utilised to intake as much information
around transport issues within the North Sydney Centre as possible.
This included the following:


Observations via several visits to the site. These visits covered the
entire study area and were focussed on peak periods, during which a
majority of issues surrounding mobility and safety of across all
modes is typically experienced,



Community consultation using the Collaborative Map tool. This
tool is discussed in more detail below.



Crash data provided by Roads and Maritime, the outcomes of which
are discussed in Section 2.7.



Lessons learnt from our previous role in North Sydney Council’s
Education Precinct Traffic Impact Study (2013)
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categories according to transport mode, and also vote up (like) or down
(dislike) against submitted comments.
Overall there were 220 comments submitted to the site with an
additional 988 votes on mapped comments. The density map shown in
Figure 27 shows the density of comments to identify ‘hotspots’.

A summary of the key issues identified for each transport mode is
discussed in the following sections.

Collaborative Map
The Collaborative Map tool is a light weight mapping application that
is viewed in a standard internet browser and uses the Google Maps
interface. The tool’s aim is to allow people to participate in engagement
activities and provide input to the study directly from their own
computers, broadening the reach of the engagement program.
The Collaborative Map was open for comments from 12 March to
2 April 2014 (three weeks) as part of the engagement strategy to allow
the public and stakeholders to highlight transport and pedestrian related
issues in the project area. Users were able to submit their comments
through a free text box, within geographically defined area. They were
required to tag their comment with one of four categories and sub003 | Issue | 19 September 2014
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Figure 27 Collaborative Map hotspots
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Pedestrians

A review of the pedestrian environment through site visits, document
review and the comments provided on the Collaborative Map highlight
that the combination of the strong public transport and mix of uses in
the Centre generates a high level of pedestrian traffic to the point where
pedestrian facilities are coming under stress in several areas.
A cluster of safety and movement constraint issues were identified
along Pacific Highway, where pedestrians are crossing this main road
from train and bus stops to places of employment. Footpath storage
areas at crossing points along the Pacific Highway at Miller Street and
Walker Street are currently constrained, with pedestrians observed
overflowing these areas, to present safety hazards and potential
conflicts with vehicles. The traffic islands at these locations
specifically are constrained, and are observed to be too small for the
pedestrian movements at peak times.
Traffic signal phasing at key intersections where pedestrian and vehicle
conflicts occur were observed to prioritise vehicle movements. This
was observed to contribute to congestion along footpaths. Key
intersections included:


Pacific Highway/Walker Street



Pacific Highway/ Miller Street



Miller Street/Berry Street

Figure 28 Summary of pedestrian issues
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Miller Street, from Pacific Highway to Berry Street was identified as a
link with high pedestrian movement due to the bus stops at these
locations. Passenger movements alighting from buses as well as
queuing for buses cause congestion along footpaths along Miller
Street. Bus shelters and signage also create obstructions along the
constrained footpath area. The Miller Street/Berry Street intersection
was also identified as an area where pedestrian space was constrained
due to the signal phasing.

North Sydney Centre Traffic and Pedestrian Study
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Highway of street vendors (charity fundraiser staff) were a particular
issue raised through the Collaborative Map process. The pedestrian
environment from Brett Whitely Place along Mount Street towards
Walker Street was also observed to have poor amenity.
Activity on the streets was observed during AM and lunchtime peaks as
workers and students in the areas visited cafes and lunch spots. PM
peak movements were mainly focused on departing North Sydney
Centre. At these times, it was observed that cafes were largely closed.

Walker Street was also observed as a key route to connect the
commercial core of North Sydney Centre and North Sydney Train
Station. Pedestrian conflict points were observed along Walker Street at
Hill Street and Spring Street. At these locations, the footpath and road
treatments do not prioritise pedestrian movement and create a
barrier to seamless pedestrian movement along Walker Street.
Areas of high pedestrian and vehicle movements were also identified at
Pacific Highway/Charles Street and Berry Street/Napier Street.
Poor pavement treatments were observed along the footpath in some
locations, and highlighted through the Collaborative Map, for example
at Mount Street/MacKillop Place. It is understood that Council is
undertaking footpath upgrades that will support safe and consistent
footpath treatments across North Sydney Centre.
Shared zone treatments were observed to be confusing at points. It is
understood that confusion in the treatments supports a slower traffic
environment (as it encourages vehicle drivers, cyclists and pedestrians
to assess their environment and take caution), however in some
locations vehicles were observed to retain priority - for example Little
Walker Street.
Brett Whitely Place on Mount Street, one of the key public open space
areas in the Centre, was observed to have poor public realm treatments
with limited opportunities to encourage workers, students and
residents to stay in the space. Obstructions at Mount Street and Pacific
003 | Issue | 19 September 2014
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Figure 29 Collaborative map hotspots – pedestrians
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Cyclists

A series of issues identified through site visit, desktop analysis, and
through the Collaborative Map process relate to poor connections for
cyclists through the centre. These are largely related to cycling routes
and facilities not being provided along Pacific Highway, as the most
direct, clear and connected route to support cycling movements
throughout the centre.
A consolidated list of issues and comments on the cycling network is
provided as follows.


Comments from the cycling community are scattered within the
centre, but predominantly along the Pacific Highway (see Figure
18).



The shared path at the start of Pacific Highway from the south is
currently constrained in width, impacting both pedestrian and
cycling environments.



There is no seamless connection between the shared path and the
on-road facility on the highway, which begins at the Pacific
Highway/ Walker Street intersection.



The shared path adjacent the highway’s southbound carriageway
between McLaren Street and Berry Street is too narrow to
accommodate both cyclists and pedestrians



Directional signage around the Angelo Street route is confusing



Cyclists using these southbound routes need to cross three lanes of
traffic in order to access Miller Street



The amount of publicly available cycle storage facilities is
insufficient

It should be noted that the collaborative mapping tool yielded a very
high support rate for cycling-based comments, indicating a strong drive
from the community for resolutions to be provided.
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Figure 30: Collaborative map hotspots – cyclists
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Traffic

Traffic congestion is experienced through the North Sydney Centre,
impacting on the vitality/vibrancy of the city centre and limiting
activity. Specific areas of concern include:


Queuing along Berry Street, which occurs at peak times due to
traffic accessing the Harbour Bridge



Queuing at the northern and southern Miller Street approaches to
Berry Street. Queues are generated as a result of conflict with
pedestrians at the intersection, and the role of Berry Street as
collector for all city bound traffic. Long queues present poor
amenity through the centre



The above can result in intensified hazardous conditions at the
upstream intersection of Miller Street / Pacific Highway.



Queuing at Walker Street’s north and south approaches at its
intersection with Berry Street.



Queuing at the left turn into Miller Street from Pacific Highway.
This extends back from the conflict with pedestrians at the zebra
crossing.

The Collaborative Map comments relating to traffic are shown in
Figure 31. Comments were generally dispersed around the study area,
mainly along Miller Street (where a majority of the congestion issues
lie) and the Pacific Highway. The key safety issues identified were
around speeding, merging/turning and heavily utilised pedestrian areas.
The weaving movement at the eastern approach to the Pacific Highway
/ Walker Street intersection was also highlighted. The above comments
are consistent with the crash data received.

Figure 31: Collaborative map hotspots - traffic
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Some congestion issues have also been raised around school and taxi
traffic as well as through-traffic. Temporary congestion resulting from
taxis is focused around the Pacific Highway (near William Street) and
on Berry Street.
The following issues have also been observed around the Education
Precinct:


There is queuing of vehicles exiting from the local network onto the
Pacific Highway due to lack of exit points (especially an issue at
Bay Road and William Street).



Limited and restricted parking for the needs of the area. On-street
parking is occupied for the majority of the day and local traffic
circulates to find parking, increasing traffic flows throughout the
network.
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Bus services

As indicated in Section 2.2, bus movements in North Sydney are
focussed along Pacific Highway, Miller Street and Blue Street.
Observations of bus movements in operation revealed that


Bus services in general operate along routes that experience
typically free flow conditions with the exception of some delays
around Berry Street.



Notwithstanding the above, bus movements were also observed to
contribute towards both pedestrian and traffic congestion around the
Victoria Cross bus stations on Miller Street.

This was reflected to some degree in the Collaborative Map density
analysis (refer Figure 32). Comments were either located along Miller
Street or Pacific Highway with a key hot spot located on the northern
side of Miller Street at the Pacific Highway/Miller Street intersection
regarding the bus stop. The existing footpath does not provide enough
space for both pedestrian and bus patrons (especially during peak
hours). The bus stop shelter such as that at the Victoria Cross bus stops
are highlighted as obstructing and taking up path width, pushing
pedestrians on to the street.
Only a few comments were made around ‘bus services’ with the main
issue appearing to be the ‘Hills Buses’ producing a large bus queue due
to the manual ticket system. Bus and cycling conflicts were also
observed in the AM peak.
In regards to the Education Precinct, some bus drop off and pick up
congestion is experienced on Mount Street. There is a queue of buses
along Mount Street that on occasion can extend to Pacific Highway in
the afternoon.

Figure 32: Collaborative map hotspots – buses
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Taxis and Kerbside utilisation

Parking issues include illegal parking and inadequate parking design.
Illegal parking and taxis usually occur on Miller Street, south of Pacific
Highway. Parking design around Mount Street was highlighted with
issue of angled parking causing safety issues and producing double
parking. There were some comments which were categorised as
‘Other’. The ‘Other’ comments are of a range of issues regarding taxis,
road movements and new development.
Berry Street, between Miller Little Spring Street, appears to contain
taxi issues including causing traffic congestion. Taxis stopping along
Berry Street create conflicts with traffic movements, and create an
unsafe environment for passengers, existing controls suggest limited
taxi zones.
There is a taxi rank located east of where the comments specified
(between Denison Street and Little Spring Street). However, the taxi
rank is time restricted between 3pm-10am (Mon-Fri) and 7pm-6am
(sat-sun). The zone operates as car parking during other times,
restricting its accessibility for taxis.

