Cathodic Protection

Without it, the question is “When will my balcony fall off?”

By Forrest Daniell

(Published in an issue of Condo Owner Magazine)

A frightening issue common to all concrete frame condominium structures is corrosion.  As the steel reinforcing in the concrete corrodes, it expands, causing the concrete to crack and eventually fall off in chunks, otherwise known as spalling.  If left untreated, this inherent balcony problem will eventually lead to structural failure.

What can be done about this problem, and what is the timeline for corrosion activity on a typical condominium?

Most condominium associations do not know that anything can be done to prevent this problem, so they take the following approach.  They do nothing about it, until somewhere between 10 and 20 years after the building was completed, they see the dreaded spalling.  Initially, these unsightly blemishes on the balcony get patched, the thinking being that if the exposed rebar is covered back up and is no longer exposed to the elements, then the problem will go away.  However, this does not address the cause of corrosion, and the spalling gets worse.  Finally, about two years after the spalling first became a problem, the condominium association decides to call a contractor that specializes in repairing the problem.  They are shocked to find out that it will cost millions of dollars to fix, and that the work will take a couple of years to complete.  It is a very intrusive type of renovation that has been described as traumatic for the owners, as their sliding glass doors and/or window wall systems are removed and replaced with plywood while the balcony is being repaired.

However, there is hope of avoiding this scenario.  In order to understand the solution, we must first understand the problem.  What is corrosion, and what causes it?

When a concrete frame structure is initially completed, the concrete surrounding the steel is actually a friendly, non-corrosive environment for the steel.  However, contaminants eventually enter the concrete to create a corrosive environment.  These are carbon dioxide (which reacts with the lime and lowers the pH) and chloride ions (from deicing salts or salt laden air).  The chloride ions combine with water and oxygen, and this creates corrosion, an electrochemical process that produces rust.  Rust takes up more room than the steel it replaces, which applies expansive forces to the concrete, causing cracks, spalling, and delamination.  Another way of understanding corrosion is understanding how steel is made.  Steel is a manmade product that is strong, made from iron ore, which is brittle.  The energy that is put into the process of making the steel is the same energy that is released during corrosion as the steel returns to its original, brittle state of iron.  Since the corrosion process is electrochemical, it is very similar to a battery.  It consists of four parts:  the corroding element, or the anode, a cathode, an electrolyte, and an electrical current.  The electrical current flows from the anode, through the electrolyte to the cathode, and then returns via a metallic path.  This miniature battery is known in the industry as a “corrosion cell.”  The important thing to know about the corrosion cell is that if any one of the four parts of the “battery” is missing, then corrosion does not occur.  This is what cathodic protection is all about.  It removes one of those four elements, attacking the source of corrosion at its root.

Many solutions to corrosion are defensive, such as sealing concrete decks or coating steel reinforcing with epoxy.  However, they rely on preventing contaminants from reaching the steel.  Eventually, one of these defenses will break down and corrosion will occur.  While it is wise to use one or all of the above defensive measures (a qualified corrosion engineer will be able to determine the most cost effective option), it is obviously best to stop the corrosion process altogether.  How is this done?

Cathodic protection is an external electrical system that provides currents through the steel reinforcing to counteract the currents of the corrosion cell, eliminating one of the “battery’s” four elements.  This is known as impressed current cathodic protection.  There are a variety of ways to apply the current to the steel reinforcing.  This is done by applying embedded anodes (for new construction), conductive coatings (for existing and new construction), conductive polymer mounds or polymer plates (for existing structures), or a mixed metal mesh (for existing structures).  A DC current is applied to the conductive coatings, and the current is transferred through the concrete to the steel reinforcing.  Each of these systems have been developed to address the unique circumstances inherent to different projects, and determining which one is best for a specific project will be determined by the cathodic protection specialist.  The conductive coatings used incorporate a wearable surface, such as a knock-down troweled decorative coating.  This conductive coating usually costs about $12.00/s.f. installed, including the wearable surface.  However, if so desired, tile may be laid on top of the conductive coating.

