Rebar corrosion is one of those problems that can look deceptively calm for a long time, then suddenly turns into
active damage: cracking, concrete spall, rust staining, and a loss of steel cross section. Owners often first notice
the evidence of corrosion, not the corrosion itself. Engineers then face the real challenge, which is to prove what
is happening inside the concrete, where it is happening, and how urgent it is, without turning the building into a

demolition project.

The testing decisions you make early control the quality of the repair scope later. If you underestimate the extent,
you risk leaving active corrosion behind and spending again. If you overestimate and remove more concrete than
necessary, you increase cost, downtime, and the probability of creating new issues, such as cover loss and patch-

to-surround mismatches. Effective concrete repair and structural concrete restoration start with good diagnosis.

Why detection is hard, and why “rust colored streaks” are not enough

Corrosion is electrochemical. The steel is protected by the high pH of sound concrete, but that protection can fail
if chloride reaches the steel or if carbonation lowers the pH. Even when corrosion starts, the visible symptoms can
lag. Cracking may be thin and hard to see at first. Rust staining may be localized. Spalling repair needs to match

the actual corrosion drivers, not just the visible outcome.

There are also practical constraints. Reinforced concrete is not a uniform material. Cover thickness varies.
Aggregate type affects resistivity. Moisture conditions vary from one facade bay to the next. In a structure with

mixed exposure zones, the same building can have multiple mechanisms occurring side by side.

That is why corrosion detection is usually not a single test. It is a package of methods that complement each
other, starting with non-destructive evaluation and finishing with limited destructive verification where it matters

most.

A practical way to frame the problem before testing

Most successful investigations begin by tightening the question. Instead of “Is there corrosion?”, the better
question is usually something like: “Where is the steel likely corroding, what mechanism is dominant, and what is

the probability that corrosion is active right now?”

That framing pushes the testing program toward results that support decisions. For example, a repair strategy for
active chloride-driven corrosion at a beam end is different from a repair strategy for corrosion that is dormant
because moisture has been blocked. Similarly, crack repair and concrete resurfacing may be part of the work, but

the corrosion control approach has to target the underlying cause.

If you are a building owner, you might care about budget predictability, access constraints, and whether the
investigation will require significant patching. If you are an engineer, you might care about the reliability of the
results and how they translate into durability performance. Either way, the investigation should be designed

around the decisions that follow.

The main testing categories and what each one really tells you

Corrosion testing methods can be grouped into non-destructive and semi-destructive categories, then backed up

with sampling when necessary. The goal is to get three types of information:

1. Evidence of corrosion activity or likelihood at the steel level



2. Information about the concrete environment at that steel, such as chlorides or pH related indicators

3. Geometry and condition data, like cover thickness and the location of bars, so repair can be targeted

Half-cell potential mapping and corrosion probability

Half-cell potential testing, often based on reference electrodes, measures the electrochemical potential near the
reinforcement surface. When interpreted correctly, it can help indicate whether corrosion is likely at specific

locations. It is widely used because it can map conditions over large areas without breaking concrete.

However, the output is not a simple yes or no. Half-cell potentials are sensitive to factors that can confound
interpretation, including moisture variations, temperature, surface condition, and the state of contact between
the electrode and concrete. A dry facade can look less corrosive than a wet one, even when chloride content is

similar.

In real investigations, | have seen teams treat half-cell maps as an “active corrosion map” too literally. That leads
to overconfident repair scopes. A better approach is to treat half-cell results as a probability indicator, then
tighten the interpretation using complementary tests like resistivity, chloride sampling, and localized destructive

verification.

Electrical resistivity and what it implies for corrosion risk

Resistivity measurements provide a sense of how easily ions can move through the concrete. Higher resistivity
often corresponds to lower likelihood of corrosion, while lower resistivity can indicate higher conductivity, often

linked to moisture and chlorides.

Resistivity is not a direct measure of corrosion rate. It is more like a risk and environment indicator. It can also
help explain why corrosion appears patchy. Two areas with similar visible cracking may have very different

moisture histories and thus different resistivity readings.

Resistivity measurements are also useful for interpreting time sensitivity. If you perform mapping before a rain
event and then again after, the change in resistivity can reveal how the structure breathes and how quickly it
dries. That matters when owners are deciding whether concrete resurfacing should include specific moisture and

chloride barrier design elements, or whether surface treatment alone will be enough.

