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Executive Summary

This report presents the findings of an audit of all (or a sample number ‘x’) of the traffic signal controlled intersections in Black Stump District. The audit (was initiated by the RCA – if applicable) undertaken by a team whose members were nominated by the National Traffic Signals Committee on behalf of Transfund New Zealand. The purpose of the audit is to identify issues with signal design, maintenance and operation, and make recommendations that will help improve the safety and efficiency of traffic signal control.

One of the objectives of the audit process is for its findings to be disseminated to the traffic engineering profession as a whole so that others can learn from this experience and thereby improve the level of safety, efficiency and consistency with traffic signal operation nationwide. For this reason it is recommended that this report be made available if requested.

The audit was undertaken between (Sunday 5th and Tuesday 7th May 2002) and followed the procedure described in the Transfund New Zealand document ‘Audit of Existing Traffic Signals’ November 2002.

General

Note to report writer:

This section should describe the general impressions of the team in terms of the operation and safety of the signals and any other issues such as staff expertise/experience. These could be both positive and negative comments/impressions.

The following paragraphs are included as an example of the types of comments and should be deleted/amended as necessary.

The audit confirmed what now appears to be the prevailing theme of the provincial cities in New Zealand - that those parts of the traffic signal system within the capabilities of the local Council staff are done extremely well but some of the more technical issues are not.

The audit team recognises that Black Stump District Council has a limited number of traffic signal controlled intersections and that staff undertake a wide variety of tasks. This makes it difficult for staff to obtain suitable experience and knowledge of the more technical issues of traffic signal design and operation.

Those things, which come within the Council staff capabilities, are the signal hardware and detector loop maintenance, road surface maintenance and roadmarking. These are all done to a high standard.

Closer inspection of the signal operation reveals design and operation inconsistencies that indicate the more technical issues are not being addressed satisfactorily.

The list of the specific inconsistencies and faults creates a list almost identical to the chapter headings in the Austroads Part 7 Guide to Traffic Engineering Practice - Traffic Signals.

The conclusion being that to operate the traffic signal system safely and efficiently the city, if it does not have suitably experienced traffic signal design and operation staff in house, must seek assistance outside. It is also recommended that when traffic signal installations are proposed, that Council obtains a peer review of the proposed design from a suitably experienced traffic signal design engineer. 

Note that this is not generally covered by the safety audit procedure but constitutes a parallel process.

Action List

The following are lists of recommended traffic signal works and their respective priorities as identified by the audit. A more detailed description of the lists is included in the main report.

The first group is work that must be done now as the works involve safety issues. The second group is work that can be dealt with in priority order as time and finance permits. 

A third group is work that is not essential but the operation of the intersection would benefit from the action.

Critical Work to be Done Immediately

 Note to the report writer:

This section should outline those issues that are considered by the team to:

· Not comply with legislation (i.e. no primary displays, conflicting movements etc).

· Provide unsafe operation (i.e. lag right turn phase with opposing filter right turn).

Example below:
	Site No
	Intersection
	Description of Work

	General
	Use existing signal hardware for (partial) pedestrian protection.

	General
	Get intersection personalities checked where a lag right turn could occur.

	9
	Main / Ruahine (Site No 9)


	Remove the lag right turn.


Important Work to be done as Finance Permits

Note to the report writer:

This section should outline those issues that are considered by the team to:

· Require maintenance (i.e. upgrade to QH lanterns)

· Improve signal conspicuity (i.e. relocation of signal displays)

· Improve operation (i.e. redesign signal phasing)

· Reduce crashes

· Increase staff expertise

Example below:
	Site No
	Intersection
	Description of Work

	General
	Review the filter turn philosophy and regularly monitor the crash rates.

	General
	Upgrade low-pressure sodium streetlights in the proximity of traffic signals.

	General
	Review primary pole placements.

	General
	Review the arrow logic in the phasing.

	3
	Featherston / Rangitikei
	Review the lane layout.

	3
	Featherston / Rangitikei
	Review the south approach in relation to the lip at the fender.

	8
	Albert / Main
	Upgrade the intersection soon.

	9
	Main / Ruahine
	Provide pedestrian protection.


Non-Essential Work for Consideration

Note to the report writer:

This section should outline those issues that the team considers may:

· Improve operation, e.g. signal phasing, lane rearrangements, parking restrictions etc.

· Enhance safety.

Example below:
Appendices 1.1 to 1.10 list non-essential work marked as ‘Consideration’ in the recommendations. Some reoccurring themes are:

· Review pole positions.

· Review right turn arrow logic.

· Review co-ordination of links.

· Review the need for cycle facilities.

· Provide ped facilities.

· Install six-aspect lanterns in the secondary position, replacing three-aspect arrow lanterns.

· Review the slip lane configuration in terms of angle, markings, and position of ped crossing.

· Consider a redesign and a new signal program.
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Glossary 

	Austroads 7
	Australian / New Zealand Design Manual for Traffic Signals

	BSDC
	Black Stump District Council

	CBD
	Central Business District

	Flexilink
	Method of co-ordinating signals without SCATS communication.

	LED
	Light Emitting Diode

	LT
	Left turn

	LTSA
	Land Transport Safety Authority

	MOTSAM
	Manual of Traffic Signs and Markings

	NTSC
	National Traffic Signals Committee

	Ped
	Pedestrian

	QH
	Quartz Halogen

	RCA
	Road Controlling Authority

	RRPMs
	Reflectorised Raised Pavement Markers

	RT
	Right turn

	SCATS
	Software used for operating traffic signals
.

