
Rebar corrosion is rarely a single event. It is a slow chemistry problem that becomes a structural problem once
the corrosion products expand, split the cover concrete, and start to push the system apart. In the field, I tend to
see two kinds of projects. The first is the “still serviceable” condition, where the structure shows cracking or rust
staining, but it has not yet reached advanced spalling repair needs. The second is the “already losing section”
condition, where concrete spall is present, the bars are thinned in places, and the structure needs both concrete
repair and a corrosion control strategy that does not rely on guesswork.

Cathodic protection and protective coatings are two different ways to stop the corrosion process, and they often
get mentioned in the same conversation because they can both work as part of structural concrete restoration.
The key is choosing the right tool for the condition you actually have, and then detailing the work so it holds up
under real exposure.

How corrosion starts under cover concrete
Steel in sound concrete sits in a high pH environment, usually around 12 to 13. That alkalinity forms a passive film
on the steel surface. The trouble begins when enough moisture and ions get through the cover to either lower
the pH (carbonation) or add chlorides that break down passivity (marine, deicing salts, industrial splash zones).

In practical terms, the corrosion driver you identify changes the mitigation approach:

With carbonation-driven corrosion, the problem often tracks inward from the surface where CO2 penetrates.
Cracks and poor cover accelerate the path.

With chloride-driven corrosion, the chloride front can move in irregular ways, especially where water sits,
where cracks act like capillaries, and where rebar spacing influences the way pore solution draws and
concentrates salts.

Once corrosion starts, the location and geometry matter. Corrosion at bar ends, ties, and lap splices can behave
differently than corrosion on continuous bars. Cover thickness variations, local construction defects, and earlier
repairs can create a patchwork of conditions that affects how cathodic protection current distribution and coating
performance behave.

This is why concrete resurfacing, crack repair, and concrete repair alone are not always enough. Resurfacing can
make the surface look fine, but if you do not address the ongoing corrosion mechanism, the problem tends to
return, often in a different pattern than before. That is also why structural concrete restoration plans should be
built around the corrosion control strategy, not only around aesthetics.

Protective coatings: what they can and cannot do
Protective coatings are often used as a “second line of defense” over repaired concrete. They reduce
permeability, limit chloride ingress, and slow the movement of water vapor. Some coatings also provide an
electrical barrier, but coating chemistry and workmanship determine how much that matters in your case.

The common success story looks like this: you remove unsound concrete, do spalling repair and crack repair
properly, replace contaminated material, and then apply a coating system designed for the exposure class. If the
substrate is prepared correctly and the coating is applied within the specified temperature and humidity window,
the coating can extend service life by slowing the transport processes that feed corrosion.

The failure story is also familiar. Coating debonding, pinholes, holidays from application defects, or coating
damage during later construction expose the repaired areas to moisture and salts. If chlorides remain near the



bar or if the concrete repair left behind contamination, a coating can delay corrosion but not reverse an active
corrosion front.

That trade-off is why coating selection is not just about “best product.” It is about matching what you are trying
to prevent, what the repaired surface will be like, and what defects are most likely on a specific project.

Coating performance depends on substrate and detail

From experience, the biggest coating risks are usually not chemical. They are geometric and procedural:

Surface profile after concrete repair and grinding changes coating thickness behavior.

Residual salts in the substrate can drive breakdown at the interface.

Poor crack repair detailing or movement cracks that are not treated appropriately can open pathways for
moisture.

Coating edges, repairs around anchors, and transitions at joints see the most mechanical stress.

In the field, I have seen coatings applied well on planar surfaces and then fail prematurely at edges, where water
collects and freezes, where scaffolding rubbed the membrane, or where a repair patch was not keyed and stayed
“soft” compared to surrounding concrete. When the coating fails, corrosion resumes, and the damage can
reappear under the coating in ways that are harder to detect until spalling repair becomes visible again.

So protective coatings work best when they are paired with corrosion control at the steel level when there is an
active or advanced condition, or when the structure is in a “pre-corrosion” condition but needs a barrier to hold
the line.

Cathodic protection: what changes at the steel
Cathodic protection (CP) stops corrosion by making the reinforcing steel the cathode. Instead of the steel acting
as the anode where oxidation occurs, electrical conditions are shifted so corrosion reactions are suppressed. In
most reinforced concrete corrosion problems, the focus is on reducing the corrosion rate to near negligible
values.

There are two broad CP approaches used in concrete structures: impressed current cathodic protection (ICCP)
and galvanic (sacrificial) systems. Both can work, but the practicality and power requirements vary with cover
resistivity, geometry, exposure severity, and the extent of contaminated areas.

