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Corrosion of steel. Basics

• Iron present in oxidized state on earth

• Steel making

• Corrosion of steel (natural phenomenon)
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Uniform corrosion 

• Homogeneous thickness loss over the steel surface
• Result from random variations of anodic/cathodic area on a 

microscopic scale
• steel heterogeneities (grain orientations, composition,...)
• environmental microscopic fluctuations (dissolved oxygen, solution 

conductivity,....)
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Localized corrosion of carbon steel

• Pitting corrosion
– Variations of microscopic parameters, modification steel 

interface
– Steel, environment,….
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Accelerated Low Water Corrosion (ALWC)

=> Corrosion rates of more than 1 mm per year
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Fundamentals of corrosion

• Basic requirement:

– Electrolyte - i.e. conductive solution: fresh water, sea water, moisture film

– Electrodes - i.e. metallic pieces

– Species to be reduced: 2H+ + 2e- --> H2

½ O2 (dissolved) + H2O + 2e- --> 2 OH-

Species to be oxidised: Fe --> Fe2+ + 2e-

Zn --> Zn2+ + 2e-

• Thermodynamics:
Corrosion possible IF [E cathode - E anode] > 0

Function of pH, O2, nature of metal, T?;

• Kinetics:
Corrosion rate function of Electrolyte conductivity

H+ / O2 availability (T?; , agitation)
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• Splash zone
Thin
moisture
film

Splash
droplet

O2 >> in air

e- e- e- e-

O2 depletion
under dropelt:
ANODIC AREA
Fe --> Fe++ + 2e-

O2 available in
thin moisture film:
CATHODIC AREA
½ O2 + H2O + 2e- --> 2OH-

SteelSteel

Cross-cut

Differential aeration micro-cells
wet / dry cycles alternating at high rate

High attack: 0,075 mm/year on average in sea water

Uniform corrosion of
steel sheet-piling in water and soils
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Uniform corrosion of
steel sheet-piling in water and soils

• Tidal zone and Low water zone

• Differential aeration macro-cells
• Surface of cathodic area >> Surface of anodic area

High attack in LW zone: 0,075 mm/year on average in sea water

O2 >>> in air

Moisture film
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O2  << under Lowest tide

Lowest tide

WATER
LEVEL
MOVING

Tidal
zone

Low
water
zone

Cathodic area:
½ O2 + H2O + 2e- --> 2OH-

Anodic area:
Fe -->Fe2+ + 2e-

Balance of charge transfer
Example: 3 m2 x [½ O2 + H2O + 2e- --> 2OH-] <---> 1 m2 x [Fe --> Fe2+ + 2e-] x 3

Low attack in tidal zone: 0,035 mm/year on average in sea water

e-
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Low water
zone

Uniform corrosion of
steel sheet-piling in water and soils

• Immersion zone

• Corrosion controlled by O 2 availability

• O2 diffusion on large scale from surface

• O2 diffusion close to interface through fouling, depos its and
corrosion products

• Low attack: 0,035 mm/year on average in sea water

Immersion
zone ½ O2 + H2O + 2e- --> 2OH-

Fe -->Fe2+ + 2e-

O2 dissolved <<

Lowest tide

Dissolved O 210

mg/l
1 m

2 m

3 m

4 m

0
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• Corrosion in soils

• Low uniform corrosion generally speaking:
0,010 - 0,020 mm/year on average

• Risk of localized corrosion:

- Various soil layers with variable porosity
e.g. backfilled materials

differential aeration cell

- Soluble salts  (Cl -, SO4- -) and ground water
conductivity

- Nature of soil
pH << or pH >>

Air O 2 >>

Back fill O 2 >

Natural soil
O2 <

O2 <<<

0,020 0,040
Corrosion rate
soil side
(mm/year)

Ground

Water

Uniform corrosion of
steel sheet-piling in water and soils

Peat
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Splash zone corrosion – Example 
Guaymas Marina – Baja California - Mexico

• Severe climatic conditions (heat 
/ high salinity / strong winds) 

• AZ26, 5 years exposure without 
protection 

• Corrosion product 15-20 thicker 
than actual corrosion loss

• Thickness measurements 
confirmed that corrosion was in 
normal range 
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Corrosion in soil - Example