In new construction, cathodic protection consists of two main parts.  The first part is to construct the building with reasonable defensive measures to help retard the contamination of the concrete.  The second part is to install the components of the cathodic protection system that are typically difficult to install after the fact in existing structures.  This usually consists of a minimal amount of pre-wiring to the balconies, along with embedded reference cells that detect corrosion activity.  Since there is initially no corrosion activity until years later when the concrete is contaminated, there is no need to initially turn the system on or even install the entire cathodic protection system.  This is only done after the reference cells detect corrosion activity.  In the Gulf Coast area the average time for the concrete to become contaminated and corrosion to begin is about ten years.  In other parts of the world, such as the Middle East, corrosion begins immediately because the aggregate available for use in their concrete is already contaminated.  Obviously, depending on various factors, the time frame in which corrosion begins can vary considerably.

Developer Dave Schutz introduced cathodic protection to our firm, and is installing cathodic protection in his upcoming high-end condominium project in Perdido Key, Florida, called La Riva.  To our knowledge, La Riva will be the first condominium project in the area with cathodic protection.  Bill Schutt of Matcor, Inc., our cathodic protection consultant, said that it is unusual for a developer with no long-term ownership interest to install cathodic protection.  Normally, he said cathodic protection is installed in new construction for the government or private entities that expect to continue ownership of a structure beyond the expected time frame for corrosion to begin.

In existing structures, cathodic protection is similar to new construction, except that it is obviously more difficult to install the wiring and other components in a retrofit situation.  However, it is still immensely more economical to install cathodic protection in an existing structure before corrosion begins than to pay the cost of repairs.  Jim Emory of CPT (Cathodic Protection Technology) is currently involved in several restoration projects, one of which is The Mainsail Condominium in Destin, Florida.  The condominium is over 20 years old, and consists of four buildings, nine stories each, with approximately 200 units and 70,000 s.f. of restoration area.  The contractor for the project is C-Sharpe Co., LLC, out of Orange Beach, Alabama.  The restoration involves the balconies, walkways, stairs, handrails, new deck finishes, a sealant and elastomeric coating job on the exterior walls, and installation of a cathodic protection system.  Construction, which will cost over two million dollars, began in the fall of 2002 and will be completed in the spring of 2004.  Most restoration projects, such as that at the Mainsail project, involve the following steps:

· Sound check all concrete surfaces and mark any delaminated and spalled areas.

· By use of pneumatic jackhammers the loose concrete material is removed.  This is a major process, which involves careful planning and designed shoring of areas where structural deterioration is present.

· The areas where the concrete is removed are treated with special shaping and cleaning in preparation to receive the new concrete.  In some cases the rebar is replaced where deterioration is heavy.

· The open areas are formed and prepared for the placement of a special design mix concrete.

· The concrete is placed and wet cured for the specified length of time.

· Once the forms are removed the finish of the balcony ceiling and floor must be restored.  In some cases this can be a costly item where the owners had tile or expensive floor finishes.

· The final procedure would be to clean the building and remove the dust and debris generated by the work.

David Sharpe, of C-Sharpe, also had the following startling fact to add to the costly restoration issues:

“Once a building reaches the age where repairs are necessary, the average cycle for future repairs is five years.  We have worked on buildings where a major concrete restoration project was done every five years.  The areas repaired each cycle are warranted, however, the reality is that the concrete directly adjoining a new repair can and usually does deteriorate in time.  In fact, a newly repaired area can cause rapid deterioration of the surrounding concrete.  The cathodic protection system is the only way to completely stop the corrosion of the steel reinforcing.

Not only is the cost of the repair a major concern, the disruption to the building occupants is also a serious problem.  In many cases the repair would necessitate the closing of the building during the project.  The noise generated from the demolition process reverberates through the building and is such a nuisance to the occupants most have to leave.  In some cases the balcony guard railings have to be temporarily removed in order to replace deteriorated slab edges.”

Anyone that has spent time on the Gulf Coast knows that the weather and wind conditions are severe, especially for waterfront high-rise condominiums.  Addressing the challenges imposed by these conditions is a never-ending pursuit.  Cathodic protection is one more important component of this pursuit, which developers of new projects as well as condominium associations in existing projects should incorporate into their buildings.  A simple search for “cathodic protection” in any search engine should yield quite a few resources for developers and associations to explore.  Our searches led to the two firms mentioned in this article.  Matcor, Inc., specializes in the design, engineering, and installation of cathodic protection systems in new construction.  CPT specializes in restoration of balconies in existing concrete frame structures.  Condominium associations are encouraged to call for a free seminar on cathodic protection and the options available to them.
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