Re-alkalization of Carbonated Concrete

Note To Specifier:  This document is intended to provide assistance in developing a specification for the electrochemical re-alkalization process and should be modified as appropriate to accommodate project specific conditions and requirements.  For additional information, contact Vector Corrosion Technologies.

SECTION 03700 – RE-ALKALIZATION

PART 1 
GENERAL

1.01
Related Documents

A.
Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

1.02
Summary

A.
This Section includes furnishing all labor, tools, materials, equipment and services necessary to properly electrochemically realkalize all exposed concrete surface areas as detailed on the project drawings.

B.
Norcure re-alkalization is a treatment that restores the alkalinity of carbonated concrete and reestablishes the passivity of steel reinforcement.  Re-alkalization is carried out by temporarily applying an electric field between the reinforcement in the concrete and an externally mounted anode mesh.  When the process is complete, the pH of the concrete in the vicinity of the reinforcing steel is greater than 10, which is sufficient to provide lasting protection.

1.03
Contractor and System Qualification

A.
Contractor Qualification:  Contractors completing this portion of the work must have completed at least three successful re-alkalization projects in North America.

B. System Qualification:  The electrochemical re-alkalization process used shall have a documented performance history of at least ten years.

C. References verifying contractor and system qualification shall be submitted with the bid.

D. Workman's Qualification:  All work must be completed under the direct supervision of a trained technician.  The technician shall have satisfactorily completed a program of instruction in the methods of rehabilitating concrete structures utilizing the electrochemical realkalization process indicated.  The curriculum shall include theory on the nature and causes of corrosion in reinforced concrete structures, testing of concrete structures, installation, operation, and maintenance of an electrochemical re-alkalization system, including troubleshooting, and the evaluation of results.

1.03 References

A.
ACI/ICRI 1999 Concrete Repair Manual

B.
ICRI Guideline No. 03730 - Guide for Surface Preparation for the Repair of Deteriorated Concrete Resulting from Reinforcing Steel Corrosion

C. ASTM A615/A615M-00 - Standard Specification for Deformed and Plain Billet-Steel Bar for Concrete Reinforcement

PART 2
PRODUCTS

2.01 MATERIALS

A. Anode System:  The anode system consists of an anode mesh embedded in an electrolyte reservoir on the concrete surface.  The anode mesh shall be steel or titanium and shall have sufficient capacity to complete the treatment.  The electrolyte reservoir shall be NCT 2000 cellulose fiber or equal. 

B.
Electrolyte:  The alkaline electrolyte used shall be 1 molar potassium carbonate solution.  Water shall be provided on site by the owner.

C.
AC Power Supply:  AC power (220V) will be provided by the owner to a location near the work site at no cost to the contractor.

D.
Repair mortars, concrete and bonding agents shall be portland cement-based materials with suitable electrical conductivity.  No polymer mortars or bonding agents shall be used.

E.
Deformed bars for reinforcement shall be hot-rolled steel in accordance with ASTM A615/A615M-00, Grade 60 (Grade 400).
F.
Deliver, store, and handle all materials in accordance with manufacturer’s instructions.

2.02 Equipment

A.
AC/DC Rectifiers:  AC/DC rectifiers shall be provided in sufficient numbers to complete the project in a timely manner as outlined in the project schedule.  Each rectifier shall have a current capacity of 150 Amps and shall be limited to a maximum output of approximately 40 Volts DC.  The output of the rectifier shall be fully variable within the operating range.  Rectifiers shall have a maximum ripple of 2 Volts within the operating range.
PART 3
EXECUTION

3.01 Concrete Removal

A. Remove loose or delaminated concrete.

B. Undercut all exposed reinforcing by removing concrete from the full circumference of the steel.  The clearance between the concrete substrate and reinforcing steel shall be ¾ inch (19 mm) or ¼ inch (6 mm) larger than the top size aggregate in the repair material, whichever is greater.

3.02 Cleaning and Repair of Reinforcing Steel

A.
Clean exposed reinforcing steel of rust, mortar, etc. to provide sufficient mechanical bond.

B.
If significant reduction in the cross section of the reinforcing steel has occurred, replace or install supplemental reinforcement as directed by the Engineer.

C. Secure loose reinforcing steel by tying tightly to other bars with steel tie wire.

3.03 Edge and Surface Conditioning of Concrete

A. Concrete patches shall be square or rectangular in shape with squared corners.

B. Sawcut the patch boundary 0.5 inch deep or less if required to avoid cutting reinforcing steel.

C. Create a clean, sound substrate by removing bond-inhibiting materials from the concrete substrate by high pressure water blasting or abrasive blasting.

