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Introduction

Steel is the backbone of modern infrastructure — from pipelines and bridges to storage tanks and underground

utilities. Yet, steel’s strength is constantly challenged by the relentless forces of corrosion. Cathodic protection has

emerged as a reliable, cost effective strategy to safeguard steel structures from deterioration. In this article, we’'ll
explore the science behind cathodic protection, delve into the key standards that govern its implementation, and

provide practical guidance on designing, installing, and maintaining effective systems. Whether you're an engineer,

a maintenance manager, or simply curious about corrosion control, this comprehensive guide will equip you with

the knowledge needed to protect steel in any environment.

What Is Cathodic Protection?

Cathodic protection is a passive corrosion control technique that renders a metal surface cathodic relative to its
environment, thereby preventing the electrochemical reactions that cause rust. In simple terms, the method
supplies a small, continuous electric current that counteracts the natural tendency of steel to oxidize. The protective
current either flows from a sacrificial anode or is supplied by an external power source, depending on the system

type.

Why Steel Corrosion Is a Problem

Corrosion of steel is an electrochemical process that consumes metal, weakens structural integrity, and can lead to
catastrophic failures. The consequences include:

 Increased maintenance costs and downtime.

¢ Environmental contamination from leaking pipelines.

e Safety hazards for workers and the public.

Reduced lifespan of infrastructure, leading to premature replacement.

Given these stakes, proactive measures such as cathodic protection are essential for preserving assets and
ensuring safety.

Types of Cathodic Protection

Sacrificial Anode Systems

In a sacrificial anode system, a metal that is more anodic than steel (typically magnesium, zinc, or aluminum) is
electrically connected to the steel structure. Because the anode material corrodes preferentially, the steel remains
protected. The key advantages are:

* No external power source required.
e Low initial cost.
¢ Simple installation and monitoring.

However, sacrificial systems have limitations: they are less effective in high resistivity soils and can require frequent
anode replacement.



Impressed Current Systems

Impressed current (IC) systems use an external power supply to deliver a controlled current to the steel. The
anodes are typically made of inert materials such as titanium coated with mixed metal oxides (MMO). Advantages
include:

e Precise control over protection level.
« Effective in a wide range of soil resistivities.
e Lower maintenance once installed.

IC systems do require a reliable power source and more complex monitoring equipment.
Standards and Regulations

Designing and implementing cathodic protection systems must comply with industry standards to ensure safety,
reliability, and regulatory approval. One of the most widely referenced standards for steel in soils is the AS
2832-5:2008 specification, which provides detailed guidelines for cathodic protection of metals in soil environments.

Other key standards include:

¢« ASTM G50 - Standard Practice for Design of Cathodic Protection Systems.

e |EC 60364-5-52 — Electrical installations — Part 5-52: Protection against corrosion.
¢ API 1104 — Welding and inspection of pipelines.

e ASME B31.3 — Process piping.

Adhering to these standards ensures that protection systems are designed with appropriate safety margins,
material selections, and monitoring protocols.

Design Considerations for Steel Structures

Effective cathodic protection begins with a thorough understanding of the environment and the steel structure itself.
Below are the primary factors that influence system design:

Soil Resistivity
Soil resistivity determines how easily current can travel from the anode to the steel. High resistivity soils (e.g., dry,
sandy soils) require higher current densities or more anodes to achieve adequate protection.

Cathodic Current Density

The current density (measured in milliamps per square meter) is a critical parameter. Typical values range from 1 to
10 /mA/mz2 for structural steel, but the exact figure depends on the corrosion rate and soil conditions.

Anode Placement and Spacing

Proper placement ensures uniform current distribution. Anodes should be positioned to avoid “dead zones” where
protection is insufficient. In IC systems, the anode-to-anode spacing and orientation relative to the steel surface are
vital.

Corrosion Rate and Expected Service Life

Calculating the expected corrosion rate helps determine the necessary protection level. A conservative approach
often incorporates a safety factor of 1.5 to 2.0.

Installation Process



Installing a cathodic protection system involves several critical steps. Each step must be carried out with precision
to guarantee long term performance.

Site Survey and Soil Testing
Before any hardware is installed, a comprehensive site survey is essential. Key activities include:
¢ Measuring soil resistivity using a four probe method.
e Assessing moisture content and temperature.
« Identifying potential interfering metallic objects.
Anode Selection
Choosing the right anode material and size is crucial. For sacrificial systems, magnesium anodes are common in
low resistivity soils, while zinc is preferred in moderate conditions. In IC systems, MMO-coated titanium is the
industry standard.
Wiring and Connections

All electrical connections must be corrosion resistant and properly insulated. Grounding must be established to
provide a reference potential, typically using copper or galvanized steel rods driven into the soil.

System Commissioning

After installation, the system should be commissioned by measuring:

¢ \oltage potential between the steel and ground.
e Current output of the power supply.
¢ Anode surface potential.

These measurements verify that the system meets the design specifications.

Maintenance and Monitoring

A cathodic protection system is only as good as its ongoing maintenance. Regular monitoring ensures that
protection remains effective and identifies potential issues before they become critical.

Voltage Measurements

Periodic voltage checks between the steel and ground reveal whether the protection level is adequate. A voltage of
less than —0.8 /V (relative to ground) is generally considered sufficient for steel in soil.

Anode Consumption

For sacrificial anodes, monitoring the remaining mass of the anode material informs replacement schedules. A
typical replacement interval is 2—3 /years, but this can vary with soil conditions.

Data Logging and Remote Monitoring

Modern systems integrate telemetry and loT devices to transmit real time data to central monitoring stations. This
allows for predictive maintenance and rapid response to anomalies.

Common Applications

Cathodic protection is employed across a wide range of industries. Below are some of the most common
applications:

Pipelines



Underground and offshore pipelines are highly susceptible to corrosion. Cathodic protection extends their service
life and reduces leak incidents.

Storage Tanks

Steel tanks used for chemicals, oil, or water storage benefit from protection against both internal and external
corrosion.

Bridges and Infrastructure

Steel bridge components, culverts, and retaining walls often require cathodic protection to prevent structural failure.

Marine Structures

Offshore platforms, ship hulls, and harbor equipment are exposed to harsh saline environments where cathodic
protection is indispensable.

Troubleshooting Common Issues

Even the best-designed systems can encounter problems. Below are common issues and how to address them.
Under Protection
Symptoms:

¢ Higher than expected corrosion rates.
¢ Voltage readings above —0.8 /V.

Causes:

« Insufficient anode size or number.
« Inaccurate soil resistivity measurement.
e Faulty connections or corrosion of wiring.

Solution:

¢ Re evaluate design calculations.
 Increase anode count or size.
e Repair or replace damaged connections.

Over Protection
Symptoms:

¢ Voltage readings below —1.5 /V.
e Excessive anode consumption.

Causes:

e Over design of the system.
¢ Improper anode placement.

Solution:

¢ Reduce current output of the power supply.
¢ Adjust anode spacing.

Anode Corrosion or Damage

Regular inspections should identify pitting or surface degradation. Replacing damaged anodes promptly prevents



loss of protection.

Future Trends in Cathodic Protection

The field is evolving rapidly, driven by advances in materials science, digital monitoring, and sustainability
considerations.

Smart Sensors and Predictive Analytics
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