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Important message 
This document is one of a set of standards developed solely and specifically for use on 

Transport Assets (as defined in the Asset Standards Authority Charter). It is not suitable for any 

other purpose. 

The copyright and any other intellectual property in this document will at all times remain the 

property of the State of New South Wales (Transport for NSW). 

You must not use or adapt this document or rely upon it in any way unless you are providing 

products or services to a NSW Government agency and that agency has expressly authorised 

you in writing to do so. If this document forms part of a contract with, or is a condition of 

approval by a NSW Government agency, use of the document is subject to the terms of the 

contract or approval. To be clear, the content of this document is not licensed under any 

Creative Commons Licence. 

This document may contain third party material. The inclusion of third party material is for 

illustrative purposes only and does not represent an endorsement by NSW Government of any 

third party product or service. 

If you use this document or rely upon it without authorisation under these terms, the State of 

New South Wales (including Transport for NSW) and its personnel does not accept any liability 

to you or any other person for any loss, damage, costs and expenses that you or anyone else 

may suffer or incur from your use and reliance on the content contained in this document. Users 

should exercise their own skill and care in the use of the document. 

This document may not be current and is uncontrolled when printed or downloaded. Standards 

may be accessed from the Transport for NSW website at www.transport.nsw.gov.au 

For queries regarding this document, please email the ASA at 
standards@transport.nsw.gov.au or visit www.transport.nsw.gov.au 
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Preface 
The Asset Standards Authority (ASA) is a key strategic branch of Transport for NSW (TfNSW). 

As the network design and standards authority for NSW Transport Assets, as specified in the 

ASA Charter, the ASA identifies, selects, develops, publishes, maintains and controls a suite of 

requirements documents on behalf of TfNSW, the asset owner. 

The ASA deploys TfNSW requirements for asset and safety assurance by creating and 

managing TfNSW's governance models, documents and processes. To achieve this, the ASA 

focuses on four primary tasks: 

• publishing and managing TfNSW's process and requirements documents including TfNSW 

plans, standards, manuals and guides 

• deploying TfNSW's Authorised Engineering Organisation (AEO) framework 

• continuously improving TfNSW’s Asset Management Framework 

• collaborating with the Transport cluster and industry through open engagement 

The AEO framework authorises engineering organisations to supply and provide asset related 

products and services to TfNSW. It works to assure the safety, quality and fitness for purpose of 

those products and services over the asset's whole-of-life. AEOs are expected to demonstrate 

how they have applied the requirements of ASA documents, including TfNSW plans, standards 

and guides, when delivering assets and related services for TfNSW. 

Compliance with ASA requirements by itself is not sufficient to ensure satisfactory outcomes for 

NSW Transport Assets. The ASA expects that professional judgement be used by competent 

personnel when using ASA requirements to produce those outcomes. 

About this document 

This standard sets out the requirements and strategies for managing the hazards associated 

with both the 1500 V dc system and supporting infrastructure.  

The contents of this standard are developed from the following documents: 

• EP 00 00 00 08 SP Safe Limits of DC Voltages, version 3.1 

• EP 12 20 00 01 SP Bonding of Overhead Wiring Structures to Rail, version 3.0 

• EP 12 10 00 13 SP 1500 V Traction System Earthing, version 3.0 

• TN 016: 2015 Overbridges and footbridges – Earthing and bonding 

This standard supersedes the RailCorp documents EP 00 00 00 08 SP, EP 12 20 00 01 SP and 

EP 12 10 00 13 SP, and the technical note TN 016: 2015. 

This is a first issue. 
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1. Introduction 
The heavy rail corridor is often shared between the 1500 V dc network and other services 

including utility services, civil structures, signals, communications, low voltage (LV) installations 

and a high voltage (HV) distribution network.  

The 1500 V dc system is classified as LV system and is an unearthed system under normal 

conditions. The system carries an inherent risk of electric shock in the event of a 1500 V dc 

fault. Some risks associated with rail to earth voltages under certain system configurations have 

the potential to result in hazardous situations. These risks are more pronounced for members of 

the public due to lack of controlled personal protective equipment (PPE) and awareness of 

electrical hazards. The risk of electrolytic corrosion (electrolysis) due to stray dc current adds 

further complication to the way that 1500 V dc hazards are managed. 

In order to facilitate the compliance of a 1500 V dc bonding system, an understanding of the 

earthing arrangement at an installation is required. 

This standard defines the requirements and strategies for managing the hazards associated 

with both the 1500 V dc traction system and supporting infrastructure. 

The requirements of this standard should be read in conjunction with T HR EL 12004 ST Low 

Voltage Installation and Distribution Earthing and T HR EL 12002 GU Electrolysis from Stray DC 

Current. 

2. Purpose 
The requirements of this standard are intended to balance the requirements for controlling stray 

currents while addressing the safety and operational risks associated with hazards arising from 

the following: 

• a 1500 V dc fault and the distribution of dc fault current 

• the development of rail to earth voltage 

2.1. Scope 
This standard considers the risks associated with the operation of 1500 V dc traction 

infrastructure to the public, staff and workers including the risk of fibrillation and the effects of dc 

current. 

This standard covers requirements that apply to the following services and structures: 

• buried services 

• overhead wiring (OHW) support structures 

• bridges (including bridges with attached horizontal safety screens) 
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• building structures including stations and depots, maintenance facilities and substations 

• tunnels 

• 1500 V dc cables 

• installation of permanent conductive infrastructure within the electrified heavy rail corridor 

This standard covers general requirements relating to bonding of 1500 V dc structures in 

tunnels bonding strategies related to air space developments.  

Specific requirements for the design and construction of airspace developments are covered in 

T HR CI 12075 ST Airspace Developments.  

Earthing, bonding and isolation requirements applicable to maintenance centres are not 

covered comprehensively in this document. For further information regarding maintenance 

facilities refer to T HR EL 12004 ST Low Voltage Distribution and Installations Earthing. 

This standard also includes strategies for temporary bonding of 1500 V dc structures for track 

maintenance. 

The strategies in this document are in accordance with global best practice and international 

standards including EN 50122 Railway applications – Fixed installations (series) and IEC 60479 

Effects of current on human beings and livestock (series). The strategies have been tailored for 

1500 V dc systems in NSW, based on proven experience to ensure that risks are managed so 

far as is reasonably practicable (SFAIRP), in a way that considers reliability, availability, 

maintainability and safety (RAMS).  

This standard does not cover the following: 

• temporary scaffolds, barriers and platforms erected on overbridges and at stations for 

construction purposes 

• active electrolysis mitigation equipment including impressed current systems and drainage 

devices 

• requirements for safe working, which are covered by the Electrical Network Safety Rules 

2.2. Application 
This standard applies to all new and modified installations supporting or interfacing with dc 

systems within the electrified area of the heavy rail corridor. This standard also applies to all 

infrastructure where modifications, upgrades or extensions impact the risk profile associated 

with 1500 V dc systems and stray current. This approach is consistent with the approach taken 

for modifications of LV earthing systems noted as the ’means of compliance‘, defined in 

AS/NZS 3000 Electrical installations (known as the Australian/New Zealand Wiring Rules). 



T HR EL 12005 ST 
Bonding for 1500 V DC Traction Systems 

Version 1.0 
Issue date: 26 November 2020 

 

 
© State of NSW through Transport for NSW 2020  Page 8 of 41 
 

3. Reference documents 
The following documents are cited in the text. For dated references, only the cited edition 

applies. For undated references, the latest edition of the referenced document applies. 

International standards 

EN 13509 Cathodic Protection Measurement Techniques 

EN 50122-1 Railway applications – Fixed installations – Electrical safety, earthing and the 

return circuit – Part 1: Protective provisions against electric shock 

EN 50122-2 Railway applications – Fixed installations – Electrical safety, earthing and the 

return circuit – Part 2: Provisions against the effects of stray currents caused by d.c. traction 

systems 

EN 50162 Protection against corrosion by stray current from direct current systems 

Australian standards 

AS 2832.5 Cathodic protection of metals – Part 5: Steel in concrete structures 

AS/NZS 3000 Electrical installations (known as the Australian/New Zealand Wiring Rules) 

AS 3569 Steel wire ropes – Product specification 

AS/NZS 60479.1 Effects of current on human beings and livestock – Part 1: General aspects 

Transport for NSW standards 

EP 12 10 00 10 SP System Substation Earthing 

ESC 340 Tunnels 

SPG 0709 Traction Return, Track Circuits and Bonding 

T HR CI 12020 ST Underbridges 

T HR CI 12030 ST Overbridges and Footbridges 

T HR CI 12075 ST Airspace Developments 

T HR CI 12160 ST Boundary Fences 

T HR EL 00001 TI RailCorp Electrical System General Description 

T HR EL 00004 ST Buildings and Structures under Overhead Lines 

T HR EL 08001 ST Safety Screens and Barriers for 1500 V OHW Equipment 

T HR EL 08012 ST Overhead Wiring Standards for Design and Construction 

T HR EL 10001 ST HV Aerial Line Standards for Design and Construction 

T HR EL 12002 GU Electrolysis from Stray DC Current 

T HR EL 12004 ST Low Voltage Distribution and Installations Earthing 



T HR EL 12005 ST 
Bonding for 1500 V DC Traction Systems 

Version 1.0 
Issue date: 26 November 2020 

 