	TNZ
	Transit New Zealand

	Vpd
	Vehicles per day


1.0 Introduction

This traffic signal audit of Black Stump District Council was undertaken using the Transfund New Zealand document ‘Audit of Existing Traffic Signals’ (November 2002). The procedures, developed for the National Traffic Signal Committee for Transfund New Zealand, provide a method of undertaking an audit of traffic signals on an existing road network. It is recommended that the findings of the report be used to assess the remainder of the Black Stump District traffic signals.

2.0 Objectives

The objectives of the traffic signal audit are:

· To identify safety issues at traffic signal controlled intersections in order to minimise the risk of crashes to drivers, cyclists and pedestrians.

· To seek consistency of signal operation for safety and efficiency throughout BSD and nationally.

· To optimise operational efficiencies

· To ensure RCA’s can recognise the requirements for maintaining traffic signal sites to a nationally accepted standard.

· To ensure that measures to eliminate or reduce the identified problems are considered by the BSDC.

· To encourage BSDC staff to further their knowledge of traffic signal design and operation.

· To ensure that consultants engaged in traffic signal design and operation further their knowledge and recognise the requirements and their responsibility for maintaining traffic signal sites to a nationally accepted standard.

The audit will help Transfund NZ to determine the effectiveness of its resource allocation for the provision of safe and efficient traffic signal sites.

A traffic signal audit is not a financial audit. It is intended to highlight signal safety and operational concerns identified by the team.

The audit provides comments on general and specific items outlining where the installations may be deficient. The team may suggest remedial measures but it is not the purpose of the audit or the team to recommend appropriate solutions.

The audit also highlights and comments on aspects of the signal network that are done well.

3.0  Methodology

This audit was undertaken using the Transfund New Zealand document ‘Audit of Existing Traffic Signals’ (November 2002).

The team members for the audit were:

Note to report writer:

Include all members of the team excluding representatives of the RCA.

T. Leader

Consultants Ltd.

Team Leader

A. Member

Other City Council

Second Member

B. Member

Another Consultants Ltd.

Third Member

(Input RCA) staff members A. Fella and A. Sheila accompanied and assisted the teams during the daylight observations of the audit.

The audit team held an entry meeting on (Input Entry meeting date) and an exit meeting on (Input Exit meeting date) with representatives of (Input RCA) and staff from the traffic signals maintenance contractor.

The number of traffic signal installations under the control of the RCA at the time of the audit was (Input number). It was agreed by the team that (all/a representative number of) sites would be inspected.

At each site visited, comments were noted under the headings as outlined in the Traffic Signal Audit Checksheet see Appendix 3.

Further checks of operation were made during both the morning and evening peak traffic flow periods. The peak check was taking the form of a drive-through to observe any queues and general operation.

All sites were again visited at night and driven from each approach direction to check signal display sight lines, off peak response and to evaluate the standard of street lighting. 

It is important to note that the audit process adopted is not intended to identify every deficiency at a signal site but to highlight patterns that may require improvements through changes to local or national policy. Specific problems at some locations were identified and discussed where appropriate.

At the exit meeting, the team discussed the aspects of traffic signal control and general intersection management they consider BSDC does well and also identified the areas where they consider there is scope for improvement.

Features requiring improvement have been grouped into three categories:

· Critical work to be done immediately – to ensure the legal, safe and efficient operation of the intersection

· Important work to be done as finance permits – should be done as soon as possible to ensure the intersection operates as safely and efficiently as possible

· Non-essential work for consideration – not essential, but the operation would benefit from this action. It may involve local issues and require compromise

All these recommendations are included in section 7.0 of this report.

Note to the report writer:

Include comments on sites within the RCA that are maintained /operated on behalf of another RCA if appropriate. The following paragraph is included as an example and should be modified/deleted as appropriate.

It is important to note that 4 of the 10 sites surveyed are on State Highway and as such are operated by BSDC on behalf of Transit New Zealand. Therefore, although BSDC staff may be invited to provide input into the design of a signalised SH intersection, Transit New Zealand have the final say as to how that site will be configured.

4.0 Black Stump District Traffic Signals

The following map shows the locations of the traffic signals that have been audited.

	(Insert map of District showing traffic signals inspected)




Figure 1: Map of Audited Traffic Signals 

5.0 Intersection Descriptions

The following is the list of traffic signals audited in Black Stump District.

Table 1: List of Traffic Signals Audited

	Appendix
	Site No.
	Intersection


	Description

	1.1
	3
	Featherston / Rangitikei


	Cross 

	1.2
	8
	Albert / Main


	Cross

	1.3
	9
	Main / Ruahine


	Cross

	1.4
	12
	Botanical / College


	Cross

	1.5
	14
	Main / Pitt


	Cross

	1.6
	15
	Church / Pitt


	Cross

	1.7
	21
	Ferguson / Fitzherbert


	Cross

	1.8
	25
	Fitzherbert / Manawaroa / Te Awe Awe
	Cross

	1.9
	27
	Fairs / McGregor / Milson


	Staggered T 

	1.10
	30
	Rangitikei Pedestrian Crossing
	Midblock Ped 


Audit Findings

5.1. Features Done Well

Note to the report writer:

This section should discuss those aspects of the signal network that are done well by the RCA. The following paragraphs are included as an example and should be modified/deleted as appropriate.
General Maintenance

The maintenance of the existing traffic signal hardware, roadmarking and street furniture in Black Stump is consistently to a high standard. This is one feature that the audit teams have found done well at all cities audited to date.

The appearance of all intersections is good with associated signs and street furniture also maintained to a high standard.

