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This document provides an Operational Noise and Vibration Management Plan (ONVMP) to document 
commitments of the Public Transport Authority in regards to the management of airborne noise, ground 
vibration and ground-borne noise arising from operation of the proposed Byford Rail Extension (BRE) project. 

To minimise noise and vibration emissions from the proposed area, this ONVMP proposes: 

• the implementation of relevant noise and vibration control measures as required to achieve applicable 
noise criteria (Mitigation extent options for noise and vibration are indicated in Appendix C); and 

• other measures defined in this ONVMP which include the following: 

• Post commission verification; 

• Administrative responsibilities; 

• Track maintenance; 

• Review and auditing; and  

• A complaint management procedure. 
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1 Introduction 

The Public Transport Authority (PTA) is developing the Byford Rail Extension (BRE) project which 
involves the extension of the electrified rail network within an existing rail corridor around 8 kilometres 
in length from Armadale Station to a new Byford Station.   

The operation of BRE is a potential source of new and additional transport noise and vibration within 
the local environment.  This document details the Operational Noise and Vibration Management Plan 
(ONVMP) for the management of transport noise and vibration associated with the BRE project. 

This ONVMP has been developed in accordance with State Planning Policy 5.4 Road and Rail Transport 
Noise (SPP5.4) and other relevant guidelines and standards and will be administered as a supporting 
document for the future plan of the BRE rail operations.  

1.1 Aims 

The aims of this ONVMP are to 

• Identify receptors potentially sensitive to noise and vibration emissions associated with the 
operation of the BRE; 

• Determine the primary noise and vibration sources from operation of the BRE; 

• Establish performance objectives and environmental criteria for the management of noise and 
vibration in accordance with SPP 5.4 and other relevant industry guidelines and standards; 

• Document the reasonable and practicable measures required to reduce and control noise and 
vibration emissions in accordance with the adopted performance objectives and environmental 
criteria; 

• Provide a procedure for reviewing and auditing performance with respect to noise and vibration 
emissions from operation of the BRE, including response actions should there be legitimate 
complaints or adverse comment to excessive noise and/or vibration; and  

• Document the actions and responsibilities for the implementation of the ONVMP.  

1.2 Structure 

This document has been structured as follows: 

• Section 1 provides a description of the new infrastructure and the operational noise and vibration 
aspects addressed by this Plan; 

• Section 2 details the assessment criteria and guidelines that have been adopted for the 
management of noise and vibration impacts; 

• Section 3 describes the locations of sensitive receptors; 

• Section 4 presents a summary of the results from the noise and vibration impact assessment;  

• Section 5 identifies reasonable and practicable measures for mitigating airborne noise and 
vibration from rail operations; 

• Section 6 details the persons responsible for implementing the requirements of the ONVMP; and 

• Section 7 details the noise and vibration monitoring methodology.  
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1.3 Design inputs 

An assessment1 of operational noise and vibration and potential mitigation and control measures has 
been undertaken for the BRE project. As such, this management plan is developed based on the inputs 
and outcomes from this assessment study. 

1.4 Acoustic terminology 

Acoustic terminology important to understanding the technical noise and vibration aspects relating to 
this Plan is defined in Appendix A. 

1.5 Overview of the BRE project 

With Byford’s growing population expected to double to 35,000 people by 2036, the Byford Rail 
Extension will improve access to the area and provide more transport options including a new 
electrified passenger rail service and improved bus connections. 

Figure 1 below presents the concept site locality and rail alignment for the proposed BRE project. The 
major project features include: 

• A new ground level Byford Station within the future Byford Town Centre, approximately 400 
metres north of Abernethy Road, Byford; 

• Up to 600 passenger parking bays, new bus interchange and a new pedestrian connection across 
the rail line accessible from the station; 

• Reconfigured track alignment within the existing Armadale Station including an upgraded 
pedestrian overpass; 

• A new platform for the Australind regional rail service at Armadale Station; 

• Thomas Road level crossing will be reconfigured to a road-over-rail bridge. 

This project is claimed to reduce road congestion, encourage sustainable transport use, and improve 
access for Byford residents to the wider Perth metropolitan area. 
  

 
1 Byford Rail Extension Operational Noise and Vibration Preliminary Assessment, SLR Report Number 675.11323.01500-R01-
v3.0, 16 December 2020.   
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Figure 1  Concept rail alignment for the Byford Rail Extension (Source: PTA, 13 January 2021) 
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2 Assessment framework and design objectives 

The following Table 1 provides the proposed noise and vibration assessment framework for this 
project. 

Table 1 Proposed noise and vibration assessment framework 

Aspect / Source 
Statutory / 
Government Policy 

Australian / 
International Standards  

Industry best practice /  

SLR recommendation 

Operational environmental noise 

Airborne noise from trains, rail 
operations 

SPP5.42 - SPP5.4 

NSWRING3 

Road vehicle movements (bus loops, 
kiss and ride areas 

- 

Station mechanical ventilation plant 

Crowd noise 

Public address systems 

Outdoor Driver communications 
within stowage / turnback facilities 

EPNR19974 AS2107:20165 EPNR1997 

Car parking EU Parking Area Noise 
20076 

Operational vibration effects 

Ground-borne vibration (GBV) from 
rail operations 

- AS/ISO 2631.2:20147 

BS 6472:2008 

ISO 148378 

AS 2670.2:19909 

NSWRING 

NSW DEC Guidelines10 

ASHRAE 201111 

Ground-borne noise (GBN) 
(‘regenerated noise’) noise from rail 
operations 

- - NSWRING 

The proposed assessment criteria outlined in the table above as recommended by SLR are based on 
industry best practice, and therefore are applied for the purpose of compliance. 

Each aspect of the assessment framework is further described in the Operational Noise and Vibration 
Preliminary Assessment report and further details are also provided in Appendix B. 

