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The Project:;

ADe Development
AMo Monitoring
A Pre Prediction

ACl Coupled Interactions

AMDT Material Durability Testing



The concept

A The interactions:
I Abrasion
I Corrosion (dissolution / Embrittlement)
I Fatigue

A 1 forming process
I Welding



The problem:

A Damage modes often occur simultaneously
offshore

AAl'l have a ‘state of

But: interaction not well understood

verestimation in real applications

CO
C Excessive costs in real applications



The project:

A Develop numerical models for each damage
mode:

I Allowspredictionof damage evolution

A Combine numerical models for each damage
mode

I Allows more accurateredictionof in-use
degradation




The approach:

A Generate thenumerical model

A Validate
A Improve
I Models, based on experimental input
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Track 1: Fatigue

A Focus orinitiation as well agropagation
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Track 1: Fatigue

A Propagation:
Model buildup

i
i" front
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1 Crack Front

Crack Surface

Geometric model
Boundary & Load

Add crack Hydrogen content field

into model Residual stress field

XFEM
calculation

Fracture Fracture
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No Load cycle
=—— calculation

=
Life
prediction




Track 1: Fatigue

A Propagation:eXtendedFinite ElemenMethod

S, Mises
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Track 1: Fatigue

A Initiation:
I Focus on corrosicrelated
I Experimental validation
I Setup:
A Solution flow
AFiltering

ADissolved oxygen
ATemperature control
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Track 1: Fatigue

A Initiation:

A Different criteria compared
= Nl el el ey
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A Initiation:

Comparison
experiment with
numerical model:
good correlation!

Track 1: Fatigue
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Track 2: Corrosion

A H embrittlement: experimental

H (o)
Thlcknf-.\ss 0% 10% 50% 20% 70% + 1°h at
reduction 360
Symbols AR A10 A50 A70 H70
DevanatharStachurskcell
A Different sample types tested e S . Bl
A Different degrees of induced S i
deformation |

A Including recovery treatment

Working
electrode

A Aim : influence of microstructure on | I
Hydrogen permeation U = . U

| |
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Track 2: Corrosion

A H embrittlement: experimental
A More deformationA lower diffusivity
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5.E-10

4.E-10

3.E-10

2.E-10

1.E-10

0.E+00

AR: As received

A10: 10% deformation

A50: 50% deformation

A70: 70% deformation

H70: 70% deformation +
temperatureinduced recovery
afterwards

5.92E-10 6.11E-10

Too Joo T To Do

3.34E-11 g o5E.11

B AR mALD mA50 mA70 mH70
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Track 2: Corrosion

=

A H embrittlement: experimental

AR

Al0

A50

Sample surface during test:
More deformationA more
blister formation on surface =
material damage

AR: As received

A10: 10% deformation

A50: 50% deformation

A70: 70% deformation

H70: 70% deformation +
temperatureinduced recovery
afterwards

To T T To Do
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Track 2: Corrosion

A H embrittlement: numerical model

H,0 + e --> H%,4, + OH" H%4s + OH" -->H,0 + e ]- Experimentally accessible

H%q4s + H0 + e
- H2 “+ OH-

A What happens:
HOpds + HOaas > H A Left surface:
A H bubbles away (not

Hoads o Hoads et H2

experimentally
accessible) or enters
material
A Bulk:
A Diffusion
A Reversible trapping
A Permanent trapping
A Right surface: H bubbles
away or recombines to
form water
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Track 2: Corrosion

W,

A H embrittlement: numerical model

A Today: literature lacks numerical translation of
what happens at ‘exit’
A New model also includes reactions at exit side

d . -
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Track 2: Corrosion

=

A H embrittlement: numerical model result

—  Experimental

[ = wew moce i A Significant
=S improvement of
model predictive
power of model on
Hydrogen Flux
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Track 3: Abrasion v

A Experimental access
A Increased complexity

Static Implicit Dynamic Explicit

3D Hertzianpoint 3D Indentation

2D Hertzianline

contact

l Load (_N)

contact

. ILoafi (N)

