
GALVANIC CORROSION PROTECTION SYSTEM

 FOR PROTECTION OF PILES 
Note To Specifier:  This document is intended to provide assistance in developing a specification for the installation of Galvanode™ Jacket System and should be modified as appropriate to accommodate project-specific conditions.  For additional information, contact Vector Corrosion Technologies.

PART 1
GENERAL

1.1 DESCRIPTION 

A.
The work under this section consists of supplying, installing, and energizing a zinc-based galvanic corrosion protection system, including required electrical connections, materials, testing, and ensuring continuity of the reinforcing steel to all elements as outlined in the construction drawings.

1.2 REFERENCES

A.
ACI 222R Protection of Metals in Concrete Against Corrosion 

B.
ASTM B6 Standard Specification for Zinc

C.
ASTM B69 Standard Specification for Rolled Zinc

D.
ASTM B418 Standard Specification for Cast and Wrought Galvanic Zinc Anodes
E.
SSPC-10 Near-White Blast Cleaning

1.3
BID QUANTITY

Base bids on the quantity, dimensions, length, weight and information in this specification and shown on the drawings.

1.4
SUBMITTALS

Shop drawings showing typical galvanic corrosion protection pile system installation details, such as anode installation locations and reinforcing connections shall be prepared by the Contractor and submitted for approval prior to any field installations.

PART 2
PRODUCTS

2.1
Galvanode Jacket

The Galvanode Jacket system is a galvanic encasement that provides corrosion mitigation for piles subject to corrosive conditions.  The system consists of distributed expanded zinc mesh galvanic anode units placed around the pile surface with a stay-in-place FRP form to provide splash zone protection and a bulk zinc anode to provide protection to submerged pile sections.  The galvanic protection shall be Galvanode Jacket system supplied by Vector Corrosion Technologies, [Tampa, FL (813) 830-7566,] [Winnipeg, MB, (204) 489-6300,] www.vector-corrosion.com.  

Zinc mesh anodes shall conform to ASTM B69.
Additionally, the zinc mesh shall have the following nominal physical properties:

Electrical conductivity 

28% IACS

Solid zinc density 

0.259 lb/in2
Weight of expanded mesh 
1.6 lb/ft2.

The zinc mesh shall also conform to the following nominal geometry to allow for proper mortar encapsulation.

0.500 in. Hex pattern

The stay-in-place FRP forms shall provide a minimum of 2 in. annular space around the existing pile and shall be of sufficient length to encase a pile elevation from at least 2 in. below mean low water extending up to an elevation such that the galvanic jacket encases the entire area to be protected.  The FRP forms shall be a minimum of 1/8 in. in thickness.  Individual FRP sections shall be provided with tongue-and-groove joints that are sealed with 100% epoxy and self-tapping stainless screws during field installation.  Pumping ports shall be provided if the jackets are not filled from the top using the tremie method.
Bulk zinc anodes shall be 48-lb. each with a steel strap core and meet ASTM B418 Type I.  Bulk zinc anodes shall be supplied with No. 6 AWG stranded copper wire with HMWPE insulation brazed to a 3/8 in. diameter steel bar welded to the steel strap core. The entire connection shall be encased in a 1 ¼ in. diameter PVC pile filled with epoxy. The anodes shall be provided by the galvanic jacket supplier with all attachments, electrical connections, junction box and sufficient wire required for field installation without splicing.  
2.2 MORTAR
Mortar mixture shall be of sufficient consistency to encapsulate the anodes without voids or segregation.  Mortar shall have electrical resistivity of less than 15,000 ohm-cm.  Mixtures that contain pozzolanic materials such as silica fume, ground-granulated blast-furnace slag, or fly ash will reduce the electrical conductivity of the concrete and may not be suitable for use. 

PART 3 – EXECUTION

3.0
GENERAL DESCRIPTION

The galvanic corrosion protection shall consist of expanded zinc mesh placed around the pile surface and a bulk zinc anode placed onto the bare pile surface below the area to be encapsulated.  After the FRP form is then placed around the distributed mesh anode units and secured, mortar is pumped from the bottom up by tremie or form and pump methods assuring that the anodes are full encapsulated.  
3.1
MANUFACTURER TECHNICAL ASSISTANCE

A.
The contractor will enlist and pay for the services of a NACE-qualified corrosion technician employed by the galvanic jacket supplier to provide training and on-site technical assistance during the installation of the galvanic pile protection system. The qualified corrosion technician shall have verifiable experience in the installation and testing of embedded galvanic protection systems for reinforced concrete structures.  
B.
The contractor shall coordinate its work with the designated corrosion technician to allow for site support during project startup and initial anode installation.  The technician shall provide contractor training and support for development of application procedures, shop drawings for submittals, anode and concrete installation, reinforcing steel connection procedures, and verification of electrical continuity of embedded steel.  