Staff displayed a noteworthy pride in the appearance of all areas under their control and had extensive knowledge of the history of all signal and roading issues in Black Stump.

Roadmarking

Roadmarking in general is to a high standard throughout the District. A number of intersections had nearby carriageway upgrading work, which showed good new roadmarking and, in general, good removal of old markings.

Staff Support

Excellent support for the audit team was provided by staff members A. Fella and A. Sheila.  Both displayed vast knowledge of the entire roading system for the District and provided all information and documentation needed to assist the teams.

The general level of support within the BSDC office for the team’s visit was also of an exceptional standard. 

Provision for Cyclists

Cyclists are well provided for at many sites, which is an aspect done better when compared to other cities audited so far. The auditors especially commend BSDC for their creative solution to a particular problem by providing a protected bicycle turn at the Featherston / Ruahine intersection (Figure 1).
[insert figure here]

Figure 2: Protected Right Turn for Cyclists and Sign Detail

5.2. Features Requiring Policy Decisions

The audit team felt that some areas require policy decisions by the respective RCAs to achieve consistency throughout the city. 

5.2.1. Provisions for Pedestrians

Facility Provision

One outstanding feature at many sites in Black Stump is the lack of pedestrian crosswalks at signalised intersections, or the lack of crosswalks on some of the approaches. Even recent upgrades don’t necessarily provide for pedestrians.

The audit team understands that in the past, decisions whether or not to provide crosswalks have been made based on the pedestrian demand in order to not compromise efficiency. The auditors felt that if a site has a low demand, than the effect on efficiency is low, too. By not providing pedestrian crosswalk, features increasing the safety of pedestrians cannot be utilised either. In essence, it was felt that from a safety perspective, pedestrian facilities should be provided whenever there are no technical reasons not to do so. One instance where it is not advisable to have a pedestrian crosswalk is the leg of a T intersection that right turners from the stem turn into (unless pedestrian protection is provided during both the ‘walk’ and ‘cross’ periods).

Pedestrian Protection 

Turn arrows can be used to either provide full or partial pedestrian protection. Where turn arrows exist, at least partial pedestrian protection (i.e. a red arrow during at least the ‘walk’ period) should be provided. The policy should explore whether turn arrows are to be retrofitted for pedestrian protection where they do not exist already.

5.2.2. Peer Review Process

The audit team recommends that future signal upgrades and signal designs be peer reviewed by a suitably qualified and experienced traffic signal design engineer. Note that this is not generally covered by the safety audit procedure, but constitutes a parallel process.

5.3. Features Requiring Improvement

5.3.1. Signal Phasing and Timing

On close inspection a number of technical aspects of the signal phasing and timings require attention. In general these are details that only experienced traffic signals designers and operators will be aware of and are another aspect that is consistent throughout the audits done to date.

It is unlikely that BSDC will be able to maintain a suitable degree of expertise ‘in house’ with so few traffic signals to control. The recommendation is to seek advise from experienced traffic signals engineers for both design and operation assistance of new and existing sites with the National Traffic Signal Committee able to direct BSDC to suitable consultants in the field.

Turn Arrow Logic

The specifics generally involve left turn and right turn arrow logic. It is suggested that expert assistance is required in the design stage for signals and that on street operation also needs to be checked by suitably experienced signals engineers.

It was noted that at sites that include a controlled right turn movement and an opposing left turn arrowed display, the left turn arrow was extinguished during the main through road phase when the opposing right turn movement was controlled by a red display.

It was observed that red arrows came up with a one second delay to the full red. Standard operating procedures are to switch on red arrow displays simultaneously.

When changing from a diamond phase to the through phase, the right turn arrows need to be kept up for a minimum of 5 sec. It was observed that arrows were extinguished immediately. 

A green left turn arrow should come up in a single diamond phase.

Lag Right Turns

A lag right turn could be observed at several intersections. This situation is created when motorists waiting for a filter right turn see the full green signals going to amber and red and assuming that the opposing traffic is displayed the same sequence, whilst this is not the case, but the opposing protected right turn is called instead. The situation is highly unsafe, as the waiting filter right turner might proceed with the turn, unaware that the opposing through traffic is not stopping, because they in fact have a full green light.

A lag right turn can be prevented by either calling away to the side street phase, by calling a double diamond phase (preferred), a split approach operation, or a different phasing sequence.

Ped Protection

Some intersections did not make use of existing turn displays for (partial) ped protection. At other intersections, turn displays could be considered so that ped protection can be provided. In one instance, 24h / 7d ped protection was provided by a 10 sec late start at a 2-phase intersection. Here, a more complex signal program could potentially provide the same level of ped protection in a more efficient manner. As a minimum, Flexilink should be considered for a more appropriate operation, e.g. provide a higher level of ped protection during times of pupils using the intersection, and adjust the ped protection at, say, night time. 

Lack of Stopline Loops

Some older installations were only fitted with approach loops. It was observed that the intersections turned over so quickly that right turners did not have sufficient time to enter the intersection prior to the lights changing on them. In the interim, variable initial green interval (VIG) could be programmed, where the minimum green time is adjusted according to the amount of traffic detected at the approach loops. In the longer term, these intersections should at least be fitted with stopline loops for right turning traffic.

Consistency of Phasing

Most cross intersections upgraded or newly installed operated diamond phasings. One recent upgrade operated a split approach program, however. Here, a diamond operation might have been more appropriate, and would also have resulted in consistency with the rest of the city.