Figure 33: Berry Street taxi zone restriction
003 | Issue | 19 September 2014
J:\234000\234363-00 NORTH SYDNEY CENTRE\WORK\INTERNAL\DOCUMENTS\140919 NORTH SYDNEY TRAFFIC AND PEDESTRIAN STUDY - STAGE TWO.DOCX

Figure 34: Collaborative map hotspots – other
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4

Key directions of change

A series of state and local government plans and policies have been
reviewed as part of this study. These plans and policies provide a
framework to consider future growth in Sydney. Understanding the key
directions for change through policies and plans provides the context
for future development in North Sydney and guides the
recommendations within this plan.
The key direction of change for North Sydney as outlined by key
planning policies and plans are summarised below.

North Sydney Centre Traffic and Pedestrian Study
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North Sydney is a key component of Global Sydney
A series of state and local plans and policies highlight North Sydney’s
role as a key employment node of Sydney. The Sydney Metropolitan
Plan identifies North Sydney as a Strategic Centre that has a role in
providing high economic activity, especially in communications,
finance, insurance and engineering. The Long Term Transport
Masterplan further defines North Sydney as an important business
location and supports the improvement of current connections to North
Sydney centre as essential to supporting its role in Sydney.
The North Sydney Community Strategic Plan 2013-2023 also identifies
a goal for North Sydney to ensure ‘North Sydney CBD is one of
Australia’s largest commercial centres.’
In supporting North Sydney’s role as an economic centre with the
capacity to cater for 11,000 new jobs, access, connectivity and amenity
of North Sydney Centre will need to be of a high quality.
Enhance day and night time economy
The Sydney Metropolitan Plan highlights the need to continue to
enhance the day and night time economy as a priority for Global
Sydney, including North Sydney. The goal around ‘advocating for
improved after hours transport services to assist workers and night time
recreation’ outlined in the North Sydney Community Strategic Plan
2013-2023 also relates strongly to supporting North Sydney as an
attractive place for recreation activities.
An attractive and active pedestrian environment with strong
connections to key destinations will be crucial in supporting night and
day time economy to enable activity to spill out onto the street and
encourage people to stay, and ‘linger’ in the area.
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Ensuring public transport remains an attractive travel option
Specific to North Sydney, the Long Term Transport Masterplan
highlights that North Sydney currently enjoys strong public transport
access with 54 % of commuters travelling to work by bus and train.
Passenger movement data for North Sydney Station suggest that over
56,000 people use North Sydney station every day. As a key destination
node with large amounts of passenger movements, North Sydney is
currently facing pressures on the rail, bus and road networks in the area.
Goal 8 of NSW 2021 seeks to grow patronage on public transport by
making it a more attractive choice.
The Long Term Transport Masterplan suggests that the North Sydney
Interchange will need to ensure it holds sufficient capacity to maintain
the attractiveness of public transport. Travel by public transport in
North Sydney is further supported through the objectives and
provisions for development outlined in the North Sydney DCP.
A customer’s public transport journey is influenced by both the traffic
and pedestrian network. This highlights the need for investment in
enhancing amenity, connectivity and safety for pedestrians in
supporting public transport patronage.
North Sydney as a vibrant community
The North Sydney DCP outlines that new development in the North
Sydney Centre should result in a viable and attractive employment
centre; and a diverse range of living, employment, recreation and social
opportunities being provided that attract both local and regional
populations which contribute to the vibrancy of the Centre.
A number of new residential developments are currently under
development, or coming to completion. A series of development
applications are also currently with Council for further commercial
development in the North Sydney Centre.
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A growing population in North Sydney Centre presents opportunities to
further support public transport and active travel options. Balancing the
needs of local traffic and through-traffic will also be a key challenge
when managing a growing population.
North Sydney as a healthy community
The North Sydney DCP highlights that the North Sydney Centre suffers
heavily from through-traffic, which impacts on pedestrian and cyclist
accessibility, amenity and safety. A series of public domain works and
new dedicated cycle routes are being implemented through the LGA to
help improve the amenity and safety of cyclists and pedestrians.
As the Sydney Metropolitan Plan highlights, supporting strong
transport connections make it easier for people to be a part of their local
community. Supporting sustainable active transport choices like
walking and cycling that have environmental and health benefits and
contribute to more vibrant communities.
A ‘Connected Cycling Network’ is identified as a key investment area
by the Longterm Transport Masterplan. The draft North Sydney
Integrated Cycling Strategy continues this investment area specific to
the North Sydney LGA. The North Sydney Integrated Cycling Strategy
highlights that ‘cycling in North Sydney is currently limited by an
incomplete and disconnected cycleway network. Gaps and difficult
sections in the network discourage potential cyclists and lessen the
safety and amenity of those riding in the area.’ The Strategy seeks to
implement priority routes to address key gaps in the network, liaise
with State Government organisations to investigate connections to the
Sydney Harbour Bridge, and update existing routes and improve the
quality of routes across the network, and install clear and consistent
signage. To support cycling as an attractive choice for short trips in the
LGA, the Strategy seeks to install new bicycle parking facilities, and
conduct a series of events and programs to promote cycling and
awareness.
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5

Interventions for consideration

This section presents a series of potential interventions that seek to
respond to the key issues identified in Section 3, through the lens of the
long term vision for the transport network defined in Section 4.
The interventions proposed in this section form a long-list of options
and recommendations for Council to consider. Any further testing
required using traffic modelling, has been undertaken as part of Stage 2
of this study.
A summary of each of the interventions proposed are summarised by
transport mode in the sections following.

5.1

Pedestrians
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Footpath continuation opportunities
Footpath continuity treatments extend the footpath treatments across
crossing points. They are implemented in areas of high pedestrian
activity and seek to prioritise pedestrian movement. Footpath continuity
treatments have been widely implemented through Sydney CBD, as
show in Figure 35.
Opportunities for footpath continuity treatments have been identified
along Walker Street, at Hill Street and Spring Street. The path of travel
for pedestrians was at times observed to be impeded by vehicle
movement into Hill Street and Spring Street from Walker Street as well
as William Street. Installing footpath continuity treatments at these
locations would support a pedestrian orientated centre and support a
high amenity environment for pedestrians.

Pedestrian islands and intersections
The pedestrian islands at Pacific Highway intersections with Miller
Street and Walker were identified as hazardous to pedestrians. At these
locations it is proposed to build to these islands and signalise the
conflicting left turns in order to create larger storage space for
pedestrians. Consideration of vehicle turning movements at these
locations will need to be considered.
Pedestrian storage space at Walker Street and Pacific Highway on the
south-eastern corner of the intersection is also suggested to be extended
to support a safe environment for pedestrian movement between the
Commercial Core and North Sydney Station.
The Collaborative Map highlighted that not all signalised pedestrian
crossings included automatic traffic lights for pedestrians, as currently
pedestrians are required to press the button to activate the pedestrian
phase. Area wide introduction of automated pedestrian crossings
throughout the North Sydney Centre is recommended.
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Figure 35: Footpath continuity treatment on Bourke Street, Sydney.

The full criteria for implementing a continuation treatment are listed in
RMS Technical Direction 2013/05. A key criteria in considering such
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treatments is that typically no more than 45 vehicles per hour should
pass through the street where the treatment is proposed.
All side-streets would have potential if they comply with traffic flow
criteria, as vehicles already give-way to pedestrians as per the NSW
Road Rules, are not heavy vehicle routes and have suitable speed limits
on adjoining roads. The following table indicates the streets that may
meet the criteria with suitable traffic flows.
Table 6: Potential continuation treatments
Street

Hourly traffic
volume

Meets all other
criteria?

Suitable for
continuation
treatment?

Angelo Street
(north)

185

Yes

Potential with RMS
approval

Angelo Street
(south)

185

Yes

Potential with RMS
approval

Hill Street

135

No, two-way
direction not
desirable

Potential with RMS
approval

William Street

288

Yes

No, daily flows are
too high

Spring Street

304

Yes

No, daily flows are
too high

The locations that may be potential locations for a continuation
treatment have a higher peak hour traffic flow, but may be approved by
Roads and Maritime Services as they have higher pedestrian volumes
and volumes are low for the remainder of the day. Laneways with both
high hourly and daily flows are not considered appropriate for
continuation treatments.
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High quality public open space
As highlighted through Section 3.1, Brett Whitely Place is one of the
two public recreation spaces in North Sydney Centre. Flexible public
open space that supports a variety of activities and a diverse range of
users will be crucial in supporting an attractive centre for residents,
students and workers at this location.
Interventions for consideration at this stage include:


Temporary public seating (an example shown in Figure 36)



Planting that allows sunlight into the space



Consider street furniture and design that supports a mix of
pedestrian movement space and rest space (an example shown in
Figure 37)

Figure 36: Temporary public seating at Town Hall Square
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Figure 37: High quality street furniture design at The Highline, New York
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Introducing activity into the urban realm
A Brett Whitely history layer could be
introduced into Brett Whitely Place. In
addition to installing physical interventions
into the public realm to support the branding
of Brett Whitely Place (signage etc.), a soft
layer is also suggested. This could be in the
form of walking tours, an App or
projections.

The provision of ‘hard infrastructure’ in the form of seating and urban
realm treatments alone will not be able to support an active open space.
A layer of ‘soft infrastructure’ that is initiatives that are designed to
increase awareness, educate existing and potential users and encourages
activity and use is suggested to encourage a lively North Sydney
Centre. We have identified the following interventions for
consideration at this stage.
‘Friday Markets at the Brett Whitely Place’.
A temporary market that pops up weekly at
Brett Whitely Place could provide an
opportunity for the creative community to be
invited into North Sydney Centre. The Rocks
Market, presents a case study for a
temporary market, where the shared space on
Argyle Street hosts pop up food markets to a
crowd of tourists and workers.

