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Steel degradation in Offshore 
Conditions: The path to 

prediction

1



2

In practice:



The Project:

ÅDe Development

ÅMo Monitoring

ÅPre Prediction

ÅCI Coupled Interactions 

ÅMDT Material Durability Testing
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The concept

ÅThe interactions:

ïAbrasion

ïCorrosion (dissolution / H embrittlement)

ïFatigue

Å1 forming process

ïWelding
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The problem:

ÅDamage modes often occur simultaneously 
offshore

ÅAll have a ‘state of the art’

But: interaction not well understood

Č Over-estimation in real applications

Č Excessive costs in real applications
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The project:

ÅDevelop numerical models for each damage 
mode:
ïAllows predictionof damage evolution

ÅCombine numerical models for each damage 
mode
ïAllows more accurate predictionof in-use 

degradation
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The approach:

ÅGenerate the numerical model

ÅValidate

ÅImprove

ïModels, based on experimental input
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Track 1: Fatigue

ÅFocus on Initiation as well as Propagation
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Track 1: Fatigue

ÅPropagation:

Model buildup
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Track 1: Fatigue

ÅPropagation: eXtendedFinite Element Method
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Abaqus



Track 1: Fatigue

ÅInitiation: 

ïFocus on corrosion-related

ïExperimental validation

ïSetup:

ÅSolution flow

ÅFiltering

ÅDissolved oxygen

ÅTemperature control
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Track 1: Fatigue

ÅInitiation:

ÅDifferent criteria compared
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Track 1: Fatigue

ÅInitiation: 
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Comparison 
experiment with 
numerical model: 
good correlation!



Track 2: Corrosion

ÅH embrittlement: experimental
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Å Different sample types tested
Å Different degrees of induced 

deformation
Å Including recovery treatment

Å Aim : influence of microstructure on 
Hydrogen permeation

Devanathan-Stachurskicell



Track 2: Corrosion
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Å AR: As received
Å A10: 10% deformation
Å A50: 50% deformation
Å A70: 70% deformation
Å H70: 70% deformation + 

temperature-induced recovery 
afterwards

ÅH embrittlement: experimental

ÅMore deformation Ą lower diffusivity



Track 2: Corrosion
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Å AR: As received
Å A10: 10% deformation
Å A50: 50% deformation
Å A70: 70% deformation
Å H70: 70% deformation + 

temperature-induced recovery 
afterwards

ÅH embrittlement: experimental
Sample surface during test:
More deformation Ąmore 
blister formation on surface = 
material damage



Track 2: Corrosion
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ÅH embrittlement: numerical model

ÅWhat happens:
Å Left surface: 

Å H bubbles away (not 
experimentally 
accessible) or enters 
material

Å Bulk:
Å Diffusion
Å Reversible trapping
Å Permanent trapping

Å Right surface: H bubbles 
away or recombines to 
form water

Experimentally accessible



Track 2: Corrosion
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ÅH embrittlement: numerical model

Å Today: literature lacks numerical translation of 
what happens at ‘exit’ side

Å New model also includes reactions at exit side



Track 2: Corrosion
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ÅH embrittlement: numerical model result
ÅSignificant 

improvement of 
model predictive 
power of model on 
Hydrogen Flux



Track 3: Abrasion

ÅExperimental access

ÅIncreased complexity
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Static Implicit Dynamic Explicit

2D Hertzianline 
contact

3D Hertzianpoint 
contact

3D Indentation 3D Scratch abrasion



Track 3: Abrasion

ÅModels:

ÅStatic
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2D Line 3D point



Track 3: Abrasion

ÅModels:

ÅDynamic
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3D Indentation 3D Scratch



Track 3: Abrasion

ÅModels:

ÅValidation (I)
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Validated analyticallyError < 1% Error < 2%

2D Line 3D point



Track 3: Abrasion

ÅModels:

ÅValidation (II) Ą first generation of models 
working very well
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Analytical validation

3D Indentation 3D Scratch

1% difference
Average error 18%

Validated against experiment



Track 3: Abrasion
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ÅMicro-structure based models
Representative 
volume element

Material model

SX / S0

SY / S0
BCC Fe

SX / S0

SY / S0

FCC Fe
Single crystal facet approximations

HMS VUMAT

Texture evolution 

.csv feature file

Grain orientations & 
Phase information

Periodic BC
Fixed BC

(or)

Experimental input
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Track 3: Abrasion
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ÅMicro-structure based models: 

Å2-phase material

Phase 1 Phase 2



Track 4: Welding (forming)

ÅAim:

ïGenerate model that can predict the 
microstructure generated in a certain welding 
operation on low carbon steels

ĄWill serve as an input for the ‘degradation’ 
models
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Track 4: Welding (forming)

ÅChemical composition & cooling rates used as 
input parameters

ÅOutput:
ïg Austenite

ïa Allotriomorphicferrite

ïaw WidmanstattenFerrite

ïap Pearlite

ïab Bainite

ïa  Martensite
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Track 4: Welding (forming)

ÅOutput
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ÅSingle phase followed (aw WidmanstattenFerrite)
ÅEvolution as a function of time
ÅStrong potential to derive residual stresses from 

microstructure evolution



ÅConclusions:

ïStrong and robust models developed for each 
damage mode

ïAlready powerful potential use for predictions

ïNext phase: start fully coupling the models !

ïMore in-depth explanations: the DeMoPreCi-MDT 
posters!
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