 
2 Western Australia State Planning Policy 5.4, Road and Rail Noise, September 2019 (“SPP5.4”, “The Policy”). 
3 New South Wales Rail Infrastructure Noise Guideline, NSW EPA, May 2013. 
4 Western Australia Environmental Protection (Noise) Regulations 1997 (“EPNR1997”, “The Regulations”) as amended. 
5 Australian/New Zealand Standard 2107:2016 ‘Recommended design levels and reverberation times for building interiors’. 
6 Bayer, Landesamt für Umwelt 2007, Parking Area Noise - Recommendations for the Calculation of Sound Emissions of Parking Areas, 
Motorcar Centers and Bus Stations as well as of Multi-Storey Car Parks and Underground Car Parks, Bayerisches Landesamt für Umwelt, 
Parkplatzlämstudie 6, Aufl., August 2007. 
7 AS ISO 2631.2:2014 Mechanical vibration and shock - Evaluation of human exposure to whole-body vibration - Vibration in buildings (1 Hz 
to 80 Hz). 
8 International Standard ISO 14837-1 2005 “Mechanical vibration - Ground-borne noise and vibration arising from rail systems - Part 1: 
General guidance”. 
9 Australian Standard AS 2670.2 1990 “Evaluation of Human Exposure to Whole Body Vibration - Part 2: Continuous and Shock Induced 
Vibration in Buildings (1 Hz to 80 Hz)”. 
10 Department of Environment and Conservation NSW, “Assessing Vibration: a technical guideline” (2006)  
http://www.environment.nsw.gov.au/resources/noise/vibrationguide0643.pdf 
11 American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) 2011, HVAC Applications – SI Edition, Chapter 47. 
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2.1 Airborne noise design objectives 

The table below outlines the adopted noise objective levels for the project in regard to airborne noise 
during road and rail operations. The objectives are being applied as targets for the investigation of 
reasonable and practicable mitigation measures for the control of airborne noise on the BRE.  

Table 2 Project transport operations noise objectives 

Type of 
development 

Objective Value(s) (Note1) Basis 

Operations – Noise 
Generally (N1)  

Noise levels from rail operations will be 
managed as low as is reasonably practicable. 

demonstrated SPP5.4 

Redevelopment of 
Existing Operations 
– Airborne Noise 
Target (N2)  

Noise mitigation is to be provided where the 
Existing Operations – Airborne Noise Target 
(N2) is above this value. 

LAeq,day 60 dB 

LAeq,night 55 dB 

LAmax 80 dB 

SPP5.4,  

LAmax best 
practice 

Note 1 ‘Demonstrated’ means the objective is achieved to the satisfaction of the approval authority.  Values are referenced to 20 
microPascals (dB re 20μPa) 

The airborne noise objectives in Table 2 are assessed outdoors, 1 metre (m) from the main building on 
a lot associated with a noise sensitive usage. By achieving these objectives, the intent is to achieve 
acceptable indoor noise levels in noise sensitive areas (for example, bedrooms and living rooms of 
houses, and school classrooms) and a reasonable degree of acoustic amenity for outdoor areas 
appropriate to the land usage.   

The objectives are intended to be assessed at all floor levels where identified from surveys, noting that 
the amount of mitigation to achieve the objectives may not be reasonable or practicable at higher 
floors.  

2.2 Ground-borne vibration design objectives 

Table 3 presents objectives for ground borne vibration (GBV) and noise (GBN) during operation.  
Where vibration levels are predicted to be above these objectives, the project will consider the use of 
reasonable and practicable controls to achieve compliance. 

Table 3 Project rail operations GBV and GBN objectives 

Parameter Objective12 Value (Note1) Basis 

Rail Operations – 
Generally 

Vibration levels from rail operations will be 
managed as low as is reasonably practicable. 

demonstrated Industry best 
practice 

Rail Operations  
Building Vibration 
Trigger Level  

The level not exceeded by 95% of train passby events, measured at a 
reasonably representative location of the building occupancy 

AS2670.2:1990 

ISO2631  

ASHRAE13 

guidelines 

NSWRING 

Medical clinical treatment, surgery or recovery 
areas, or facilities operating precision equipment  

‘Curve 1’ 

(Lv,RMS,1s ~100dB) 

Residential and hotel accommodation ‘Curve 2’  

 
12 Vibration objectives are referenced to 1nm/s (dB re 1nm/s), use the subscript ‘v’ and are assessed on the basis of  
1 second root mean square (RMS) values. 
13 American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc (ASHRAE), 2011 ASHRAE Handbook - Heating, Ventilating, 
and Air-Conditioning APPLICATIONS - SI Edition, Atlanta GA http://www.ashrae.org. 
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Parameter Objective12 Value (Note1) Basis 

(Lv,RMS,1s ~106dB) 

Commercial premises, Public buildings, Churches 
and community centres and the like 

‘Curve 4’  

(Lv,RMS,1s ~112dB) 

Light and general industrial buildings  ‘Curve 8’ 

(Lv,RMS,1s ~118dB) 

Rail Operations 
Regenerated 
Noise/GBN 
Trigger Level 

Mitigation of vibration via ground or structural pathways must be 
considered where the Rail Operations Regenerated Noise Trigger Level is 
exceeded as applicable to the 95th percentile train passby event and 
measured at centre of reasonably representative interior space(s) of each 
building usage.  

Historical Perth 
transport 
projects 

NSWRING 

Residential and hotel accommodation, 10pm to 
6am 

LASmax 35dB 

Residential and hotel accommodation, 6am to 
10pm 

LASmax 40dB 

Commercial buildings, Public buildings, Churches 
and community centres and the like 

LASmax 45dB 

Retail and point of sale areas LASmax 50dB 

Occupiable light and general industrial buildings LASmax 50dB 

Note 1 ‘Demonstrated’ means the objective is achieved to the satisfaction of the approval authority. 
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3 Noise and vibration sensitive receptors 

All adjacent noise-sensitive land-use and/or development (for his instance, including existing 
residential properties or residential lots with DA approval, schools, childcare premises and place of 
worship) along both sides of the rail section to be redeveloped have been identified as noise and 
vibration sensitive receptors and they are indicated in Appendix C, and therefore have been assessed 
in accordance with the set criteria. 

Specifically, this includes the first row (nearest) noise sensitive receptors immediately adjacent to the 
rail section assessed. Where the noise and vibration levels achieve the design objectives at the first-
row receptors, the criteria will also be achieved at all receptors at a greater distance from the rail 
where received noise and vibration levels are expected to be lower. 