 
© State of NSW through Transport for NSW 2020  Page 9 of 41 
 

T HR EL 19001 ST Protection System Requirements for the 1500 V DC Network 

T HR EL 20002 ST 1500 V DC Cables and Cable Ratings 

T LR EL 00001 ST Traction Power System Requirements 

TMC 331 Design of Overhead Wiring Structures and Signal Gantries 

T MU MD 00006 ST Engineering Drawings and CAD Requirements 

Transport for NSW drawings 

CV 0285942 Boundary fences – Chain link fabric insulation panel – General arrangement 

CV 0478382 Boundary fences – Tubular steel fence insulation panel – General arrangement  

CV 0478385 Boundary fences – Close space welded mesh insulation panel – General 

arrangement  

CV 0478388 Boundary fences – Strand wire stock fence insulation panel – General 

arrangement 

EL0001334 Railways Overhead Wiring Earthing of overhead wiring structure 

EL0002963 Railway Overhead Wiring Bonding Arrangement for Isolated Masts 

EL0003147 Electrolysis – Isolating joint for underground water pipe 

EL0011875 Railways Overhead Wiring Bonding of Mast to Rail Arrangement 

EL 0011878 Railways Overhead Wiring Cable feeding arrangement 

EL0282964 General – Railways overhead wiring – Secondary insulation on typical cantilever – 

arrangement 

EL0289643 Polycarbonate covering for SHS OHWS 

EL0289645 Polycarbonate covering for UC OHWS  

EL0523806 North Sydney – North Shore line – 5 km approx. – railways overhead wiring – 

tertiary insulation for air space – bonding arrangement – sheet 1 of 2 

EL0523817 North Sydney – North Shore line – 5 km approx. – railways overhead wiring – 

tertiary insulation for air space – bonding arrangement – sheet 2 of 2 

EL0573512 General – Railways overhead wiring – Rail spark gap – Mark 3 – Fitting 

EL0583866 General – Railways overhead wiring – Connection to rail with steel bonding cable – 

Arrangement 

EL0585360 General – Railways overhead wiring – Rail spark gap – Mark 1 – Fitting details 

EL0590277 General – Railways overhead wiring – Rail spark gap – Mark 2 – Fitting details 

SG0144965 Insulating Piece for Lysaught-Brownbuilt steel troughing 
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Other reference documents 

NSW Electrolysis Committee, Guide for Measurement of Interference Caused by Cathodic 

Protection and Railway Drainage Systems (Red book) 

RailCorp 2004, Guideline on Earthing and Bonding at Railway Stations 

4. Terms and definitions 
The following terms and definitions apply in this document: 

1500 V dc structures any structure that is used to support 1500 V dc OHW with only the 

presence of primary insulation between the structure and the OHW  

CBD central business district 

conductive part a part capable of conducting current, although it may not necessarily be used 

for carrying service current 

Note: For the purpose of this document conductive parts can include but are not 

limited to elements built from conductive materials, for example, steel fences, steel 

horizontal safety screens, steel vertical safety screens and steel balustrades 

conductive structure the structures built from conductive materials, for example, steel OHW 

structures, steel bridges, steel bar reinforced concrete bridges, steel pedestrian footbridges, 

steel-bar reinforced concrete retaining walls, and steel-framed stairs 

daisy chain in electrical and electronic engineering a daisy chain is a wiring scheme in which 

multiple devices are wired together in sequence 

DCCB direct current circuit breaker 

DNSP distribution network service provider 

FRP fibre reinforced plastic 

GST galvanised steel trough 

HSS horizontal safety screens 

HV high voltage  

LDNSP local distribution network service provider 

LV low voltage 

near 1500 V dc the area within the railway boundary and within any of the following: 

• 20 m of the centreline of any track with overhead wiring which is electrified at nominal 

1500 V dc 

• 20 m of any 1500 V dc negative equipment or conductors 
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• 20 m of any metal which is spark gapped to rail 

Note: the preceding dimensions are measured horizontally at right angles. 

OHW overhead wiring (1500 V dc) 

OHWS overhead wiring structure (1500 V dc) 

O&M operator and maintainer 

Note: In the case of the heavy rail system this is Sydney Trains. 

PP mast a single mast structure with one footing used to support OHW with a cantilever 

arrangement, as opposed to a portal or gantry structure with multiple masts 

prescribed locations are locations where connection to rail through a voltage limiting device 

(VLD) such as spark gap is required 

PVC polyvinyl chloride 

RailCorp the NSW Government’s asset holding entity for the metropolitan heavy rail network 

assets. RailCorp infrastructure includes rail infrastructure associated with the metropolitan 

heavy rail network and excludes rail infrastructure that belong to the Sydney metro and light rail 

networks. 

ROCR retractable overhead conductor rail 

secondary insulated a 1500 V dc structure that has primary and one supplementary insulator 

between the structure and the OHW 

SFAIRP so far as is reasonably practicable 

tertiary insulated a 1500 V dc structure that has primary and two supplementary insulators 

between the structure and the OHW 

TIP track insulation plan 

touch distance is regarded as a minimum of 1 m from a conductive structure which is restricted 

to being reached by one arm and hand fully extended and perpendicular to the body or a 

minimum of 2 m when reaching between two conductive structures simultaneously by two arms 

and hands fully extended and perpendicular to the body 

UV ultraviolet 

VLD voltage limiting device 

VSS vertical safety screens 
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5. Considerations for the effects of dc current 
Section 5.1 and Section 5.2 discuss the effects of dc current on the human body and the 

considerations for bonding of 1500 V dc structures. The limitations and considerations 

discussed, support the development of a bonding policy for prescribed locations (see 

Section 7.1.1) only and the implementation of a bonding strategy for 1500 V dc structures. 

5.1. Effects of body current 
The effects of dc current on the human body are detailed in AS/NZS 60479.1 Effects of current 

on human beings and livestock – Part 1: General aspects. 

EN 50122-1 Railway applications – Fixed installations – Electrical safety, earthing and the 

return circuit – Part 1: Protective provisions against electric shock specifies the maximum 

permissible touch voltage limits for certain fault durations. These limits are derived from the time 

current curves (curve C) documented in IEC 60479.  

These limits apply for the hand to both feet current path and make considerations for additional 

resistances such as footwear. The requirements of this standard are designed to develop 

strategies that are intended to eliminate or mitigate prospective voltage hazards associated with 

the 1500 V dc system and structures SFAIRP. 

Note1: AS/NZS 60479.1 has been reproduced from IEC 60479. 

5.2. Application to workers 
Workers are provided with safety boots that are replaced regularly or when they are significantly 

damaged. Safety boots are designed primarily to provide physical protection. There is no 

suggestion that they should be used to permit live line working. When new, a boot has 

insulation resistance exceeding 10 mega-ohms. Such effects cannot be ignored. 

Given appropriate footwear will increase the insulation resistance of the human body for the 

hand to foot / feet current path the more restrictive touch voltage limits are likely be for the hand 

to hand current path. Therefore the primary approach shall be to eliminate or mitigate all hand 

to hand touch voltage hazards whilst controlling reach touch voltage hazards through the 

bonding of 1500 V dc structures in prescribed locations using the strategies provided in this 

standard. 

Note: In the IEC experiments all surfaces were electrically clean. In practical 

situations, coats of paint, fouling of surfaces, and so on, would increase circuit 

resistance and thus further reduce the body current. 
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5.3. Application to bonding strategy and prescribed 
locations 
Historically, spark gap devices were installed on all overhead wiring structures (OHWS) 

throughout the network. The installation of spark gap devices across the network has increased 

the exposure of the network and surrounding infrastructure to the effects of stray dc current and 

has significantly increased the demand on maintenance. As a result, this requires a need to 

minimise the amount of bonding to rail while maintaining appropriate levels of mitigation against 

the effects of electric shock and other injuries related to contact with faulted or operating traction 

infrastructure.  

6. Bonding strategy 
Outside of the rail industry the term ‘bonding’ is typically used as short hand for 'equipotential 

bonding‘, as defined in AS/NZS 3000. For the purpose of this document the term bonding in 

'bonding strategy' refers to 1500 V dc bonding between 1500 V dc structures and rail which is 

commonly referred to as a ‘spark gap bond’. 

The bonding strategy refers to the bonding arrangement between 1500 V dc structures and rail 

and the associated clearance, insulation, isolation or equipotential bonding between 1500 V dc 

structures to surrounding conductive infrastructure. 

6.1. Bonding design 
For every installation, new and modified, within the electrified rail corridor a bonding design is 

required. The design shall outline the bonding strategy implemented to protect people against 

electric shock and determine the isolation requirements to prevent corrosion of assets due to 

electrolysis. 