Filter Turn Philosophy

At most intersections, filter turning could occur. The right balance between efficiency and road safety needs to be found. As mentioned before, the audit team recommends developing a policy on filter right turns versus protected turns. It is highly recommended to regularly monitor turning movements and LTSA crash data. Some intersections appear to have a high occurrence of LB type crashes. In these cases, the filter turn philosophy should be review with urgency.

SCATS Data

The audit team noted some concerns about the operation of SCATS. Some ‘walk’ times were operated incorrectly, a right turn phase could not be called at one intersection, and little use seems to have been made in terms of signal co-ordination. A SCATS audit and training for in-house staff is recommended.

5.3.2. Intersection Layout

Lack of Pedestrian Crosswalks

A lack of pedestrian facilities at many intersections is noted, and the recommendation to develop a formal policy is mentioned above. The audit team recommends providing for pedestrians whenever there are no technical reasons not to do so. 

Pedestrian Call Box Location

At a number of intersections, the primary pole and hence the pedestrian call box was located some distance away from the crosswalk markings, which is not ideal. 

Slip Lane Layout

Most ‘Give Way’ slip lanes do not comply with the recommended Austroads 5 layout of an entry angle of 70 degrees or steeper. The steep approach layout provides road safety benefits, as drivers do not have to turn their heads too far when looking for traffic to give way to. The speed of turning traffic is also reduced, which in itself provides safety benefits.

In addition, the ped crossing location in the slip lanes was often not ideal, with crossing points close to the limit lines resulting in reduced intervisibility between motorists and pedestrians. 

Intersection Widths

The generous road widths and relatively little use of slip lanes results in wide intersections for the amount of traffic using them. This has some disbenefits, like long crossing distances for pedestrians, problems for cyclists to clear the intersections prior to cross traffic starting, and reduced signal conspicuity.

Civil Works

A number of pedestrian ramps were noted as being at gradients that would be difficult for elderly pedestrians or a parent with a child’s buggy. They do not comply with NZS4121:1985 (Code of practice for Design for Access and Use of Buildings and Facilities by Disable Persons). The reason for the steep angles being the difference in height between the channel and the footpath.

Often this is because the design has been done without specifically measuring the heights involved. These issues can best be resolved at the initial design stage rather than returning after works are complete.

5.3.3. Signal Conspicuity

Primary Pole Positions

The audit team noted that most primary poles were not in the ideal location.  The poles are generally located past the tangent point and well set back from the kerb face, which results in reduced conspicuity. Good practice is to position the poles near or at the tangent point, and some 0.5m back from the kerb face to prevent the aspects from getting hit by turning trucks.

Primary Aspect Visibility on Fitzherbert Avenue

Fitzherbert Avenue is heavily tree lined. Some low hanging branches need trimming, as the conspicuity of some primary lanterns is reduced (Figure 2).

[insert figure here]

Figure 3: Obscured Primary on Fitzherbert Avenue (site 24)

5.3.4. Lane Layouts

A small number of issues were noted with the specific layout of the lanes at various intersections. The most consistent features were merge lane lengths, right turning bays not opposing each other, and slip lane markings.

Downstream Merge Lanes

Some intersections had inadequate downstream merge length available. This causes traffic to be halted immediately after exiting the intersection, as the amount of through traffic cannot clear the merge area resulting in reduced capacity and sometimes blocking of the intersection. The resulting increase in capacity is probably not justified when compared to the safety hazard that an insufficient merge presents, and it is suggested to review the affected intersections.

In some locations, the departure lanes were unmarked, whereas the approaches were marked with two through lanes. Whenever approach lanes are marked, a matching number of departure lanes needs to be provided.

Opposing Right Turn Lanes

In some locations, opposing right turn lanes did not line up, but were offset. This is not good practice, as lining up opposing right turn lanes reduces the incidence of LB-type crashes. 

Slip Lane Markings

The ‘Give Way’ markings in most slip lanes are too close to the limit lines. In conjunction with the insufficient angle of most slip lanes, motorists might not receive adequate pre-warning of the give way situation when travelling towards the slip lane. It is recommended to change the markings (e.g. at the next reseal) in compliance with MOTSAM.

It is also recommended to apply left turn arrows in slip lanes where there is sufficient room available. 

Cycle Lanes

Many intersections make provisions for cyclists, and the facilities are generally well done. The audit team recommends developing a policy outlining when cycle lanes should be retrofitted at upgrades (or provided at new installations). Some existing facilities are not continuous, or not defined on both (the left and right hand) sides. More use could be made of coloured surfaces through ‘stress points’ (e.g. diverge areas, squeeze points, kerbside cycle lanes to the left of combined left/through lanes). Figure 3 shows an example where the left hand side delineation should be retrofitted, and where a coloured surface should be considered.  In addition, redundant RRPMs should be removed from this sites.

[insert figure here]

Figure 4: Cycle Lane not defined on Left Hand Side through Diverge Area (site 21)

5.3.5. Signal Hardware

A limited number of signal hardware issues were noted.

Three Aspect Arrow Lanterns

Three aspect arrow lanterns in the secondary position were regularly noted. With filtering allowed part time, this does not constitute good practice, as all three aspects are blank for a lot of the time. Good practice is to provide six-aspect lanterns, as then at least one aspect is illuminated at any one time. A completely blank aspect may confuse motorists, which in turn can lead to the wrong decisions being made. It also causes motorists to call the RCA reporting that ‘signals are out’, resulting in service call outs, when in fact nothing is wrong.

Signal Pole Painting

Some signal poles need a repaint.

Recommendations

5.4. Critical Work to be Done Immediately

Note to the report writer:

This section should be outline issues that are considered by the team to:

· Not comply with legislation (i.e. No primary displays, conflicting movements etc.)