The Village Bizarre film screening

Small scale screenings or performances
could also be encouraged as temporary
events at Brett Whitely Place. Placed in the
midst of the public space of Brett Whitely
Place, temporary performance structures
present an opportunity to showcase arts and
culture, including live music and
performance arts. This presents a dynamic
and flexible activation of space beyond work
and school hours.

William Street Festival
Paddington

Laneway Festival. As a series of shared
zones are installed throughout the Centre,
and as cafes and bars are encouraged to
inhabit the space, holding a seasonal festival
could encourage activity towards these
shared spaces. These festivals would
encourage activity, as well as presenting a
symbol to users that these spaces prioritise
pedestrian movement.

The Rocks Market

It is understood that Council is currently undertaking a public domain
study into Brett Whitely Place.

Martin Place Swap Party Event
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Shared zone opportunities
Laneways and dead-end streets within the study area were investigated
for feasibility of being converted to shared zones. A shared zone gives
priority to pedestrians in a low speed environment of maximum
10km/h. Parking can be retained in shared zones and vehicles must
park in marked bays. The criteria for the introduction of shared zones
are listed in Table 7.

The following table indicates the streets that meet the criteria with
suitable traffic flows.
Table 8: Potential shared zones
Street

Hourly traffic
volume

Daily traffic
volume

Suitable for
shared zone?

Napier Street

124

556

Potential with RMS
approval

Little Walker Street

128

662

Potential with RMS
approval

Mount Street (E
Walker Street)

155

N/A

Potential with RMS
approval

Angelo Street

185

799

Potential with RMS
approval

Hill Street

135

943

Potential with RMS
approval

Ward Street

226

1,454

No

Little Spring Street

209

1,536

No

Denison Street

295

2,019

No

Spring Street

304

2,060

No

William Street (N
Mount Street)

288

3,111

No

Table 7: Site criteria for shared zones
Features

Shared Zone

Current traffic flows

Less than or equal to 100 vehicles per hour
and 1000 vehicles per day

Current speed limit

Less than or equal to 50km/h

Length of proposed
Shared Zone

Less than or equal to 400 meters

Current speed limit of
adjoining roads

Less than or equal to 50 km/h

Current carriageway
width

Minimum trafficable width of 2.8 meters

Route access

Must not be located along bus routes or heavy
vehicles routes except delivery or garbage
trucks

Streets with narrow or
no footpaths

Where pedestrians are forced to use the road

Kerbs

Kerbs must be removed unless excepted by
the RMS

All side-streets except those that adjoin the Pacific Highway would
have potential if they comply with traffic flow criteria as they are
adequate length, are not heavy vehicle routes and have suitable speed
limits on adjoining roads.
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The locations that may be potential shared zones have a high AM peak
hour traffic flow, but may be approved by Roads and Maritime as they
have high pedestrian volumes and narrow footpaths. Laneways with
both high hourly and daily flows are not considered appropriate for
shared zones.
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Note Denison Street is demonstrated to have a reasonable significant
traffic function (providing access to public car parks etc), to a point
where a shared zone is not recommended. However, there will be an
increase in pedestrian flows in this area generated by proposed new
development. Given the lack of good pedestrian connectivity and
amenity between Berry Street and the developing precinct to the south,
a footpath widening is recommended along Denison Street. Onsite
investigations yielded that this will require the removal of 9 timerestricted parking spaces along the western side, and reconfiguration /
relocation of a limited amount of loading space.

Interventions proposed by others
A review of documentation highlighted a series of interventions that
support a connected pedestrian environment in the North Sydney
Centre. The interventions and their benefits are described as follows.
Northpoint
The possibility exists to create a laneway connection through
Northpoint to connect the Pacific Highway and Miller Street with retail
hub uses. This supports the strong desire line of pedestrians moving
between the commercial and education uses west of Pacific Highway
and the bus stops on Miller Street.

Figure 38 Proposed pedestrian interventions
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5.2

Cyclists

There would be scope to relocate certain bus stops, but those
northwest of Miller Street would be more difficult due to lack of
alternate bus routes

As identified previously, the predominant issues presented for cyclists
surround the need for more direct and prioritised connections through
North Sydney’s centre. The Draft North Sydney Cycling Strategy
proposes a long term solution in the form of a 1.2km separated bidirectional cycleway within the existing Pacific Highway corridor from
West Street to Lavender Street. This proposal is generally consistent
with route alignments (Option A) and goals set out in Sydney Cycling
Futures. As part of this study, we have given further consideration to
the form in which the new connection could be provided. These are
discussed below and illustrated in Figure 39.
It is envisaged that the cycleway will need to resume the kerbside lane
of the Pacific Highway on one side of the road, or a combination of
both.
The following considerations should be taken into account regarding
the western side of pacific highway:


Opportunities to cross the highway would be either via a new
signalised crossing at West Street, or via the existing McLaren
Street intersection crossing.



Northbound carriageway is generally wider with three lanes along
the whole alignment.



Removal of on street parking north of Berry Street would likely be
required



The four existing bus stop areas and the interaction between
passengers, passing pedestrians and cyclists needs to be considered.
An example of where this has been applied in Sydney is Bourke
Street where additional pedestrian storage is provided on the
roadway side of the cycleway. However this would require a two
lane local resumption to achieve adequate space.
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Figure 39 Proposed cycling interventions
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The following considerations should be taken into account at the
eastern side of the Pacific Highway:


Limited carriageway width between McLaren Street and Bay Road



Less interaction/impact with bus stops along the highway. There are
currently none north of Berry Street.



There is also no on-street parking north of Berry Street. Removing
on street parking along pacific highway south of Berry Street would
likely be required.



There are north-south connection constraints across the Berry Street
intersection with the highway. A bicycle phase may be required at
the signals.



Opportunities to cross the highway exist at the existing signalised
intersections along the highway, including at the High Street
intersection, and also at the proposed pedestrian crossing at
Northpoint.

It is understood that RMS are considering options for the alignment of
the cycleway. Should RMS develop a preferred alignment for the
cycleway, its impacts on traffic performance will be able to be tested
using micro-simulation modelling.
Consideration should also be given to:


Bicycle turning facilities from Pacific Highway to Miller Street



Additional secure bike racks and lockers in the centre

It should be noted that consideration was also given to the possibility of
shared bus / bicycle lanes along the Pacific Highway. However this is
not considered a preferred solution given issues with uphill grades
along the highway (and likely impact on bus speeds in the lane) and
continued safety concerns around interaction between cyclists and
vehicles.
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Traffic

improve safety by eliminating the current issue of overcrowding on
pedestrian islands. The exception will be at the left turn into Blue
Street where bus access will require the existing left turn treatment
to remain.

Key proposals that may resolve the traffic-related issues outlined in
Section 3 are presented in Figure 40. These are described as follows.


As proposed by the Education Precinct Traffic Impact Study, enable
all movements at the Berry Street / Pacific Highway intersection



Reducing the Pacific Highway speed limit to 50km/h. This would
be a safety measure in lieu of crash rates along the highway. It is
considered unlikely that RMS would be supportive of this measure.



Provide a formal taxi rank around the Coca Cola building at
William Street to limit taxis stopping along Pacific Highway.



Provide a formal taxi rank at Berry Street outside Shopping World
to limit taxis stopping along Berry Street.



Removing kerbside parking on the southern side of Mount Street
(west of William Street), to enable efficient bus movements and
pickup activity at Shore school.

Miller Street upgrade
Council have developed concept sketches detailing upgrade works to
Miller Street between (and including) its intersections with Pacific
Highway and Berry Street. These works include:





Relocating southbound Pacific Highway bus routes from their
current drop-off at the Victoria Cross station on Miller Street, to a
new stop on the highway immediately to the north of Miller Street
(this is identified in section 5.4 below)
Incorporates the new signalised mid-block pedestrian crossing on
Miller Street and intersection kerb build-outs (at Miller Street /
Pacific Highway intersection) as described in section 5.1above.
Removal of on-street parking along the southbound carriageway,
redesignating the space to additional footpath width either side of
the carriageway.

It is suggested the concept be taken forward for further investigation. It
is further suggested that banning the right turn from Miller Street into
Berry Street be considered. This will enhance the operation of the
Berry Street / Miller Street intersection, whilst maintaining its main
north-south function. It is anticipated that this will reduce pedestrianvehicle conflict and enable more green time to other traffic movements,
reducing delays and queuing.

Other proposed upgrades


Removing the existing left turn slip lanes at the Pacific Highway’s
intersections with Miller Street and Walker Street. Left turning
vehicles will instead stop at the existing traffic signals. This will

003 | Issue | 19 September 2014
J:\234000\234363-00 NORTH SYDNEY CENTRE\WORK\INTERNAL\DOCUMENTS\140919 NORTH SYDNEY TRAFFIC AND PEDESTRIAN STUDY - STAGE TWO.DOCX

Page 39

North Sydney Council

North Sydney Centre Traffic and Pedestrian Study
Final Report

Figure 40 Proposed traffic interventions
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Bus services

The Collaborative Map suggestions around congestion include either
relocating bus shelters away from the footpath or moving bus stops
including the area near Miller Street and Berry Street due to bus patron
queues crossing parking driveways. Therefore suggestions include:


Relocating bus routes for selected services to Pacific Highway –
enabled by development of Northpoint and through connections
created under this design



Shifting bus stops for selected services south of the Miller
Street/Pacific Highway intersection

Additionally, some suggestions have been made in regards to the clarity
of bus stops including directional maps, labelling bus stops A – Z and
arranging bus stops in close proximity to allow for easy change overs.

