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Mainly repurposing existing pipelines



And affects mechanical properties
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Depraetere, Robin, et al. “Single Edge Notched Tension Testing for Assessing Hydrogen
Embrittlement : A Numerical Study of Test Parameter Influences.” 

Depraetere, Robin, et al. “Influence of Stress Triaxiality on Hydrogen Assisted Ductile
Damage in an X70 Pipeline Steel.” 

Ductility loss Fracture toughness loss

Hydrogen uptake in the material

Mechanical degradation
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Component scaleSmall scale

Microstructural investigation Mechanical testing combined with numerical simulations

µm mm cm dm m

10 mm6 mm

Tensile and fracture toughness Strain capacity and weld defect tolerance 

Post-mortem analysis

Hydrogen induced cracks
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Empirical insights on effects of weld strength mismatch, Y/T ratio, interaction of defects,…

EPRG guidelines (Tier 2) for girth weld defect assessment (adopted by EN 12732 and AS 2885), CSA Z662
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Combining CWP test results, and numerical predictions of tolerable defect sizes

→ Need to update defect limits in (EPRG Tier 2) guidelines for pipelines transporting hydrogen? 
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CWP testing of hydrogen charged specimens
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Electrochemical charging conditions determined 
based on permeation tests

Large-scale tension test on CWP with artificial weld defect

HAZ notch of 3mm height and length equal to 7t (EPRG Tier 2)

Uncharged and hydrogen pre-charged specimens

Charging cel
0.5M H2SO4

Incl. 1g/l thiourea at 0.8mA/cm²

1 day

21 days
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Clip gauges → Crack Tip Opening Displacement (CTOD)DCPD →Crack growth

CMOD

CTOD

Clip 2

Clip 1
ReferenceCrack

Ex-situ testing
24h pre-charging

Strain rate of 2,5 × 10−4s−1 

  

overall LVDT

overall LVDT

Remote LVDT Remote LVDT

LVDT → strain in base material and overall

Ex-situ testing
21 days pre-charging
Displacement rate of 1mm/min 
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5mm 5mm 5mm

L485MB DN1000x14,9mm
Stock of 2009
Reproduced weld

X70 DN900x15,18mm
In service since 1982

St60.7  ø937,8x13,7mm
In service since 1973

190

250

HV10

507±8 608±3

571±8 640±6

488±17 661±18

550±30 623±47

415±15 593±8

476±5 569±9

Base material

Weld material



Retained austenite increases the hydrogen concentration

5 mm

5 mm

5 mm

L485MB 
Stock of 2009
Reproduced weld

ND

LD

X70
In service since 1982

St60.7 
In service since 1973

FCC
BCC

Hydrogen content [wppm]
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Remote Strain Remote StrainRemote Strain

Elastic fracture Post-yield ‘unstable’ fracture Plastic collapse

Stopped after UTS 
Fracture

Complete fracture prior to a 
maximum load plateau

Stable up to a 
maximum load plateau

Unstable brittle fracture prior to 
remote yielding 



12

Hydrogen

Reference

Hydrogen

Reference

Stable ductile tearing towards plastic collapse All ended with a post-yield fracture, influenced by 
presence of lack of fusions

A: Stock B: ‘80

5mm

A: Stock

5mm

B: ‘80

Stopped after UTS 
Post-yield fracture

Remote stress
CTOD
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100 µm

Machined notch

Stable crack extension

Lack of fusion

Example: 2nd test of B
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Hydrogen

Reference

A: Stock B: ‘80 C: ’70 

Hydrogen

Reference

Hydrogen

Reference

Stable ductile tearing towards plastic collapse Stable and unstable crack extension  All ended with a post-yield fracture, influenced by 
presence of lack of fusions

Unstable fracture in hydrogen influenced by 
corrosion in the notch

5mm

Stock of 2009

5mm

Service since ‘82

5mm

Service since ‘73

Stopped after UTS 
Post-yield fracture

Remote stress
CTOD



Hydrogen

Reference

Reference 

Crack growth

Fatigue pre-crack

Machined notch

1mm

200 µm

Crack growth

Fatigue pre-crack

1mm

Hydrogen 

Crack growth

Fatigue pre-crack

Machined notch

200 µm

Crack growth

Fatigue pre-crack

Cracks at the start at initial crack front

50 µm
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Cracks at initial crack front Quasi-cleavage around inclusions

500 µm

3 mm

1 mm
16

Machined notch

Stable crack extension
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Machined notch

2 mm

Machined notch500 µm

1 mm

≈
QC around inclusions/pores

SENT

5 mm

Service since ‘82

Stable crack extension

Unstable crack

Stable crack growth 

Machined notch

Stable crack extension



Crack initiates at higher CTOD compared to SENT in both conditions

18

Reference Hydrogen



Component scale testing less conservative than small scale

All tested specimens match the 0,5% remote strain requirement of EPRG

Hydrogen charged CWP loses strain capacity unless lack of fusion dominated

Macro-mechanical effects  

Microstructural post-mortem comparison

Similar damage indications on fracture surface over the multi-scale specimens

Cracks at initial crack front might explain the loss in toughness and strain capacity
 

3 mm
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