AU piles, 1.50m
?-piles, 0.80m

•pulled out 400 mm wide double piles 
after 40 years in good condition
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Corrosion behaviour of the interlock

• low corrosion inside interlock
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Uniform corrosion of SSP in water

• State of the art in sea water corrosion:
Mean corrosion rate along sheet-piling wall

Atmospheric zone

Splash zone

Tidal zone

Low water zone

Immersion zone

Soil zone

Corrosion rate O,1 mm/year

Highest
astronomical tide

Lowest
astronomical tide

LOW  ATTACK

HIGH  ATTACK

LOW  ATTACK

HIGH  ATTACK
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Durability of steel structures

• Atmospheric corrosion is very low

• Corrosion in undisturbed natural soils is very low (exception peat, …)

• Corrosion in common fresh water is low

• Corrosion in sea water is different (splash zone, low water, immersed)

Loss of thickness: Table 4.1 & 4.2, prEN 1993-5 (20 07)

design life (years) 5 25 50 75 100

undisturbed natural 
soils (sand, clay, …)

0.00 0.30 0.60 0.90 1.20

common fresh water: 
waterline

0.15 0.55 0.90 1.15 1.40

sea water: permanent 
immersion & intertidal

0.25 0.90 1.75 2.60 3.50

sea water: splash & 
low water zone

0.55 1.90 3.75 5.60 7.50

(mm)
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Durability of steel structures

Solutions:

• design ssp with maximal bending moment in zone with 
reduced corrosion rates

• ‘sacrificial’ thickness of steel

• higher steel grade � increases safety factor on steel

• surface protection (coating � aesthetics)

• cathodic protection (zones constantly in contact with water)

• concrete capping beam down to 1.0 m below low water
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Capping beam / Coating

Protection of upper part of SSP quay 
wall including low water zone

=> concrete capping beam / coating
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Corrosion protection of SSP walls

• Passivation:

– Self-protection by corrosion products
• adhering the corrosion interface
• forming a partial barrier to O2 diffusion

– Development of passivation layer

leading to decrease of 

corrosion rate with time

Rust simplified
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Corrosion resistance : A 690 Mariner Steel Grade

Improved splash zone corrosion behaviour
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Corrosion resistance : A 690 Mariner Steel Grade 

0,5% Cu  0,4% Ni - 0,1% P
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Surface protection

• coatings (epoxy / glass flake)
• duplex systems

Coatings:
– blasting (shot, sand)
– primer
– 1st layer
– 2nd layer 

(before / after driving)

Coatings: EN ISO 12944 / BAW

– atmospheric: 240 mm

– fresh water: 380 mm

– sea water: 380 mm

– waste disposal: 480 mm
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Cathodic Protection

• Basic principle : Setting steel potential in the immunity region

• Sacrificial anodes • Impressed current
- Zn, Al, Mg anodes
- Investment and operating costs <
- Limited durability due to
anodes consumption  ---> replacement

- Graphite or high-silicon cast-iron anodes
- Transformer/rectifier as direct current source
- Investment and operating cost >
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Corrosion Protection of SSP walls in different zones

Corrosion rate O,1 mm/year

Painting 
Concrete encasement
Sacrificial thickness
A690

Painting 
Cathodic protection
Sacrificial thickness 
AM-Locor
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Steel sheet pile sections: classes acc. EC 3-5
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Steel sheet pile sections: classes acc. EC 3-5
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Optimized solutions in high yield steel 
grade

Wx
(cm3/m)

fy
(MPa = N/mm2)

BMC
(kNm/m)

4 400 355 1 562

4 005 390 1 562 

3 635 430 1 563

3 395 460 1 562

4 400

4 005

3 635

3 395

3 000
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4 000
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• Economical solution for high 
bending moments

• weight reductions of 20-30% can 
be achieved 

• S 460 AP in next version of EN 
10248 (S460GP)

• Advantageous for impact driving 
in hard ground (higher driving 
stresses possible without plastic 
deformation)

• Check drivability of thinner section

• Check section classification after 
corrosion
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Steel sheet pile sections: classes acc. EC 
3-5

Local buckling (class 4)
• width b
• thickness flange t f

• yield stress fy
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Software tool “DURABILITY EC 3-5”

• Section classification changes after corrosion loss (reduction of flange thickness)

