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Corrosion Mitigation Solutions

+ » Galvanic Protection
~ Systems

J * Electrochemical
) Treatments

» Cable Impregnation
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Corrosion Basics
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Causes of Corrosion

 Chlorides
e Carbonation
 Dissimilar Metals

Results Iin the Destruction of the
Steel’s Passive Oxide Layer
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Why Does This Occur?

Corrosion Potential for Steel in Concrete

Metal Voltage

Steel in Chloride-Free

Concrete 0 to -200 mV

Steel in Chloride-

Contaminated Concrete -390 10 -500 mV

*Typical potentials measured with respect to copper-
copper sulfate electrode
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“Chip and Patch” Repair Method
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Galvanic Corrosion
Protection Systems



raahbobaabhbbbbaabababbababal

Galvanic Protection Systems

 Two different metals are connected In

same electrolyte (concrete) .
« More “active” metal = anode iFJc
* More “noble” metal = cathode ‘

* Anode corrodes to protect cathode

* Natural reaction
— no external power required

« Safe for prestressed concrete
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Potentials and Current Flow

Partial Galvanic Series

e_

electronic \

Metal Voltage
Zinc -1100 mV
Steel in -200 mV to -

concrete 500 mV

electrode

*Typical potentials measured with
respect to copper-copper sulfate
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Zinc Steel




Embedded Galvanic Anodes for
Corrosion Prevention
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Patch Accelerated Corrosion

/ ovide Contamiy Chloride-Free Patch
Zoncrete
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Installed Galvanic Anode
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Installation of Galvanic Anodes




Anode Installation
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Anode Installation







Anode Installation

Testing anode connectlon to relnforcmg steel.
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Anode Installation
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Joints and
Interfaces
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Old Chloride New Chloride-Free
Contaminated Concrete A Concrete Extension

Surrounding Anode Galvanically Protects.
Rebar is Protected Adjacent Rebar -




Bridge Widening
Port Mann Bridge, Vancouver, British Columbia




Embedded Galvanic Anodes for
Corrosion Control
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Anode Galvanically Protects
Surrounding Rebar




Steel connection next.to pre-drilled
2” diameter hole

Anode

Anode/Steel
Connector

Steel
Connection

o * 2” Diameter
Hole
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Predrilled Holes for CC Installation

Parking Garage Deck




Galvanic Anodes In Prestressed
Box Girder

Anodes in
Prestressed e Drilled Holes
Strands
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Galvanic Anodes In Prestressed

Box Girder
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Galvanic Anodes In Prestressed
Box Girder
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Galvanic Anodes In Prestressed
B

ox Girder
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Galvanic Anodes In Prestressed
X Girder
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Point Anodes
VS.
Distributed Anodes



Point Anodes Protection

/ Concrete Repair
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Existing Chloride
Contaminated Concrete
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Distributed Anodes Protection

— Concrete | [ Distributed _
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 Distributed anode units
are pre-manufactured #
— Zinc around a steel core . et HEGES. 11 TRES |

— Integral connections | T R |

. Anode size and spacing: £
based on steel-to- :

concrete surfa_lce area
ratio and service life
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Applications

* Deck Overlays

* Abutment Encasements
 Column & Beam Encasements
 |nterface Protection

* And more!
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On Many Slab Bridges...

« Slabs are in good condition

« Deterioration at abutment around the key way
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Typical Slab Bridge Abutment
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Abutment Repalir Detall With
Galvanic Protection

Replace Joint Seal

>

% Approach Slab Existing Bridge Deck .
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> Galvanic Strip Anodes
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Other Distributed Anode
System Applications



Galvanic Strips In 8
Bridge Deck Overlays
Lake County, OH
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Bridge Column Repair Bridge Pier Cap Repair with
with Reinforced Concrete Galvanic Anode Strip
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Galvanic Anodes for Corrosion Prevention
In New Construction

Galvashield N
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“Distributed” Protection
with Activated Arc

Sprayed Thermal Zinc

tal
di
.
0
J
N
.
N
W
J
3
J
N
Q{
¥



raahbobaabhbbbbaabababbababal

Electrochemical Treatments

* Chloride Extraction (ECE)

« Re-alkalization
 Lithium Impregnation (ASR Treatment)



Electrochemical Chloride Extraction (ECE)
From Salt Contaminated Concrete

Temporary  Conductive
Media

‘1 Anode
f DC Power ‘ /

Source ==

Concrete

Reinforcement V2. cornosion
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Electrochemical Chloride Extraction (ECE)
From Salt Contaminated Concrete

Temporary  Conductive

—Currentpaths
Anode

/ Media
DC Power

Source ==

Reinforcement

Concrete
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Electrochemical Chloride Extraction (ECE)
From Salt Contaminated Concrete

Temporary  Conductive

—Currentpaths
Anode

3 / Media
. DC Power

Source ==
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. DC Power

Electrochemical Chloride Extraction (ECE)
From Salt Contaminated Concrete

Temporary  Conductive

—Currentpaths
Anode

/ Media

Source ==

Concrete

Reinforcement V2. cornosion
~z7orR TECHNOLOGI!
vw.vector-corrosion.cc



ECE Treatment Process
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ECE Treatment Process
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Installation Complete
Ready to Start Treatment
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Several Piers Wrapped and Undergomg ECE Treatment
Omaha, Nebraska
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Cleaned and Sealed



1S
Q
o
c
ke
®
[e]
=
o]
o
&
L
3]
o
2z
2
2
s

ldaho

dge-

INbow Br

Ra

1 s e s s et e et e s s s e e s s s e s e i



Problem: Corrosion or Grout related issues

Example: Bleed water issues within duct
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Cable Impregnation
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Cable Impregnation

Grout
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Cable Impregnation

XX

" Post- Teqs'ion " -

¢able o By _‘:"A_.A

. .:‘ 4 ,!«-" ‘.!‘.j"".. u“ " - . ,“. i g - :
.y 1T ' i e 3 :

e h r o

Grout Impregnated Grout

v

VEU I UK
~ CORROSION
z7oR TECH NOLOGII

vw.vector:



ahahbababaas

r

L4

. i e st

/

Cable Impregnation
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Impregnation Pattern
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Corrosion Testing of Impregnation
Material on Exposed Steel
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Questions
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Leister Bridge Cross Beam

— Completed in 1999
— Monitored for 10 years
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10 Year Monitoring - Current
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Current Density
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« Cathodic Prevention
— European Standard EN 12696
— Current Density 0.2-2mA/m?
— No polarization criteria

 Leister Bridge
— Ranged 0.6 mA/m? and 3.0 mA/m?

— QOverall mean of around 1.4 mA/m?
V/ co oso
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Approximate Zinc Consumption
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« Calculated based on current output and 85% utilization
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Forensic Analysis after 10 yrs
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