· Provide unsafe operation (i.e. Lag right turn phase with opposing right turn filter etc.)

The comments may relate to the overall network but generally they will only relate to specific issues at specific sites, in which case each site should be named and the issues described.

The following paragraphs are included as an example and should be modified/deleted as appropriate.

General

Review the practice of extinguishing the left turn green arrow during the main through road phase, when the opposing right turn movement is controlled by a red display.

Get intersection personalities checked where a lag right turn could occur that this is not possible. 

First Intersection (Site No 5)
An unsafe vehicle display conflict was noted at the First intersection. The display showed a left turn arrow at the same time as an opposing right turn movement had a full green display allowing the filter turn movement.

The intersection also had an unusual phasing sequence and lacked detector loops for all movements.

The recommendation is that this intersection have the signal display conflict addressed urgently and a full intersection redesign be undertaken to add detector loops and create a more efficient signal phasing.

Second Intersection (Site No 27)
Second intersection has a cycle lane marked on the northbound approach. This lane is on the kerbside of a left turn only vehicle lane. The left turn lane is controlled by a left turn arrow as well as the full green.

Cyclists following the cycle lane are put in a position where they cannot safely travel straight through the intersection northbound. The cyclists must cross the left turn lane to get to a position where they can travel through, which is unsafe.

The recommendation is that the cycle lane be relocated between the left turn lane and the through lane, as shown in the MOTSAM manual, where cyclists can safely travel northbound. This work is considered urgent.

5.5. Important Work to be done as Finance Permits

Note to the report writer:

This section should outline those issues that are considered by the team to:

· Require maintenance (i.e. upgrade to QH lanterns)

· Improve signal conspicuity (i.e. relocation of signal displays)

· Improve operation (i.e. redesign signal phasing)

· Reduce crashes

· Increase staff expertise

Often these comments will relate to network type issues that may require planning for in the future (i.e. upgrading to QH lanterns). Each issue should be identified and commented on. They may also be site specific, in which case each site should be named and the issues described.

The following paragraphs are included as an example and should be modified/deleted as appropriate.

General

Review the filter turn philosophy and regularly (say 6-monthly) monitor the crash rates.

Upgrade low-pressure sodium streetlights in the proximity of traffic signals to avoid amber confusion.
Third Intersection (Site No 3)

The Third intersection requires a significant review of the entire operation. A number of issues were noted during the audit which are detailed in the discussion of the intersection later in this report.

Most of the observed issues were safety related indicating that corrections need to be completed as soon as practical.

The recommendation is that the entire intersection be reviewed as the number one priority when time and finance permits. 

Fourth Intersection (Site No 8)
The Fourth intersection has recently been upgraded. The design plan shown to the audit team did not match what has been built on street. Both the layout and the phasing were different.

A number of safety issues were noted in the existing layout and phasing. Most of these issues were dealt with better on the design plan but had not been put in place. BSDC staff were unsure why the layout was built different to the design plans.

The recommendation is that the entire intersection design be reviewed to address the safety and efficiency issues highlighted by the audit team.

Fifth Intersection (Site No 9)
There is significant congestion in peak periods at the Fifth intersection. Most of the congestion is caused by the lane layout, which requires reviewing.

The recommendation is that the entire intersection design be reviewed.

5.6. Non-Essential Work for Consideration

Note to the report writer:

This section should outline those issues that the team considers may:

· Improve operation, e.g. signal phasing, lane rearrangements, parking restrictions etc.

Enhance safety.
Appendices 1.1 to 1.10 list non-essential work marked as ‘Consideration’ in the recommendations. Some reoccurring themes are:

· Review pole positions.

· Review right turn arrow logic.

· Review co-ordination of links.

· Review the need for cycle facilities.

· Provide ped facilities.

· Review the slip lane configuration in terms of angle, markings, and position of ped crossing.

· Consider a redesign and a new signal program.

Audit Team Statement

The Traffic Signal Audit was undertaken to provide an overview of traffic signal operation within (Input RCA). The team does not guarantee to have identified all of the signal issues relating to the sites surveyed.

The Traffic Signal Audit team has endeavoured to identify features of the (Input RCA) signal sites that could be removed or modified to improve safety or efficiency. The problems identified have been noted in this report, together with recommendations, which should be studied for implementation.

	Signed:
	…………………………………………………………..

T. Leader

Consultant Traffic Engineer

Team Leader
	Date:…………

	
	
	

	Signed:
	………………………………………………………….. T. Member

Traffic Design Engineer

Team Member


	Date:…………

	Signed:
	…………………………………………………………..Ian Appleton

Transfund New Zealand

Safety Team Leader


	Date:…………


Appendix 1 
Traffic Signal Audit Findings

Specific Sites

28Appendix 1.1
Featherston / Rangitikei (Site No 3)


30Appendix 1.2
Albert / Main (Site No 8)


31Appendix 1.3
Main / Ruahine (Site No 9)


33Appendix 1.4
Botanical / College (Site No 12)


35Appendix 1.5
Main / Pitt (Site No 14)


37Appendix 1.6
Church / Pitt (Site No 15)


39Appendix 1.7
Ferguson / Fitzherbert (Site No 21)


42Appendix 1.8
Fitzherbert / Manawaroa / Te Awe Awe (Site No 25)


44Appendix 1.9
Fairs / McGregor / Milson (Site No 27)


45Appendix 1.10
Rangitikei Pedestrian Crossing (Site No 30)




Featherston / Rangitikei (Site No 3)

Audited: Input audit date

Comments should be included under each of the headings below. The comments included here are an example only and should be modified/deleted as appropriate.
Description

The intersection is a double diamond overlap design. Rangitikei Street is SH3 and connects to the CBD with the north-west of Black Stump.