A point that gets overlooked is that CP does not “heal” deteriorated concrete. It controls corrosion chemistry at
the steel surface, but it does not prevent cracking driven by drying shrinkage, freeze-thaw cycling, or structural
movement. That is why CP projects typically include structural concrete restoration, including removal of unsound
concrete, crack repair where appropriate, and concrete resurfacing or patching to restore cover and aesthetics.

Where CP fits best

In my experience, CP tends to be the right tool when you have one or more of the following:

Evidence of active corrosion with sufficient remaining section uncertainty that you cannot assume a simple
barrier will be enough.

Chloride contamination where chloride ingress continues, and where you want to stop corrosion rather than
only slow it.

Difficult access for repeated repairs, where a long-term corrosion control approach is more sustainable than
continuous cycles of spalling repair.



Multiple corrosion cells due to non-uniform moisture, earlier repairs, or complex detailing, where electrical
control provides a more uniform response than relying solely on surface protection.

That said, CP is not a magic “set and forget” system either. It requires design attention, electrical continuity
checks, suitable anode placement, and monitoring. It also requires a realistic plan for the long-term maintenance
of the monitoring equipment and power supply where ICCP is used.

Designing the system: current, continuity, and cover conditions
CP performance depends on how easily current can pass through the concrete to the steel. Concrete resistivity is
a major variable, and it is affected by moisture condition, temperature, cracking, and salt content.

Two projects can look similar at the surface, but the resistivity and current demand differ once you know the
chloride concentration and how much water is moving through the structure. This is one reason why CP
designers often request information such as half-cell potential mapping, resistivity testing, chloride profiling
where feasible, and an understanding of the exposure environment.

Rebar corrosion is also tied to steel connectivity. If the reinforcing cage includes interrupted bars, poor lapped
connections, or localized areas with bond problems, electrical continuity may be lower than expected. That
affects current distribution and can cause uneven protection. In some cases, designers specify measures to
ensure adequate electrical continuity, such as verifying connections or adding continuity conductors. This is not
always required, but skipping checks is how you end up with a CP system that runs and still leaves untreated
corrosion pockets.

Trade-offs with CP and coatings together

When CP is combined with protective coatings, you gain synergy. Coatings can reduce the rate of moisture and
ion transport, which often reduces current demand and improves efficiency. On the other hand, coatings can also
complicate practical monitoring if they cover test areas or interfere with how reference electrodes are accessed.

Another trade-off is workmanship after repair. If you coat the concrete properly but later perform localized
concrete resurfacing, patch replacements, or make openings for anchors without planning electrical connections,
you can unintentionally disrupt the CP system or create new pathways for chloride ingress.

A combined approach can work very well, but it needs a sequence plan. Usually the repairs come first, then CP
installation, then coating application, along with careful detailing at interfaces so you do not trap corrosion
pathways or isolate measurement access.

Concrete repair and spalling repair: the foundation for either method
No matter which corrosion mitigation route you choose, the condition of the repaired concrete determines long-
term performance.

For structural concrete restoration, the typical field logic is straightforward: remove deteriorated cover concrete
back to sound substrate, clean steel surfaces, and replace material with a repair mortar or concrete that is
compatible with the structural needs and exposure. For concrete spall areas, that often means deeper removal
than people expect if they only chase visible edges. Rust staining can be deceptive, especially where spall has
already opened pathways for water and oxygen.

Crack repair is also tied to corrosion control. A crack that is active and moving should not be “sealed and
forgotten” with a stiff patch that will debond when the movement continues. If you have movement potential,



you need a repair approach that accommodates or addresses it. Otherwise, moisture will bypass your patch and
feed the same corrosion cells.

From working sites, one of the most practical problems is that crews sometimes treat patch repairs as purely
cosmetic. They shape it, trowel it, and move on. Then the coating or CP system arrives later, and the repaired
surface becomes a variable. The profile might be wrong, the interface might be weak, or the substrate might still
contain contamination. With CP, you can also get current paths that are not aligned with the reinforcement
geometry if patch materials have different resistivity than surrounding concrete.

So the repair sequence matters, the surface preparation matters, and the materials have to be compatible with
the overall system you plan.

A practical checklist before CP or coatings move forward

1. Confirm the corrosion condition with field mapping such as half-cell potentials and inspect for active leakage,
damp zones, and damaged cover.

2. Remove unsound concrete thoroughly around spalled areas, not just at visible edges, and clean steel to a
quality level that allows bond.

3. Verify reinforcement continuity and the intended electrical bonding approach for CP, especially around joints
and lap zones.

4. Prepare the substrate profile and cleanliness so the coating system can bond and so CP interfaces are not
insulated unexpectedly.