Concrete cover, rebar location, and geometry checks

Before any in-depth evaluation, engineers often confirm where the steel is. Ground-penetrating radar (GPR) can
locate reinforcement and estimate cover. More basic cover sounding devices can also help, but their accuracy

varies by concrete quality and bar spacing.

This step sounds administrative, but it prevents wasted work. If you plan crack repair or concrete resurfacing and
do not know where bars are, you increase the risk of hitting reinforcement during preparation. That is especially
important in spalling repair where removal boundaries must be close enough to remove contaminated concrete

without undermining the steel.

Surface chloride testing versus sampling at depth

Chloride is the trigger in many corrosion scenarios. Surface chloride tests, or rapid chloride screening, can be
used to understand whether chlorides exist near the surface. But surface tests alone can mislead when the steel is

deeper and the chloride profile steeply changes with depth.



Reliable chloride evaluation typically requires sampling at cover depth and sometimes at multiple depths. Once
you know whether chlorides are present at or near the reinforcement, you can differentiate between chloride-
driven corrosion and carbonation-driven corrosion. Sampling is semi-destructive, but it is the most direct way to

support repair decisions.

Sampling also has to be planned. If you core randomly, you might miss the worst zone. If you core only where
you already see staining, you might also bias results by selecting the “worst looking” locations rather than the

critical ones. Good investigation uses mapping results to guide where to take samples.

Carbonation assessment and pH related indicators

If carbonation is suspected, phenolphthalein spray or drilled powder pH indicators can help estimate carbonation
depth. These tests are not perfect, because pH and carbonation depth can vary with moisture and concrete mix.

Still, they are useful for establishing whether the environment that protects steel is compromised.

Carbonation assessment is often paired with cover depth and other environmental indicators. For example, if
carbonation depth extends past the steel cover, corrosion risk from loss of alkalinity increases. If carbonation
depth is shallow and chlorides are low, the corrosion could be less likely to be actively chloride-driven, shifting

the repair emphasis toward sealing and moisture management rather than chloride removal.

Corrosion rate indicators and direct electrical measurements

Some systems measure corrosion rate or current density. These are typically more specialized and are used to
support decisions about active versus passive conditions. Their reliability depends on proper calibration,

electrode contact, and interpretation of the environment.

In practice, | often recommend that if you need to justify major structural concrete restoration in a targeted area,
corrosion rate indicators can help. But if the owner is simply trying to decide whether to do crack repair and
protective treatment, simpler mapping and sampling might provide enough confidence when combined with

sound engineering judgment.

Crack profiling and delamination indicators

Cracks tell you there is a change, but they do not always tell you the cause. Still, crack geometry can support the
diagnosis. For example, a network of cracks in the vicinity of rebar intersections can align with corrosion

expansion mechanisms.

For delamination or near-surface defects, methods like impact echo, ultrasonic pulse velocity, or advanced
scanning tools can help find voids or separation planes. These tools do not automatically prove corrosion, but
they help explain where the concrete has already lost bond. That informs concrete resurfacing and how to treat

boundaries during spalling repair.

A testing program that fits most real projects

Owners and engineers often want an approach that is defensible and efficient. The best programs usually start
broadly, reduce uncertainty, then selectively verify with sampling. The exact order can change depending on find

out more access, weather exposure, and risk tolerance, but the flow is often similar.

First, engineers collect the history: water exposure changes, de-icing practices, any past repairs, and whether
cracks and spalling are expanding over time. Second, they scan and map reinforcement geometry and structural

anomalies, so subsequent tests are not guesses. Third, they run non-destructive corrosion risk mapping such as
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half-cell potential and resistivity to identify likely active zones. Finally, they drill and sample limited areas where

mapping indicates the highest risk or where uncertainty is unacceptable.

This “map then sample” approach avoids a common trap. Teams sometimes jump directly to destructive sampling
in a few visible spots. That can confirm corrosion, but it does not provide coverage for the rest of the facade or
the structural bay. You end up with repair areas that are too narrow, because the investigation never proved the

extent.

Choosing between investigation depth and repair confidence

Owners often ask how much testing is “enough.” There is no universal number of cores or tests, because the
consequence of being wrong depends on the structure. A warehouse parking deck with widespread chloride

exposure is different from a protected structural frame in an interior environment.

What matters most is the decision you need to make. If you are choosing a repair method that will be effective
for years, you need enough data to justify the mechanism and the extent. That is where the testing package

should be aligned with durability goals, not just finding a defect.