Furthermore, the set noise and vibration criteria would also manage amenity impacts at the non-
residential (commercial and industrial) land-use adjacent to the rail alignments. 
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4 Assessment results 

The key findings of the Operational Noise and Vibration Preliminary Assessment report are 
summarised as follows: 

• In regards to airborne noise, 

• Compliance with SPP5.4 targets is controlled by daytime rail traffic. During the night time 
period, all adjacent residences in the study area are predicted to receive noise levels below 
the relevant target of LAeq,night 55 dB. 

• North of Armadale station, around ten properties are above set targets. The most exposed 
residential facades along Aragon Court, Armadale, west of the existing rail track between 
Armadale Rd and Armadale Station (chainage section 28.56 km – 28.87 km) are predicted 
to receive noise levels of up to LAmax 85 dB, i.e. above the maximum target level by up to 5 
dB. 

• Between the existing Armadale Station and the new Byford Station, most of the residences 
adjacent to and facing the railway are predicted to receive noise levels above the daytime 
target level of LAeq,day 60 dB by a margin of up to 4 dB, and above the maximum target level 
of LAmax 80 dB by a margin of up to 10 dB.  This is for the worst case 2044 scenario, with 
higher design speeds (i.e. 140 km/h). 

• Mitigation measures are here recommended on the basis of reducing maximum noise 
levels (LAmax), since results are predicted to exceed targets by higher amounts in terms of 
maximum passby level than in terms of period average levels. 

• Mitigation options for achieving compliance with set noise criteria include the 
combination of noise walls and rail web dampers, as well as noise walls only. The 
mitigation results could be further improved via close fitting noise walls and/or with 
absorptive noise wall surfaces. 

• In regards to ground borne vibration (GBV) and ground borne noise (GBN), 

• Five residences are predicted to exceed relevant GBN target level by up to 2 dB but comply 
with relevant GBV target level,  

• 2 educational premises (i.e. Australian Tertiary Institute) are predicted to exceed relevant 
GBN target levels by up to 12 dB with one of them exceeding relevant GBV level by up to 
2 dB; 

• Improvements could be achieved through the use of suitable under ballast matting (UBM) 
and/or under sleeper pads (USPs) with suitable trackform.   



Public Transport Authority 
Byford Rail Extension 
Operational Noise and Vibration Management Plan 

SLR Ref No: 675.11323.01500-R02-v2.0 20210122_TC.docx 
January 2021 

 

 

 Page 14  
 

5 Management plan 

The following management measures are proposed to be implemented on the BRE project as part of 
the overall strategy for the management and control of noise and vibration associated with the 
extended rail operations. These measures are subject to detailed design considerations and feedback 
from the community and project stakeholders. 

5.1 Engineering controls 

The PTA commits to achieving the adopted transport noise and vibration targets as far as is reasonable 
and practicable to do so via the use of various engineering controls.  

The potential engineering control measures are proposed on the following basis: 

• Review and optimisation of mitigation and control measures during detailed design phase to 
achieve the Noise Targets specified in State Planning Policy 5.4; 

• Implementation of practical noise and vibration mitigation and control measures for relevant rail 
alignment sections. Noise and vibration mitigation extent options based on operational noise and 
vibration preliminary assessment are indicated in Appendix C, including: 

• The noise mitigation option in a combined form of noise barriers/walls and rail web 
dampers, with possible further treatments such as absorptive noise wall linings or closer 
fitting noise barriers/walls; 

• The vibration mitigation option in the form of under ballast matting (UBM). 

• The noise barriers/walls must be refined / sized to accommodate other design factors such as 
security, railway access and visual impact; 

• Review of rail track form and fastening systems with effective control measures including ballast 
matting and resilient rail fasteners. 

• Detailed review of vibration controls based on local geotechnical information and existing site 
survey(s), which also considers increased mitigation extent beyond the proposed extent within 
Appendix C to future proof against long term development infill. Particular attention is 
recommended for the Australian Tertiary Institute Buildings along Chainage 29.360 km – 29.400 
km due to their very close proximity (less than 15 meters) to the design rail alignments. 

5.2 Post commissioning verification  

The monitoring of noise and vibration levels will be used to verify modelled treatments and / or 
determine compliance with set criteria. 

The PTA will audit the performance of airborne noise and ground borne noise controls where required.  
Noise and vibration monitoring as per the following sub sections will be undertaken. 

5.2.1 Airborne noise 

Within three months of commissioning of the proposed rail infrastructure, or the earliest practicable 
opportunity thereafter, noise and vibration levels will be continuously monitored for a minimum 
period of seven days under acceptable weather conditions in accordance with SPP5.4 Implementation 
Guidlines.   
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The monitoring will be used to verify if the project has achieved the relevant design criteria. 

Monitoring locations will be proposed to monitor noise and vibration levels at ‘most affected’ locations 
that are representative of the communities adjacent to the proposed development. It is intended that 
monitoring would be conducted at these locations as far as is reasonable and practicable to do so 
(noting that it may require permissions from third parties).   

Given the proposed alignment, at least five (5) monitoring locations are proposed. 

The ‘most affected’ properties will be determined from the relevant assessments to ascertain the 
highest (worst case) noise levels from the development at the property façade.  

A suitable noise monitoring methodology is detailed in Section 7, specifically Section 7.2. 

5.2.2 Ground vibration 

Ground vibration monitoring will be conducted at the same properties as the air-borne noise 
monitoring as listed in the section above. Vibration levels shall be monitored consistent with the 
methodology in Section 7.3. 

Vibration levels will be measured in accordance with the principles outlined in Section 7 of ISO 
14837.1:2005, preferably on the nearest foundation or lower wall of a vibration sensitive building.  

It is intended that vibration monitoring is conducted simultaneous with the noise monitoring as far as 
is reasonable and practicable to do so (noting that it will likely require permissions from third parties).  

5.2.3 Corrective action 

Where the above monitoring determines that the set criteria are not achieved at commissioning, the 
steps to review and implement further reasonable and practicable mitigation will include: 

• Identifying where the criteria are exceeded and by how much. 

• Confirming the noise reduction performance of mitigation implemented. 

• Quantifying the change in noise and/or vibration levels upon commission of the project. 

• Determining the number of people affected (residual exceedances). 

• Identifying the key noise sources contributing to the exceedances. 

• Undertaking a review of reasonable and practicable mitigation measures available to further 
reduce and control noise and/or vibration levels.   

• Where reasonable and practicable, implementing additional mitigation. 

• Liaising with the Department of Water and Environmental Regulation (DWER) if appropriate. 

