
corrosion of reinforcement in concrete

Corrosion of reinforcement in concrete is a significant issue in civil engineering that compromises the

longevity and structural integrity of concrete structures. Reinforced concrete, which combines the

compressive strength of concrete with the tensile strength of steel reinforcement bars (rebar), is widely

used in construction. However, the presence of moisture, chlorides, and carbonation can lead to

corrosion of the steel within the concrete, resulting in cracking, spalling, and even structural failure.

Understanding the mechanisms of corrosion, its causes, prevention, and mitigation strategies is

essential for maintaining the durability of reinforced concrete structures.

Understanding Corrosion in Reinforced Concrete

Corrosion is an electrochemical process that leads to the deterioration of metals. In reinforced

concrete, the primary agent of corrosion is the steel reinforcement, which can corrode due to various

environmental factors. When corrosion occurs, it produces iron oxides that occupy a larger volume

than the original steel, leading to internal stresses and cracking of the concrete cover.

Mechanisms of Corrosion

1. Electrochemical Reaction: Corrosion of the steel rebar occurs through an electrochemical reaction

where oxygen and moisture penetrate the concrete and reach the steel surface. The presence of

chlorides, often from de-icing salts or seawater, can accelerate this process.

2. Carbonation: Carbon dioxide from the atmosphere can diffuse into the concrete, reacting with

calcium hydroxide to form calcium carbonate. This reaction lowers the pH of the concrete, reducing the

alkalinity that protects the steel from corrosion.



3. Chloride Ingress: Chlorides can infiltrate concrete through cracks, pores, or directly from the

environment. Once they reach the steel reinforcement, they can disrupt the passive oxide layer that

protects the steel, leading to localized corrosion.

4. Moisture: The presence of water is essential for corrosion to occur. High humidity, poor drainage,

and water pooling near structures can increase the risk of corrosion.

Causes of Corrosion in Reinforced Concrete

Several factors contribute to the corrosion of reinforcement in concrete:

Environmental Factors

- Exposure to Chlorides: Structures located near coastlines, or those that use de-icing salts in winter,

are particularly vulnerable to chloride-induced corrosion.

- Carbonation: Structures exposed to atmospheric CO2 without adequate protection can undergo

carbonation, leading to a lowered pH and increased corrosion risk.

- Moisture and Temperature: High humidity levels and temperature fluctuations can accelerate the

corrosion process.

Material Factors

- Concrete Quality: Poor-quality concrete with high porosity and low density allows easier ingress of

moisture and aggressive agents.



- Reinforcement Quality: Using low-quality steel or steel with inadequate corrosion resistance increases

susceptibility to corrosion.

- Cover Thickness: Insufficient concrete cover over the steel reinforcement reduces protection against

environmental factors.

Signs of Corrosion

Detecting corrosion early can prevent severe structural damage. Key indicators include:

- Cracking and Spalling: Visible cracks in concrete surfaces and spalling (flaking) of the concrete

cover.

- Rust Stains: Brownish stains on concrete surfaces, often indicating rust formation on the steel

beneath.

- Expansion: Bulging of concrete surfaces due to the expansion of rust products.

- Loss of Bond: Reduced bond strength between concrete and steel can lead to structural integrity

issues.

Prevention of Corrosion

Preventing corrosion in reinforced concrete is critical for extending the lifespan of structures. Several

strategies can be employed:



Material Selection

- Corrosion-Resistant Reinforcement: Use of stainless steel or epoxy-coated rebar can significantly

reduce corrosion risk.

- High-Quality Concrete: Employing high-performance concrete with low permeability and high density

can deter moisture and chloride ingress.

Design Considerations

- Adequate Cover: Ensuring sufficient concrete cover over the reinforcement to protect it from

environmental exposure.

- Drainage Design: Implementing effective drainage systems to prevent water pooling around

structures.

Protective Coatings and Treatments

- Surface Coatings: Applying protective coatings to concrete surfaces can help minimize moisture

penetration and chloride ingress.

- Corrosion Inhibitors: Adding corrosion inhibitors to concrete mixes can provide additional protection to

the steel reinforcement.

Mitigation Strategies for Corrosion

If corrosion has already occurred, various mitigation strategies can be employed:



Repair Techniques

- Concrete Repair: Repairing cracked or spalled concrete to restore the protective cover over the

reinforcement and prevent further corrosion.

- Reinforcement Replacement: In severe cases, replacing corroded rebar may be necessary to restore

structural integrity.

Cathodic Protection

- Impressed Current Cathodic Protection (ICCP): This system provides a continuous protective current

to the steel reinforcement, reducing the corrosion potential.

- Galvanic Anodes: Installing sacrificial anodes that corrode preferentially to the reinforcement can help

protect the steel.

Monitoring and Maintenance

- Regular Inspections: Conducting periodic inspections to identify early signs of corrosion and take

preventative action.

- Maintenance Programs: Implementing proactive maintenance strategies to address corrosion issues

before they lead to significant damage.

Conclusion

In conclusion, the corrosion of reinforcement in concrete is a critical issue that can significantly affect



the durability and safety of structures. Understanding the mechanisms of corrosion, its causes, and the

signs of deterioration is essential for effective management and prevention. By employing appropriate

material choices, design considerations, protective measures, and maintenance strategies, the risk of

corrosion can be minimized, ensuring the longevity of reinforced concrete structures. As the

construction industry continues to evolve, ongoing research and development of advanced materials

and techniques will play a vital role in combating corrosion and enhancing the resilience of concrete

infrastructure.

Frequently Asked Questions

What is the primary cause of corrosion in reinforced concrete

structures?

The primary cause of corrosion in reinforced concrete structures is the ingress of moisture and

chlorides, often from de-icing salts or seawater, which leads to the breakdown of the protective oxide

layer on steel reinforcement.

How can the corrosion of reinforcement in concrete be detected?

Corrosion of reinforcement can be detected through various methods including visual inspections, half-

cell potential measurements, chloride ion testing, and non-destructive testing techniques like ground-

penetrating radar.

What are the long-term impacts of reinforcement corrosion on

concrete structures?

The long-term impacts of reinforcement corrosion include reduced structural integrity, increased

maintenance costs, potential safety hazards, and ultimately, the need for costly repairs or replacement

of the affected structures.



What preventive measures can be taken to reduce corrosion in

reinforced concrete?

Preventive measures include using corrosion-resistant reinforcement, applying protective coatings,

using corrosion inhibitors, ensuring proper concrete cover, and selecting low-permeability concrete

mixes.

What role does concrete quality play in the corrosion resistance of

reinforcement?

Concrete quality plays a crucial role in corrosion resistance; high-quality concrete with low permeability

and adequate curing reduces the ingress of harmful agents such as water and chlorides, thereby

protecting the embedded reinforcement.
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