3.04 Concrete Replacement

A. Complete the repair following normal concrete repair procedures using a suitable cement-based mortar.

3.05 Confirmation of Concrete Cover

A.
Contractor shall perform a concrete cover survey.  In locations of insufficient cover (less than 10 mm), a cement based topping or coating shall be applied to increase the electrical resistance between the anode and the reinforcing steel.  Any tie wires, nails, or other metal components which may produce a short circuit shall be removed, insulated, or cut back at least 10 mm below the surface and then patched.

3.06 Concrete Crack Repair

A.
Cracks shall be located and repaired with a suitable portland cement based grout or caulking if deemed to interfere with the re-alkalization process.

3.07 Surface Preparation
A.
The surface of the concrete shall be clean and free of barrier type coatings that will interfere with the performance of the system.  If applicable, coatings which act as a barrier to re-alkalization shall be removed by the contractor completing the concrete repair prior to re-alkalization.

3.08 Re-alkalization System Installation

A.
Pre-treatment sampling and testing

1. A maximum of one test location per 1,000 sq. ft. of concrete surface area as determined by the engineer shall be documented and marked.  

2. Concrete samples shall be taken at these locations and the pH of the concrete shall be tested using phenolphthalein pH indicator to determine the depth of carbonation.

B.
Rebar Connections and Continuity

1. One rebar connection shall be installed for every 500 square feet of concrete surface area.  A minimum of two rebar connections shall be made on each zone or element.

2. The contractor is responsible for investigating the continuity of the reinforcement in all sections of the area to be treated.  Electrical continuity of the reinforcing steel shall be confirmed with a multi-meter.  Maximum resistance between two connections within the same zone shall be 10 ohms.  If the continuity of the reinforcement is measured to be problematic or uncertain, the contractor shall notify the Engineer immediately prior to proceeding further.

C.
Anode Mesh and Conductive Media

1. Attach wooden battens to concrete surface using plastic anchors.  The anode mesh is attached to the wooden battens using non-conductive ties.

2. Conductive media shall be sprayed-on cellulose fiber saturated with the alkaline solution.

D.
Application of the Electric Field

1. The leads from the rebars and anode mesh are connected to the negative and positive poles of the AC/DC rectifier respectively.

2. Prior to energizing, tests shall be performed to ensure power and distribution circuits are correctly wired, connected, labeled, and where appropriate have the expected resistances.

3. After the system is energized, the power supply is adjusted in constant voltage mode to provide a current density of approximately 0.1 Amps per square foot of concrete surface area.  Current and voltage of the anode system shall be controlled and adjusted as necessary throughout the treatment.  The applied current shall not exceed 0.2 Amps per square foot of concrete surface area or 0.5 Amps per square foot of steel surface area.

4. An AC/DC rectifier with a maximum output voltage of 40 Volts DC shall be used to positively polarize the anode. The applied voltage shall be fully variable within the range of 0 to 40 Volts.

5. While the electric field is applied, the conductive media shall be kept moist by rewetting with electrolyte as necessary.

E.
Post-treatment Sampling and Testing

1. Concrete samples shall be taken in the vicinity of the reinforcing steel near the previously tested locations to confirm the degree of re-alkalization achieved.  Samples shall be taken and re-alkalization shall be confirmed in the presence of the Engineer prior to removal of the anode system

2. The concrete surface shall be exposed, core samples shall be taken, split lengthwise and the depth of re-alkalization confirmed using phenolphthalein pH indicator.

F.
Dismantling

1. Once sufficient re-alkalization is achieved, all leads are disconnected and the anode mesh and conductive media are removed and the surface cleaned with a dry brush.

2. Repair cavities and test core sites as required.

3. Allow the realkalized concrete to dry.  Excess potassium carbonate will crystallize on the surface and may be removed by brushing or mechanical means.  Surface preparation for subsequent coatings to be applied shall be performed using dry methods.

G.
Documentation and Reports

1. Upon completion of the work the contractor shall summarize all test data recorded and prepare a summary report for the Engineer.

H.
Acceptance Criteria

1. The re-alkalization work in each section shall be accepted when one of the following conditions exist:

a. Concrete samples taken in the vicinity of the reinforcing steel in the test locations are tested using phenolphthalein pH indicator and confirm re-alkalization has been achieved, or
b. The half-cell corrosion potential (versus Cu-CuSO4) after treatment and sufficient time for depolarization shall not be more negative than -250mV.
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