On the other hand, if there is a small spalling repair area with clear signs of active deterioration, limited
investigation might be acceptable, provided the team can confidently argue that the localized corrosion

mechanism is isolated. A well-documented decision process can be more valuable than a huge testing budget.

Interpreting results without overreaching

Even when tests are performed correctly, interpretation is where projects succeed or fail. Here are a few real-

world issues that come up frequently.

Moisture conditions can swing the readings

Half-cell potentials and resistivity can vary with wetting and drying. If the testing day happens after an unusually
dry period, results may look “better” than typical. If it happens after a storm, results may look “worse.” Engineers
often address this by either standardizing surface conditions before testing, using consistent wetting

assumptions, or documenting weather and surface behavior.

Mapping shows patterns, not steel condition

It is tempting to treat a potential map as a direct map of steel cross-section loss. It is not. Potential gradients
indicate electrochemical conditions near the steel, but they do not directly quantify steel thickness loss. That is
why limited destructive verification sometimes becomes necessary, especially where you need to confirm whether

rebar corrosion has progressed enough to compromise strength.

Sampling is localized, so selection matters

When you take drilled cores or powder samples, you only learn about the concrete you sampled. If you choose
locations poorly, you can miss the real hotspots. Mapping guides that selection, but mapping itself has
uncertainty. The best strategy is to pick samples that represent different potential zones, different crack areas,

and different exposure conditions.

When destructive verification is justified



Most non-destructive methods aim to avoid demolition. But corrosion risk sometimes demands verification.

Engineers may recommend limited opening of concrete, coring, or bar extraction in specific zones when:

® The repair scope would be high consequence if it missed active corrosion
® Results from non-destructive testing are conflicting and cannot be reconciled
* There is evidence of significant spalling repair needs that likely involve deeper steel exposure

e Structural capacity or safety factors require confirmation of section loss

Destructive verification is also the moment when you can see the concrete condition directly. Sometimes the
inside of a delaminated area looks clean but had debonded due to poor workmanship or drying shrinkage. Other
times the concrete removal reveals rust products at or near cover depth. That direct evidence often settles

disputes about the repair direction.

In structural concrete restoration, this step can be decisive, but it should be limited and planned so the repair

boundaries are controlled and properly prepared for the final concrete resurfacing.

Repair decisions that follow detection results

Testing should lead to action, not just reports. Detection results typically inform three big choices: how much

concrete to remove, how to treat the steel, and what protective system to apply.

Extent of concrete removal and spalling repair boundaries

If corrosion is shallow or limited, engineers may remove only the damaged concrete around localized areas. If
corrosion is widespread or moisture and chlorides have penetrated broadly, repair might need to extend beyond
what is visible, especially if cracks suggest ongoing expansion. The challenge is to balance removal for durability

with restraint to avoid creating unnecessary cover loss.

Steel treatment and corrosion control philosophy

Once concrete is removed, steel preparation matters. Wire brushing and mechanical cleaning can improve bond,
but they do not always address the corrosion products and embedded chlorides. Some projects use inhibitors or
specialized protective coatings depending on the scenario, but the selection should be tied to mechanism

evidence from testing, not habit.

For chloride-driven corrosion, the objective is often to reduce further chloride ingress and restore a low-
diffusivity concrete environment through appropriate concrete repair materials and proper curing. For
carbonation-driven corrosion, the emphasis may shift toward ensuring continued alkalinity protection and

sealing.

Crack repair strategy

Crack repair can be decorative and protective, but it also can be a durability measure if the crack is actively
providing a pathway for water. Detection of corrosion risk near cracks can justify more robust crack repair and

edge detailing, especially on vertical surfaces where dripping water and chloride deposition occur.

Cracks that are stable and not associated with corrosion activity may not require aggressive intrusion. But cracks
that align with potential anomalies and resistivity low zones do. That is where the testing package supports

judgment.



What owners and engineers should ask during a testing proposal

A good investigation is transparent about scope, assumptions, and limitations. If you are commissioning tests,

you can reduce surprises by asking pointed questions.

e What methods will be used to locate reinforcement, and how will cover thickness uncertainty be handled?

* Which indicators define “active corrosion” for this project, and how will the team interpret moisture
sensitivity?

® Where will samples be taken, and how will mapping results guide those locations?

* What is the acceptance basis for deciding repair extent, and how will conflicting results be resolved?

e How will weather and surface condition be documented on the test dates?