5. Plan access for monitoring points and future inspection, rather than burying reference electrodes and
connection points under later layers.

That is not a substitute for a design document, but it reflects the failure modes that show up when projects move
quickly.

Matching mitigation method to the problem you actually have
It is tempting to treat all rebar corrosion as the same, but mitigation strategies differ in how they respond to
ongoing contamination, moisture cycling, and concrete cracking.

Protective coatings are best when you are dealing with a barrier requirement and when corrosion activity is
limited or already controlled. They can be a strong companion to repairs, and in many cases they delay corrosion
long enough that you manage with periodic inspection rather than repeated demolition.

Cathodic protection is best when you have enough evidence of active corrosion or ongoing corrosion driving
forces that you cannot rely on a barrier alone. CP is not meant to be a cosmetic layer. It is meant to change the
electrochemical conditions at the steel surface.

In practice, engineers and contractors often use a combined approach when corrosion is active but you also want
to reduce current demand and improve durability. For example, after a spalling repair campaign, a CP system can
stop corrosion while protective coatings reduce water and salt transport so the system does not have to work as
hard.

Exposure conditions that drive real decisions
Two exposure features dominate most reinforced concrete corrosion problems: water and salts. Their interaction
with cracking and temperature determines how often corrosion “wakes up.”



Consider freeze-thaw environments. Water ingress can freeze and expand, worsening concrete microcracks. Even
if CP suppresses corrosion, structural concrete restoration still has to address the causes of moisture intrusion,
and protective coatings must be selected for freeze-thaw durability and abrasion resistance where needed.
Otherwise, you can stop steel corrosion and still lose cover integrity through mechanical action.

Consider areas under chronic wetting, such as drainage splash zones or parapet tops. Coatings may perform well
on vertical surfaces but fail sooner in areas that stay wet, especially if there are surface irregularities that hold
water. CP can handle corrosion electrochemically, but it cannot stop water from driving freeze-thaw or from
carrying salts deeper in the concrete. That is why repairs and drainage details matter.

Consider chloride contaminated structures where water movement is intermittent. CP can stabilize the steel even
as the chloride front fluctuates. But if you combine CP with coatings that do not adhere well after each
maintenance cycle, the coating may become a weak link. In those cases, designers sometimes prioritize CP
efficiency and focus coatings on the most exposed faces or on areas that see the highest moisture exposure.

Monitoring: the difference between a system that works and one that
“runs”
Cathodic protection is a controlled process, and control depends on measurement. Monitoring typically uses
reference electrodes and electrical readings to ensure the steel potentials are driven toward protective criteria
appropriate to the specific project design.

The practical challenge is interpreting readings in concrete. Reference electrodes can drift. Moisture condition
changes resistivity. Potentials can vary with temperature and with the proximity of depassivated areas. That
means monitoring is not just about hitting one number. It is about trend and stability.

This is where experience pays off. I have watched teams chase a single reading like it was a scoreboard. When the
weather changed and the concrete dried, the potentials shifted. The underlying corrosion rate might have been
stable, but the measurement snapshot looked alarming. Then, after the system was adjusted, readings stabilized
and visual evidence did not progress. The lesson is that CP monitoring should be interpreted in context, including
site conditions and the behavior of the repaired substrate.

Protective coatings monitoring is different. You look for holidays, adhesion loss, blistering, cracking, and localized
damage from maintenance activities. Both approaches benefit from planned inspection points and records so
you can compare year over year.

How repair sequencing often plays out on site
Most successful outcomes follow a sequence that respects both chemistry and access.

A typical scenario might look like this: you start with concrete repair, including spalling repair and crack repair
where required. You remove contaminated concrete until you reach sound substrate. You clean and prepare
reinforcement areas, then install repair mortar. After the repair cures to the required condition, CP components
are installed or connected, followed by protective coatings. If coatings are part of the plan, surface preparation
steps must be compatible with both CP connection needs and coating bond requirements.

If you do CP first and then attempt to do coating later without proper substrate preparation, you can end up in a
situation where the coating does not bond because of residue, irregularities, or contaminated repair zones. If you
coat first and then uncover areas for repairs, you can create inconsistent coverage and weak interfaces.



Where projects sometimes slip is in the transition between disciplines. Electrical work is not always treated as a
finishing step, and finishing teams do not always treat CP conductors and access points as critical infrastructure.
Detailing matters: chases, embedment routes, protective casings for connections, and how you keep water out
around bond locations.

Choosing between CP, coatings, and their combination
The most defensible approach starts with the corrosion mechanism, the condition of the concrete, and the
practical constraints of inspection and maintenance.