• In case of class 4 section, the “design yield stress” can be reduced accordingly to 
fulfill criteria of a class 3 section

• DURABILITY EC3-5 software tool for structural verification (beta-version available)



29

AMLoCor

• the solution to corrosion issues in 
the Low Water Zone & Permanent 
Immersion Zone (seawater)

• exceptional performance based on 20 
years of development & testing

• for all types of SSP-structures that are 
exposed to sea water

• alternative to cathodic protection 
systems (more cost efficient and 
environmentally friendly)

• Micro Alloyed Steel with increased 
Chrome and Aluminium content

ArcelorMittal Low Corrosion Steel Grade
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New steel grade: AMLoCor�

Higher corrosion 
resistance 
(special chemical 
composition)

CIR
(corrosion impediment ratio)

Low 
Water 
Zone

Permanent 
Immersion 

Zone

5 3

Measured corrosion 
rates in a port in UK 
(over 15 years)
U-channel
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AM LoCor – How does it works

ESMA microscopic analysis of a sample

Concentration of alloying elements Cr and Al at the 
surface � modified corrosion products from a 
protective layer
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Fit-for-purpose for piling

Not in accordance with EN10248, but has a comparable behaviour and the well established design ruled 
for SSP can be applied (EAU, Eurocode, ...)
ETA European Technical Agreement in progress
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Chemical composition

• Target was to have  similar chemical composition and mechanical properties as a carbon steel according
to EN10248

• Main difference is addition of Chrome and Aluminium

• Currently AZ-sections having a yield point up to 390 N/mm2 available

• Further increase of the range and yield strength in the future 
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Available range of products –
to be extended  

Please check our website for latest updates.
Combi-walls will be offered in the future.
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AMLocor long time survey in harbour environments

• Comparison between Carbon steel and AMLocor

• ongoing tests on plates and individual sheet piles
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Survey in fresh water sites with known corrosion 
issues
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Driving test. Copenhagen, DK, 2010

• location: Marmormolen, Copenhagen.
• 6 double piles AZ 26-700, 14.0 m long
• 3 AMLoCor Blue355, 3 S355GP
• 2 of each steel grade driven with impact hammer 

(UddComb H6H), one with vibratory hammer 
(PVE2520)

• driving through marine deposit, coarse 
gravel into limestone with cobbles / boulders

• PDA measurements (dynamic stresses during 
driving) and CAPWAP (estimation of bearing 
capacity) by independent Danish company

Results:
• Both steel grades show an excellent ductile 

behaviour.
• Similar behaviour. No major damages to the 

sheet piles.
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Weldability

• Carbon Equivalent Value (CEV), similar to carbon steel

• welding
– tubes (SAW) 
– C9 (MAG)
– sheet piles (MAG & SAW)

• qualification of welding processes
• qualification of welders

(Note: steel not standardized)
No ‘incidental’ welding on job site
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Weldability – WPS for AM-Locor
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Pilot project. Shoreham, UK (2010)

Single-anchored quay ~30 m long
retained height of 8.7 m
AZ 38-700, 16.0 m long, AMLoCor Blue355 . 

4 sheet piles equipped with additional channel 
elements required for the inspection of the 
residual thickness in the future.
2 standard S 355 GP sheet piles serve as 
reference samples.
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AM LoCor - Pilot Project in Port of Shoreham, UK – AZ38-700

- special measuring probe for continuous long term measurements
- first results after 5 years 
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AMLocor Projects 

Quay Wall at 
Mairs Yard, Lerwick, Shetland 
Islands
AZ 44-700, 11.5 m -15.5 m long, 
AMLoCor Blue320 – 600 tons. 
- pretreatment of basaltic rock by 
blasting 

- piles have been driven 2 m deep into 
the blasted rock

Quay Wall in Ravavu – Papua New 
Guinea
AZ 26-700, 16.0 m long, AMLoCor 
Blue355 – 800 tons
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AM-Locor Conclusions

• Alternative for Cathodic Protection Systems (no maintainance / more 
environmentally friendly)

• Especially interesting for lighter walls (cost for CP per square meter / 
AM-Locor per ton – about 10% more in comparison to carbon steel)

• Broader range of sections and increase of available yield strength 
foreseen
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Many thanks for you attention

sheetpiling.arcelormittal.com


