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[bookmark: _Toc42764444]Scope
[bookmark: _Toc886732][bookmark: _Toc514678946][bookmark: _Toc886733]This Austroads Technical Specification ATS 5390 sets out the requirements for the cathodic protection (CP) of steel in atmospherically exposed, buried and submerged concrete. It covers both new and existing structures and includes:
assessment of existing structures for CP and design (where this forms part of the Contract);
installation; and
commissioning.
[bookmark: _Toc42764445]Definitions
In addition to the definitions set out in AS 2832.5, AS5100.8 and ISO 15257, the following definition applies to this Specification:
Professional Engineer:	A Chartered Professional Engineer who:
a) is registered on the National Engineering Register (NER);
b) is registered on any scheme of registration of engineers prescribed by legislation in the applicable jurisdiction; 
c) has at 5 years’ experience in engineering which is relevant to the design and/or installation of CP; and
d) is appropriately registered or prequalified if the Principal has implemented an applicable registration or prequalification scheme.
	For CP designed and/or installed in Queensland, the following additional requirement applies:
The Professional Engineer must be a Registered Professional Engineer of Queensland (RPEQ).


[bookmark: 1.3.1_Definitions_–_Personnel][bookmark: 1.4_Work_Health_&_Safety_(WHS)][bookmark: 1.6.3_Principal_Supplied_Components][bookmark: 4_Design,_Specification,_Documentation_a][bookmark: _Toc42764446]Referenced Documents
The following documents are referenced in this Specification:
[bookmark: _Toc514678947][bookmark: _Toc886734]Austroads
[bookmark: _Hlk17105178]ATS 5340	Cementitious Patch Repair of Concrete 
[bookmark: _Hlk17105142]ATS 5343	Coating of Concrete
Australian/New Zealand Standards
AS 2239		Galvanic (sacrificial) anodes for cathodic protection
AS 2832.5	Cathodic protection of metals; Part 5: Steel in concrete structures
AS/NZS 3000	Electrical installations (known as Australia/New Zealand Wiring Rules)
AS/NZS 3012	Electrical installations – Construction and demolition sites
AS 3799		Liquid Membrane – Forming Curing Compounds for Concrete
AS 5100.8	Bridge design Part 8: Rehabilitation and strengthening of existing bridges
International Standards
ISO 12696 	Cathodic protection of steel in concrete
ISO 15257	Cathodic protection — Competence levels of cathodic protection persons — Basis for a certification scheme
ASTM International 
ASTM B265	Standard Specification for Titanium and Titanium Alloy Strip, Sheet, and Plate 
Highways Agency
DB 2/12		Design Manual for Roads and Bridges (DMRB) - Technical Approval of Highway Structures
[bookmark: _Toc42764447]Quality System Requirements
[bookmark: _Ref26533338][bookmark: _Ref9599800]The Contractor must prepare and implement a Quality Plan that includes:
a) a preliminary design/description of the CP system
b) procedures and Inspection and Test Plans (ITPs) for:
managing the assessment of existing structures for CP and the design process (where this forms part of the Contract);
CP System installation, including any concrete repair;
CP System commissioning;
CP System monitoring;
c) [bookmark: _Ref17204986]details of all materials/equipment to be used, including the manufacturer’s datasheets, instructions and test results demonstrating compliance with this Specification; and
d) details of the personnel, including the designer and independent reviewer, with evidence that they comply with the requirements of this Specification. 
The procedures and ITPs must:
a) cross reference all applicable Specification Clauses; and
b) identify all performance requirements and Hold Points.
	[bookmark: _Hlk9589851]HOLD POINT 1

	Process Held
	Commencement of system installation.

	Submission Details
	[bookmark: _Hlk3530642]The Quality Plan must be provided at least 21 days prior to the commencement of system installation.