The bonding design shall consist of a systematic analysis of the assets and shall include an 

assessment of all the relevant disciplines for compliance with the requirements and provisions 

of this standard, T HR EL 12004 ST and T HR EL 12002 GU. 

The bonding design shall include the following controls as part of the bonding strategy: 

• bonding of 1500 V dc structures in prescribed locations 

• all touch voltage hazards shall be identified and eliminated or mitigated in accordance with 

the requirements of this standard 

• appropriate insulation and isolation shall be provided in accordance with the requirements 

of this standard 
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6.1.1. Bonding of 1500 V dc structures 
The primary strategy for protecting the public against touch voltage hazards is to bond between 

1500 V dc structures and the rail. 1500 V dc structure shall not be directly bonded to rail. 

Bonding shall occur using a type approved voltage limiting device (VLD) which is typically a rail 

spark gap (see Section 8.2).  

Bonding through a rail spark gap allows connection to rail only if the voltage on a conductive 

structure or a conductive part rises above a triggering voltage in accordance with section 8.2. At 

all other times, the rail spark gap maintains an open circuit. 

In the event of a fault which may result in conductive structures and conductive parts becoming 

live, then bonding to rail provides the following: 

• Minimises the risk of exposure to hazardous touch voltage for the general public by 

dropping the touch voltage to rail voltage level which is generally low and safe; however, 

not always. 

• Provides a path for fault current to return to the source through the rail connection. Bonding 

to rail enables proper operation of the dc protection system to clear the fault and eliminate 

the associated hazards. 

Note: The rail voltage at a specific location depends on several parameters including 

the distance from substations, the position of running trains, the speed of rolling stock, 

the number and type of the interconnected rails, and the characteristics of the OHW 

system. 

Where required to be bonded to rail, 1500 V dc structures shall be bonded by copper or steel 

bonding cables, see Section 8 for further information on bonding arrangements and cables. 

The particular rail to be bonded to the spark gap may be shown on the bonding design; 

however, the actual rail connection point is subject to approval by the operator and maintainer 

signals engineer or an AEO suitably authorised in signals design. 

6.1.2. Touch voltage hazards 
The preferred strategy for the mitigation of touch voltage hazards associated with all 1500 V dc 

structures is that of prudent avoidance. The aim of this strategy is to ‘design out’ hazards using 

physical clearances between 1500 V dc structures and surrounding earthed conductive parts. 

Implementing the preferred strategy and maintaining the touch distance minimises the need for 

alternative mitigation measures (see Section 7.1.4). Using physical clearance to maintain touch 

distance where possible is typically the most economic and reliable method of avoiding touch 

hazards associated with 1500 V dc structures when considering the whole-of-life cycle of 

assets. 
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Where the required clearances cannot be practicably achieved such as in brownfield sites, the 

hazards shall be minimised SFAIRP using alternative mitigation methods. SFAIRP arguments 

for the use of alternative mitigation methods shall be demonstrated in the form of a risk 

assessment that considers the whole-of-life cycle of assets. The risk analysis shall clearly state 

the rationale behind the use of alternative mitigation methods and make considerations for costs 

applicable to the entire asset life. 

An equipotential bonding strategy for 1500 V dc structures is generally prohibited with the 

exception of existing steel footbridges and some existing station bonding systems due to the 

increased risk of electrolysis, see Section 7.1.4 for further information. The earthing and 

bonding design shall aim for an appropriate balance between the risks associated with the 

electrical safety and electrolysis. Where conflicting requirements arise between managing 

electrical safety hazards and electrolysis, the requirements related to electrical safety shall take 

precedence over those related to corrosion of the assets. 

Where the bonding strategy for a facility includes equipotential bonding between a LV earthing 

system and a 1500 V dc structure, the rate of corrosion shall be determined using software 

modelling or calculations in accordance with EN 50122-2 Railway applications – Fixed 

installations – Electrical safety, earthing and the return circuit – Part 2: Provisions against the 

effects of stray currents caused by d.c. traction systems. 

If the rate of corrosion is found to be detrimental to the integrity of the asset or buried third party 

services near 1500 V dc systems, then mitigation measures shall be provided to protect the 

asset against corrosion. The designer shall include provisions to confirm the electrolysis risk 

through appropriately specified electrolysis correlation testing and 24 hr potential mapping. See 

Section 6.1.3 for further information on conducting electrolysis measurements. 

Note: The equipotential bonding strategy described in this document is intended for 

implementation within the rail environment and is not intended to allow bonding 

between RailCorp, the distribution network service provider (DNSP) and local 

distribution network service provider (LDNSP) systems. Refer to T HR EL 12004 SP 

for further information on isolation requirements between DNSP and LDNSP systems. 

6.1.3. Insulation and isolation 
The design shall clearly identify all points of isolation between the 1500 V dc traction system 

and LDNSP earthing systems. Segregated building structures and electrical supplies are 

required in order to minimise the risk of electrolysis due to stray current. 

The electrolysis minimisation techniques noted in T HR EL 12002 GU shall be implemented at 

all locations throughout the rail corridor and for infrastructure near 1500 V dc systems. 

Appropriate clearance may be impractical to achieve at some locations such as CBD stations, 

tunnels and airspace developments attached to stations. 
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At such locations where insulation and separation cannot be provided, the rate of corrosion 

shall be determined using software modelling or calculations in accordance with EN 50122-2. If 

the rate of corrosion is found to be detrimental to the integrity of the asset or buried third party 

services near to 1500 V dc, then mitigation measures shall be provided to protect the asset 

against corrosion. The designer shall include provisions to confirm the electrolysis risk through 

appropriately specified electrolysis correlation testing and 24 hr potential testing. 

Measurements to confirm the electrolysis risk on buried third party assets shall be undertaken in 

accordance with the NSW Electrolysis Committee's Guide for Measurement of Interference 

Caused by Cathodic Protection and Railway Drainage Systems. EN 50162 Protection against 

corrosion by stray current from direct current systems and EN 13509 Cathodic Protection 

Measurement Techniques provide further information on testing techniques. 

6.2. Design documentation 
The AEO is responsible for the design and for appropriate stakeholder engagement. 

Appropriate stakeholder engagement shall be provided during the design process in agreed 

project staging requirements. This may include distribution of design documentation (typically a 

report and drawings) to the relevant stakeholders such as TfNSW or the operator and 

maintainer, or both. The asset owner shall be engaged where third party assets may be 

affected. The NSW electrolysis committee shall also be engaged where active electrolysis 

mitigation is affected or required, and for electrolysis testing of third party assets. Stakeholders 

are typically engaged at the following stages: 

• concept design or system definition review (SDR) 

• preliminary design review (PDR) 

• critical design review (CDR) 

The following activities shall be conducted, as a minimum, and be presented in the final (CDR) 

design report: 

• site investigation to document existing earthing and bonding strategy 

• hazard identification and risk assessment  

• determining the proposed earthing and bonding strategy and mitigation measures 

• dc fault current calculations (where bonding is required) 

• bonding circuit details (where bonding is required) 

• insulation and isolation requirements 

• testing and commissioning requirements 

As-built documentation shall be submitted to the operator and maintainer for configuration 

management and updating of track insulation plans (TIP). 
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7. 1500 V dc structures 
Any conductive structure that is used to support 1500 V dc OHW with only the presence of 

primary insulation between the structure and the OHW is considered to be a 1500 V dc 

structure for the purpose of this document. 

This includes the following: 

• OHWS (PP masts, portals and gantries) 

• OHW switches 

• tunnels, bridges and buildings with OHW fittings and attachments 

• rail connecting switches 

• retractable overhead conductor rail (ROCR) systems 

The static clearances to 1500 V dc noted in T HR EL 08012 ST Overhead Wiring Standards for 

Design and Construction shall be maintained. 

Note: A bridge without OHW fittings attached may still be considered 1500 V dc 

structure if it has horizontal safety screens (HSS) attached; see Section 7.3. 

7.1. Overhead wiring structures 
All OHWS at prescribed locations shall be bonded to rail by an approved bonding circuit (see 

Section 8). 

The touch distance shall be maintained between 1500 V dc structures and adjacent earthed 

conductive parts including canopy posts, fencing and galvanised steel trough (GST). The 

intention is to prudently avoid the creation of touch potential hazards between OHWS and 

adjacent structures. 

If maintaining the touch distance between an OHWS and an adjacent earthed structure is 

deemed not reasonably practical then the alternative mitigation measures ‘a’ or ‘b’ shall be 

chosen (see Section 7.1.4). 