3.2  
SURFACE PREPARATION

Pile shall be sounded to detect concrete delaminations.  All spalled and delaminated concrete should be removed until solid concrete is encountered.  Exposed reinforcing steel and concrete should be cleaned by abrasive blasting or other means to remove all marine growth, corrosion by-products and other materials that may inhibit bonding of the concrete overlay.   Reinforcing steel that has greater than 20% [   ] section loss shall have supplemental reinforcing installed at the engineers direction. 
3.3 
REINFORCING STEEL CONNECTIONS

***********************************************************************************

Note to specifier:  This section describes the direct connection anode connection to the pile.  Galvanic systems that are to be set up for periodic monitoring should have all wiring for anodes and rebar connections run through PVC conduit to an electrical junction box which is placed above the jacket limits.  This setup can be detailed in the submitted shop drawings if required.
***********************************************************************************

A minimum of two electrical (negative) connections shall be established per pile on spiral or hoop ties.  The Contractor shall connect each anode unit to exposed reinforcing steel on each pile receiving corrosion protection using the integral lead wires.  Whenever possible, electrical connections should be located at repair areas above high tide where reinforcing spiral or hoop ties are exposed after removal of delaminated concrete.  If no exposed ties exist after preparation of the pile, a small area of concrete shall be removed to expose a tie.  

All reinforcing steel connections shall receive a coat of 100% solids, non-conductive epoxy such that no wire or brazing material will be in contact with the concrete when installation is complete.   The Contractor shall verify continuity between the connections and the ties prior to coating with epoxy.   All proposed electrical connection details shall be approved by the anode manufacturer and shall be detailed on the shop drawing submittal.  

3.4 
ELECTRICAL CONTINUITY

Pile reinforcing steel and supplemental reinforcing if necessary shall be tested for electrically continuity.  Maximum DC resistance shall be less than 1 ohm or maximum voltage of less than 1 mV.  Steel found to be discontinuous shall have continuity re-established by tying to other bars with steel tie wire and secured with a stainless steel hose clamp or other approved means.   
************************************************************************************
Note to Specifier:  It is generally assumed that the reinforcing in concrete piles is electrically continuous from the original construction.  If substantial work is required to establish electrical continuity, this is generally handled on a time and materials basis.

************************************************************************************

3.5
GALVANIC ANODES

Galvanic zinc mesh anode units shall be installed around the pile surface as per the drawings.  The anodes shall be secured using plastic ties and shall be installed such that the anode mesh is completely encapsulated within the cementitious mortar installed within the FRP jacket.  Install one bulk zinc anode to the pile exterior a minimum of 1 foot below mean low tide.   Run bulk zinc anode wiring inside the jacket to reinforcing steel connection.   
3.6
FRP Jacket

FRP Jackets that are to be pumped should have pumping ports installed into the side of the forms approximately 1 ft from the bottom.  Multiple ports may be required for jackets greater than 6 ft in height; if multiple ports are used they should be staggered on opposite sides of the jacket.  

Place the FPR jacket around pile and hold in place vertically with temporary bottom forms.  The bottom of the jacket shall be sealed with a compressible strip or other means to confine the mortar mix. The sealing strip shall be capable of resisting slight vibrations which may be required for consolidation of the mortar mix.  

Seal all jacket joints with 100% solids epoxy and stainless steel screws on 6 in. spacing.  Provide temporary formwork bracing or other means sufficient hold the jacket shape and to keep the jacket from shifting side to side during mortar placement.  
3.7
MORTAR PLACEMENT

Filling of the annulus between the pile and exterior form shall be completed in accordance with the anode manufacturer's instructions, the specifications and the plans.  Mortar can be pumped through the installed ports or tremied from the top assuring that no segregation or air voids exist after concrete placement.  Concrete placed through multiple ports on a single pile shall start from the bottom port and move to the next port after concrete rises to that level.  

After the concrete has sufficiently cured, all temporary form support and/or bracing shall be removed from the piles.  Fill the top of the jackets by hand with cement-based low resistance mortar to create a 45 degree chamfered edge.  
***END OF SPECIFICATION***
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