Figure 41 Proposed bus interventions
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Intervention testing
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Stage one of this study brought together a series of proposed
interventions for the North Sydney Centre following an analysis of the
following:


Background information review



Current trip activity



Defining the existing transport network



Assessing the transport network



Providing preliminary recommendations

Stage two of the study aims to test relevant preliminary
recommendations using micro-simulation modelling. This study is
particularly driven towards identifying works that will improve the user
experience for pedestrians and other sustainable transport modes within
the North Sydney CBD precinct, whilst minimising impacts on traffic
operations. The aim of the micro-simulation modelling was to
determine whether works proposed to improve conditions for
pedestrians, cyclists and buses would impact on traffic operations.
The study team met with North Sydney Council to discuss the
outcomes of stage one of the study and confirm the proposed works to
test using traffic modelling. The list of proposed interventions
identified for further testing included:


Continuation treatments


Angelo Street, north and south ends



Hill Street



Spring Street



William Street
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Mid-block crossings


Pacific Highway



Miller Street



Berry Street – and connectivity between Ward Street and areas
to the south

Changes to Pacific Highway traffic operations


Reconfiguration of the Berry Street intersection



Signalising left turn slips at the Miller Street and Walker Street
intersections



Reconfigured bus routes down Pacific Highway

Potential cycleway impacts (assuming an alignment along the
western highway carriageway)

This phase of the study focused on expanding the preliminary
recommendations in stage one and providing a series of further
validated interventions / recommendations for the North Sydney
Centre.
The details of the modelling methodology and associated outcomes are
discussed in the sections following.

6.1

Micro-simulation model development

In order to assess the impacts of proposed works, a micro-simulation
model has been developed using software package VISSIM. Following
is a brief summary of the development of the model. The full
Calibration and Validation report is included as Appendix A.
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Modelled area

Modelling methodology

The area defined to be included within the transport model is illustrated
in Figure 42 below.

The following methodology was developed for the Vissim microsimulation model:


Gather data, including:


Intersection counts, at all signalised intersections for model
calibration



Tube counts, at key local access streets for model calibration



Travel time surveys, along identified routes for model validation



Signal timing information



Bus service information



Observations on traffic operations and queues / congestion for
model validation



Build micro-simulation model, including links & connectors, speed
decisions, zones, nodes, give-way controls, conflict areas, public
transport stops and services, pedestrian flows and signal controls.



Utilise Arup’s Highway Assignment Model to develop prior AM
and PM peak cordon matrices, and run through a SATURN model
(including a more refined zoning structure) to output estimated
demand matrices.



Develop micro-simulation traffic demand matrices, using estimated
matrices as a base.



Validate and calibrate the AM and PM peak models using the
Roads and Maritime’s Traffic Modelling Guidelines as a key
reference.

Figure 42: Modelled area
003 | Issue | 19 September 2014
J:\234000\234363-00 NORTH SYDNEY CENTRE\WORK\INTERNAL\DOCUMENTS\140919 NORTH SYDNEY TRAFFIC AND PEDESTRIAN STUDY - STAGE TWO.DOCX

Page 43

North Sydney Council

The key criteria for the calibration and validation of the microsimulation model have been sourced from the Roads and Maritime’s
Traffic Modelling Guidelines. This document outlines a number of
measures that can be used to assess a model’s validity against surveyed
or observed data. The key statistic typically discussed in the calibration
of a model is the GEH statistic, which is used to measure the statistical
similarity between two sets of traffic flows. The key results of the
models’ calibration and validation against RMS criteria are as follows.







1400

The guidelines require greater than 85% of intersection turning
movements have a GEH statistic of less than 5 in each peak period.
This criterion was satisfied for each of the four one-hour peak
periods (7-9am and 4-6pm) assessed, with an average between the
periods of approximately 92%.
The guidelines also require an R2 value of greater than 0.9 for each
peak period, when plotting modelled and observed traffic flows.
The base case models yielded values in the order of 0.98 (see
Figure 43 and Figure 44).
Comparing link volumes at local access streets yielded an average
96% with a GEH of less than 5 between the peak periods.
Directional link volumes at the major external cordons of the
network had an average GEH of 2.
The guidelines stipulate that the difference between surveyed and
modelled journey times be the greatest of 15%, or one minute. For
the three routes surveyed, the modelled times were generally within
approximately 15%, whilst all were within one minute.

Overall, it was concluded that the AM and PM peak models developed
generated a close correlation between observed and surveyed data. It
was hence determined that the model was considered suitable for the
nature of this study.
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6.2

Modelling outcomes

Following the calibration and validation of the micro-simulation model
to existing peak period conditions, Add development-based traffic
estimated to be generated by approved developments within the study
area, assumed to be in operation in the near future. These trips were
assigned based on existing relationships between internal tripgenerating zones and external zones.
The model was then updated with the proposed interventions identified
for further testing. This included:


Continuation treatments at four locations



Mid-block crossings at three locations



Several changes to Pacific Highway traffic operations



Potential cycleway impacts

The results of testing each of the above are discussed in the sections
following.

6.2.1

Continuation treatments

Following on from the outcomes of the proposed continuation
treatments against RMS criteria (see section 5.1), they were included in
the modelling to provide further information regarding their
appropriateness on a location-by location basis.
Continuation treatments were modelled by simply; introducing
pedestrian crossing links across the relevant street, inputting a surveyed
or estimated pedestrian demand, and then establishing conflict areas at
the crossing that give pedestrians priority over street traffic.

North Sydney Centre Traffic and Pedestrian Study
Final Report

implementing such treatments would need to be carried out in
consultation with Roads and Maritime.

Angelo Street
The survey data for Angelo Street at McLaren Street (north end)
suggest that this crossing typically experiences low pedestrian flows
during the morning, midday and afternoon peaks. Flows at the crossing
are 60 to 120 pedestrians per hour during these periods. Across the
Berry Street (southern) end, flows are slightly higher at 100 to 260
pedestrians per hour. Traffic flows are moderate for a local access
street, peaking at approximately 180 vehicles per hour.
When the above flows are input to VISSIM, the models indicate that
giving priority to pedestrians at these locations results in minor
disruption to traffic operations. With pedestrian flows so low at the
northern end, conflicts between vehicles and pedestrians are
uncommon. Whilst conflicts occur at the southern end, any minor
queuing that does result occurs to the north along Angelo Street causing
no impact to other traffic flows such as Berry Street. As such,
continuation treatments at these locations would be considered
appropriate from a traffic capacity viewpoint.
Note that a few developments between the highway and Angelo Street
are proposed to become operational in the short term. It is hence
anticipated that both traffic and pedestrian flows along Angelo Street
will increase. As such, investigation into removing parking and
widening footpaths along Angelo Street should also be strongly
considered, in light of the current lack of clearly defined pedestrian
connectivity along this street.

The results of the modelling are discussed below. Note that the
modelling of these treatments was undertaken to assess the impact on
traffic operations. As discussed in section 5.1, the approval of
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Hill Street
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Figure 45: Spring Street continuation treatment

The survey data at the Hills Street crossing indicated high pedestrian
flows throughout large portions of the day, reaching in the order of 900
to 1000 pedestrians / hour during morning, midday and evening. This is
considered fiiting given the mix and densifty of retail and commercial
uses along Walker Street. Traffic flows are low to moderate, peaking at
135 vehicles per hour.
The modelling undertaken indicates that whilst the pedestrian flows are
high, the low volume of vehicles means that disruption to traffic
operations is typically minimal.

Walker Street

Mount Street

Spring Street
Pedestrian count data was not available at this location, however it is
considered that flows here are typically quite high. As for Hill Street,
these flows are generated by the mix and densifty of retail and
commercial uses along Walker Street. Traffic flows are also reasonably
high in this area, with data showing up to 305 vehicles per hour.
When the above flows are input to a modelled continuation treatment,
traffic queues are evident in both peaks. Queues at this location were
shown impact on the operation of the Walker Street / Mount Street
intersection. As such this location is not currently considered
appropriate to implement such a treatment.
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William Street
Although pedestrian count data was not available at this location, it is
considered that flows here are typically quite high. These flows are
generated by the nearby large commercial buildings and the university
and schools. Traffic flows are also reasonably high in this area, with
data showing up to 290 vehicles per hour.
When the above flows are input to a modelled continuation treatment,
traffic queues are evident in both peaks. As such this location is not
currently considered appropriate to implement such a treatment.
However, a mid-block crossing at the pacific highway (nearby at
Charles St) and a reconfiguration of the Pacific Highway intersection at
Berry St (both discussed the sections following) are proposed in the
short term. The combined impact of these works would be a reduction
in both traffic and pedestrian flows at William Street and as such a reassessment of this treatment is warranted should these works be
implemented.
Figure 46: William Street continuation treatment

William Street

Pacific Highway
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Mid-block crossings
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Figure 47: Miller Street mid-block crossing

Berry Street

Pacific Highway & Miller Street
Pedestrian flows at both crossings for the purposes of traffic modelling
were estimated by assuming portions of pedestrians at the adjacent
crossings would transfer to the proposed crossings. At the highway
crossing, pedestrians were assumed to transfer from the existing
adjacent crossings at Berry Street and Miller Street. For the Miller
Street crossing, flows were transferred from the adjacent Berry Street
and highway crossings.
The signals were given the same cycle times as adjacent intersections –
120 seconds during the AM peak and 100 seconds during the PM peak.
The signals were coordinated in such a way that minimised impact on
traffic operations. At the Miller Street crossing, the signals were
coordinated to run at the same time as the pedestrian crossings across
Miller Street, at Berry Street (A Phase).