7.1.1. Prescribed locations 
OHWS installed in the following locations shall be bonded to rail: 

• where the public, including passengers are likely to come into contact with OHW structures 

• on a station platform or within 10 m beyond the ends of platforms where passengers or 

members of the public are likely to come into contact with OHW structures  

OHWS along the platform (between ends) which are not on the platform or accessible 

(within touch distance) from the platform are not required to be bonded. 
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• where staff normally board, alight from, or touch rolling stock while standing on the ground 

within 2 m of an OHW structure; this includes OHW structures located in sidings, yards and 

maintenance centres 

• OHWS that are attached to bridges 

• where a 1500 V dc switch is installed on the OHW structure 

• where signalling or other non-traction electrical equipment is mounted on the OHW 

structure 

• where OHW structures are located in an area with potentially explosive atmosphere, for 

example, coal and wheat handling facilities 

• where OHW structures are installed within 2 m of an underbridge with steel or steel-bar 

reinforced concrete structure 

The use of rail spark gaps in places that contain inflammable material or explosive gas or dust 

shall be approved by the Lead Electrical Engineer, ASA. 

7.1.2. Permanent bonding arrangements 
The typical bonding arrangement for OHWS is an independent connection to rail using an 

approved VLD device such as a spark gap (see Section 8.2). At some locations alternative 

bonding arrangements may be required (see Section 8). 

OHWS may be connected in a daisy chain if the bonding circuit impedance does not 

compromise the operation of direct current circuit breaker (DCCB) and the bonding conductors 

can be suitably protected from damage or theft; see Section 8.1. An unbroken conductor 

(without joints) shall be used when daisy chaining. The daisy chain shall have a single bond to 

rail. 

OHWS in prescribed locations that are within 2 m of each other shall be daisy chained using 

steel bonding conductors. 

7.1.3. Temporary bonding arrangements 
Where a bond is required to be removed for track maintenance, implementing temporary 

bonding arrangements may be necessary. Bonds should be disconnected from the rail. In either 

case disconnected bonds should be tapped and left in a location such that it does not 

compromise the rail insulation or accessible to public. 

For 1500 V dc structures such as portal structures, gantries or bridges that may span multiple 

roads and have a mast installed within a prescribed location, a replacement spark gap shall be 

provided and connected to the nearest continuous rail in the negative return circuit. 
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Alternatively, temporary non-conductive hoarding can be placed around the parts of the 

structure in prescribed locations to prevent contact by the public up to a height of 2.4 m until the 

bonding circuit can be reinstated. 

In the preceding cases when work requires regular contact with the OHW structure (such as 

modification to the structure or OHW), a temporary rail connection shall be used in lieu of non-

conductive hoarding. 

Temporary bonding arrangements that are not like-for-like in terms of cable type and length will 

require a design to ensure that modifications do not impact the operation of the DCCB. 

7.1.4. Alternative mitigations measures 
The following options are available where appropriate clearances cannot be provided SFAIRP 

to 1500 V dc structures: 

a. installation of insulated sections on adjacent structures 

b. installation of insulated coverings on OHWS 

c. equipotential bonding 

Where a conductive fence is within a touch distance of an OHWS, then insulated sections shall 

be provided in the fencing in accordance with T HR CI 12160 ST Boundary Fences and the 

following drawings: 

• CV 0478382 Boundary fences – Tubular steel fence insulation panel – General 

arrangement  

• CV 0478385 Boundary fences – Close space welded mesh insulation panel – General 

arrangement  

• CV 0478388 Boundary fences – Strand wire stock fence insulation panel – General 

arrangement 

• CV 0285942 Boundary fences – Chain link fabric insulation panel – General arrangement 

Where a GST is within the touch distance of an OHWS, then insulated sections shall be 

provided in the GST in accordance with SG0144965 Insulating Piece for Lysaught-Brownbuilt 

steel troughing. 

In the preceding situations, care shall be taken not to defeat the intended insulated sections 

with any attached conductive conduit or piping that shall also have insulated sections installed. 
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Due to additional maintenance requirements, insulated coverings shall only be used where an 

insulated section cannot be provided for adjacent conductive structures within a touch distance 

of the OHWS such as the following: 

• an independently spark gapped 1500 V dc structure (where a common bond is not 

appropriate) such as an OHWS within touch distance of a stairway of footbridge with LV 

lighting attached 

• an existing or proposed independently spark gapped or continuous earthed structure that 

cannot be insulated such as a building, shed 

• existing LV earthed structures that cannot be insulated such as a canopy post, metallic 

pipework, conductive handrails, structural steelwork, earthed lighting 

The following drawings indicate the standard arrangements for insulated coverings: 

• EL0289645 Polycarbonate covering for UC OHWS 

• EL0289643 Polycarbonate covering for SHS OHWS 

The method of equipotential bonding between 1500 V dc structures and LV earthed structures 

is generally prohibited for new and modified installations as it increases the risk of electrolysis 

and has the potential to result in track circuit failure. This may affect signals and possibly 

distribute traction return current through the bonded structures by creating more than one 

connection to rail. At some locations where segregation between 1500 V dc structures and LV 

earthing cannot be practically achieved such as existing stations, see Section 7.4, where the 

bonding strategy may include an intentional connection between LV earthing systems and the 

1500 V dc bonding circuit. 

7.2. Substations 
Traction substations and sectioning huts shall be fitted with a rail earth contactor in accordance 

with EP 12 10 00 10 SP System Substation Earthing. The substation earthing system is not 

connected to the rail and negative traction return system under normal operation. In the event 

that an unsafe voltage arises between the substation earthing system and the dc system the rail 

earth contactor (REC) will operate making a connection between the substation earthing 

systems and rail. 

Details and provisions for blocking stray dc current on HV ac cable screen is covered in 

T HR EL 12002 GU. 
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7.2.1. 1500 V dc cable screens and OHW feeder structures 
1500 V dc cable screens shall be earthed at both ends of the feeder. At the substation end, the 

earth screens shall be earthed to the substation earth grid; at the OHW feeder structure the 

screens shall be connected to the structure at the base of the surge arrestor in accordance with 

EL0011878 Railways Overhead Wiring Cable feeding arrangement.  

The OHWS should be earthed in accordance with EL0001334 Railways Overhead Wiring 

Earthing of overhead wiring structure. Additional earthing shall be provided if required to meet 

the maximum earth resistance of 30 Ω for OHW structures. 

Feeder structures shall not be located in areas that are deemed accessible to the public. 

A spark gap shall not be installed on an OHW feeder structure as a connection to rail would risk 

permanent earthing of the rail system in the event of a failed spark gap. In this situation the risk 

profile for stray current would increase significantly when tied in to the substation earth grid. 

7.2.2. 1500 V dc cable screens and switching structures 
Unscreened 1500 V dc cables are typically used to connect feeders between switching 

structures. Where screened cables are used, then the bonding arrangement for the dc cable 

screens shall follow the requirements of Section 7.2.1. 

7.3. Bridges 
The electrified area within the RailCorp electrical network covers the area where 1500 V dc 

OHW is installed. Bridges located within this electrified area are covered in this document.  

T HR EL 00001 TI RailCorp Electrical System General Description provides the geographical 

limits of the RailCorp electrical system. Within the electrified area, earthing and bonding 

arrangements at underbridges, overbridges and footbridges shall satisfy the requirements in 

Section 7.3.1 through to Section 7.3.7. 

Bonding provisions shall be read in conjunction with T HR CI 12030 ST Overbridges and 

Footbridges and T HR CI 12020 ST Underbridges. 

The following are the situations where an earthing and bonding design is not required: 

• OHW is not attached to the bridge 

• HSS are not attached to the bridge 

• LV equipment, such as lighting, is not on the bridge 

• HV bare aerial conductors are not located above the bridge 

In all other situations, an earthing and bonding design shall be undertaken. 
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7.3.1. Common requirements 
The earthing and bonding design of underbridges, overbridges and footbridges located within 

the electrified area shall comply with the following common requirements: 

• The bridge structure shall be insulated from continuous boundary fences, using insulation 

panels (see Section 7.1.4), and other metallic structures and services outside of the rail 

corridor. 

• Exposed continuous metallic services, such as GST, or metallic pipelines crossing the 

bridge shall be provided with insulation breaks at a distance of 2 m, ±0.5 m from the edge 

of the bridge or any metallic item attached to the bridge. 

• Exposed metallic services that are attached to, and run along the bridge, shall have 

insulation breaks at the railway corridor boundary. 

• Where possible, all insulation breaks shall be aligned such that they do not compromise 

the intended isolation points on the bridge structure. All insulation breaks shall be clearly 

shown on as-built drawings with appropriate labels identifying the isolation points. 

• Where a HV bare aerial conductor is located above the bridge, the bridge structure shall 

not be galvanically connected to an adjacent building. Refer to T HR EL 10001 ST HV 

Aerial Line Standards for Design and Construction for details on buildings that are 

prohibited to be under HV aerial lines. 

• Buildings on a bridge shall not be located under a HV aerial line. Refer to 

EP 10 01 00 06 SP HV Aerial Standards for Design and Construction for prohibited 

configurations with buildings under HV aerial lines. 

• Test points shall be provided to allow for testing of the integrity of the installation, including 

the effectiveness of insulation across any joints and the continuity of the bridge structure 

and bonding circuits, during commissioning and maintenance. 