[bookmark: _Toc42764448][bookmark: _Toc1138829][bookmark: _Toc9850016][bookmark: _Hlk9434043]Contractor Competency and Personnel
The Contractor warrants that it (or the subcontractor, if the repair work is being undertaken by a subcontractor) is suitably skilled and experienced in undertaking the design, installation and commissioning of CP Systems.
Personnel undertaking tasks in connection with this Specification must:
1. satisfy the requirements of AS2832.5 Appendix E;
1. be assessed for competency in accordance with ISO 15257; and
1. only undertake tasks that are within their assessed level of competency. 
The site supervisor must be present at all times during the installation of CP components.
[bookmark: _Toc42764449][bookmark: _Ref15469889][bookmark: _Hlk9598492]Assessment of Existing Structures for Cathodic Protection
This Clause only applies to an existing structure where the Contractor is required to design the CP System and the Principal has not provided all the information listed in Clause 6.2.
[bookmark: _Ref29383132]To confirm the suitability of the proposed CP System and provide design input, the Contractor must ensure that a Professional Engineer undertakes a diagnostic investigation of the existing structure. The investigation must be undertaken on components which are representative of the structure and the cathodic protection exposure zones. At a minimum, the investigation must include:
1. a visual inspection of all defects such as cracks, honeycombing or poor construction joints including a comprehensive photographic record;
a delamination survey of the cover concrete;
chloride determination at incremental depths and analysis;
carbonation depth measurement;
concrete cover;
an alkali aggregate reaction (AAR) assessment, including any long term residual effects of AAR if any over the longer term;
steel reinforcement continuity:
1. continuity between elements of the structure within each zone of the proposed CP System,
ii)	continuity of metallic items, other than reinforcement (e.g. bearing plates), to the reinforcement itself;
1. potential mapping;
concrete electrical resistivity;
corrosion rate measurement; and
compressive strength of concrete.
[bookmark: _Toc42764450]Cathodic Protection System Performance Criteria
The Contractor must design (where this is included in the Contract), install and commission the CP System in accordance with ISO 12696, AS 2832.5 and this Specification. A CP System installed in a new structure must also comply with AS 5100.8.
Satisfactory polarisation of the steel reinforcement in accordance with these protection criteria must be achieved within 26 weeks of the date of first energising the CP System for all zones.
[bookmark: _Hlk26535940]Further to Clause AS2832.5 Clause 2.3, if any of the monitoring sensors do not confirm adequacy of the CP system, the Contractor must prepare a procedure/plan for additional testing and submit calculations estimating the corrosion rate in accordance with ISO 12696 Notes 9 and 10.
[bookmark: 13.1_General][bookmark: 13.2_Test_and_Inspection_Reports][bookmark: _Toc42764451]Design of the Cathodic Protection System
[bookmark: _Ref17108956]Unless the Principal has provided a design of the CP System, the Contractor must design it in accordance with AS 5100.8 Appendix B6 and AS 5100.8 Appendix B8.
The exposure zones described in AS5100.8 Appendix B5 Cathodic Protection Exposure Zones must be considered in the design of the CP System.
The Contractor must provide the Principal with a copy of all documentation referenced in AS2832.5 Clause 4.2.1.
[bookmark: _Toc42764452]Design Verification and Certification
[bookmark: _Hlk22235569]The Contractor must ensure that the design drawings and documentation have been independently reviewed in accordance with AS5100.8 Appendix B7 and certified as conforming to this Specification by a Professional Engineer.
[bookmark: _Hlk17103452]The independent reviewer must be a person who has not participated in any aspect of the design and is free of any conflict of interest with the Contractor.
[bookmark: _Ref26533417]The certificate must generally be in the format specified in BD 2/12 Annexure C and must not be qualified in any way.
	HOLD POINT 2

	Process Held
	Commencement of installation of the CP System.

	Submission Details
	Submission of the design drawings/documentation and independent certification must be provided at least 21 days prior to the commencement of the installation of the CP System.


[bookmark: _Toc42764453]Cathodic Protection System Requirements
[bookmark: _Toc42764454][bookmark: _Hlk17109641][bookmark: _Ref17056911]Activated Mixed Metal Oxide Titanium Anodes
[bookmark: _Ref35338248]All anode material embedded within cementitious material must be activated mixed metal oxide coated titanium (MMO/Ti) in mesh or solid ribbon or similar mesh, grid or tube form that can be installed on the concrete surface, recessed in cover concrete, or embedded within a new or existing structure. 
	WITNESS POINT 1

	Process 
	Installation of anode.

	Notification
	At least one working day (not less than 24 hours) prior to the installation of each anode.