General Comments

· Recent upgrade (2000).  The intersection is tidy and well done. Some issues need attention.

· Right turn arrows are not used for ped protection.

· Filter turns allowed on approaches with median islands. Filter turn philosophy in general was questioned.

Signs/Markings/Associated Hardware

· Two through approach lanes, but departure lanes unmarked.

· Shared approach lanes on Rangitikei very wide – may need separating. City-bound merge length too short.

· Lane markings generally well kept.

· Lane markings on south approach may channel cyclists close to lip at fender, which could present a safety hazard. High cycle demand – consider providing cycle facilities (Figure 4).

· East approach has low-pressure sodium streetlights, which is similar in colour to the amber lights of the traffic signals.

· Consider relocating ped give way signs (RG-27) to tertiary pole, and duplicating it on secondary pole. Increase mounting height.

[insert figure here]

Figure 5: Cyclists are channelled close to Lip at Fender

Signal Displays and Hardware

· Primary poles are set back from the kerbline and past the tangent point.

· Secondary three-aspect arrow displays only – should be changed to six-aspect lanterns.

· Main street has no overheads, but has dual-primary – ok.

Signal Phasing and Operation

· LT arrow comes up after 1sec, but should at least be 3sec. Green LT arrow should come up in single diamond phase.

· Lost co-ordination here in am peak when travelling city-bound.

Recommendations

	Use existing signal hardware for partial pedestrian protection.
	Critical

	Review filter turn philosophy; monitor crash history.
	Important

	Review lane layout.
	Important

	Review need for cycle facilities.
	Consideration

	Review south approach in relation to lip at fender.
	Important

	Upgrade east approach street lighting.
	Important

	Review RG-27 Signs.
	Consideration

	Review primary pole placements.
	Important

	Install 6-aspect lanterns in secondary positions.
	Consideration

	Review arrow logic in phasing.
	Important

	Review co-ordination strategy for Rangitikei St
	Consideration


Albert / Main (Site No 8)

Audited: 4th November 2002

Description

The intersection is a cross road with two slip lanes. Main St is SH3 and connects the CBD with the north-east of Black Stump.

A simple two-phase signal program is operated.

General Comments

Recent controller upgrade (2000), but everything else needs attention (Figure 5):

· Laning.

· Aspects, pole positions, mast arms.

· Ped facilities and cycle facilities (none at present).

· Concrete bollards.

[insert figure here]

Figure 6: North Approach of Albert / Main Intersection

· Non-standard slip lanes (less than 70 degree entry angle).

· PW-5 signs missing.

· Advanced detection only.

· Phasing and filter turn philosophy.

Recommendations

	Upgrade intersection.
	Important


Main / Ruahine (Site No 9)

Audited: 4th November 2002

Description

The intersection is a cross road with one slip lane. Rangitikei Street is SH3 and connects to the CBD with the north-west of Black Stump. Main St has a service lane on the north side. The intersection was upgraded in 2001.

The SH approaches have a diamond overlap operation. The designer specified a split approach operation for Ruahine St, but it was observed that these approaches are controlled by full green aspects allowing filter right turns (with the option of a protected right turn from the south approach).

General Comments

· Recent upgrade.  The intersection is tidy and well maintained.

· Right turn arrows are not used for ped protection (east approach).

· Phasing configuration was questioned.

Signs/Markings/Associated Hardware

· ‘Give Way’ markings in slip lane too close to limit lines.

· Zebra crossing positioned too far around the turn. Slip lane with non-conforming entry angle (too shallow).

· Tidy lane markings.

· Two car parks on north approach compromise efficiency of intersection (heavy left turn movement –Figure 6).

· Cycle lane on north approach terminated prior to intersection.

· Low-pressure sodium streetlights on south approach (two only).

· Untidy set-up in controller.

Signal Displays and Hardware

· North approach primary pole poorly positioned and obscured by lamppost.

· Not all ped movements provided for.

· Excellent hardware condition.

· 3-aspect arrow lanterns on secondary poles – should be 6-aspect lanterns.

[insert figure here]

Figure 7: North Approach - Note two Car Parks (Empty) near last Car

Signal Phasing and Operation

· Lag right turn observed. Change to AED phase sequence (need to convert 4-aspect lantern on pole 8 to 6-aspect lantern, and convert 6-aspect lantern on pole #4 to 9-aspect lantern and possibly mast arm) or split approach operation.

· North approach needs 6-aspect lanterns (primary pole #8 and tertiary pole #3) for ped protection (future crosswalk) and for efficiency (left turn during F phase).

Recommendations

	Remove lag right turn.
	Critical

	Review filter turn philosophy; monitor crash history.
	Important

	Provide ped protection.
	Important

	Provide ped facilities on south and east approach.
	Consideration

	Provide cycle facilities.
	Consideration

	Upgrade south approach street lighting.
	Important

	Review phasing configuration.
	Important

	Review slip lane configuration (angle / markings / zebra).
	Consideration

	Review parking on north approach.
	Consideration

	Review north approach primary pole position and/or lamppost position.
	Important


Botanical / College (Site No 12)

Audited: 5th November 2002

Description

The intersection is a cross intersection with a two-phase signal program. A special feature is a 10sec late start for pedestrian protection, operated 24h / 7d.

General Comments

· Tidy appearance.

Signs/Markings/Associated Hardware

· Two shared lanes (through-left and through-right) on all approaches.