Figure 48: Pacific Highway mid-block crossing

The model indicated that signalised crossings at both locations would
cause minimal disruption to traffic operations. Queues were observed
to be minimal in both peak periods.
In light of the above, mid-block crossings at these locations are
considered appropriate. Furthermore, opportunities to double-cycle the
crossings during peak periods should also be considered upon
implementation.

Charles Street
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Berry Street
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Figure 49: Berry Street mid-block crossing

Pedestrian flows at this crossing for the purposes of traffic modelling
were estimated by assuming portions of pedestrians at the adjacent
crossings at Miller Street and Walker Street would transfer to the
proposed crossing. The signals were given the same cycle times as
adjacent intersections and coordinated to operate at the same time as
the pedestrian crossings across Berry Street, at Miller Street (B Phase).
The model indicated that signalised crossings at both locations would
cause minimal disruption to traffic operations. Queues were observed
to be minimal in both peak periods.
In light of the above, a mid-block crossing at this location is
considered appropriate from a traffic operations viewpoint. It is
further suggested that the crossing be located immediately upstream of
Denison Street. A crossing in this location would accommodate a
pedestrian desire line between the Berry Square precinct (including
proposed new developments) and a potential plaza area to north at
Ward Street (understood from Council to be an area for uplift in the
future). This would also tie in with a proposed widening of the footpath
along the western side of Denison Street (discussed in section 5.1). A
crossing at this location would also facilitate more gaps in traffic flows
along Berry Street for drivers exiting Denison Street.

Denison Street
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6.2.3

Changes to Pacific Highway traffic operations
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Figure 50: Tested Berry Street / Pacific Highway intersection operation

A range of measures have been assessed using micro-simulation
modelling. The outcomes of the proposed changes are inter-dependant
in many respects, and as such are discussed in an order of priority in
terms of how it is considered they should be implemented.
The first upgrades discussed are the Miller Street upgrade and the Berry
Street / Highway intersection upgrades. From a traffic viewpoint, this
includes:
[1]

Signalising the left turn slips at the highway’s intersections
with Walker Street and Miller Street

[2]

Reducing Miller Street carriageway width

[3]

Relocating southbound bus services from Miller Street to a
new Victoria Cross station at the Pacific Highway

[4]

Reconfiguration of the highway’s intersection with Berry
Street

These items have been prioritised for their likely low impact on overall
transport operations and anticipated benefit for pedestrians and buses.

Miller Street & Berry Street upgrades
The following assumptions were applied when modelling the above:


Left turn movements would have a 5 second start loss before
attempting to cross pedestrians.



Bus services to divert to the new Victoria Cross bus stop would
include only those entering the network from the Pacific Highway
at the north.



The reconfiguration of the Berry Street intersection would be as per
that illustrated in Figure 50.

003 | Issue | 19 September 2014
J:\234000\234363-00 NORTH SYDNEY CENTRE\WORK\INTERNAL\DOCUMENTS\140919 NORTH SYDNEY TRAFFIC AND PEDESTRIAN STUDY - STAGE TWO.DOCX

Page 50

North Sydney Council

Note that the test has included the transformation of one of the
southbound left turn lanes into a through lane. This has been tested as
an initiative to encourage drivers to utilise the available capacity along
the existing highway to access the Mount Street freeway ramps, instead
of Berry Street. The broader driver of this is to reduce the volumes of
through traffic on Berry Street, easing congestion at its intersections
with Miller Street and Walker Street and improving pedestrian amenity.

North Sydney Centre Traffic and Pedestrian Study
Final Report



A sensitivity test using Sidra indicated this reconfigured Berry
Street intersection would operate at a level of service (LOS) C or
better in both peaks.



The effect of reconfiguring the northern approach to the Berry
Street intersection (and removing the associated cost factor),
resulted in a shift of a few hundred vehicles per hour in peak
periods. This significantly reduced congestion at Berry Street’s
intersections with Miller Street and Walker Street. Through
movements along the highway at its intersections with Miller Street
and Walker Street were generally within capacity with the extra
traffic. However, these through vehicles did not always clear the
approaches in one phase due to occasional conflicts with the newly
signalised left turns as well bus stop operations.

Also note that the cost factor applied within the model to deter drivers
from the pacific highway route (in the model calibration process) was
removed for the purposes of this exercise. This was done to replicate an
anticipated shift in route choice as a result of the reconfiguration of the
northern approach.
The outcomes of the modelling suggested the following:

The above results indicate that:



Queues typically experienced in the morning peak at the left turn
slip from the highway into Miller Street southbound, were reduced.



Ample traffic capacity can be provided at Berry Street to enable all
movements at its approach to the highway.



Signalising the left turn slip into Blue Street results in a potentially
staggered / longer crossing of the Highway for pedestrians. The
only phase which both the slip lane and highway crossing are
guaranteed to operate, are in the same phase. This could result in
pedestrians waiting two full cycles to cross the highway.





All signalised left turn movements were within capacity. However,
vehicles did not always clear in one phase (due to currently short A
phase lengths), particularly when bus stops on the southbound
carriageway were being accessed.

The highway has sufficient capacity to accommodate an estimated
shift in traffic from Berry Street, however there is not enough spare
capacity to accommodate all through traffic accessing the freeway
at Mount Street. Measures should be taken before implementation
to determine how much additional green time could be given to
through movements (A Phases) along the highway at the Miller
Street and Walker Street intersections. This would maximise the
available capacity for additional through traffic and help ensure
acceptable operation of the southbound kerbside lanes.



There is more than sufficient capacity for vehicles exiting the
education precinct via the proposed all-movements exit at Berry
Street. The signal phase allowing these movements is quite long
due to the length of the parallel pedestrian crossing on the southern
leg.



All tested left turn slips should be signalised to improve pedestrian
storage areas, with the exception of the left turn into Blue Street.



Diverting bus routes significantly reduces bus conflicts at the
existing Victoria Cross stop. This would also significantly reduce
pedestrian congestion at the existing stop.
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6.2.4

Potential cycleway impacts

In order to assess the impact of the cycleway, an alignment had to be
assumed in lieu of the lack of confirmed design / alignment
information. As such, the alignment discussed in section 5.2 was
assumed. In brief, this included:


Bi-directional cycleway replacing the highway’s northbound
kerbside lane between Middlemiss Street (at tunnel under rail
bridge) to McLaren Street



Signalised crossings at intersections, operating adjacent to
pedestrian crossings



Relocation Greenwood plaza bus stop to Blue Street and removal of
the two bus stops to the north along the highway



Increase green time / capacity for through traffic (A Phases) along
the highway to accommodate loss of capacity on the highway.

Once the above updates were reflected in the model, another traffic
assignment process was applied until all paths converged. The findings
of the preliminary modelling are as follows.


There is sufficient capacity at Blue Street to accommodate
redirected bus routes.



The highway’s intersections with (the reconfigured) Berry Street,
Bay Road Miller Street and McLaren Street all have sufficient
capacity to accommodate a resumption of the northbound kerbside
lane. This is intuitive given the current low utilisation of the
kerbside lane in these areas.



Further detailed investigations need to be undertaken to determine
if there is sufficient capacity at the eastern high apprach to Walker
Street.
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Figure 51: Cycleway at Walker Street
High Street

Figure 52: Cycleway at Miller Street

Miller
Street
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Additional scenario testing is required in order to establish a means of
resolving potential congestion issues at the eastern approach to the
Walker Street / Pacific Highway intersection. This may include:


Banning movements at the intersection in order to provide more
capacity to through movements on the highway



Trying to develop broader solutions to redistribute traffic from this
location. A large portion of the traffic travelling through this area is
through traffic either travelling through North Sydney outbound
along the highway, however there is also a significant portion of
traffic coming from High Street that utilises Walker Street to access
the northbound freeway ramp via Berry Street. A solution to
reducing traffic at Walker Street may be to convert Arthur Street
between Mount Street and Berry Street to two-way operation,
allowing more direct access to the freeway ramps.

6.2.5

Right turn Ban at Berry Street / Miller Street
intersection

In section 5.3, banning the right turn from Miller Street into Berry
Street was identified as a potential solution to reducing current
congestion issues at the Miller Street / Berry Street intersection. This
location is considered the current focal point of congestion in the North
Sydney CBD. However, the need to implement such a measure is
dependent on the implementation of the options discussed above. More
specifically, if the upgrades above are implemented and traffic volumes
along Berry Street are reduced, the modelling shows that banning this
right turn would likely not be required. This would have a desirable
outcome, with full functionality of the intersection being maintained.
This is considered an additional benefit to the schemes identified
above.
As such, banning of this right turn should only be given further
assessment if other proposed upgrades are not pursued.
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7

Summary & next steps
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Summary of Recommendations

Page

Primary items

This study has put forward a series of proposed interventions for the North
Sydney Centre following an undertaking of the following:

Provide kerb extensions and remove 3 of the 4 pedestrian islands at Pacific
Highway intersections (Walker Street and Miller Street)

31, 35,
51



Background information review

Introduce area wide automated pedestrian crossings throughout the North
Sydney Centre.

31



Current trip activity to / from North Sydney

35, 50



Defining the existing transport network

Enable all movements out of Berry Street by signalising its western approach
to the Pacific Highway



Assessing the transport network

Reconfigure the Pacific Highway northern approach lanes to Berry Street to
encourage more through traffic to utilise the highway

35, 50



Providing recommendations, with a focus for improving the user
experience for pedestrians

Liaise with RMS to explore footpath continuity treatments at either end of
Angelo Street and Hill Street

31-32,
45-46

For instances where more detailed investigation was required, sensitivity
testing was carried out in order to further understand the impact of proposed
works on traffic operations using micro-simulation modelling. This
modelling took into account the traffic estimated to be generated by
currently approved developments within the centre. The modelling
highlighted which proposed interventions were likely to have manageable
impacts on traffic operations, and which require further investigation. It was
found that a majority of the works identified in stage one of the study would
have a manageable impact on traffic operations and as such were
recommended for implementation. Furthermore, should all recommended
proposals be implemented, it is considered that a much improved
environment for pedestrians will be provided in terms of connectivity,
mobility and amenity.