Here is how I frame the decision in the field, without turning it into a rigid recipe:

If the structure shows active corrosion, ongoing chloride or moisture sources, and uncertain remaining
section, CP usually deserves serious consideration because it addresses corrosion at the steel level.

If corrosion is limited and the primary risk is future chloride ingress or moisture penetration, protective
coatings plus good concrete repair and crack repair can be sufficient.

If you have active corrosion plus a need to reduce current demand and protect repaired surfaces, the
combination approach often offers the best balance, provided you manage monitoring access and maintain
coating integrity.

To make it easier to compare, below is a high-level look at what each method emphasizes.

| Method | Main goal | What you must get right | Common failure mode | |---|---|---|---| | Protective coatings |
Reduce transport of moisture and ions | Surface profile and cleanliness after concrete resurfacing and spalling
repair | Debonding, holidays, and edge damage that lets water in | | Cathodic protection | Suppress corrosion at
reinforcing steel | Proper electrical continuity, current design, and monitoring | Uneven current distribution or
poor interpretation of readings | | CP plus coatings | Stop corrosion and reduce exposure pathways | Sequencing,
access for monitoring, compatible detailing | Coating damage after repairs or blocked access to test points |

Concrete repair details that influence long-term corrosion control
A corrosion mitigation system is only as good as the details that interact with water. Even well designed CP can
be undermined if new cracks open paths for moisture and salts, especially in areas that are not covered by
coatings or not effectively treated in the repair scope.

In spalling repair areas, attention to the edges of removed concrete is crucial. If the boundary is feathered too
thin or left ragged, the repair material can chip, creating a small void where water sits. Those voids often become
the seed for repeat structural concrete restoration cycles.

For crack repair, the question is whether the crack is static or active. If it is active, repair materials must
accommodate movement or stop it in a way that remains durable under exposure. If it is static, the crack repair
can focus on restoring water tightness and restoring the continuity of the protective system.

Concrete resurfacing is sometimes used as a cleanup step after targeted patching. If resurfacing is planned, it
should not be treated as a substitute for actual crack repair. A thin resurfacing layer might cover stains and minor
roughness, but it does not necessarily restore the protective function of sound cover concrete.

What I would watch for during execution



On site, I pay attention to small things because they predict future trouble. A few examples from typical rebar
corrosion mitigation work:

During concrete repair, do crews remove additional unsound concrete when they see aggressive rust staining
or soundness changes, or do they stop at the edge of what is visibly damaged?

When steel is prepared for repair, is it cleaned enough to ensure bond, and is the time between cleaning and
repair placement controlled to avoid surface contamination?

When CP conductors and connections are installed, are they mechanically protected, and are they routed in a
way that minimizes water trapping?

When protective coatings are applied, are application conditions controlled, and are coating thickness and
curing requirements followed?

Are there plans for repairs after coating, such as touch-ups, cut-ins, and impacts from future maintenance
work?

These are not theoretical issues. They show up as blistering, localized corrosion expansion, or the need for repeat
concrete resurfacing sooner than expected.

Longevity: thinking beyond the first year
Corrosion mitigation success is measured over years, not weeks. Protective coatings can degrade with abrasion,
chemical exposure, and ultraviolet exposure. CP systems can remain stable, but only if monitoring and
maintenance are planned, not postponed.

A reasonable expectation, when systems are designed and installed correctly, is that CP will reduce corrosion
activity significantly and stabilize affected reinforcement. Coatings should reduce ingress and help maintain the
repaired concrete environment. The combined approach typically aims for lower current demand and slower
deterioration of concrete repair Doral the repair areas.

But the exact timeline depends heavily on exposure severity and on how well the repair addresses moisture entry
pathways. If drainage remains poor, water continues to enter, and salts continue to migrate, any mitigation
strategy will fight a losing battle eventually. In that situation, the best engineered cathodic protection and
protective coatings can only slow the outcome.

Practical takeaway: align the electrochemistry with the building
envelope
When I see good outcomes, the work usually aligns three layers:

1. Concrete repair that removes unsound material and restores cover integrity.

2. Corrosion control at the steel level, either by cathodic protection when corrosion is active and ongoing, or by
barrier protection when corrosion risk is primarily future ingress.

3. Protective coatings that reduce water and ion transport and protect the repaired surface from mechanical
and environmental stress.

If you match the method to the condition, detail it through crack repair and spalling repair with realistic
allowances for movement and moisture, and keep monitoring under cathodic protection meaningful, the
structure stands a much better chance of maintaining capacity rather than repeatedly returning to repairs. In
reinforced concrete restoration, that combination of chemistry control and envelope durability is what turns a
temporary fix into a long-term strategy.
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