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Corrosion Energy Cycle
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hydroxides Cl, DI, WI
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Corrosion Mechanism

A Electrochemical Reaction
A Requires (A C M E)

A Anode i Section Loss or Rust
A Cathode - Protected

A Metal i Rebar, PT

A Electrolyte i Concrete
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Passivation and Corrosion

A Passivation = A protective layer that holds energy in, prevents steel from corroding
A Good quality concrete forms a protective passivation layer over the steel.

2 Main Disruptions to Passivation- Corrosion:
ACarbon Dioxide (CO,)
AChlorides (salts)
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«passive OX\de.Laye .

ANeeds Moisture i Follow the Water!

AResults in the passivation layer breaking down.




Relative Volumes

Relative Volume of Iron and Its Corrosion Products (Common Names)

Fe \m Insoluble, Vol = 1.0

0 1 2 3 4 5 6
Relative Volume (Fe = 1.0)
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Visual Inspection

A ldentify areas of visual damage
A Rust staining
A Cracking
A Spalls
A Exposed steel
A Water infiltration
A Efflorescence

A Note exposure conditions and other
observations

A ldentifies issues too late in the
deterioration process
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Delamination Survey

A ASTM D4580
A Hammer sounding
A Chain drag

A Locating areas where concrete sections have debonded
A Falling hazard. Has the potential to become a spall

Large Near surface Delamination

Extent of delamination beyond what
sounding can pick up

Corrosion is active but has not formed enough
iron oxide to create significant cracking
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Corrosion
Potential Survey

Voltmeter

Also known as Half-cell potential i
ASTM C876

Probability of active corrosion

Measures the potential difference
between the steel reinforcement and a
reference electrode to identify the
probably of active corrosion.
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Chloride Concentration

A Caused by chlorides breaking up
passive oxide layer

A Sources of chlorides:
A Marine Environments
A De-icing Salts (NaCl, CaCl,)
A Chemical Plant Environment
A Cast-in Chlorides

A Chlorides are never consumed
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Chloride Concentration Threshold

A Chloride concentration at reinforcement depth can identify if chloride is cause of corrosion i ASTM C1152

A Typically, chloride concentration is measured with relation to depth.
A Identify rate at which chloride is diffusing into concrete

A Cores | Powders

A Threshold
A 350 ppm | 0.035% by mass of concrete | 1.5 Ibs. per cubic yard of concrete

Avg. Cover Depth p!

1000 Corrosion Initiation Thresholdj
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A CO, diffusion into concrete- Reduces pH

A CO, reacts with free lime, Ca(OH),,
resulting in CaCO4 and H,O

Reduced pH de-passivates steel
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Often seen when
A Concrete permeability is high
A Industrial sites
A Very old structures i carbonation is a
result of time and exposure

A In a chloride environment, carbonation can
initiate corrosion at lower levels of chlorides

A Important to identify the cause of corrosion
for cathodic protection system design

Ure




arbonation -Induced Corrosion




| ocal Protection

Partial/Full Depth Concrete Repair- Corrosion Mitigation
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Concrete Patch Repairs
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Concrete Patch Repairs
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Concrete Patch Repairs




Concrete Patch Repairs
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Patch Accelerated Corrosion

/ Irle ntaminated Chloride-Free Patch
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Potential Difference Between Patch and .
Chloride Contaminated Concrete A > A
Results in Accelerated Corrosion A
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Patch Corrosi on nHal

Failed Concrete Next to Patch
Due to Patch Accelerated Corrosi




Cathodic Protection

ACathodic protection (CP) is a method of corrosion control through the
application of direct current to a metal under protection, forcing it to
become a cathode

AAnode is where rust occurs and the cathode is protected from section loss

ATwo main types of CP
AGalvanic
Almpressed current
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Galvanic Cathodic Protection

I itanium
Gold, platinum
. Graphite

{MOST NOBLE - CATHODIC LEAST NOBLE - ANODIC p




Make the Steel Cathode - Install Sacrificial Anode
Concept of Dissimilar Metals

7/ I riee %}5/7(7474// CHIoride -Free Patch
asomy.




How to Prevent
Patch Accelerated Corrosion?

Type 1 Anodes (Concrete Repairs)
A Type A: Alkali Activated (High pH)
A Type H: Halide Activated (Chlorides/Bromides)









Distributed Galvanic Anodes

Distributed anode units are pre-
manufactured

A Zinc around a steel core
Alntegral connections

node size and spacing: based on
steel-to-concrete surface area ratio
and service life




I-75 Slab Bridge Abutments Ohio DOT
Abutment Conditions, 2005




Galvanic Encasement of Slab
Bridge Abutment Utilizing Distributed Galvanic Anodes

Replace Joint Seal

% Approach Slab Existing Bridge Deck %

JIEI
= —1 e
SllI=l) e sle g« + 6-in SCC Facing

[[E= = = DAS Anodes

#5 @ 18" OCEW ECR

#5 ECR Dowels
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Galvanic Encasement of Slab
Bridge Abutment Utilizing Distributed Galvanic Anodes