Liaise with RMS to explore shared zones at Napier Street, Little Walker
Street, Mount Street, Angelo Street and Hill Street

35

Lobby RMS to reduce the Pacific Highway speed limit to 50km/h.

35

Implement mid-block pedestrian signals at Pacific Highway, Berry Street and
Miller Street

39, 50

Widen the western footpath along Denison Street

36

Update wayfinding surrounding bus stops such as the labelling and mapping

41

Provide high quality public space at Brett Whitely Place (Mount Street Plaza)
by providing street furniture etc

33-34

Provide formal full-time taxi ranks at William Street and Berry Street

35

Remove kerbside parking on the southern side of Mount Street (west of
William Street)

35

Some works identified in this study will require consultation with, or
approval from, Roads and Maritime. It is further recommended that Council
utilise the outcomes of this study as a basis to inform this consultation
process.

Relocate selected bus services from Miller Street to Pacific Highway

41, 50

Secondary items (dependent on outcomes of above)
Ban right turn from Miller Street (northbound) into Berry Street if other
traffic options not pursued

35

Further investigation
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Liaise with the RMS on the proposed Pacific Highway cycleway with detailed
investigation and considerations from this study

37, 52

Further investigate footpath continuity treatment at William Street following
implementation of other works

47
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1

Introduction

1.1

Background

North Sydney Traffic and Pedestrian Management Study
Micro-simulation Model Validation Report

North Sydney is Australia’s 7th largest central business district with the area
generating approximately 288,000 trips on an average weekday. The centre is well
serviced by bus and rail, accommodating a significant portion of work, resident
and leisure based trips and generating a high volume of localised pedestrian trips
accessing public transport nodes. The combination of the above generates a high
level of pedestrian traffic to the point where pedestrian facilities are coming under
stress in several areas. In addition to issues around pedestrian mobility, North
Sydney experiences high levels of traffic, especially during peak periods. This
traffic is comprised of through traffic accessing the Sydney CBD and other
adjacent suburbs, as well as the 126,000 private vehicle trips generated internally
within North Sydney on a daily basis.
In response to the above (and other issues), NSC has commenced the North
Sydney Centre Review. The review aims to identify and implement strategies to
ensure that the North Sydney Centre retains its strong economic presence, whilst
becoming a more attractive and sustainable place for workers, residents and
visitors.
Arup were commissioned by Council to undertake the Traffic and Pedestrian
Management Study that forms part of this review. This study is particularly driven
towards identifying works that will improve the user experience for pedestrians
within the North Sydney CBD precinct, whilst minimising impacts on other
modes. The study also includes an assessment of the anticipated cumulative
impact of recently approved developments in the CBD on both the road and
pedestrian networks.
In order to assess the impacts of proposed developments, and works identified as
part of the study, a micro-simulation model has been developed using software
package VISSIM. The following sections of this report detail the development and
validation of the model.

1.2

Purpose of this report

This report aims to provide background information relevant to the development
of the micro-simulation model, and demonstrate that the model has been
developed in accordance with the relevant guidelines. The ultimate goal is to
establish confidence that the model is fit-for-purpose for use as part of the subject
study only. This is achieved through the presentation of information relevant to
the development and validation of the model including:
•

Identification of the network area to be modelled

•

Identification of the data used as inputs to the model

•

Traffic demand matrix development

•

Model validation and calibration
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The ultimate purpose of the model is to use as a tool for testing short term traffic
management measures for the purposes of the North Sydney Traffic and
Pedestrian Management Study. As such, the model has been developed with a
primary focus on enabling confidence in the tool for short term sensitivity testing
only.

1.3

Study area

The study area is defined by Sydney Council’s Central Business District zone and
is illustrated in Figure 1 below.

Figure 1: Study Area

The area includes the commercial and retail core of North Sydney, and
approximately bounded by:
•

The education precinct at the west

•

The Northshore Railway Line at the south

•

The Warringah Freeway to the east

•

The inner North Sydney residential areas around McLaren Street to the north

2

Methodology

With the study are defined, a methodology was developed to enable the
development of a micro-simulation model. Initially this involved the identification
of:
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•

The preferred micro-simulation software package to develop the model in

•

A suitable strategic transport model to inform preliminary travel demand and
patterns within the model

The micro-simluation software package Vissim was selected for its ability to
directly model conflicts between pedestrians and traffic. It was noted in previous
local traffic studies that interactions between pedestrians and traffic were the
direct contributor to congestion at several locations. This direct conflict cannot be
as accurately modelled using standard versions of other software packages, and it
still offers the ability to model any proposed changes to bus routes / stops, with
useful outputs such as travel time comparisons.
To inform travel demand and patterns at a high level, Arup’s Sydney Highway
Assignment (Cube) Model has been used. A strategic model operates by assigning
current / forecast travel demands to the current / planned road network, iteratively
balancing the travel loadings across alternative routes or modes that are available
between travel-generating zones. This model is fundamentally based on the same
transport network and trip matrices as the Sydney Strategic Travel Model (STM).
It has been utilised on several recent projects and was considered an appropriate
tool for this study.
Based on the above, the following methodology was developed for the Vissim
micro-simulation model:
•

Gather data, including:
•

Intersection counts

•

Tube counts

•

Travel time surveys

•

Signal timing information

•

Bus service information

•

Observations on traffic operations and queues / congestion

•

Build micro-simulation model, including links & connectors, zones, PT lines,
signal controllers etc

•

Utilise strategic model to develop prior AM and PM peak cordon matrices
using matrix estimation

•

Develop micro-simulation traffic demand matrices, using cordon matrices
output from matrix estimation

•

Validate and Calibrate the AM and PM peak models in accordance with the
Roads and Maritime’s Traffic Modelling Guidelines

The above methodology is discussed in more detail in the following sections.

2.1

Data collection

Developing a micro-simulation model requires the collection of a significant
volume of data in order to accurately reflect network operation at an acceptable
level. The sections following describe the data types used for the purposes of this
study.
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Traffic count data

Sub-consultants SkyHigh were commissioned to undertake a series of intersection
counts and tube counts at various locations within the study area.
Intersection counts were undertaken on a typical Thursday on 6th March 2014
from 7:00am to 9:30am and 3:00pm to 6:00pm at the following locations (see
Figure 2):
•

•

•

Pacific Highway intersections with:
•

McLaren Street

•

Bay Road

•

Berry Street

•

Miller Street

•

Walker Street

•

Arthur Street

Miller Street intersections with:
•

Blue Street & Blues Point Road

•

Berry Street

•

McLaren Street

Walker Street intersections with:
•

Mount Street

•

Berry Street

•

McLaren Street

The count data was recorded in 15 minute intervals and categorised into the
following vehicle classes:
•

Car

•

Truck

•

Bus

•

Pedestrian

Tube counts were also undertaken for the entire duration of the same day, with
hourly total flows recorded, at the following locations:
•

Angelo Street

•

Church Street

•

Kelrose Lane

•

Little Walker Street

•

Spring Street

•

Little Spring Street

•

Denison Street

•

William Street
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•

Napier Street

•

Ward Street

•

Hill Street

North Sydney Traffic and Pedestrian Management Study
Micro-simulation Model Validation Report

Figure 2: Traffic data collection locations (base map source: Google ©)

2.2

Travel time data

In order to inform the validation process in the development of the VISSIM
model, travel times along key routes within the study area were recorded. These
routes included (see Figure 3):
[1]

Pacific Highway at McLaren Street southbound to Mount Street, via
Berry Street

[2]

Pacific Highway southbound between McLaren Street and High Street

[3]

Pacific Highway northbound between High Street and McLaren Street

Drivers were assigned to travel these routes for the same peak periods as the
intersection counts, recording the time at which they enter and exit the route.
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Travel times were further disaggregated by the time at which they pass critical
intersections along the route.

Figure 3: Travel time routes (base map source: Google ©)

2.3

Signal timing data

Signal timing data was retrieved for all signalised intersections within the study
area. The primary purpose of retrieving this data was to inform the input of traffic
signal timing plans within VISSIM. This included retrieval of the following
information from Roads and Maritime (RMS):
•

TCS Plots, illustrating phasing sequences

•

SCATS input information, including intergreen times and proportional phase
splits for each split plan

•

SCATS outputs for each subsystem, including split plan utilisation and cycle
time information, for the same date as the count data collection

2.4

Bus service information

North Sydney experiences large volumes of bus traffic during peak periods,
centralised around the Victoria Cross stops near the intersection of the Pacific
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Highway and Miller Street and adjacent the North Sydney Train Station. These
services connect North Sydney with:
•

The Sydney CBD

•

Kirribilli via route 269

•

Mossman via routes 227, 228, 229, 230

•

Northern Beaches via routes E50, 168, 173, 175, 183, 184, 187, L78, L84, L87

•

Cammeray / North Suburbs via routes M20, 200, 202, 203, 207, 208, 209, 263,
273

•

North Ryde / Marsfield via routes 286, 287, 290

•

Lane Cove via routes 252, 254, 261, 265

The following also operate in North Sydney:
•

•

Hills Bus Services
•

Route 602

•

Route 612

•

Route 622

•

Route 653

Forest Coach Services
•

Route 260
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Model development

The area defined to be included within the transport model is illustrated in Figure
4 below. The model encompasses the CBD of North Sydney and the connections
to its surrounding trunk road network including:
•

Pacific Highway & Mount Street, providing connection to the Sydney CBD
and suburbs to the northwest

•

Miller Street, providing connection to Cammeray and areas to the north

•

Blues Point Road, providing connection to McMahons Point

•

Bay Road, providing connection to Waverton

•

High Street, providing connection to Kirribilli and southern Neutral Bay
Pacific
Highway
McLaren
Street
Bay
Miller
Street

Road

Walker
Street

Berry
Street

Mount
Street

Arthur
Street

Blue Street
High
Blues Point
Road

Street

Figure 4: Modelled Network
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3.1

Core Model parameters

3.1.1

Modelled periods

North Sydney Traffic and Pedestrian Management Study
Micro-simulation Model Validation Report

Models have been developed to simulate operations during each of the two daily
peak periods. As determined from the traffic count data, these periods are from
7:00am to 9:00am and 4:00pm to 6:00pm for the morning and evening peaks
respectively.