• Any LV equipment such as lighting, which is installed on bridges with attached bonding 

circuits shall be class II. For existing bridges with attached bonding circuits where class I 

LV equipment, such as lighting, is installed on the bridge, earthing arrangements shall 

comply with T HR EL 12004 ST. 

• A bonding strategy shall be determined to identify the extent of insulation or equipotential 

bonding required for conductive parts installed on the bridge deck. The requirement for 

assessing touch voltage hazards on the bridge is dependent upon the level and integrity of 

insulation between 1500 V dc bonding circuits and the bridge structure. 

• Design of the bonding circuit shall minimise the inserted impedance and shall ensure that 

the relevant DCCB will operate under fault conditions. 
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• Suitable mechanical protection such as steel conduits shall be provided in locations where 

copper bonding conductors are required and are accessible such as where cables rise 

from the spark gap to the HSS and OHW fittings on bridges. Metallic conduits shall not be 

used above 1500 V dc OHW. 

• HSS are required to be bonded to rail using a VLD where the taught string distance 

between the lowest accessible point on the bridge and the OHW is less than 2.5 m. Refer 

to T HR EL 08001 ST Safety Screens and Barriers for 1500 V OHW Equipment for further 

information on safety screens including insulation testing requirements. 

7.3.2. Attached OHW fittings 
TMC 331 Design of Overhead Wiring Structures and Signal Gantries specifies the current type 

approved arrangement for OHW fittings that satisfy the requirements for secondary insulation. 

The arrangement includes the use of Hilti-insulated centre rings with HIT-RE-500 injectable 

adhesive (replacement for Hilti HIT –Bar) and Sustarin C acetal copolymer (black). 

Where the effects of stray dc current have been assessed as critical at the bridge, 

supplementary insulation shall be provided in one of the following approved arrangements: 

• Tertiary insulation arrangement 

Supplementary insulation is provided between the OHWS and the bridge structure, and 

between the basic insulation and the OHWS. Bonding of the OHWS or fittings is not 

required under this arrangement. Refer to EL0523806 North Sydney – North Shore line – 

5 km approx. – Railways overhead wiring – Tertiary insulation for air space – Bonding 

arrangement – Sheet 1 of 2 and EL0523817 North Sydney – North Shore line – 5 km 

approx. – Railways overhead wiring – Tertiary insulation for air space – Bonding 

arrangement – Sheet 2 of 2 for a typical installation with this arrangement. This 

arrangement is preferable for tunnels and areas where a limited access is available to 

maintain spark gap bonds; this shall be used with the approval of the Lead Electrical 

Engineer, ASA. 

• Secondary insulated arrangement 

Supplementary insulation is provided between the basic insulation and the OHWS. All 

metallic components of OHW fittings between the basic and supplementary insulation shall 

be bonded together and connected to rail using a type approved VLD. The VLD and the 

joints in the bonding cable shall be insulated from the bridge structure. Refer to EL0282964 

General – Railways overhead wiring – Secondary insulation on typical cantilever – 

arrangement for a typical installation with this arrangement. This arrangement is preferred 

for bridges and locations which are accessible for maintenance of spark gap bonds. 

Refer to AS/NZS 3000 for the definition of basic and supplementary insulation. 
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7.3.3. Concrete bridges 
The design of concrete underbridges, overbridges and footbridges located within the electrified 

area shall comply with the following additional requirements which are consistent with the 

preferred bonding strategy: 

• HSS shall be insulated from the bridge structure using approved insulated fittings. 

• HSS and OHWS attached to the bridge shall be bonded to rail using a type approved VLD 

(see Section 8). 

• Vertical safety screens (VSS) are not required to be bonded to rail. Vertical screens and 

other conductive parts, such as protection screens and balustrades, shall be insulated from 

the bridge structure.  

Insulation is not required where attached OHW fittings satisfy the requirement for 

secondary insulation and isolation points are provided at bridge abutments. 

• The requirement for insulation of the vertical screens and conductive parts may be waived 

for existing bridges only where an equipotential bonding strategy has already been 

established subject to the agreement of the Lead Electrical Engineer, ASA. 

• Where OHWS, such as drop verticals and anchor brackets are attached to the bridge, such 

structures shall be insulated from the bridge using approved fittings, see Section 7.3.4. 

7.3.4. Underbridges 
The AEO shall incorporate the requirements for stray current and electrolysis prevention in the 

design. 

For reinforced concrete structures with reinforced concrete footings the following applies: 

• Metallic reinforcing within concrete deck sections shall be connected together electrically 

between intervals that are not greater than as determined in accordance with EN 50122-2 

to limit the longitudinal voltage to less than the protection criteria established in 

T LR EL 00001 ST Traction Power System Requirements. 

• Each electrically separate section of a concrete structure within which the reinforcing has 

been made electrically continuous shall be provided with a test point that is compliant with 

AS 2832.5 Cathodic protection of metals – Part 5: Steel in concrete structures. 

• Insulated sections in reinforced concrete and isolating joints in metallic services shall be 

coordinated such that they do not compromise the integrity of one another. 

• Where ballasted track is used the ballast shall meet the requirements of 

T LR EL 00001 ST. 
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• OHWS shall not be installed on underbridges where possible. OHWS shall be located at 

least 3 m clear from the ends of culverts. The touch distance may not always be possible 

where OHWS are installed on an underbridge or viaduct. Sections of walkways and 

balustrades which are installed within touch distance of OHWS shall be constructed of non-

conductive insulated materials such as fibre reinforced plastic (FRP). Alternatively 

insulated polycarbonate coverings can be provided for OHWS. 

• OHWS are intentionally earthed structures. This provides a path to earth in the event of a 

lightning strike. The bridge deck should not be earthed to reduce the chance of stray 

current.  

Where OHWS are installed on an underbridge deck or viaduct then the OHWS shall be 

insulated from the bridge deck using a special tertiary insulation scheme. The OHWS shall 

be bonded to rail between the primary and first supplementary insulation and shall be 

earthed between the second and third insulation. 

• Daisy chains designed in accordance with Section 8 shall be used to consolidate the 

number of spark gap connections to rail. Historically hard drawn bare copper (HDBC) aerial 

conductor has been used to daisy chain OHWS in accordance with EL 0002963 Railway 

Overhead Wiring Bonding Arrangement for Isolated Masts, however new bonding 

arrangements shall comply with Section 6.2 and Section 8 of this standard. 

• Daisy chains may also be used to connect all OHWS to earth using 70 mm2 0.6/1 kV green 

yellow insulated copper earth conductor. The earth electrodes and spark gaps shall be 

provided within the corridor where possible in a secure and accessible location on either 

side of the bridge abutments.  

• Where the viaduct or bridge length results in the introduction of excessive impedance into 

the earthing circuit, insulated down leads may be installed at appropriate locations to earth 

each cluster of OHWS along the viaduct. 

• The bridge deck shall be electrically continuous with the viaduct or bridge support 

structure. Positive isolation shall be proved at the abutment and footings. 

Provisions shall be made for stray current monitoring of structures which are identified as at risk 

of excessive stray current using methods determined in EN 50122-2. Requirements for on-going 

monitoring shall be included in the durability plan; refer to T HR CI 12020 ST for further details. 

7.3.5. Steel bridges 
The design of steel overbridges and footbridges located within the electrified area shall comply 

with the following requirements: 

• the bridge structure shall be suitable for 1500 V dc fault current at the location 
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• all metalwork on the bridge, including OHWS and HSS, shall be galvanically connected to 

the bridge 

• the bridge structure shall be bonded to rail using a type approved VLD 

7.3.6. Bridges constructed from non-conductive materials 
The design of overbridges and footbridges that are constructed from non-conductive materials, 

such as brickwork, and located within the electrified area shall comply with the following 

requirements: 

• HSS and OHWS attached to the bridge shall be bonded to rail with a type approved VLD 

• HSS and OHWS attached to the bridge shall be insulated from other conductive parts on 

the bridge 

7.3.7. Design for overbridges outside of the electrified area 
The design of overbridges and footbridges located outside the electrified area shall comply with 

the following requirements: 

• Where a HV bare aerial conductor is located above the bridge the following applies: 

o The bridge structure shall not be galvanically connected to an adjacent building. 

o Suitable insulated sections shall be provided at the entrance to the bridge and at any 

joints in the bridge structure or other exposed metallic components to mitigate the risk 

of electric shock arising from fallen conductors. 

o Buildings on the bridge shall not be located under the HV aerial line.  

Refer to T HR EL 10001 ST HV Aerial Standards for Design and Construction for 

prohibited configurations with buildings under HV aerial lines. 

• Test terminals shall be provided to allow for testing of the integrity of the installation, 

including the effectiveness of insulation across any joints, and the continuity of bonding 

circuits, during commissioning and maintenance 

7.4. Stations 
The complexity of the earthing and bonding strategy can vary for railway stations depending on 

size and location. Stations and platforms are typically accessed by the public using bridges and 

ramps, stairways or lifts. Bridge structures are also often used to supply services to the station. 