5.3 Administrative responsibilities 

The PTA commit to the following administrative responsibilities in regards to the minimising noise and 
vibration risks in planning for the proposed area: 

• Share outcomes with local government authorities to assist in future land use planning near the 
project area. 



Public Transport Authority 
Byford Rail Extension 
Operational Noise and Vibration Management Plan 

SLR Ref No: 675.11323.01500-R02-v2.0 20210122_TC.docx 
January 2021 

 

 

 Page 16  
 

• Undertake consultation with community stakeholders regarding concerns with or expected 
improvements in noise levels from the redevelopment and gauge level of acceptance over the 
visual impacts of any potential noise walls.     

5.4 Track maintenance 

The PTA will undertake rail maintenance in accordance with their established standards to maintain 
the operational performance of the railway infrastructure.   

5.5 Review and auditing of this Plan 

In addition to routine auditing of the PTA’s environmental management systems, this plan document 
will be reviewed and updated as necessary where further redevelopment occurs. 

5.6 Complaint management procedure 

Detailed below are the measures to be implemented in the event a complaint or adverse comment to 
airborne noise, ground vibration or ground-borne noise is received directly or indirectly by PTA.   

5.6.1 Administrative procedures 

Requests for information and complaints will be directed to the PTA’s Infoline telephone number 13 
62 13 or via the comments section on PTA’s website14. All calls and emails will be logged, and a 
response provided within 5 days of receipt.   

5.6.2 Investigation 

The PTA will investigate all noise and/or vibration complaints received by: 

• Investigating the operations at the time of the complaint. 

• Substantiated or widespread complaints will be investigated as follows: 

• An appropriate number of short-term measurements will be undertaken to accurately 
determine the cause of substantiated complaint/incidents and to determine how to rectify 
the situation.  

• Review any unattended (logged) noise levels relevant to the complaint or incident. 

• Where appropriate, reviewing any immediate measures that could be implemented to 
address the nature of the complaint.  

• Filing an incident report. 

• Where appropriate, supply a response in writing within 10 working days of the complaint. 

5.6.3 Community engagement 

The PTA is committed to undertake a community engagement program for the proposed development, 
including the provision of information on likely noise and vibration impacts from the project being 
made publicly available through the relevant project website.   

 
14 www.pta.wa.gov.au (http://www.pta.wa.gov.au/about-us/complaints-and-comments) 

http://www.pta.wa.gov.au/
http://www.pta.wa.gov.au/about-us/complaints-and-comments
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As required, information will be routinely updated to inform the community as the project 
construction progresses and is commissioned.  

Copies of monitoring reports or complaint investigation surveys will be made available to residents 

upon request.   
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6 Responsibilities 

The responsibility for carrying out the requirements of this ONVMP are detailed in Table 4. 

Table 4 Management responsibilities 

Management commitment Description Responsibility 

Noise Mitigation Measures The identification and implementation of mitigation 
measures 

PTA Project Director 

ONVMP requirements Implementing the ONVMP requirements All PTA personnel 

Notification to Local 
Authorities 

Notifying local authorities of works programs PTA Environmental 
Manager 

Notification to Residents Notifying residents  PTA Environmental 
Manager 
(operations/maintenance) 
and Construction 
Contractor (construction) 

Complaint Response Taking complaints PTA Comment line 

Noise and vibration 
measurements 

Undertake noise measurements PTA Environmental 
Manager 

Complaint Follow-up Following up complaints and informing complainant 
of actions 

PTA Corporate 
Communications 

Monitoring of Complaints Monitoring of complaint numbers and trends to 
identify common causes for proactive management 

PTA Environmental 

Manager and PTA 
Corporate 
Communications 

7 Monitoring methodology 

The following sub sections provide the recommended methodology for the monitoring of airborne 
noise and ground vibration within the proposed development area as required. The methodology may 
need to be adjusted subject to the specific characteristics of each event.   

In accordance with SPP5.4, all monitoring will be conducted by a suitably qualified and experienced 
acoustic engineer or consultant.  

A suitably qualified acoustic engineer or consultant must have appropriate expertise and experience 
in the assessment of transportation noise and: 

• Are eligible to hold membership of the Australian Acoustical Society (AAS) in the grade of Member 
of Fellow; and/or 

• Represent a company holding current corporate membership of the Australian Association of 
Acoustical Consultants (AAAC). 

7.1 Approach 

The monitoring of noise and vibration should be undertaken with consideration to the following:  
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• Provide a monitoring strategy consistent with the requirements of relevant acoustic standards 
and guidelines for monitoring environmental and transport noise and vibration; 

• Plan and schedule the monitoring surveys with consideration to: 

• The rail movements during each daytime and night-time period.  The survey period shall 
include the days during which the highest number of train movements would be expected; 

• At locations free from localised buildings and structures (other than noise barriers) that 
may screen or reflect noise; 

• The condition of the rails and other rail infrastructure; and 

• Weather conditions during the monitoring periods; 

• Monitoring should be conducted at the sensitive receptors with the potential for the highest 
received noise and vibration levels from rail operations; 

• Monitoring will be undertaken over a minimum period of seven days at each monitoring location;  

• Results will be adjusted to reasonably account for any expected differences in speed, trackform, 
rolling stock as required to represent typical future conditions; and 

• If the noise and/or vibration levels are above the applicable criteria at any sensitive receptors, 
allowing for any monitoring and compliance tolerances, the key sources of rail noise and 
contributing factors (e.g. rail defects, excessive rail roughness levels, turnouts, locomotive engine 
exhausts) shall be identified to inform the investigation of reasonable and practicable mitigation 
measures.    

7.2 Airborne noise  

Noise monitoring will be undertaken in accordance with SPP5.4 guidelines.  Locations are proposed to 
be: 

• Where the microphone is set at a height of 1.5 m above ground/floor level.  

• At 1 m from the most affected building façade adjacent to the rail corridor. Otherwise, the nearest 
accessible location to the building façade shall be utilised as the monitoring location to best 
determine the received noise level at the buildings.  

• Where there is an unobstructed line of sight to the rail corridor. 

• Free from extraneous sources such as road traffic or air-conditioning units.   

Assessing railway source noise emission levels should be undertaken according to ISO 3095. 

