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Infrastructure assets in marine waters under 
attack!
You probably will not see this headline from your local news 
provider; nonetheless, there is a relentless assault underway. The 
battle is against an old foe, whose strategy is to use stealth and 
patience to win its objectives. Who is this culprit? Corrosion.

Marine sub-structures are subject to degradation on two 
main fronts: mechanical (vessel impacts, wear, etc) and corrosion. 
Corrosion degradation of assets located in and near salt water is 
often more extensive but gets less attention because corrosion 
damage is gradual and possibly undetected. 

The worldwide cost of corrosion on marine infrastructure is 
enormous. The landmark 2001 study, sponsored by the US FWHA, 
estimated the annual cost of corrosion on waterways and ports in 
the US alone to be $0.3 billion. Securing funds for the protection 
and repair of those assets is becoming more difficult with tightening 
budgets and increasing demands in other areas. Therefore, it is 
more crucial for structure owners to spend their maintenance 
funds wisely. This article will focus on the primary cause of attack: 
chloride induced corrosion of steel reinforcement in concrete and 
steel pilings, and it will discuss remediation strategies.

Know your enemy
The first step is to understand the enemy. In the case of chloride 
induced corrosion, the presence of chloride ions from salt water, 
along with other environmental conditions, break down steel’s 
natural defense, a thin passive film. Studies have shown that 
chloride ions levels in concrete as low as 0.2 per cent can initiate 
active corrosion. Once the attack has started, corrosion will 
continue, unless intervention occurs. The extent of attack varies in 
zones based on elevation, as shown in Figure 2. This graph reveals 
a noteworthy finding: the highest level of attack is in the splash 
zone, above the high tide; i.e. not in the water. The same effect 
is true for reinforced concrete structures. In this zone, chloride 
levels can be several times higher than the native waters, as mist 
and spray evaporate leaving salty deposits. Further, an abundance 
of moisture and oxygen fuels active corrosion (galvanic) cells. 

Corrosion is an electro-chemical process. As the name implies, 
there are exchanges in electrical charges (electro-) and molecular 
components (chemical). These reactions occur in a galvanic cell 
on the surface of the steel element, where cathodic sites are 
protected and anodic sites corrode. That is, the steel corrodes on 
itself. Because corroded steel occupies several times the volume 
of the steel consumed, expansive forces are created that can 
delaminate the coatings on steel structures and the concrete cover 
on steel reinforced concrete structures. In general, the corrosion 
front shifts dynamically according to changes in surface and 
environmental conditions, but invariably, real structural damage 
accumulates over time, see Figure 3. 

Fighting back
The two most widely used methods in controlling corrosion on 
existing structures are surface coatings/barriers and cathodic 
protection (CP). Coating and barrier techniques continue to improve 
and provide excellent service for many applications. However, 
breaches, from external forces or from inherent defects can lead to 
aggressive localised corrosion attack on the underlying steel. 
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Figure 1. Advanced corrosion in the splash zone.

Figure 2. Corrosion profile of steel piling after 5 years’ exposure in seawater at 
Kure Beach, North Carolina.
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CP fights ‘fire with fire’ by altering the electro-chemistry of 
the steel surface. An auxiliary anode is added to the structure and 
a small DC current is applied to make the steel behave solely as 
the cathode in a newly created ‘macro-galvanic cell.’ In simple 
terms, the steel (cathode) is protected from further deterioration. 
There are two categories of CP systems: Impressed Current 
Cathodic Protection (ICCP) and Sacrificial Anode Cathodic 
Protection Systems (SACP). ICCP systems use an external 
power source, typically rectified AC; while SACP systems use 
the natural potential difference of steel and the anode to create 
a driving DC voltage. CP systems are most effective when they 
are used in conjunction with a barrier protection strategy.

SACP systems
Submerged Al or Zn bulk anode systems are probably the most 
recognised form of CP; these systems are a form of SACP (also 
called Galvanic Cathodic Protection). Please note: submerged anode 
systems only protect the portion of the structure that is in the water, but as 
shown earlier, the most aggressive corrosion occurs above the water line, i.e. 
in the splash zone. 

According to NACE International, a working CP system 
must have four components: a cathode surface, an anode surface, 
an electrical (metallic) path, and a common electrolyte. In the 
case of submerged bulk anodes, the seawater is the common 
electrolyte; therefore, only the portion of the cathode (steel 
structure) that is in contact with the water is protected within 
the CP system. SACP jackets have been designed to overcome 
this limitation. 

Combining fiberglass (FRP) jacket and zinc mesh anode 
technology, nearly 5,000 SACP jackets have been installed 
worldwide since the mid 1990s. This system, called the 
Lifejacket®, was developed by Jarden Zinc Products, in 
conjunction with the Florida Department of Transportation. 
When cementious mortar is added inside the jacket annulus 
(five cm), a common electrolyte is created. The zinc mesh 

anode covers the entire inside face of the fiberglass jacket. 
The four components of the CP system are thus established 
and are self-contained within the jacketed area. The addition of 
cementious mortar inside the jacket provides the added benefit 
of rehabilitating lost concrete cover from crack and spall damage. 
Also, the FRP jacket serves the dual function of providing a 
permanent form and restricting the ingress of chlorides, from 
splash and spray, and oxygen; i.e. as a barrier. SACP jackets are 
designed to cover the most corrosion prone areas: typically 
0.5m below Mean Low Water up to an elevation above the 
splash zone. These systems are typically designed for 25+ year, 
environmentally friendly and maintenance-free service. 

Advanced SACP systems require no on-going monitoring, 
adjustments and maintenance, as is the case with ICCP systems. 
SACP systems are self-regulating and will not over- or under-

Figure 3. Corrosion deterioration accumulates and accelerates.

Figure 4. SACP jacket system.
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protect. Special causes, such as storm events, pilfering, or a failed 
component, can cause unexpected or unrealised disruption to 
ICCP systems. Over-protecting can cause serious and possible 
catastrophic problems related to hydrogen embrittlement of the 
reinforcing steel.

Other advanced SACP systems using similar zinc mesh 
strategies are immerging for the protection of other types of 
structures in the splash and tidal zones, such as steel sheet piles, 
concrete retaining walls, etc.

Choose carefully
Careful consideration should be made to select the best  
system to meet objectives. The first critical step is perform 
a thorough ‘conditions assessment’ of the structure. Visual 
inspection is beneficial, but often can be misleading. Many 
structure owners call upon specially qualified engineering  
firms and technical specialists; such as NACE CP Specialists, 
to help evaluate and recommend the best solution. Also, more 
and more, engineers are relying on ‘Life Cycle Cost Analysis’ 
concepts to help determine the true low cost solution, 
recognising that lower upfront costs may ultimately be more 
expensive over the long run. 

By carefully evaluating long term maintenance goals, 
assessing the condition and cause of corrosion damage, and 
then selecting the best repair strategy, structures in marine 
waters can be protected. When it comes to meeting the 
maintenance objectives in today’s ports and harbours, modern 
SACP systems are proving to be a valuable weapon in winning 
the war against corrosion.

References available upon request.

Figure 5. Zinc mesh anode.