Stations typically have a number of 1500 V dc structures which may include OHWS and 

overbridges. 

Existing stations may have overbridges with or without attached 1500 V dc OHW fittings and 

HSS. Typically stations have a number of independent OHWS installed along the platforms, 
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each with their respective bonding circuits. The placement of OHWS on bridges should be 

avoided where practical for all new locations. 

The electrical continuities between structures at existing stations and footbridges are not always 

clear. Designers are required to investigate each location to determine the appropriate earthing 

and bonding strategy for any modifications to existing stations and to adopt the preferred 

strategies noted in Section 6 for new infrastructure.  

In accordance with the preferred bonding strategy, the appropriate touch distance shall be 

provided between extraneous conductive parts at a station and 1500 V dc structures. Where 

appropriate clearances cannot be provided, alternative mitigation measures such as those 

noted in Section 7.1.4 shall be provided along with a documented SFAIRP argument justifying 

their use. 

Earthed extraneous conductive parts at a station include, but are not limited to, the following: 

• canopies 

• metallic fences 

• light posts 

• mechanical services ductwork 

• mechanical services pipe work 

• fire and hydraulics pipe work 

• architectural steelwork 

• structural steelwork 

• vending machines 

• lift guide rails 

• platform coping edge 

Depending on the earthing and bonding strategy deployed at existing stations, the bonding 

arrangement for each 1500 V dc structure may be independent or combined. All 1500 V dc 

bonding circuits shall be designed in accordance with Section 8 to ensure the operation of the 

DCCB. 

In rare situations at existing stations where 1500 V dc structures such as bridges cannot be 

separated electrically from station infrastructure, the LV earthing system shall be equipotential 

bonded to the bridge structure in accordance with T HR EL 12004 ST. 

Isolation points at stations and attached bridges shall be clear and identified. Water services 

shall be installed using insulated piping. Where conductive piping is used the insulated sections 

shall be provided in accordance with EL0003147 Electrolysis – Isolating joint for underground 

water pipe. 
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The touch distance shall be maintained between any LDNSP earthing system and DSNP 

earthing system to a height of 2.4 m. Refer to T HR EL 12004 ST for isolation and clearance 

requirements for stations and station structures. 

Some stations have HV aerial lines installed within the rail corridor that are within the vicinity of 

railway stations. Bare HV aerial lines are generally prohibited to pass over station buildings and 

structures. Refer to T HR EL 00004 ST Buildings and Structures Under Overhead Lines for 

information regarding aerial lines over buildings and structures. 

Further guidance on bonding design for railway stations can be found in the Guideline on 

Earthing and Bonding at Railway Stations. 

Note: The guideline does not provide requirements for bonding design; however it 

identifies some of the risks and hazards and provides a context bonding designs at 

railway stations. 

7.4.1. Canopy structures 
The required clearance around canopy penetrations for OHWS that are above 2.4 m from 

ground level is 50 mm. Non-conductive flashing can be used to provide adequate seal around 

the penetration. 

7.4.2. Platform structures 
The steel coping edges along platforms have been known to cause sparking when metallic 

objects bridge the coping edge to the metallic structure of the train. Typically this may not result 

in a hazardous voltage difference; however it can result in an electrical arcing hazard and 

therefore result in the perception of a hazard. 

T HR CI 12065 ST Station Platforms states that coping edge materials shall be of non-

conductive material. Non-conductive material used for coping edge structure such as FRP or 

equivalent non-conductive products shall be approved by the Lead Civil Engineer, ASA and the 

Lead Electrical Engineer, ASA. 

When a conductive coping edge is modified in accordance with the provisions of 

T HR CI 12065 ST, then the new length of coping edge shall be segregated into non-continuous 

lengths that are not longer than 15 m. Consideration shall be given to hiding the coping edge 

such as to minimise contact and exposure of the metallic components of the platform. Bonding 

of a metallic coping edge is not required. 

7.4.3. Train boarding equipment 
The current type approved train boarding ramps are constructed of non-conductive fibre 

reinforced material. By avoiding any potential for sparking or perceivable touch voltage, the fibre 

reinforced ramps provide an established SFAIRP solution which requires minimal maintenance 
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and ongoing testing. The use of boarding ramps in the electrified area constructed of material 

that changes this risk profile shall be subject to the approval of the Lead Electrical Engineer, 

ASA, based on a SFAIRP risk management approach over the life of the asset.  

7.4.4. CBD and underground locations 
Implementation of isolation for boundaries of a railway stations in locations such as the central 

business district (CBD) where stations are built underground or are directly adjacent to building 

structures may not be practically achieved in accordance with T HR EL 12004 ST. 

In such cases subject to the agreement of the Lead Electrical Engineer, ASA, the necessary 

controls shall be implemented to identify and mitigate electrolysis risk. This may include an 

electrolysis risk assessment, the implementation of electrolysis mitigation measures as noted in 

T HR EL 12002 GU, and stray current testing in accordance with Section 6.1.3. A maintenance 

plan shall be provided to account for any additional mitigation measure to mitigate the risk of 

electrolysis from stray dc current. 

7.5. Train maintenance facilities 
The preferred bonding strategy shall be implemented at all new maintenance facilities. Facilities 

shall remain isolated from LDNSP systems and shall adhere to the requirements of 

T HR EL 12004 ST. 

Bonding requirements for yards, sidings and maintenance buildings are covered in 

Section 7.5.1 and Section 7.5.2. 

7.5.1. Yards and sidings 
The preferred bonding strategy shall be implemented for OHWS within a maintenance yard. The 

touch distance shall be provided as an exclusion zone around each OHWS. 

For existing maintenance facilities, lighting masts that cannot be located beyond the touch 

distance of any OHWS or the rail shall have double insulated fittings installed. 

The installation of lighting on OHWS should be avoided. For further details regarding 

requirements for lighting on OHWS, refer to T HR EL 12004 ST. 

Independently bonded OHWS within a yard shall be located more than 2 m from any building or 

earthed structure where practical. Where a building already has an existing bonding circuit 

attached, such as a maintenance shed and the minimum clearance of 2 m cannot be provided, 

then the OHWS may be bonded to the building structure using an approved bonding cable. 

Designers shall ensure that the attachment of additional OHWS to the building bonding circuit 

does not disrupt the proper operation of the building bonding circuit and operates for a fault on a 

remote structure. 
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Where all options for providing clearance are exhausted or where bonding is not considered 

appropriate, then barriers for OHWS such as the polycarbonate coverings may be used; see 

Section 7.1.4. 

7.5.2. Buildings 
A maintenance building containing 1500 V dc OHW is considered to be a 1500 V dc structure. 

New buildings shall be designed in consideration of the preferred bonding strategy for 

1500 V dc structures. The frame of the building shall be bonded to rail through an approved 

spark gap or VLD. Touch voltage hazards between the train and the building shall be designed 

out and the rails within the shed are required to be insulated from earth. The rail voltage shall be 

confirmed as meeting the 60 V limit specified in EN 50122 for normal continuous operating 

conditions. 

The bonding strategy shall specify the grading of spark gaps and VLDs for the facility to 

determine the suitable number and locations of spark gap devices. The bonding design shall 

provide a low impedance path to rail such that fault current distribution through the LV earthing 

system and building structure is minimised. 

Rail isolation joints shall be provided in the rails to isolate the rails between the yard and the 

shed. A switch shall also be provided to allow for the isolation of the OHW within the shed from 

the yard. 

A ROCR system has been approved and installed at various maintenance facilities. The ROCR 

system achieves a similar isolation concept of having the rails disconnected within the yard from 

the rails within the shed when the OHW is retracted. ROCR systems shall be designed such 

that interlocking prevents connections between the building earthing system and the rails when 

the 1500 V dc supply is not isolated. Connection between the building earthing system and the 

rail is permissible where the 1500 V dc supply and rails are isolated. The ROCR system shall 

utilise a secondary insulation scheme. Care should be taken such that motor drives for the 

ROCR do not bypass the secondary insulation. 

Where VLD (O type) is required to control touch voltages within a maintenance building, it shall 

also provide a connection to rail under fault conditions. The requirement for remote monitoring 

of the VLD should be considered and agreed with the operator and maintainer. 

7.6. Tunnels 
Tunnels are large structures composed of concrete and steel, which can never be fully insulated 

from the earth or rail. Corrosion risk within tunnels is therefore a significant risk associated with 

the structural integrity of the tunnel, interference with local infrastructure and buried conductive 

third party services. 

The common requirements attempt to address some of the more prominent issues associated 

with tunnels within the heavy rail corridor. 
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7.6.1. Track insulation 
In tunnels, on bridges and under air-space developments, contact between rails and steel 

reinforcement or any other steelwork, shall be prohibited. 

Track is required to maintain 10 Ω.km as a minimum. This figure may be higher in order to 

ensure adequate protection from interference to third party infrastructure. The design shall take 

into account the interference limits stated in T LR EL 00001 ST. Limits shall be negotiated and 

agreed with the asset owners in consideration of existing structure potentials and existing 

cathodic protection systems. 

