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Introduction
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CO2 Pipe Line Fracture
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Brittle Fracture

CO2 Pipeline
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Experimental Set-up

A

ArcelorMittal 7



Charpy V-Notch (CVN) Impact Test Set-up

/ Hammer

Specimen

Capacity=750J ,
Hammer weight=50 kg

Section A-A A
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CVN Results
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Drop Weight Tear Test (DWTT) Set-up
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DWTT Results
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CVN VS DWTT
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X70MS (HIC) offers the best combination of strength, low
temperature toughness and resistance to (accidental) H,S exposure
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Charpy V-Notch (CVN) Impact Results
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Brittle Fracture Model

eXtened Finite Element Method (XFEM)

Moés, Nicolas;
Dolbow, John;
Belytschko, Ted

(1999)

Heaviside enrichment function S,=All nodes
S,;= Nodes cut by the crack
S.= Nodes surrounding the crack tip

|

|
ul(z) = Z Ni(z)ur + Z Nj(z)H(x)q5
‘IGSA ' JESH

|

u, Nodal DOF for conventional

shape functions N, %
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Basic XFEM Concepts

Level Set Method

The level set ®= o represents the crack face

The intersection of level sets ®=o0and W =0
denotes the crack front
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Basic XFEM Concepts

Heaviside function

Accounts for displacement jump across crack
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Basic XFEM Concepts

Phantom node approach (propagating cracks)
Belytschko et al. (2006)

Discontinuous element with Heaviside enrichment is treated as a single element
with real and phantom nodes that gets split into two parts

@ original nodes

O phantom nodes Real domain
crack N crack N crack
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XFEM-Based CZM approach

Cohesive Zone Model (CZM)

Traction ¢,
A

t —

max

Smax

Ge = f T(6)ds ® \: tmax Separation 6,
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CVN Brittle Fracture Model
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Material Properties
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Numerical Model Results
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Numerical Model Results
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Numerical Model Validation
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Small Scale Pipe Fracture Test
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Small Scale Pipe Fracture Model

1im >
Fixed Fixed
0.15mMm
OD= @54 mm
WT=1.0 mm
Enriched Elements
v

871
796
722
647
572
497
422
347
272
197
122
47

-28

Maximum Principal Stress [MPa]

ArcelorMittal 26



Outline

Conclusions

A

ArcelorMittal 27



Conclusions

* XFEM-based cohesive zone approach is a suitable methodology to model

brittle fracture behaviour of APIX70 pipeline steels

= Due to strong discontinuity behaviour of XFEM crack propagation

process the possibility of facing numerical convergence issues are

high!
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