The monitoring of airborne noise levels will require: 

• Noise loggers shall be deployed at locations as proposed to continuously monitor background 
noise levels for a minimum period of seven days under acceptable weather conditions as specified 
in SPP5.4 Implementation Guidelines.   

• Removal of data that is shown or reasonably identified as influenced by extraneous noise or 
artificial weather effects; 

• Sound levels meters / loggers must carry Class 1 certification as defined in Australian Standard AS 
IEC-61672.1-2004; 
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• Sound level meters or noise loggers must be checked for calibration before and after 
measurement periods using a IEC 60942:2003 Class 1 or ANSI S1.40:2006 calibrator that has been 
externally calibrated by a NATA-accredited laboratory within the 12 months prior to each 
measurement period; 

• Monitoring with sound level meter(s) will include measurement of one-third octave band noise 
levels to assist the analysis of noise characteristics.   

• Noise levels to be monitored with the sound level meter and/or noise logger(s) on the ‘Slow’ 
response setting.   

• When monitoring train passby events it is recommended that the 1-second sound pressure levels 
or 1-second LAeq levels are monitored to clearly isolate the contribution from each passby event.   

• The LAeq, LAmax, LA1, LA10 and LA90 noise metrics are to be monitored at each location. 

• The monitored noise levels are to be reported in tabular format clearly identifying the time, date 
and location of each measurement.   

• Audio recordings where approved may be undertaken to assist the identification of rail passby 
events from the ambient noise environment.   

7.3 Ground-borne vibration  

Due to the complex interactions with the local ground conditions and structures, it is preferential to 
monitor ground vibration levels simultaneously at both the receptor and near the source, rather than 
a single location at the receptor at distance. 

Monitoring guidelines for ground-borne noise from railways is contained in Australian Standards AS 
2670.2, AS 2775 and International Standard ISO 14837-1. 

Vibration levels are to be monitored at the most affected façade(s) / room(s) of the buildings or 
reasonably representative equivalent position(s) with suitable adjustments. 

7.4 Ground-borne noise 

Ground borne noise monitoring will be undertaken if complaints are received post operations which 
indicate that there may be an issue with ground borne noise.  

Ground-borne noise monitoring at the most affected room(s) of the buildings is generally undertaken 
spontaneously with ground vibration monitoring for the same internal space(s), in addition to a 
position closer to the rail alignment to confirm the extent to which the noise is a result of rail vibration.

8 Review of the ONVMP 

This plan is to be reviewed upon completion of the final design for construction, and annually following 
this to ensure the management and monitoring requirements of the ONVMP remain relevant to the 
ongoing noise and vibration emissions from the operation of the BRE project and the feedback from 
the community.  
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APPENDIX A 

A Glossary of terms 
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The following subsections discuss the applicability of various transport policies and standards in 
regards to noise and vibration, and several local projects of relevance. 

A.1 Terms used 

The following table describes key terms used in this report. 

Table A.5 Terms used 

Parameter Comment 

a, aw (Vibration) acceleration, the subscript ‘w’ refers to weighting / frequency correction used.  Units are 
m/s2. 

dB Decibel, a unit of sound or vibration which is described as a ratio of the result to a fixed reference 
value.  All sound pressure levels (LpA, LA, LAeq etc.) quoted in this report are referenced to 20 micro 
Pascals (dB re 20µPa). 

Vibration velocity levels (Lv) quoted in this report are referenced to 1 nanometre per second ( dB re 10-
9 m/s), noting that some US criteria use dB re 10-6 in/s. 

Guidelines Implementation Guidelines for State Planning Policy 5.4 Road and Rail Transport Noise  

LAmax  The maximum A-weighted noise level associated with a sampling period. 

LAmax,95% The “typical maximum noise level” for a train pass-by event.  For operational rail noise, LAmax refers to 
the maximum noise level not exceeded for 95% of rail pass-by events measured using the ‘slow’ 
(sometimes denoted by subscript ‘S’) response setting on a sound level meter. 

LA1 The A-weighted noise level exceeded for 1% of a given measurement period.  This parameter is often 
used to represent the typical maximum noise level in a given period. 

LA10 The A-weighted noise level exceeded for 10% of a given measurement period and is utilised normally to 
characterise average maximum noise levels. 

LAeq The A-weighted average noise level.  It is defined as the steady noise level that contains the same 
amount of acoustical energy as a given time-varying noise over the same measurement period. 

LA90 The A-weighted noise level exceeded for 90% of a given measurement period and is representative of 
the average minimum background noise level (in the absence of the source under consideration), or 
simply the “background” level. 

Lv Unweighted vibration velocity level, see dB. 

Lv,RMS,1s Maximum unweighted RMS vibration velocity level over a 1 second period. 

Lw, LwA ‘Sound power’ (Lw) refers to the total rate of sound generation of a given item of plant.  This quantity is 
independent of the distance from the plant item (analogous to the wattage power of a light-bulb) and 
allows direct comparison of the relative acoustic ‘size’ of different plant items.  From this data, the 
sound pressure level (or noise level) at any offset distance from the plant can be calculated (analogous 
to the light intensity from a light-bulb – the greater the distance, the less intense). 

Policy State Planning Policy 5.4 – Road and Rail Transport Noise (2019) 

RMS Root Mean Square, a parameter used to estimate the average energy level of a continuous signal. 

A.2 Noise  

The terms “sound” and “noise” are almost interchangeable, except that in common usage “noise” is 
often used to refer to unwanted sound.  Sound (or noise) consists of minute fluctuations in 
atmospheric pressure capable of evoking the sense of hearing.  The human ear responds to changes 
in sound pressure over a very wide range. The following table presents examples of typical noise levels. 
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Table A.6 Guide to sound pressure level ranges for selected environments (dB re 20µPa) 

Subjective Evaluation LAeq Comments / Examples 

Intolerable.  Onset of pain.  Exceeds daily 
exposure limit in under a second. 

140 Military jet engine at 30 metres 

130 2kW disaster warning siren at 1 metre 

Very loud.  Risk of exceeding daily noise 
exposure limit in under a minute. 

120 Jet aircraft take-off at runway edge 

110 Rock concert; freight train main horn at 25 metres 

Loud.  Onset of risk to exceeding daily 
recommended noise exposure limit. 