If the answer is vague or entirely tool-focused without interpretation criteria, expect downstream confusion

during the repair scope development.

Common edge cases that complicate corrosion detection

Not every corrosion-like problem is corrosion, and not every corrosion scenario looks the same.

Reinforcement contact corrosion and stray currents

In some environments, stray electrical currents can accelerate corrosion and produce patterns that do not match
typical moisture or chloride gradients. Testing can still help, but half-cell maps and resistivity interpretation may
require more specialist involvement. Owners sometimes have to decide how much investigation is warranted

when building systems or cathodic protection history is unclear.

Past repairs can mask the original condition

A facade that was patched years ago might show cracks at patch boundaries but not within the original substrate.
New overlays can change moisture behavior and resistivity readings. If a repair was done with dense coatings,
chloride profiles can also be altered. When you suspect past concrete repair work, it becomes more important to

confirm the current material layers and their compatibility with the detection methods.

Cracking from non-corrosion causes

Thermal movement, shrinkage, and structural loading can create cracks that intersect reinforcement, making it
look like corrosion is driving deterioration. Testing clarifies the mechanism, but the interpretation has to be
careful. If resistivity and potential anomalies are low or inconsistent with the cracks, you may be dealing with

crack repair needs without significant rebar corrosion activity.

A brief comparison of typical testing choices

Different projects lean toward different packages. The best option depends on exposure, access, and how

expensive it will be to correct a wrong diagnosis.

| Testing approach | What it is good for | Main limitation | Typical role | |---|---|---|---| | Half-cell potential mapping
| Identifying electrochemical activity patterns | Sensitive to moisture and interpretation | Screening and zoning | |
Electrical resistivity testing | Assessing concrete conductivity and moisture related risk | Not a direct measure of
steel loss | Screening and correlation | | GPR or cover mapping | Locating rebar and confirming cover thickness |

Accuracy varies with concrete type and conditions | Setup for sampling and safe access | | Chloride sampling at



depth | Establishing chloride availability at steel level | Requires drilling and careful sample selection | Mechanism
confirmation | | Carbonation depth testing | Estimating loss of alkalinity risk | Variability with moisture and testing

technique | Mechanism confirmation |

This kind of matrix is useful for owners because it shows that “more tests” is not automatically better unless the
tests reduce the right uncertainties.

How to keep the investigation from becoming disruptive

Owners often worry about disruption, especially on occupied structures. The good news is that many parts of

corrosion detection are compatible with phased work.

Surface mapping and scanning can be done with limited access, and steel location confirmation reduces future
demolition. Chloride and carbonation sampling can be performed in targeted zones guided by mapping, which
limits the number of cores and the footprint of patching. When demolition is required for spalling repair, it is best

done after the testing identifies the areas that truly justify removal.

The other practical point is documentation. If the investigation includes photographs of crack mapping, test
locations, and core holes, it makes later repair detailing cleaner. It also helps when there are multiple

stakeholders, such as different consultants or a facilities team tracking building performance.

What a defensible report should include

A useful corrosion detection report is not just numbers. It connects observations to engineering decisions. At a
minimum, it should explain what each method measures, how it was performed, what the results mean in the

context of moisture and cover, and what uncertainties remain.

You want the report to translate into repair scope logic. For instance, if the team recommends structural concrete
restoration in specific bays, they should explain how the mapping indicates likely active rebar corrosion there,
and how sampling either confirms chlorides at cover depth or shows an environment consistent with corrosion
risk. If the team recommends limited crack repair and concrete resurfacing only, the logic should explain why

deeper active corrosion is unlikely based on resistivity, potential mapping, and other evidence.

Final thoughts on testing for owners and engineers

Rebar corrosion detection is as much about disciplined interpretation as it is about tools. Non-destructive
mapping helps you see the patterns that your eyes cannot, while resistivity and electrochemical indicators help
translate those patterns into corrosion likelihood. Sampling, when used strategically, confirms mechanisms and
supports decisions about concrete repair scope. If you skip the interpretive step or rely only on visible damage,

you end up paying twice, either in rework or in repairs that did not reach the true drivers of corrosion.

Owners benefit when the investigation is designed around decisions. Engineers benefit when the testing package
is coherent, the sample selection is justified, and the report ties evidence to repair boundaries. Done well,
corrosion detection becomes a planning tool, not a documentation exercise, and it supports durable spalling
repair, crack repair, and structural concrete restoration that holds up in the real conditions the building

experiences.



