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Presentation Agenda

• Corrosion Protection Strategies

• Why is this Important?



SHRP2 R19A



Presenter Notes
Presentation Notes
The average bridge deck in the US is replaced at 35 years old.



Presenter Notes
Presentation Notes
There are examples around the world where structures have been built and lasted a very long time.  The Alcántara Bridge is a Roman stone arch bridge with pozzolanic cement mortar built over the Tagus River at Alcántara, in Extremadura, Spain, between 104 and 106 AD. (1900+ years old)



Presenter Notes
Presentation Notes
The Zhaozhou (Anji) Bridge near Beijing was built during the Chinese Sui Dynasty (595 to 605 AD) (1400+ years old). It is the world's oldest fully-stone, open-spandrel, segmental arch bridge.  Predates the Great Wall.



Why is this Important?

• Construction is the single largest consumer of 
resources and raw materials

• Construction consumes almost 50% of all raw 
materials

• Construction and demolition generate about 
40% of all solid waste

Presenter Notes
Presentation Notes
According to the World Economic Forum



Why is this Important?

• Concrete is the most widely used man-made 
product in the world

• 6 Billion tons per year (3 Billion yd3)
• Huge consumer of raw materials and energy

– Cement, Aggregate and Concrete Production
– Steel production is also energy intensive



Responsible Use of Concrete

• Despite the environmental impact, concrete is 
one of the most environmentally friendly 
materials available if we build structures to 
last or extend the life of existing structures.



Corrosion Prevention Strategies

• For New Structures:
• Design with Service Life in Mind
• Prevent Corrosion from Initiating

– Design Structures which are Immune to 
Corrosion

– Keep Water and Salt Away from 
Reinforcing Steel



Presenter Notes
Presentation Notes
Trans-Canada Highway Bridge in Winnipeg. 6 lanes wide. 8 span bridge (1200 ft long)Over 150 miles of GFRP rebar.  No steel in deck or parapet walls.



Presenter Notes
Presentation Notes
Two bridges on the Alaska Highway.  Trout River bridges.  Over 10 years old in severe environment.



Confederation Bridge

100 Year Design Life

Presenter Notes
Presentation Notes
100 year design life.  Conventional reinforcing steel, constructed with HPC and good cover.  Chlorides are penetrating slower than design assumption.  Service life should more than 100 years.  Built in the 1990’s.  Opened May 1997.  20 years ago.



Corrosion Prevention Strategies

• For Existing Structures:
– Evaluation is Key
– Have sufficient chlorides to cause 

corrosion penetrated or not?
• If Chlorides Have Not Penetrated

– Do what you can to keep them out
• If Chlorides Have Penetrated

– Can keep more chlorides out but probably 
need to do something more

Presenter Notes
Presentation Notes
If No Chlorides: Protect with sealers, overlays or coatings (if this can achieve desired life). Eliminating source not practical.If Chlorides: Can Protect (this may slow corrosion and buy some time but corrosion will continue).  If long service life is desired: Some type of active protection is likely required.



Corrosion Prevention Strategies

• Chloride Contaminated Existing Structures
– Some type of active protection is generally 

required to achieve long service life
• Impressed Current Cathodic Protection
• Electrochemical Treatment
• Galvanic Protection
• Fusion Systems

Presenter Notes
Presentation Notes
If Chlorides: Can Protect (this may slow corrosion and buy some time but corrosion will continue).  If long service life is desired: Some type of active protection is likely required.Electrochemical techniques can effectively extend the service life of chloride contaminated structures.





Impressed Current 
Cathodic Protection (ICCP)

http://www.icri.org/


Presenter Notes
Presentation Notes
ICCP systems are technically very good but they require a power supply and on-going maintenance and monitoring.  For this reason, most DOT’s have moved away from ICCP except is special circumstances (where required / justified) 



Electrochemical Chloride 
Extraction (ECE)

Presenter Notes
Presentation Notes
ECE is the most common type of Electrochemical Treatment.  Other is Re-Alkalization.ECE is an impressed current system which is installed and operated for a short period of time.  Once the steel is repassivated the system is removed.  Coatings or overlays may be required to keep chlorides from remigrating to the steel.

http://www.icri.org/


Electrochemical Chloride 
Extraction (ECE)

Presenter Notes
Presentation Notes
First commercial ECE projects in the US were completed in Virginia including this substructure on I-64 in Charlottesville, VA. 

http://www.icri.org/


Galvanic Cathodic Protection (GCP)

http://www.icri.org/


Discrete Galvanic Anodes

http://www.icri.org/


ACI Vision 2020



Galvanic Jackets

Presenter Notes
Presentation Notes
Galvanic Jackets can be very effective at repairing and protecting pilings and other elements in marine environments.

http://www.icri.org/


Presenter Notes
Presentation Notes
Galvanic Encasements can allow severely corroding structures to be repaired and protected without the need for a stay-in-place form.



Fusion Systems

• Combine the Benefits of Impressed 
Current, Electrochemical Treatments 
and Galvanic Protection

1.Self-Powered Impressed Current to 
Passivate Actively Corroding Steel

2.Galvanic Protection to Maintain 
Passivity



Fusion Systems



Fusion Systems

Presenter Notes
Presentation Notes
Fusion systems can be installed in drilled holes in chloride-contaminated concrete or they can be installed in overbuilds or jackets.  As with any galvanic or modular system, there is no need to apply the system to the entire structure.  Protection can be targeted in the specific areas where there is significant corrosion risk.



Concluding Remarks

• There are many good reasons to design 
and build more durable bridges

• It is economically, socially and 
environmentally beneficial to invest our 
resources in maintaining our existing 
infrastructure instead of demolishing 
and rebuilding what we already have



Presenter Notes
Presentation Notes
Hopefully this presentation has given you something to reflect on



Presenter Notes
Presentation Notes
So the next time you see something like this,



Presenter Notes
Presentation Notes
Or this……  You will think about how it can be maintained and keep it in service.  Until, someday



Oldest Concrete Building

• Pantheon

Presenter Notes
Presentation Notes
We will accept that it is OK to be old and there are many good reasons to keep old things around.Pantheon, Rome, Italy.Commissioned between 27BC and 14ADCompleted around 126 AD



Thank You for Your Time 
and Attention

We Save Structures

Presenter Notes
Presentation Notes
Thank you for your time and attention!  Together we can save structures. 







Summary

• PT tendons are susceptible to corrosion
• Evaluation techniques can determine the 

cause and extent of the problem
• Corrosion mitigation techniques are 

available protect PT tendons in new and 
existing structures from corrosion
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