· Tidy controller cabinet.

· East approach has low-pressure sodium streetlights – consider upgrading at least the last three lights to newer standard to avoid potential amber confusion.

· No cycle facilities, but high cycle flows.

Signal Displays and Hardware

· Long, straight approaches – consider providing mast arms.

· Approach loops – consider stopline loops.

· Recent upgrade – hardware in fine condition.

Signal Phasing and Operation

· Consider redesign with more efficient operation for ped protection.

· Not connected to SCATS. Could use Flexilink for more adaptive ped protection (depending on time of day, i.e. provide longer protection when pupils are likely to use the intersection.)

· Quick turnover – stopline loops would help extending green time when required.

Recommendations

	Upgrade east approach street lighting.
	Important

	Consider redesign with new lane layout and signal program.
	Consideration

	Review need for cycle facilities.
	Consideration

	Consider providing mast arms.
	Consideration

	Consider stopline loops.
	Important

	Review ped protection – consider Flexilink.
	Consideration

	Install 6-aspect lanterns in secondary positions.
	Consideration


Main / Pitt (Site No 14)

Audited: 5th November 2002

Description

The intersection is a recently upgraded (2002) cross intersection. Main St leads into the CBD, and Pitt St forms part of the (future) ring road around the city centre.

The intersection is operated with a four-phase signal program.

General Comments

· Recent upgrade (2002).  The intersection presents itself tidy. 

· No ped protection provided.

· Different phasing layout to rest of city.

· Ped ramp too steep (south-west corner).

Signs/Markings/Associated Hardware

· Captured lane (left turn) on west approach (Figure 7). Lane markings otherwise fine.

· Street lighting not audited.

· Very tidy controller.

Signal Displays and Hardware

· Hardware in excellent condition.

· Lantern types and numbers appropriate for existing phasing.

Signal Phasing and Operation

· Possibly to be more appropriate to have single diamond overlap to be consistent with rest of the city.

· Under existing phasing, check that lag right turn cannot be called.

· D phase not called – error was found in SCATS data.

· Error was found in SCATS regarding walk time data.

· Not co-ordinated – consider providing co-ordination on Pitt St.

[insert figure here]

Figure 8: Captured Lane

Recommendations

	Check that lag right turn cannot be called.
	Critical

	Provide ped protection.
	Important

	Review need for cycle facilities.
	Consideration

	Review gradient of ped ramp.
	Important

	Review phasing.
	Consideration

	Review captured lane.
	Important

	Audit street lighting (not audited by team).
	Important

	Review SCATS data.
	Important

	Consider co-ordination for Pitt St
	Consideration


Church / Pitt (Site No 15)

Audited: 5th November 2002

Description

The intersection is a recent installation (1998) at a crossroad. Church Street forms a connection to the CBD and Pitt Street forms part of the (future) ring road around the city centre.

General Comments

· Tidy intersection. The poles need a repaint.

· The audit team was surprised that this was a recent intersection not utilising modern design practices (e.g. no slip lanes).

Signs/Markings/Associated Hardware

· Well marked.

· Some very wide left turning lanes. 

· Lack of cycle facilities.

· Should have guidance through intersection due to combination of horizontal and vertical curves (Figure 8).

· Street lighting not audited.

· Median islands possibly too narrow to have signal poles (possibly high maintenance costs as a consequence).

· Tidy controller, but excessive signal groups provided (could potentially be utilised elsewhere if upgrade planned).

· Could not find toby boxes for south approach.

Signal Displays and Hardware

· Signal lanterns as per standard for the signal program.

· Pole positions compromised due to excessive intersection size.

· Hardware in fine condition.

[insert figure here]

Figure 9: Combination of Horizontal and Vertical Curve requires Guidance through Intersection

Signal Phasing and Operation

· Simple 2-phase operation. Should monitor LTSA crash data. Diamond overlap design might be more appropriate.

· Efficient operation.

· Should consider co-ordinating Pitt Street.

Recommendations

	Review intersection layout and phasing.
	Consideration

	Review filter turn philosophy; monitor crash history.
	Important

	Provide guidance through intersection along Pitt St (continuity line).
	Important

	Review need for cycle facilities.
	Consideration

	Audit street lighting (not audited by team).
	Important

	Consider co-ordination for Pitt St
	Consideration


Ferguson / Fitzherbert (Site No 21)

Audited: 4th November 2002

Description

The intersection is a recent upgrade (2001) at a crossroad. Fitzherbert Avenue links the CBD with Massey University. Ferguson Street bypasses the CBD to the south. 

General Comments

· Advanced cycle lane limit lines are past the primary poles [check legality].

· Tidy intersection – recent update.

· Missing ped protection.

· Filter turn philosophy – recommend to regularly monitoring crash data.

Signs/Markings/Associated Hardware

· Remove redundant RRPMs from south approach.

· Cycle lane not continuously defined on left hand side. 

· Lane markings otherwise well done and maintained.

· Slip lanes lack left turn arrows.

· Crosswalk lines poorly positioned.

· Two Belisha beacons out.

· Traffic islands too narrow to hold 6-aspect lanterns.

· Unusual layout for splitter island.

· Untidy controller.

Signal Displays and Hardware

· Northwest corner tertiary pole poorly positioned (not in kerb extension).

· Primary pole on north approach poorly positioned (not in kerb extension) with evidence of kerb strike (Figure 9).

· East approach primary and ped lantern pole could be combined into one (keep ped lantern pole).

· Tactile pavers not square to crosswalk. Inconsistent use of tactile pavers.

· Excellent hardware condition.

