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The natural gas pipeline grid that is currently in use will be partly repurposed for transport of hydrogen to
decarbonize the energy landscape. Despite its necessity, evaluating fracture toughness and fatigue properties of pipeline
steels in gaseous hydrogen at high pressures is very time consuming, needs to follow strict safety regulations and is thus
expensive. Therefore, a screening methodology using quasi-static tensile testing is considered to evaluate the
hydrogen embrittlement sensitivity of different X70 base materials and their welds in a relatively fast and less
expensive way. Fractography analysis is an important asset with respect to the interpretation of the screening results.

• The natural gas pipeline grid is characterized by a
variety of pipeline steel and weld microstructures
showing different responses to hydrogen exposure.

• Inclusions, segregation and hard bands, weld flaws
and specific HAZ microstructures determine the
fracture mechanism as revealed by the fracture
surfaces after straining in hydrogen.

• Applicability of the screening method
needs to be verified with gaseous
hydrogen results. Most suitable EI could
as such be defined.
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1. X70 base materials and welds

2. Hydrogen characterisation

3. Mechanical characterisation Ex-situ quasi static tensile testing

BM1 ≈ BM4 (cold bent) BM2 ≈ BM3 (cold bent) LW (top) ; GW (bottom)
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4. Database creation
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Fisheye initiation at various inclusions: mixed oxides (Si, Al, Mg, Ti, Ca) and sulphides (Ca, Mn) 

Initiation at microstructural bands (absent in weld)
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