100 225mm angle grinder at 1 metre, car horn at 3 metres 

90 Heavy industrial factory interior 

Noisy  
80 Shouting at 1 metre, kerb side of busy street 

70 Freeway at 20 metres 

Moderate 
60 Normal conversation at 1 metre, department stores 

50 General office areas 

Quiet 40 Office air conditioning background level 

Very quiet 30 Bedroom in quiet suburban area 

Almost silent 

20 Whisper, rural bedroom at night 

10 Human breathing at 3 metres 

0 Threshold of typical hearing 

The loudest sound pressure to which the human ear responds is ten million times greater than the 
softest.  The decibel (abbreviated as dB) scale reduces this ratio to a more manageable size by the use 
of logarithms.  The symbol ‘A’ represents A-weighted sound pressure level (SPL): the weighting is 
designed to better represent the hearing ability of the average listener at each frequency.   

The ability to discern a change in noise level varies between individual listeners, however it is 
reasonable to suggest that a change of up to 3 dB in the level of a sound is difficult for most people to 
detect, and a 3 dB to 5 dB change corresponds to a small but noticeable change in loudness.  A 10 dB 
change corresponds to an approximate doubling or halving in loudness and is readily noticeable. 

LAeq values represent an energy average of sound over time and are basic indicators of loudness. 
However there other ways to statistically represent sound and common noise level descriptors that 
may be used are illustrated in the following figure and are described below.  

For example, the LAmax parameter is used to describe the highest noise level over a relatively short 
period (typically 1 second), and the LA90 (90th percentile A-weighted result) indicates ambient or 
background noise levels. 
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Figure A.2 Example of typical noise indices (1 second logging) 

 

A.3 Ground-borne (‘regenerated’) noise and vibration  

Vibration is the term used to describe the oscillating or transient motions in physical bodies.  This 
motion can be described in terms of vibration displacement, vibration velocity or vibration 
acceleration.  Most ground borne vibration (GBV) assessments are of human response / comfort first, 
as the risk of cosmetic and structural damage to buildings occurs at vibration levels that are orders of 
magnitude higher.  

Vibration and sound are intimately related.  Vibrating objects can generate (radiate) sound and, 
conversely, sound waves (particularly at lower frequencies) can also cause objects to vibrate.  Noise 
that propagates through a structure as vibration and is radiated by vibrating wall, ceiling and floor 
surfaces is termed “ground-borne noise” (GBN), “regenerated noise”, or sometimes “structure-borne 
noise”. 

The primary noise metrics used to describe railway induced GBN emissions in the modelling and 
assessments are: 

• LvSmax: The “typical maximum vibration level” for a train passby event, being the highest 1 second 
maximum root-mean square (RMS) value in dB re 1 nm/s. For operational rail GBV, this similarly 
refers to the 5th highest percentile of LvSmax results. 

• LAsmax: The “typical maximum noise level” for a train passby event, in dB re 20 µPa. For operational 
rail GBN, LASmax refers to the maximum noise level not exceeded for 95% of rail passby events 
measured using the sound level meter ‘slow’ (1 second) response setting. Statistically this is the 
5th highest percentile of LASmax results. The subscript “A” indicates that the noise levels are filtered 
to match normal human hearing characteristics (i.e. A-weighted).  

On the basis of guidance in International Standard ISO 14837-1 2005 Mechanical vibration - Ground-
borne noise and vibration arising from rail systems – Part 1: General guidance, ground-borne noise 
levels are evaluated over the 20 Hz to 315 Hz frequency range. 
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The following figure gives examples of typical vibration levels associated with surface and underground 
railway projects together with the approximate sensitivities of buildings, people and precision 
equipment.  The vibration levels are expressed in terms of the vibration velocity (in mm/s and in 
decibels). 

Table A.7 Guide to one-second maximum RMS floor vibration level ranges for selected 
environments 

Typical response mm/s 
dB re 
1nm/s 

Comments / typical events 

Visible response in building 
items, structural damage risk 

16 144 

High impact events such as blasting or dynamic compaction in 
close proximity to structures. 

10 140 

8.0 138 

Cosmetic damage to some 
buildings possible over 
extended periods 

5.0 134 

3.0 130 Impact pile driving, 15 metres.  

Freight trains at 80 km/h, ~10 metres.   

Noticeable.  Minor cosmetic 
damage is feasible to buildings 
that are in fragile condition / an 
existing state of disrepair  

2.0 126 

1.0 120 Rock breaking at 15 metres.  Vibratory roller at 10 metres. 

0.8 118 Typical target for workshops.   

0.4 112 Freight trains at 80 km/h, ~40 metres.  Regenerated noise 
highly likely in typical residential buildings. 

Barely noticeable 
0.3 110 

0.2 106 Typical residential daytime target for continuous vibration. 

Threshold of human perception 
to vibration 

0.15 104 Passenger trains at 80 km/h, ~30 metres.   

Not felt 0.10 100 Operating rooms, surgeries. 

Impacts to microscopic and 
precision equipment 

0.050 94 Recommended criterion for bench microscopes < 400x 
magnification  0.030 90 

0.025 88 Micro-surgery devices, eye surgery. 

0.012 82 
Electron microscopes <30,000x magnification. 

0.010 80 

0.006 76 Electron microscopes >30,000x magnification. 

0.003 70 Photolithography to 0.25 microns. 

Vibration measurements may be carried out in a single axis or as triaxial measurements.  Where triaxial 
measurements are used, the axes are commonly designated vertical, longitudinal (aligned toward the 
source) and transverse.  Velocity is commonly described in terms of millimetres per second (mm/s).  
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B.1 Applicable airborne noise legislation and guidelines 

The objectives applicable to noise emissions from road and rail related transport are based on the 
following noise parameters:  

• period average levels (LAeq,day and LAeq,night) as outlined in SPP5.4, and  

• maximum event levels (LAmax) as discussed in the New South Wales Rail Infrastructure Noise 
Guideline (NSWRING15). Although maximum passby levels are not described within SPP5.4 or 
similar WA noise policies, they are a valuable indicator of relative annoyance and sleep 
disturbance caused by rail operations. 

Table B.8 provides a comparison of the outdoor noise objectives stated within SPP5.4, the NSWRING 
and past major PTA projects16. 