Sufficient anode material must be installed to provide the necessary current to achieve full cathodic protection in accordance with AS 2832.5 while maintaining a current density on the anode surface of no more than 110 mA/m2.
All titanium used for connecting the anode material must be Grade 1 titanium conforming to ASTM B265 and certified to pass NACE TM0294 assessment.
The anode material and the titanium feeder strips must be electrically isolated from any reinforcing steel, any embedded metal work or any conductor in contact with any embedded metals, when installed, after cementitious material placement and after curing. 
The method of isolation must be detailed in the design and independently reviewed in accordance with this Specification.
The separation between the MMO/Ti anode material (including the titanium feeder or connecting strip) and reinforcement must not be less than 15 mm.
The depth of cover concrete over the reinforcing steel beneath each cable slot, adjacent to core holes or beneath the final location of the anode material and the titanium feeder strips must be measured and the results included in the Commissioning Report. 
[bookmark: _Hlk26526858]Where anode ribbon mesh is to be installed in slots within the cover concrete, the anode ribbon mesh must be installed within horizontal slots cut 8 mm wide x 40 mm deep along the full width of the concrete component as specified in the design.
[bookmark: _Ref35338272]Unless specified otherwise in the design, the anode ribbon mesh must be placed flat onto the surface with at least:
1. 10 mm bedding; 
5 mm bedding at the sides; and 
20 mm cover. 
The anode ribbon mesh must be covered by a crack-accommodating cementitious waterproofing capping. The capping must extend at least 50 mm past the slot in all directions and be finished with a feather edge.
[bookmark: _Toc42764455]Connection of the Anodes
Each individual anode material must be spot welded to a 12 mm wide x 1 mm thick grade 1 titanium strip with a minimum of three spots.
For connections of mesh anodes 12 mm wide x 1 mm thick, grade 1 titanium strip must be spot welded to the full perimeter of the anode mesh panels. Connections that are required by the design between anode mesh panels within the same zone must be made by at least two titanium strips spot welded to the perimeter strip. Each anode mesh zone must be spot welded to a 12 mm wide x 1 mm thick grade 1 titanium strip at each end.
Each of the titanium strips at each end must be connected to a 1.5 mm2 flexible copper cored cable, XLPE double insulated, which extends to a junction box mounted as shown on the drawings and/or as stated in this Specification. 
All surface mounted conduits must be supported using grade 316 stainless steel full saddles and 316 stainless steel screws screwed into insulating plugs. The length of the insulated plugs must exceed the depth of the screws by at least 5 mm.
Connection between the titanium strip and copper cored cable must utilise a 6 mm diameter hole drilled centrally through the strip, suitably sized copper crimp lug and 6 mm stainless steel set screw, nut and washers. The completed bolted connection must be fitted with a PVC former and encapsulated with electrical grade epoxy casting compound.
[bookmark: _Ref17104516]The electrical grade epoxy casting compound material used for encapsulating connections must have the minimum properties specified in Table 10.16 as demonstrated in the product data sheet:
[bookmark: _Hlk17104542]Table 10.16: Minimum properties for electrical grade epoxy casting compound material
	Property
	Minimum Value

	Thermal Conductivity	
	0.66 W/(m.K)

	Thermal Expansion (Linear)
	1 x 10-5 K-1

	Barcol Hardness
	25

	Heat Deflection Temperature
	50ºC

	Volume Resistivity
	1014 ohm.cm at 25ºC

	Dielectric Constant
	3.28

	Power Factor
	0.015


Cables must run vertically up columns and other vertical concrete components within a cable slot and cables must be backfilled to ensure a minimum cover over the cables of 25 mm.
All items including cables and titanium strips must be embedded in locations where components are out of reach of potential damage or vandalism.
[bookmark: _Toc42764456]Backfilling of Core Holes and Slots
Internal anode core holes, anode slots, connections and cable slots must be backfilled with a single component proprietary cementitious mortar in accordance with ATS 5340. The backfill mortar must be compatible for use with cathodic protection, acid resistant, and of proven suitability and durability. Unless specified otherwise, the compressive strength must be greater than 23 MPa at 28 days and the electrical resistivity must be less than 15,000 Ω.cm.
	WITNESS POINT 2

	Process 
	Backfilling of core holes and slots.

	Notification
	At least one working day (not less than 24 hours) prior to the backfilling of each anode.