[insert figure here]

Figure 10: Kerb Extension not used for Primary Pole Placement

Signal Phasing and Operation

· Red arrow not kept up for 5sec after diamond turn.

· Filtering allowed – monitor crash data.

· Lack of ped protection.

· Calls away to side road – lag turn prevented.

· Good operation; turns over quickly.

· Co-ordination for Fitzherbert needs to be reviewed.

Recommendations

	Advanced cycle lane limit line position.
	Important

	Review filter turn philosophy; monitor crash history.
	Important

	Remove redundant RRPMs
	Important

	Review cycle lane markings.
	Important

	Review slip lane markings.
	Consideration

	Review crosswalk line layouts.
	Consideration

	Attend to Belisha beacons.
	Important

	Review pole positions.
	Important

	Review tactile pavers.
	Important

	Review red arrow logic.
	Important

	Review co-ordination for Fitzherbert Ave
	Consideration


Fitzherbert / Manawaroa / Te Awe Awe (Site No 25)

Audited: 4th and 5th November 2002

Description

The intersection is a 1987 installation at a crossroad with a slip lane from Te Awe Awe to Fitzherbert Avenue. Fitzherbert Avenue links the CBD with Massey University. Te Awe Awe services a residential area, with connections to other suburbs. Manawaroa is a local street servicing only a limited number of residences.

A single diamond overlap is provided for Fitzherbert Avenue.

General Comments

· The poles need a repaint. One median pole on a lean.

· Lack of ped protection, although right turn arrows exist for Fitzherbert Ave.

· Lag right turn observed.

· Unease by audit team about filtering philosophy.

Signs/Markings/Associated Hardware

· Unusual limit line arrangement (Figure 10).

· Cycle lane limit lines past primary poles.

· Slip lane with non-standard entry angle.

· Belisha beacon disk (PW-65) in slip lane facing the wrong way.

Signal Displays and Hardware

· Dual-primary poles on side streets are redundant (don’t replace when hit, but move lanterns to secondary position).

Signal Phasing and Operation

· Handles traffic flows well.

· Right turn arrow is delayed to full red aspect (should appear simultaneously).

· Lag right turn observed.

· Long walk time on west approach – error in SCATS data.

· Co-ordination for Fitzherbert needs to be reviewed.

[insert figure here]

Figure 11: Unusual Limit Line Arrangement

Recommendations

	Prevent lag right turn.
	Critical

	Review filter turn philosophy; monitor crash history
.
	Important

	Provide ped protection using existing turn arrows.
	Critical

	Consider ped protection for side street approaches.
	Important

	Review limit line arrangement.
	Consideration

	Review slip lane angle.
	Important

	Attend to Belisha beacon disk.
	Important

	Review pole positions and lantern locations.
	Consideration

	Review right turn arrow logic.
	Consideration

	Review walk time settings.
	Important

	Review co-ordination for Fitzherbert Ave
	Consideration


Fairs / McGregor / Milson (Site No 27)

Audited: 4th November 2002

Description

The intersection is a staggered T layout in the north east of the city. McGregor Street goes to the airport. The intersection is due to be upgraded.

General Comments

· Left turn green arrow comes up before the end of walk period – this is non-conforming
 (Figure 11).

[insert figure here]

Figure 12: Walk and Green Turn Arrow displayed simultaneously

· The south approach lacks a primary lantern – this is non-conforming.

· Notes on signal plan suggest that lag right turn is possible.

· Lack of pedestrian facilities adjacent to shopping centre.

· Due for an upgrade – this should be made a high priority. Needs a complete re-design.

Recommendations

	Prevent lag right turn.
	Critical

	Provide primary pole on south approach.
	Critical

	Proceed with redesign.
	Important

	Audit street lighting (not audited by team).
	Important


Rangitikei Pedestrian Crossing (Site No 30)

Audited: 4th November 2002

Description

Recent installation (2002) of a mid-block signalised pedestrian crossing on SH3. Rangitikei Street is four-lane flush median divided and is a radial route to the CBD. Queen Elizabeth College on the east side is used for both daytime and evening classes.

General Comments

· A tidy intersection well done (Figure 12).

[insert figure here]

Figure 13: Approach to Mid-Block Ped Crossing

Signs/Markings/Associated Hardware

· The use of advanced cycle lane limit lines at a mid-block crossing is commended. The cycle lane is at a minimum width.

· The north approach has a recent patch and markings need to be reinstated.

· The central island has an uneven surface.

Signal Displays and Hardware

· The primary and tertiary poles could have been offset. With the current layout, the primary signals hide the tertiary aspects.

· As per Austroads Part 7, the signals visible when stopped at the limit lines of a mid-block crossing should be mounted at a reduced height.

· The Pedestrian pads are appropriately signposted on the adjacent poles.

· One of the Pedestrian pads was locked on.

· The hardware was otherwise in fine condition.

Signal Phasing and Operation

· The signals were very responsive to a ped demand.

· Timings were appropriate.

Recommendations

	Smooth the surface in the median island.
	Consideration

	Reinstate missing markings.
	Important

	Review the offset of primary and tertiary signals.
	Consideration

	Lower the secondary and tertiary lanterns.
	Important

	Attend to the locked Pedestrian pad.
	Important


Appendix 2 
Letter from Black Stump District Council

Appendix 3 
Traffic Signal Audit Checksheets

(Attached separate Word document – delete this note when producing the report)
� Enables co-ordination and adaption of signal settings / signal phases to changing traffic conditions


� There appears to be a high incidence of LB type crashes at this intersection.


� The team understands that this was rectified the same day.
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