3.1.2

Simulation resolution

This parameter dictates the frequency at which each vehicle’s position on the
network is calculated, and as such a higher value implies a more accurate
simulation. For the purposes of this study the default value of 4 timesteps per
second has been adopted in accordance with the guidelines, enabling vehicle
positions to be calculated every 0.25 seconds.

3.2

Network elements

3.2.1

Links and connectors

Links and connectors were drawn based a AutoCAD file showing kerb lines
through the CBD, with a scaled aerial photo background. Links and connectors
were generally designated with the default “Urban” driver behaviour type.
Lane change distances were increased where necessary to achieve intuitive lane
change timing behaviour, up to a maximum of 500m upstream. This is considered
acceptable in an urban CBD environment where user knowledge of the local
network is high.

3.2.2

Travel speeds

Travel speeds within the network have been applied in accordance with posted
speeds. These are generally as follows:
•

Pacific Highway – 60km/h

•

All other areas – 40km/h

Reduced speed areas have also been applied in order to slow traffic down as they
negotiate turning movements at intersection or horizontal alignment curvature.
These range from 15km/h to 30km/h depending on the radius of the relevant
curve.
The default speed distributions within each of these speed categories have been
adopted.

3.2.3

Signal control

Fixed-time signal operations have been coded at each signalised intersection
based on the data provided by Roads and Maritime (see section 2.3). This
information provided the phase sequence, typical cycle times, typical phase split
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plans and phase intergreen times for each intersection. This allowed a relatively
robust network of signal operations to be developed.
Cycle times in the AM peak were generally observed to be 120 seconds across all
intersections, whilst the PM peak experienced generally lower cycle times at 100
seconds. These period-specific cycle times have been assumed at all intersections
in the network.

3.2.4

Priority-controlled movements

For simple movements at intersections such as give-way left turns and conflicts
with pedestrians, conflict areas have been used. For more complex give-way
arrangements such as right turn filter movements (through traffic and pedestrian
movements) at signalised intersections, priority rules have been applied.

3.2.5

Public transport

All of the bus services described in section 2.4 have been coded into the VISSIM
model as PT Lines, based on information gathered from both online and onsite
bus timetables.
Dwell times at bus stops have been assumed to have an average of 30 seconds in
the AM peak period and 60 seconds in the PM peak period. The variance between
peaks is to replicate the observations made onsite whereby buses are propped at
stops for a longer period due to the higher portion of boarding passengers in the
PM peak (which typically take longer due to fare purchasing and ticket checking
etc) compared to the AM peak. This is typical in areas of higher commercial land
use density, in contrast to areas of higher residential density.

3.2.6

Traffic management

Traffic management measures have been included within the model as described
in the following:
•

Kerbside parking – in areas where kerbside parking is permitted during peak
periods, the respective lane on which the parking is provided has not been
coded, or the respective lane closed. (i.e. a four-lane carriageway with
kerbside parking on both sides is modelled as a two-lane carriageway with
only the central lanes shown)

•

T3 Lane – the northbound Pacific Highway kerbside lane has been modelled
to allow buses and left turn movement at intersections only in the PM peak.
This is how the lane was observed to be utilised during PM peak periods.

•

Arthur Street Bus Lane – the Arthur Street central lane (between High Street
and Mount Street) is Bus only during the mornings

•

Arthur Street access to freeway – the model includes representation of the
flow-reversal operation of the eastern most lane on Arthur Street, between
High Street and Mount Street. In the AM peak this lane is coded to allow freeflow access to the freeway. In the PM peak the lane is coded to allow freeflow access from the freeway to High Street.

•

Turn bans – as per restrictions in place via signage and medians

| Issue | 27 August 2014 | Arup
J:\234000\234363-00 NORTH SYDNEY CENTRE\WORK\INTERNAL\DOCUMENTS\MICROSIMULATION VALIDATION AND CALIBRATION\002_MICROSIMULATION MODEL
VALIDATION REPORT.DOCX

Page 10

North Sydney Council

3.2.7

North Sydney Traffic and Pedestrian Management Study
Micro-simulation Model Validation Report

Pedestrian crossings

All signalised and zebra crossings within the network area were modelled.
Directional pedestrian flows were provided as part of the intersection count task.
These flows manually input to the model at each crossing, broken down into 15
minute intervals as provided.
At signalised crossings, pedestrian green times were as per the times provided
with the signal data. In some areas, this time was extended to reflect pedestrians
crossing during the “flashing red” period. Pedestrian start losses were applied to
conflicting traffic movements where appropriate.
Zebra crossings were modelled using standard conflict areas.

3.3

Traffic demand matrices development &
assignment

3.3.1

Strategic transport model

Arup’s Sydney Highway Assignment (Cube) Model has been used for the
purposes of extracting AM and PM peak period prior matrices as a starting point
for developing the micro-simulation matrices. As this study is aimed at assessing
the transport network in the short term, future year models were not relevant. The
trip matrices assigned within the model are developed by the Bureau of Transport
Statistics (BTS). The models operate for two-hour AM and PM peak periods, and
were most recently developed for a calibrated base year in 2013 as part of the
Rickard Road Strategic Route Study undertaken for the Department of Planning
and Infrastructure and Camden Council.
A matrix estimation process was applied using an add-on module within the the
strategic model software, based on traffic data collected. Once run, AM and PM
peak cordon matrices were extracted and manually expanded to include minor
laneways and streets not included in the strategic-level network. Trips were
initially assigned to these minor streets based on tube count data collected and
existing relationships between internal and external zones evident in the strategic
model cordon matrices. The expanded matrices where then used as prior matrices
for input to a matrix estimation process in SATURN (considered to have a more
detailed and robust matrix estimation module). Finally, minor manual adjustments
were applied where necessary as part of the calibration process.
This modelling process is considered appropriate for the nature of the study being
undertaken. Full details of the validation and calibration of the micro-simulation
model are discussed in Section 4 below.

3.3.2

Matrix profiling

The previous sections have highlighted the approach to generating two hour
traffic demand matrices for the AM and PM peak periods. However as identified
in the traffic count data, there is a degree of variability in the arrival of traffic into
the network within each peak period. This is illustrated in Figure 5 and
Figure 6 below.
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Figure 5: AM Peak Network-wide Traffic Inflow

Figure 6: PM Peak Network-wide Traffic Inflow

Note the more acute nature of the arrival flow in the AM peak period when
compared to the lower, flatter profile of the PM peak period. Peak periods are
often observed to be more spread in the evening compared to the morning given
the more sporadic nature of people departure from work compared to their arrival.
Schools and education providers also have a starting time that overlaps with
business in the mornings, however usually finishing earlier in the afternoon.
In order to represent flow variability within the model, the two hour trip matrices
were disaggregated into 15 minute intervals. This was achieved through
establishing an arrival profile for each major externally connecting link at which
disaggregated traffic data was retrieved. This was calculated as a percentage of the
two-hour total demand and applied at each of these zones for each 15 minute
interval. Where information was not available (at minor road links), an averaged
profile was applied.

3.3.3

Traffic assignment

Vissim’s dynamic assignment function was utilised in assigning traffic to the road
network. The assignment process involved the following steps:
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•

Run incremental loadings from 50% demand through to 100% demand in 5%
increments

•

Carry out multiple successive runs until the model converges

•

Apply cost factors where necessary in order to reduce rat running in the model
etc., and carry out another set of multiple runs until the model re-converges

The criteria for convergence was <15% travel time change for all paths when
comparing the results of two successive model runs. Cost factors where required
for calibration purposes at the following locations:
•

The left turns from Pacific Highway and Miller Street (southbound
carriageways) into McLaren Street. This was in order to reduce rat running
along this lower order street.

•

Pacific Highway city-bound through movement at its intersection with Miller
Street. This was required in order to achieve an improved balance of throughtraffic route choice between the highway (at the northwest) and the freeway
via Mount Street.

•

Right turn movement from Blue Street to Miller Street.

•

Right turn movement from High Street to Arthur Street.

•

Right turn movement from Berry Street to Miller Street
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4

Calibration and validation

4.1

Criteria

The key reference for the calibration and validation of the micro-simulation has
been the Roads and Maritime’s Traffic Modelling Guidelines. This document
outlines a number of measures that can be used to assess a model’s validity
against surveyed or observed data. The network wide criteria are shown in Figure
7 below.
Figure 7: Calibration criteria for a micro-simulation model (Source: RMS Traffic
Modelling Guidelines)

A brief definition of some of the above statistical terms is below.
•

GEH – compares relative and absolute difference between modelled and
surveyed traffic flows

•

Slope factor – the slope of the linear relationship between modelled and
surveyed traffic flows

•

R2 – the coefficient of determination, representing the strength of the linear
relationship between modelled and surveyed traffic flows

The performance of the base case models against the above criteria are detailed in
the sections following.

4.2

Calibration

4.2.1

Intersection turning movement volumes

A comparison of modelled verse observed traffic volumes was carried out for all
turning movements at all intersections where data was collected. The results of the
calibration of the model outputs are detailed below.