The Contractor must provide a procedure/work method statement detailing the intended method of ensuring the cementitious backfill grout fully encapsulates the anode material, connections and cable within the core holes and slots, including quality control testing in accordance with the requirements of ATS 5340. The general backfilling procedure must be as follows:
1. Ensure the core holes and slots are clean and free from all debris that may obstruct the anode insertion and in saturated surface dry condition. The slot surface must be roughened prior to installing the anode material.
Pre-soak the anode material in grout slurry and work the slurry into all parts of the anode geometry.
Prime the slot using the slurry of the proprietary cementitious mortar in accordance with the manufacturer’s instructions.
Mix the grout to a putty consistency in accordance with the manufacturer’s instructions.
For core holes pack grout in the base of the hole and insert the anode to ensure a minimum 25 mm cover between the end of the anode and the concrete surface. The anode to cable connection must be in this area. For slots pack grout in the base of the slot and insert the anode material to ensure a minimum 15 mm cover between the anode material and the concrete surface.
Further grout must be placed around the anode and worked in with a suitable tool to ensure penetration of grout down the sides of the hole or the sides of the slot. An 8 mm wide packing tool may be used to ensure the anode material does not lift in the slot.
The MMO/Ti anode material must not be allowed to exit the hole or slot for any connections. Only the titanium strip may exit the concrete or grout where necessary.
The grout must be trowel finished to match the existing concrete surface and cured with two coats of an approved curing compound in accordance with the requirements of AS 3799.
The Quality Plan must include test method statements detailing the intended testing to ensure that total isolation is achieved between the anode materials and the reinforcing steel in accordance with the requirements of AS 2832.5.
[bookmark: _Toc42764457]Cementitious Overlay to Titanium Anode Mesh
[bookmark: _Ref35338292]The titanium anode mesh and prepared concrete substrate must be overlayed with a single component proprietary spray applied cementitious mortar using the wet or dry sprayed concrete process in accordance with the requirements of ATS 5340.
	WITNESS POINT 3

	Process 
	Application of cementitious overlay 

	Notification
	At least one working day (not less than 24 hours) prior to the application of cementitious overlay.