: /J \&iammy

Load (N)

i

4 : Steel

— Silica
Steel
Steel
: Elastic: E, y
Elastic: E, y 3D model

Elastic: E, v
Plastic: True stress, true strain

3D Scratch abrasion

7 Load (N)

Diamond :
. Displacement
[ Steel ﬁ

Elastic: E, y
Plastic: True stress, true strain




Track 3: Abrasion

A Models:

A Static D Line

S, Mises
(Avg: 75%)
+4.22%e402 10 N
+3.8730402 1
> >

* - “
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3D point
10N
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Track 3: Abrasion

A Models:
A Dynamic

3D Indentation

25N Cone angle: 120°
Tip radius 0.1 mm
Rigid indenter

—— e

1x0.25X1mm?

S, Mises

(Avg: 75%)
+1.325¢+03
+1.215e+03
+1.105¢+03
4+9.943e+02
+8.840e+02
+7.736e+02
+6.633e+02
+5.529¢+02
+4.425e+02
+3.322e+02
+2.218e+402
+1.115e+02
+1.110e+00

3D Scratch

5N

Cone angle: 120°
Tip radius 0.1 mm

Rigid indenter




Track 3: Abrasion

A Models:
A Validation (1)

2D Line 3D point

Maximum contact Maximum contact
pressure, MPa pessure, GPa
Analytical 666.66 N Analytical 2.92 [
Simulated 662.37 Simulated 2.88
Error0.6% Error1.37%
Error < 1% Validated analytically Error < 2%
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Track 3: Abrasion

A Models:

A Validation (113 first generation of models

working very well
3D Indentation

1% difference

Analytical validation

3D Scratch
Mean scratch
depth, um
12.00 Experimental
6.00 Simulated
Average error 18%
0.00 +-+— ‘ = :
1 5 10 15 20 25

Load, N
Validatedagainst experiment
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Track 3: Abrasion

A Micro-structure based models

Experimental input Representative Material model

volume element

S/S BCC Fe

/ WS
HMS VUMAT
SIS
H Single crystal facet approximations

N\

v

FCC Fe

.csv feature file

I Texture evolution S/

Grain orientations & / Periodic BC |
Phase information teta e Fixed BC

AR lo o |

RN [ )

ettt (OI’) I_.sl
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Track 3
A Micro-structure based models

A 2-phase material
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Phase 2

Phase 1



Track 4: Welding (forming)™

A Aim:
I Generate model that can predict the

microstructure generated in a certain welding
operation on low carbon steels

AW Il serve as an |1 nput
models



Track 4: Welding (forming)

A Chemical composition & cooling rates used as
Input parameters

A Output:

g AUSten Ite Calculate 4,.3. 44
. . . W, B, un& M,
a Allotriomorphicferrite
a,, WidmanstattenFerrite
a, Pearlite i
. . T < Apy/W,/ Ay,
ab Bainite calculate I /Iy /1,
a Martensite

Temperature T,
Chemical compaosition,

if el el 1> 0,

If volume fraction
V=1, exitloop

T <B:/Ms,
update volume
fraction, x,,

update volume
fraction, x,
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Track 4: Welding (forming)

A Output

Fvz2
(Avg: 75%)

0.800
E 0,733

0.667
0.600
0.533
0.467
0.400

0.333
0.267

0.200
0.133
0.067
0.000

A Single phase followed( WidmanstattenFerrite)

A Evolution as a function of time

A Strong potential to derive residual stresses from
microstructure evolution

34




i

=]

‘m Ui v 3 m
UNIVERSITEIT =

UNIVERSITEIT .b
PRUSSEL GENT e

A Conclusions:

| Strong and robust models developed for each
damage mode

I Already powerful potential use for predictions
I Next phase: start fully coupling the models !

I More inrdepth explanations: th&®eMoPreGCMDT
posters!
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