7.6.2. Tunnel structure 
Both the rail insulation system and the design of a tunnel can have a great impact on a tunnels 

immunity to stray currents. The structural characteristics of a tunnel including electrically 

continuity of reinforcement, concrete cover and segregation of the tunnel structures shall be 

considered to improve immunity to stray current. Another aspect that can impact the immunity of 

the tunnel structure is whether it is sealed or unsealed structure type; refer to ESC 340 Tunnels 

for further information on tunnel structures. 

Historically the presupposition for continuous and well earthed structures is that the stray 

current density is reduced in the tunnel reinforcements thereby reducing the rate of corrosion 

and resulting damage to specific locations within the tunnel.  

Where possible and appropriate, electrically discontinuous tunnel segments should be 

considered to reduce the likelihood of creating stray current paths. In any case the track slab 

shall be segregated and made electrically discontinuous from the tunnel structure where 

possible. Any connections to the tunnel structure shall not defeat the intended segregation of 

the track slab. Track insulation shall meet the minimum requirements of Section 7.6.1. 

Regardless of the tunnel arrangement and type, continuity shall be provided in the metallic 

reinforcement of each tunnel segment or track slab segments. The tunnel structure or track slab 

segment lengths shall be determined in accordance with EN 50122-2 to limit the longitudinal 

voltage to less than the protection criteria established in T LR EL 00001 ST. 

Each electrically separate section of a concrete structure within which the reinforcing has been 

made electrically continuous shall be provided with test points that are compliant with 

AS 2832.5. 

Testing is required to validate the continuity within each tunnel or track slab segment and to 

ensure that each segment is electrically discontinuous. 
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7.6.3. Lighting and LV equipment 
The touch distance shall be maintained between LV equipment and the track. Where this 

cannot be achieved, alternative solutions shall be required to mitigate prospective touch voltage 

issues. Any alternative mitigations that are not covered in this standard are subject to the 

approval of the Lead Electrical Engineer, ASA. 

7.6.4. Use of stray current collection systems 
The use of stray current collection systems for draining stray current is prohibited. However the 

provisions for collection systems are required in order to determine and confirm the electrolysis 

risk through testing and monitoring. Refer to T LR EL 00001 ST. 

7.6.5. Bonding of OHWS 
See Section 7.4 for definitions of secondary and tertiary insulated schemes. 

OHW systems within tunnels are typically suspended from the tunnel structure. Secondary and 

tertiary insulation schemes such as those used on the North Sydney tunnel shall be used in 

tunnels. 

7.6.6. Continuous conductive structures 
Insulated sections shall be provided in all continuous exposed conductive parts including piping 

and cable support systems and at regular intervals which shall coordinate with isolation joints in 

the tunnel structure. Refer to T HR EL 12002 GU for isolation requirements for electrically 

continuous structures. 

8. Bonding circuit design 
Bonding circuit refers to a dc circuit seen from the position of the bonding to rail. Figure 1 shows 

a typical fault circuit for a double end feed. The bonding circuit consists of the following 

components: 

• rectifiers as the source of power at the traction substations feeding the faulted section 

• DCCB at the traction substations and section huts 

• DC feeder cables and negative return cables 

• OHW up to the position where the fault has occurred 

• OHW structure at the position of fault which is bonded to rail 

• rail spark gap (VLD) 

• arc fault 
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• bonding cable 

• traction return rails from the position of the rail bond to the traction substations 

 

Rectifier

Traction Return Rail

I
Fault

OHW Structure

Negative Bonding 
Cable

Spark 
Gap

Arc 
Fault

Traction Substation

Rectifier

Negative

Overhead Wiring

Negative

Traction SubstationSectioning Hut

Overhead Wiring

I Fault

I Fault

Figure 1 – Bonding circuit composition involving a traction substation 

8.1. Operation of DCCB 
The bonding circuit is a normally open circuit due to the presence of the rail spark gap. It 

becomes a closed circuit in the event of a fault when the rail spark gap operates and its 

terminals are short circuited. The bonding cable can introduce a critical series resistance into 

the fault circuit which may impact on minimum fault current and therefore the operation of the 

DCCB. The design of a bonding circuit shall minimise the inserted resistance and shall ensure 

that the relevant DCCB operates under fault conditions. 

The inserted resistance of the bonding circuit is calculated as the total bonding circuit resistance 

between the most remote connection point of the 1500 V dc structure and the connection point 

to rail. The inserted resistance shall be minimised as far as practical in order to not limit the 

minimum fault level unnecessarily and impact the ability to raise the trip settings of the DCCB. 

Any reduction in the prospective minimum fault current due to a bonding circuit shall be agreed 

with the operator and maintainer and shall be recorded on the local protection instruction. 

Falling voltage characteristics of DCCBs should be considered when checking the operation of 

DCCBs installed at sectioning huts. 

Methods for undertaking calculations to determine the impact of the insertion resistance shall be 

in accordance with T HR EL 19001 ST Protection System Requirements for the 1500 V DC 

Network. Further details and requirements are provided for rail spark gaps and bonding cables 

in Section 8.2 and Section 8.3 of this standard. 
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8.2. Spark gaps 
Rail spark gaps are a type of VLD which is normally open circuit and will operate, creating a 

short circuit when the voltage across their terminals exceeds the insulation breakdown voltage 

threshold. The voltage at which a rail spark gap operates typically falls within a voltage range 

specified by the supplier. Table 1 shows the nominal values and the voltage range for all ASA 

type approved rail spark gaps used in the electrified railway network. 

Table 1 –Type approved rail spark gaps 

Rail spark gap 
type 

Nominal insulation 
breakdown voltage 

Insulation breakdown 
voltage range 

Drawing 

Mark 1 600 V 400 V to 800 V EL0585360 

Mark 2 700 V NA EL0590277 

Mark 3 600 V 507 V to 780 V EL0573512 

8.2.1. Selection 
The following shall be taken into account when selecting a spark gap bonding circuit: 

• Mark 1 rail spark gaps VLD (F type) in accordance with EN 50122-1 (drawing EL0585360) 

is a 'one shot' device, that is, once it has operated it remains conductive. 

• Mark 3 rails spark gaps are VLD (F type) in accordance with EN 50122-1. They are self-

restoring, that is, they can continue to operate restoring an open circuit when a fault on the 

attached structure has been cleared. 

• Due to the discontinued production of Mark 1 spark gap, the Mark 3 spark gaps are the 

nominal VLD. Mark 3 spark gaps have the ability to recover from traction system faults and 

lightning surges (5 kA discharge, 25 kA withstand). The device creates a low impedance 

connection to rail for voltages in excess of the triggering limits in accordance with Table 1. 

A permanent short circuit connection may occur through welded electrodes of the rail spark 

gap when the fault current, voltage and duration exceed the specified limits. The current 

approved Mark 3 spark gap is the Dehn Rail Spark Gap detailed in EL0573512. 

• Mark 2 rail spark gaps as detailed in EL0590277 are VLD (F type) in accordance with 

EN 50122-1 and shall be used if the stray current risk assessment determines that remote 

monitoring is necessary for a rail spark gap, for example, in the vicinity of a high pressure 

ethane gas pipeline. 

Mark 2 rail spark gaps are fitted with remote indication capability through supervisory 

control and data acquisition (SCADA) and thus are more expensive than Mark 1 and 

Mark 3 rail spark gaps for supply and installation. Therefore, the need for Mark 2 rail spark 

gaps shall be examined in detail and supported by the whole-of-life cost analysis. 
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Where an existing bonding circuit is established at an installation using a Mark 2 device 

any modifications or alterations to the bonding arrangement shall take into account the risk 

profile and strategy for the installation. Modifications shall be agreed with the operator and 

maintainer. 

8.2.2. Design 
If multiple OHW structures are connected in a daisy chain a single rail spark gap shall be used 

to connect the group of OHWS to rail.  The spark gap shall be position to operate whenever any 

of the OHW structures in the group becomes live. 

In certain locations where multiple rail spark gaps are present, caution is required so that no two 

spark gaps are inadvertently connected in series. 

See Section 11.1 for further information on spark gap location and design. 

See Section 13 for labelling requirements for OHWS with spark gaps installed. 

8.2.3. Replacement 
OHW structures connected to rail due to the operation of rail spark gaps shall be identified. 

Spark gaps shall be removed and replaced as soon as practically possible in order to avoid 

corrosion due to electrolysis. This is of particular importance in the case of steel and steel-bar 

reinforced structures such as bridges and retaining walls. 

The spark gap is required to be replaced immediately as it is a safety device. The bond cable to 

rail shall be tested to determine if it is safe to disconnect and an inspection of the OHW 

insulators is required to determine if they are the source of the fault. Alternatively, temporary 

hoarding shall be implemented on all parts of the structure in a prescribed location until it is 

replaced. 