Table B.8 Comparison of outdoor noise objectives in SPP5.4 and NSWRING  

Type of 
development 

Policy / 
Reference  

Day period average 

(6am – 10pm) 

Night period average 

(10pm – 6am) 

Maximum passby 
level 

New railway SPP5.4  LAeq,day 55 dB LAeq,night 50 dB - 

Historical PTA 
major projects 

- - “Target” LASmax 75 dB 

“Limit” LASmax 80 dB 

“New rail line 
development” 

NSWRING  Predicted rail noise levels exceed: 

LAeq,(15h) 60 dB  

(7am to 10pm) 

LAeq,(9h) 55 dB  

(10pm – 7am)  

LAFmax 80 dB 

(95% events) 

Railway upgrade SPP5.4   LAeq,day 60 dB LAeq,night 55 dB - 

Historical PTA 
major projects 

- - “Target” LASmax 75 dB 

“Limit” LASmax 80 dB 

“Redevelopment 
of an existing rail 
line” 

NSWRING Development increases existing LAeq(period) rail noise levels by 2 dB or more, or 
existing LAmax rail noise levels by 3 dB or more 

and 

Predicted rail noise levels exceed: 

LAeq,(15h) 65 dB  

 (7am to 10pm) 

LAeq,(9h) 60 dB  

(10pm – 7am) 

LAFmax 85 dB  

(95% events) 

These noise objectives are relevant to the emission of railway or road traffic noise as received at a 
sensitive land use such as residential dwellings, schools and childcare centres. The objectives are 
applicable at 1 metre from the most exposed habitable façade of the building receiving the noise.  

Further discussions of these objectives are provided in the following subsections.   

All other environmental noise sources are proposed to be assessed in accordance with the Regulations 
(EPNR1997). These noise sources include stationary plant, road vehicle movements not on public 
roads, crowd noise and public address systems. 

 
15 New South Wales Rail Infrastructure Noise Guideline, NSW EPA, May 2013. 
16 E.g. Minister for the Environment. (2003). Metropolitan Region Scheme Amendment No 992/33 Clarkson-Butler (Assessment No. 1139) 
Statement Number 000629. Perth: Government of Western Australia. 



Public Transport Authority 
Byford Rail Extension 
Operational Noise and Vibration Management Plan 

SLR Ref No: 675.11323.01500-R02-v2.0 20210122_TC.docx 
January 2021 

 

 

 Page 28  
 

Discussion of period average level objectives 

The 5 dB difference in the period average level criteria between new and railway upgrade proposals in 
SPP5.4 as in Table B.8 acknowledges the challenges in achieving noise level reduction where existing 
infrastructure is surrounded by existing noise-sensitive development. 

The proposed Byford Rail Extension project is proposed to run along the existing Australind rail 
alignment, and therefore considered as a railway upgrade proposal in accordance with SPP5.4. 

Discussion of maximum event noise level objectives 

No maximum noise level LAmax criteria is specified in SPP5.4. NSWRING sets the LAFmax criteria as 80 dB 
for new rail development, and as 85 dB for redevelopment of existing rail, based on the ‘Fast’ time 
weighting for the noise parameter. The historical PTA projects, however, set the noise parameter 
based on the one-second ‘Slow’ time weighting which is less sensitive to noise of short duration.  

To take a conservative approach, as well as to be consistent with other major METRONET projects, it 
is here proposed to use the ‘Limit Level’ of LAmax 80 dB with the Slow (S) time weighting (i.e. LASmax) for 
this project.  Mitigation recommendations are therefore based around 95% of train passbys meeting 
LAmax 80 dB or less, at 1 metre outside a noise sensitive building on noise sensitive premises. 

B.2 Applicable ground-borne noise and vibration legislation and guidelines 

Ground borne vibration (GBV) 

Railway vibration is generated by dynamic forces at the wheel-rail interface and will occur to some 
degree, even with continuously welded rail and smooth wheel and rail surfaces (due to the moving 
loads, finite roughness of the surfaces and elastic deformation).  Significantly higher vibration levels 
can occur due to rail and wheel surface irregularities, including some irregularities that do not cause 
significant levels of airborne noise. 

This vibration propagates via the sleepers or rail mounts into the ground or track support structure.  It 
then propagates through the ground or structure, and may sometimes be felt as tactile vibration by 
the occupants of buildings.   

The actual perception of motion or vibration may not, in itself, be disturbing or annoying.  An 
individual's response to that perception, and whether the vibration is "normal" or "abnormal", 
depends very strongly on previous experience and expectations, and on other connotations associated 
with the perceived source of the vibration.  For example, the vibration that a person responds to as 
"normal" in a car, bus or train is considerably higher than what is perceived as "normal" in a shop, 
office or dwelling.  Industrial environments are clearly less sensitive than say, commercial buildings, 
where the usual expectation is that there should be little perceptible vibration. 

The vibration design objectives adopted for this project may be divided into human comfort 
considerations and risk of damage to buildings and assets. These are each discussed in the following 
subsections. 

For human comfort considerations there are several sources from which vibration design objectives 
may be drawn, including: 

• British Standard BS 6472-2008 – Evaluation of Human Exposure Vibration in Buildings (1 Hz to 
80 Hz) 
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• Australian Standard AS 2670.2 1990 – Evaluation of Human Exposure to Whole Body Vibration - 
Part 2: Continuous and Shock Induced Vibration in Buildings (1 Hz to 80 Hz) 

• The NSW DEC document Assessing Vibration: A Technical Guideline. 

The following discussion expresses vibration velocity levels in terms of decibels (Lv dB re 10-9 m/s).  A 
level of Lv 100 dB corresponds to 0.1 mm/s (RMS) and a level of 120 dB corresponds to 1 mm/s (RMS). 

AS 2670.2:1990 (based on ISO 2631) provides a recommended objective vibration level corresponding 
to Lv 106 dB (0.2 mm/s) for residential buildings during the daytime and Lv 103 dB (0.14 mm/s) during 
night time period. It is noted that these levels apply to both continuous and intermittent vibration.  For 
office and industrial buildings, the recommended vibration levels are much higher, being Lv 112 dB 
(0.4 mm/s) and Lv 118 dB (0.8 mm/s) respectively, when in use, independent of the time of day.  Much 
higher vibration levels are permitted for transient events with only a few occurrences per day. 
Therefore for design purposes, these objectives may be regarded as applicable to the maximum 
1 second RMS vibration level not to be exceeded for 95% of rail passby events.  