The spray applied cementitious mortar must be compatible for use with cathodic protection, acid resistant, and of proven suitability and durability. Unless specified otherwise, the electrical resistivity must be less than 15,000 Ω.cm. Details of the system must be included in the Quality Plan, which must include quality control testing in accordance with the requirements of ATS 5340. 
[bookmark: _Hlk17110973]The Contractor must provide a procedure/work method statement detailing the intended method of ensuring the spray applied cementitious material fully encapsulates the anode mesh attached to the concrete substrate. This may require the use of cable mounts elevating the mesh approximately 10 mm from the substrate surface, along with non-metallic shear pins installed in place of the cable mounts in every other point both ways. The concrete substrate must be prepared in accordance with the requirements of ATS 5340.
The outer edge of the titanium anode mesh must be continuously covered with a minimum 15 mm of spray applied cementitious overlay. The titanium anode mesh must not be allowed to exit the spray applied cementitious overlay for any connections. Only the titanium strip must exit the concrete or spray applied cementitious material where necessary.
The spray applied cementitious mortar overlay must be trowel finished to match the existing concrete surface and cured with two coats of an approved curing compound in accordance with the requirements of AS 3799. Curing compounds must be removed prior to the application of any protective or decorative coatings in accordance with the requirements of ATS 5343, unless documented evidence is provided that the applied curing compound is compatible with any proposed coatings.
Immediately after placing and for 7 days, the concrete repair material must be protected from drying out and against the harmful effects of tidal actions and weather including rain and rapid temperature changes.
The Contractor must provide test method statements detailing the intended testing to ensure that isolation is achieved between the anode materials and the reinforcing steel.
[bookmark: _Toc42764458]Transformer/Rectifier (T/R)
The transformer/rectifier unit and control panels must comply with the requirements of AS 2832.5.
The power supply, control and monitoring unit must be primarily operated on site manually with provision for remote monitoring and if specified, remote control.
Any electrical equipment, such as the transformer/rectifiers and control panels must be housed in powder coated mild steel, lockable and weatherproof cubicles with a rating of IP 65 and positioned in secure and accessible locations.
[bookmark: _Toc42764459]Installation
The installation of the CP System must take into account:
1. the manufacturer’s recommendations for the use of any particular equipment or material; 
the performance of the specified system performance over its design life (which may include double redundancy systems); and
the environment in which it is installed.
The Contractor is responsible for the provision of all AC power requirements at the required locations for the operation and monitoring of the CP System including the required application to the relevant power authority.
The Contractor must identify by means of method statements, the activities involved in the installation of the CP System and the requirements for access to each particular section of the structure for the application of the various materials and components.
The Contractor must identify any special equipment used during installation and must ensure that the use of the equipment is in accordance with the applicable Work Health and Safety regulations.
The Contractor must:
1. identify any infrastructure attached to the reinforced concrete structure and/or its contact that may be affected by the CP System;
ensure that the CP System will not create any adverse effect upon other infrastructure by creating stray current or interference; and
obtain approval from any regulatory authority which has jurisdiction in regard to electrolysis.
[bookmark: _Toc29396620][bookmark: _Toc42764460]Commissioning the System 
[bookmark: _Toc42764461]General
Commissioning must be carried out in accordance with the requirements of AS 2832.5. Prior to energising the system, tests must be undertaken to ensure that all measurements, power and bonding circuits are correctly wired, connected and labelled, to provide the expected resistances.
[bookmark: _Hlk17111348]The Contractor must then carry out the necessary commissioning procedures including necessary adjustments, to demonstrate stability of the system and that the various protection criteria described in this Specification have been achieved.
Full cathodic protection against the aggressive action of chloride ions, must be achieved within 26 weeks of the date of first energising the CP System.
[bookmark: _Toc42764462]Commissioning Report
[bookmark: _Ref17205399]The Contractor must:
1. maintain complete detailed records of all testing and inspection undertaken during the installation of the CP System and compile these records into a Commissioning Report in accordance with AS 2832 Clause 8.2;
within 4 weeks of the date of first energising the CP System, demonstrate that full protection of the steel reinforcement in accordance with this Specification has been achieved; and
as a condition precedent for Practical Completion/Completion, provide an electronic copy (in pdf format) of the Commissioning Report.
Subject to the Contractor having met all the specified requirements for the design, installation and commissioning of the CP System, the date of submission of the Commissioning Report is the “Commissioning Acceptance Date”.
[bookmark: _Toc29396621][bookmark: _Toc42764463][bookmark: _Hlk22236478]Monitoring and Maintenance Manual 
[bookmark: _Ref17205528][bookmark: _Hlk17111959]Within 4 weeks of the date of first energising the CP System, the Contractor must provide to the Principal an electronic copy (in pdf format) of a comprehensive Monitoring and Maintenance Manual which must contain all information necessary for the Principal to operate the system.
The Monitoring and Maintenance Manual must include the documents specified in AS 5100.8 Appendix B13.
[bookmark: _Toc29396622][bookmark: _Toc42764464]Operation and Maintenance
The Contractor must monitor and maintain the CP System for 2 years from the Commissioning Acceptance Date in accordance with Section 9 of AS 2832.5.
[bookmark: _Ref26533454]During this period, the Contractor must:
1. [bookmark: _Hlk17106838]undertake any maintenance, remedial work or modifications necessary to ensure that the system is performing in accordance with this Specification; 
advise the Principal at least 7 days before carrying out any maintenance, remedial work or modifications; and
provide a System Review Report which is presented on a per element basis and not as a summary of results from reference electrodes so that the element condition can be translated into the Principal's asset information system. The report must also include historical data presented graphically to show the potential and current trends. The raw database must be made available exported into MS Excel for trend interrogation later.
[bookmark: _Toc26182495][bookmark: _Toc42764465]Annexure A:	Summary of Hold Points, Witness Points and Records
The following is a summary of the Witness Points/Hold Points that apply to this specification and the Records that the Contractor must submit to the Principal to demonstrate compliance with this specification.
	Clause
	Hold point
	Witness point
	Record

	4.1
	Commencement of system installation.
	
	Quality Plan

	9.3
	Commencement of installation of the CP System.
	
	Design drawings/documentation and independent certification

	10.1
	
	Installation of anode
	

	10.9
	
	Backfilling of core holes and slots
	

	10.26
	
	Application of cementitious overlay
	

	11.4
	
	
	Commissioning Report

	12.1
	
	
	Monitoring and Maintenance Manual

	13.2
	
	
	System Review Report



Amendment Record
	Amendment no.
	Clauses amended
	Action
	Date

	-
	New specification
	New
	June 2020

	
	
	
	



	Key
	

	Format
	Change in format

	Substitution
	Old clause removed and replaced with new clause

	New
	Insertion of new clause

	Removed
	Old clauses removed
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