8.3. Bonding cables 
The insulated steel wire rope and the insulated copper bonding conductor are two currently 

approved cable types for use in bonding1500 V dc structures in accordance with this standard 

and T HR EL 20002 ST 1500 V DC Cables and Cable Ratings.  

The following additional requirements apply to the use of bonding cables: 

• The copper bonding cable shall be used for the connection of 1500 V dc structures and 

HSS to spark gap or VLD device. The copper cable shall be a single core 95 mm2 copper 

cable, PVC/PVC/nylon insulated to 0.6/1.0 kV. Variations of the copper bonding cable 

using either PVC, nylon or XLPE insulation may be used subject to the agreement of the 

Lead Electrical Engineer, ASA.  
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In all cases the cable external sheath shall be black and shall be ultraviolet (UV) stabilised. 

The cable sheath shall be a material of suitable chemical and UV resistance and shall 

withstand mechanical stresses during installation and while in place. 

The copper cable shall be suitably mechanically protected where it is required to be 

installed in areas subject to high risk of theft. 

Note: A stranded copper bonding cable of 95 mm2 cross-sectional area, EPR 

insulated with black CSP insulation is an acceptable alternative. 

• The bond from the spark gap to rail, particularly in areas susceptible to theft, shall be a 

steel bonding cable. The approved steel bonding cable is a galvanised steel wire rope 

16 mm in diameter with orange polyvinyl chloride (PVC) sheath. The steel wire rope 

construction shall be 6×25F IWRC with strand construction of 1 6 6F 12 in accordance with 

EL 053866 General – Railways overhead wiring – Connection to rail with steel bonding 

cable – Arrangement and AS 3569 Steel wire ropes – Product specification. The steel wire 

rope is typically used at stations and publically accessible areas to connect the spark gap 

to rail.  

Note: A copper bonding conductor in accordance with EL0011875 Railways Overhead 

Wiring Bonding of Mast to Rail Arrangement may be used where required in order to 

meet insertion resistance requirements and where theft of the bonding cable is 

unlikely. 

• The connection between the spark gap and the rail shall be a dedicated connection, 

however a connection to rail may be done at an impedance bond where required by a 

signalling design. Impedance bonds are generally connected to rail with aluminium cables. 

Therefore, inserted resistance shall take into account the aluminium cable resistance in the 

bonding circuit. The signalling engineer shall be consulted during the design process to 

ensure that the aluminium cable can carry the dc fault current at that location. 

• Joints in bonding conductors should be avoided. However, if joining is unavoidable, joints 

shall have the same insulation level as the nominal insulation level of the cable. The dc 

fault calculation shall take into account the dc resistance of the joint. 

• Where the bonding cable crosses the track under rails, it shall run between sleepers and at 

a depth lower than the top of the sleepers. The cable shall be mechanically protected by 

means of non-conductive heavy duty flexible orange enclosure extending 300 mm both 

sides of the track except the side where it should be connected to the rail. 

Refer to T HR EL 20002 ST 1500 V DC Cables and Cable Ratings for further details on cable 

specifications and SPG 0709 Traction Return, Track Circuits and Bonding for further details on 

rail connections. 
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8.4. Fixings and fittings 
Approved insulated fittings for OHW attachments to bridges are as follows: 

• Insulation: 

o Sustarin C Acetyl co polymer, pad, ferrule and washer 

o Hilti Centre ring- Hilti- CR with RE-500 epoxy coating 

• Fixings: 

o double saddle U bolt 

o clamp fitting (universal column) 

PVC conduit may be used to install bonding cables as required to minimise fixing requirements 

and to offer mechanical protection for the bonding circuit. 

Contact between dissimilar metals in areas exposed to moisture and water should be avoided. If 

dissimilar metals are used, then the connections shall be designed in order to avoid the risk of 

galvanic corrosion. The electrical bonding of all metal components shall be maintained. 

Bi-metallic joints shall be used where required. 

Where connection to slab reinforcement is required Tyco C70 or equivalent fitting shall be used. 

8.5. Detailed bonding plans and elevations 
Construction drawings shall be provided for the implementation of bonding designs and shall 

comply with the requirements of T MU MD 00006 ST Engineering Drawings and CAD 

Requirements.  

A detailed bonding plan and elevation is required to show the circuit configuration and route 

details for all 1500 V dc bonding circuits. Standard drawings may be referenced for the bonding 

of independent OHWS to rail where applicable. 

Construction drawings shall include details of the following:  

• the bonding cables 

• spark gap and VLD locations 

• Isolation points 

• cable support systems 

• fixtures and fittings 

• insulated fittings 

• an itemised bill of material (BOM) 
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• a table of design values for: 

o the bonding circuit insertion resistance 

o continuity values 

o insulation resistance 

Room shall be provided within the table to record measured values from 

commissioning test results that shall be recorded as-built drawings. 

Where multiple OHWS require independent bonding, a bonding schedule shall also be 

provided; see Section 14. 

8.6. Redundancy (loop design) 
Loop arrangements are preferred when installing bonding circuits on large structures such as 

bridges and flyovers. The installation of a loop minimises the impact of bonding insertion 

resistance and also offers redundancy in case of a break in the bonding conductor. 

9. Testing and commissioning 
Testing and commissioning of bonding circuits is mandatory and shall include the following 

measurements as a minimum: 

• continuity 

• insulation resistance 

Continuity of the bonding circuit shall be tested using a digital micro-ohmmeter. The insulation 

resistance test can be conducted between the bonding circuit and all accessible conductive 

parts on the bridge. 

The insulation resistance test shall be 500 V for one minute. Resistance values shall be greater 

than 1 M-ohm and shall be noted on the as-built drawings.  

Designers shall document the pass or fail criteria for the above commissioning tests which shall 

be noted on the construction drawings. Results and dates of the commissioning tests shall be 

recorded on the as-built drawings. 

Current calibration certificates shall be provided for all equipment used to undertake 

measurements. 

10. Modelling of voltage limiting devices 
For an 'unearthed' traction power system, if the rail to earth resistance is uniform at any instant 

the average rail to earth voltage across the heavy rail system will be zero with the voltage at 

some points being positive and while at other points will be negative. When a VLD or spark gap 

operates and connects the traction return rails to earth at one point, the rail to earth voltage at 
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other points may increase. A study shall be conducted for any augmentations to the traction 

systems that may impact rail earth voltage to establish that foreseeable excursions in rail to 

earth voltage does not result in cascade operation of VLDs. 

11. Maintenance 
11.1. Reliability, availability and maintainability 

Reliability, availability and maintainability (RAM) should be considered and documented within 

the design records. Selection of VLD type and location should consider maintenance and 

accessibility for staff and minimise the need for working in the danger zone where possible. 

11.2. Spark gap 
All spark gaps are required to be inspected at intervals of six weeks for Mark 1 and three 

months for Mark 2 and Mark 3: 

The inspections shall include as a minimum, a visual inspection of the spark gaps, the bonding 

cables and connections to verify that all bonding conductors have not been disconnected or 

removed. Testing shall be conducted to ensure the spark gap is in an open circuit state.  

Functional testing is typically performed every four years. 

12. Signalling considerations 
A shorted spark gap connection may be removed for operational reasons associated with 

signals. When a spark gap has been identified as a result of track signal failure, electrical 

maintenance staff and the electrical operating centre are required to be notified immediately and 

a spark gap shall be replaced in accordance with Section 8.2.3. 

13. Labelling 
All 1500 V dc structures in prescribed locations that are bonded to rail either individually or as a 

group shall be labelled “Bond to Rail”, see Figure 2. OHW feeding structures shall be labelled 

“Do Not Bond”, see Figure 3. All other OHWS which are not in a prescribed locations do not 

require a bonding label. 

The following requirements apply to the design, construction and installation of the label: 

• The label shall be made of suitable, durable, UV resistant material and shall be painted 

vandal resistant. 

• The lettering shall consist of black characters not less than 8 mm high on a yellow 

retroreflective background. 
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• The label shall be in a conspicuous position on the structure and face the track. In case of 

OHW structures located between tracks or with multiple masts, additional labels as 

required shall be affixed such that they can be easily seen from different tracks. 

• Labels shall be attached to structures using a suitable adhesive at a height not greater than 

2 m from the ground. 

Where multiple OHWS in prescribed locations are bonded in groups or daisy chained then only 

the OHWS with the bond to rail requires the label in Figure 2. 

Figure 2 – Bond to rail sign 

Figure 3 – Do not bond sign 
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14. Record 
A bonding schedule shall be developed in accordance with T HR EL 08012 ST to identify the 

OHWS that are bonded to rail.  

This schedule shall record all single and grouped OHW structures that have been bonded to rail 

and all feeding structures that have not been bonded to rail deliberately. The recorded data 

shall include, as a minimum, the location of the connection to rail, associated OHW layout 

drawing number and the device that has been used for bonding to rail. This data shall be used 

by the AEO signal designer to devise connections to the appropriate rails. Track insulation plans 

shall be updated to include this information. 
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