GEH comparison
The GEH statistic was calculated for every turning movement at all intersections
where data was collected. The results of the calibration are shown in Table 1 and
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Table 2 below. A full list of the turning movement comparisons is provided in
Appendix A.
Table 1: Turning movement GEH results - AM peak
GEH
Range

07:00 – 08:00

08:00 – 09:00

Number in
range

Percentage in
range

Number in
range

Percentage
in range

0 to 1

27

25%

33

31%

1 to 2

28

26%

22

21%

2 to 3

26

25%

20

19%

3 to 4

9

8%

13

12%

4 to 5

10

9%

6

6%

0 to 5

100

94%

94

89%

5 to 10

6

6%

12

11%

> 10

0

0%

0

0%

Table 2: Turning movement GEH results - PM peak
GEH
Range

15:00 – 16:00

16:00 – 17:00

Number in
range

Percentage in
range

Number in
range

Percentage
in range

0 to 1

32

30%

24

23%

1 to 2

24

23%

23

22%

2 to 3

16

15%

27

26%

3 to 4

19

18%

13

12%

4 to 5

7

7%

9

9%

0 to 5

98

93%

96

91%

5 to 10

7

7%

9

9%

> 10

0

0%

0

0%

The results indicate that in each of the four one-hour periods assessed, greater
than 85% of intersection turning movements have a GEH value of 5 or less.

Slope and R2 statistic results
Graphs showing the modelled and observed traffic volumes plotted against each
other are shown in and Figure 9 below. The slope factor and R2 statistic are also
included inset.
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Figure 8: Slope equation results, AM peak 08:00 - 09:00

Slope = 0.989
R2 = 0.978

Figure 9: Slope equation results, PM peak 16:00 - 17:00

Slope = 1.032
R2 = 0.975

The results show that the slope factor was close to a value of one in each base
case peak period, indicating a strong overall balance between modelled and
observed volumes. The model outputs also show the R2 statistic significantly
exceeded the defined minimum criteria of 0.9 in each scenario.

4.2.2

Minor street volumes

A comparison of modelled verse observed traffic volumes was also carried out at
all minor roads where tube data was collected. The GEH statistic was calculated
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for every directional flow recorded. The results of the calibration are shown in
Table 3.
Table 3: Minor street GEH results
Location

Direction

Angelo Street (south of
Mclaren Street)

AM Peak (7am – 9am)

PM Peak (4pm – 6pm)

Count

Model

GEH

Count

Model

GEH

SB

359

339

1.1

70

69

0.1

Church St (between
West and McLaren
Streets)

NB

96

78

2.0

137

126

1.0

SB

558

470

3.9

243

251

0.5

Kelrose Lane (north of
McLaren Street)

NB

82

77

0.6

77

68

1.0

SB

23

16

1.6

109

105

0.4

Little Walker Street
(south of Berry Street)

SB

210

198

0.8

66

76

1.2

Spring Street

WB

481

406

3.6

229

232

0.2

EB

26

24

0.5

137

187

4.0

WB

180

148

2.5

37

33

0.7

Little Spring Street
(south of Berry Street)

SB

324

399

4.0

181

271

6.0

Denison Street (south of
Berry Street)

NB

463

404

2.8

303

376

3.9

NB

339

392

2.8

17

40

4.2

SB

8

0

4.0

272

347

4.2

NB

559

467

4.1

504

562

2.5

Hill Street

Ward Street
William Street (north of
Mount Street)
% GEH <5

100%

93%

The results indicate that in both peak periods, greater than 85% of the minor street
volumes have a GEH value of 5 or less.

4.2.3

Major external cordon volumes

A comparison of modelled verse observed traffic volumes was also carried out at
major external cordon locations at the externals of the network. The GEH statistic
was calculated for every total link flow. The results of the calibration are shown in
Table 4.

.
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Table 4: Major cordon GEH results
Direction

Location

Pacific Highway North

Miller Street

Walker Street
Warringah Freeway
Mount Street

High Street
Pacific Highway South
Blues Point Road

Bay Road

AM Peak (7am – 9am)

PM Peak (4pm – 6pm)

Count

Model

GEH

Count

Model

GEH

NB

1,944

1,918

0.6

2,235

2,022

4.6

SB

2,676

2,603

1.4

1,968

2,079

2.5

NB

570

603

1.4

770

721

1.8

SB

1,575

1,416

4.1

828

891

2.2

NB

271

299

1.7

476

400

3.6

SB

539

519

0.8

363

408

2.3

NB

1,577

1,584

0.2

2,279

2,084

4.2

EB

2,942

2,890

1.0

3,820

3,692

2.1

WB

-

-

-

84

85

0.1

EB

603

655

2.1

1,359

1,503

3.8

WB

3,066

3,073

0.1

1,664

1,687

0.6

NB

2,944

3,035

1.7

2,629

2,988

6.8

NB

790

863

2.6

921

1,041

3.8

SB

981

961

0.6

833

746

3.1

EB

633

615

0.7

626

576

2.0

WB

853

803

1.8

567

563

0.2

The results indicate that in both peak periods that all volumes have a GEH value
of 5 or less with one exception, at the Pacific Highway southern cordon in the PM
peak. However, as this value is conservatively high and was shown not to affect
the validation of the model, this anomaly has been considered acceptable.

4.3

Validation

Travel times
Roads and Maritime’s Traffic Modelling Guidelines stipulates the following key
requirement for travel time validation:
“Average modelled journey time to be within 15 per cent or one minute
(whichever is greater) of average observed journey time for full length of route.
Each route should be cumulatively graphed by section as shown above”
Given that the modelled network is relatively small, and as are journey times
within it, validation of section times within journeys were not considered
necessary.
Average travel times were output from the model and compared against the three
key surveyed travel time runs. The results of the validation are shown in Table 5
below.
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Table 5: Travel time validation results
Average Travel Time
Period

Route

AM
Peak

PM
Peak

Observed

Modelled

Difference
(s)

Difference
(%)

Pacific Highway - Berry Street route

0:02:15

0:02:08

0:00:08

6%

Pacific Highway southbound route

0:04:12

0:03:16

0:00:56

22%

Pacific Highway northbound route

0:02:44

0:02:21

0:00:23

14%

Pacific Highway - Berry Street route

0:02:17

0:02:39

0:00:22

16%

Pacific Highway southbound route

0:03:30

0:03:03

0:00:27

13%

Pacific Highway northbound route

0:02:42

0:02:15

0:00:27

17%

The results indicate that difference in travel times between modelled and observed
times is generally around 15%. The exception to this is the Pacific Highway
southbound route, which is approximately 22%. However, all differences are
within one minute, which infers the model satisfies the RMS requirements.
Note that the lower modelled journey time for the southbound highway route may
partially explain the necessity for applying cost factor along this route (see section
3.3.3)

Observations
Several observations were made onsite regarding parts of the network that
currently experience congestion. For the most part, observations indicated that the
network functioned well, with most intersections operating under capacity. The
exceptions to this were generally in the AM peak, in which a typically more acute
peak is experienced. The parts of the network observed to be at, or close to,
capacity were:
•

The westbound weave section at the Pacific Highway between Arthur Street
and Walker Street. Minor queuing was observed to occur here, however it
generally cleared without creating long periods of congestion

•

The Berry Street / Miller Street intersection. This is considered to be the area
of most concern within the city centre. Queues were observed to extend from
Miller Street north past McLaren Street, and south towards the highway.
Queues back along the Berry Street were generally observed to be minor,
occasionally extending back to the highway. Queues were also observed at the
right turn from Miller Street to Berry Street in the PM peak.

•

The left turn from the Pacific Highway into Miller Street. High pedestrian
volumes at the crossing were observed to inflict long queues of traffic back
down the highway towards Walker Street.

•

The right turn from Blue Street to the Pacific Highway. This movement was
observed to be operating at capacity, with queues extending back towards the
kerb build outs opposite the train station.

These observations were compared against modelled behaviours as a validation
measure. The modelled outputs are illustrated in the figures below, and were
generally considered a good representation of on-site observations.
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Figure 10: Weave section at Pacific Highway

Figure 11: Left turn into Miller Street

| Issue | 27 August 2014 | Arup
J:\234000\234363-00 NORTH SYDNEY CENTRE\WORK\INTERNAL\DOCUMENTS\MICROSIMULATION VALIDATION AND CALIBRATION\002_MICROSIMULATION MODEL
VALIDATION REPORT.DOCX

Page 20

North Sydney Council

North Sydney Traffic and Pedestrian Management Study
Micro-simulation Model Validation Report

Figure 12: Berry Street / Miller Street intersection

5

Summary

In order to assess the impacts of proposed developments, and works identified as
part of the study, a micro-simulation model has been developed using software
package VISSIM. The model has been calibrated and validated carried out using
criteria defined by RMS’ Traffic Modelling Guidelines. The key results of the
models’ calibration and validation against RMS criteria are as follows.
•

Intersection turning movements satisfied GEH criteria for each of the four
one-hour peak periods (7-9am and 4-6pm) assessed, with an average between
the periods of approximately 92% turn volumes with a GEH less than 5.

•

The guidelines require an R2 value of greater than 0.9 for each peak period,
when plotting modelled and observed traffic flows. The models yielded values
in the order of 0.98.

•

Comparing link volumes at local access streets yielded an average 96% with a
GEH of less than 5 between the peak periods.

•

Directional link volumes at the major external cordons of the network had an
average GEH of 2.

•

For the three travel time routes surveyed, the modelled times were generally
within approximately 15%, whilst all were within one minute.

•

Observations made onsite at areas of congestion were generally comparable
to behaviours observed within the model

The input data, model development, calibration and validation is considered to
have produced a model that is considered ‘fit for purpose’ for the type of study
being undertaken.
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Appendix A

Intersection turning movement
comparisons
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