BS 6472:2008 includes a vibration dose relationship for intermittent events such as trains, which for a 
“low probability of adverse comment” would permit 1 second vibration RMS levels of up to 
approximately Lv,RMS,1s 110 dB (0.32 mm/s) during daytime and L v,RMS,1s 107 dB (0.23 mm/s) during 
night-time, on the basis of the frequent nature of a rail operation (i.e. approximately 200 train passbys 
during daytime and up to 50 train passbys during night-time) which has much higher frequent train 
passbys than the proposed rail extension operations. 

The NSW DEC’s Assessing Vibration: A Technical Guideline is based on the guidelines contained in 
BS 6472.  For vibration associated with train passbys, the guideline indicates that vibration levels 
should be assessed on the basis of the vibration dose value.  

Ground borne noise (GBN) 

The fact that ground-borne train noise may be audible does not necessarily indicate that it is offensive 
or disturbing. In many cases, train noise may pass unnoticed due to the “masking” effect of other 
ambient noise sources, activities or distractions. For this reason, quieter spaces and activities, such as 
theatres, cinemas, studios and sleeping areas are more prone to disturbance from ground–borne noise 
than others, such as shopping areas, office spaces or industrial premises.  

There are no Australian Standards specifically addressing the issue of ground-borne noise from railway 
operations. Guidance can be obtained however from the following references:   

• NSW EPA’s Rail Infrastructure Noise Guideline (NSWRING). 

• American Public Transit Association (APTA), Guidelines for Design of Rapid Transit Facilities, 1991 

• Federal Transit Administration (FTA), US Department of Transport, Transit Noise and Vibration 
Impact Assessment, May 2006. 

All the above standards and guidelines acknowledge and are specifically designed to take into account 
the intermittent and low frequency character of ground-borne noise and subjective characteristics of 
underground rail operations as part of the assessment criteria. 

The noise criteria contained within the RING guideline are expressed as non-mandatory “trigger 
levels”, which if exceeded will trigger the need to consider feasible and reasonable mitigation 
measures.   
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A summary of the ground-borne noise trigger levels provided in RING guideline is presented in the 
following table. 

Table B.9 NSWRING ground-borne noise trigger levels for sensitive receivers 

Receiver 

 

Time of Day 

 

Noise Trigger Levels, LASmax dB 

Development increases existing rail noise levels by 3 dB 
or more  

AND  

resulting LASmax rail noise levels exceed: 

Residential 
Day (7am to 10pm) 40 

Night (10pm to 7am) 35 

Schools, educational 
institutions, places of worship 

When in use 40-45 

The ground-borne noise levels in the above table refer to noise contributed from the proposed rail 
operations only and do not include ambient noise from other sources such as major roads and 
industry. The train noise levels are evaluated inside buildings at the centre of the most affected 
habitable room.    

The LASmax noise level normally refers to the noise levels not to be exceeded by 95% of train passby 
events (i.e. 5% of train passbys are permitted to exceed the trigger levels).  The absolute maximum 
event is not used for design purpose, as it cannot be precisely defined and would be a highly infrequent 
event.  The ground-borne noise level of the “average” or median train event would typically be 
approximately 5 dB lower than the 95th percentile event.   

The APTA Guidelines recommend a ground-borne noise goal of LAmax 40 dB for multi-family dwellings 
in average to high-density residential areas and a design goal of LAmax 35 dB for single family dwellings 
in these areas.  For hospital buildings, schools, libraries and university buildings, the Guidelines 
recommend a ground-borne noise design goal of LAmax 35-40 dB.  For auditoriums and music rooms a 
design goal of LAmax 30 dB is recommended, while for churches and theatres the design goal is LAmax 
30-35 dB. 

The FTA Guideline presents ground-borne noise impact criteria for residential (sleeping area) between 
LAmax 35 dB and LAmax 43 dB (maximum passby levels) for infrequent (less than 30) events and frequent 
(more than 70) events respectively.  The FTA Guideline also presents ground-borne noise and vibration 
criteria for special buildings (concert halls, TV studios, recording studios, auditoriums and theatres) 
ranging from LAmax 25 dB to LAmax 35 dB for frequent events.   

For new rail projects, the noise trigger levels apply immediately after operations commence and for 
projected traffic volumes over an indicative period into the future that represents the expected typical 
level of rail traffic usage (e.g. 10 years or a similar period into the future). 

“Residential” typically means any residential premises located in a zone as defined in a planning 
instrument that permits new residential land use as a primary use.  For schools, educational 
institutions and places of worship, the lower value of the range is most applicable where low internal 
noise levels are expected, such as in areas assigned to studying, listening or praying. 

The RING guideline also states: 
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“It appears reasonable to conclude that ground-borne noise at or below 30 dB LAmax will not 
result in adverse reactions, even where the source of noise is new and occurs in areas with 
low ambient noise levels.  Levels of 35–40 LAmax are more typically applied and likely to be 
sufficient for most urban residential situations, even where there are large numbers of noisy 
events.              

When assessing the impact of ground-borne noise, the noise trigger levels … are necessarily 
set to the lower end of the range of possible trigger values so that potential impacts on quieter 
suburban locations are addressed. In practice, higher levels of ground-borne noise than the 
trigger level for assessing impacts may be appropriate for urban areas where background 
noise levels are relatively high.” 

For residential receivers, this results in a ground-borne noise design objective of LASmax 40 dB during 
the daytime and LASmax 35 dB during the night-time.  For schools, educational institutions and places of 
worship, this will result in a noise design objective of LASmax 40 dB to 45 dB. 

For commercial receivers, shopping centres and industrial buildings, RING does not provide guidance 
on acceptable levels.  On other projects, SLR has applied ground-borne noise goals of LASmax 45 dB for 
general office areas and LASmax 50 dB to 55 dB for retail areas depending on the particular sensitivity of 
the receiver. A ground-borne noise design goal of LASmax 40 dB is desirable for commercial receivers 
with private offices or conference rooms. It is important to note that the above criteria do not prevent 
rail noise levels from being occasionally audible where actual ambient sound levels are low.  
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C Noise and vibration mitigation extent options  
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Figure C.3 The extent of mitigation – noise walls and rail dampers 
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Figure C.4 The extent of mitigation – ballast matting 
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