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ABSTRACT
Hydrogen gas transmission will employ to reduce carbon footprint and meet climate change goals. Pipeline system is necessary for transporting
gaseous hydrogen. The high pressure transmission of large volumes of hydrogen gas can increase for the transport efficiency in the future. It is
important to identify the correct materials performance requirements under high pressure condition. Current hydrogen pipeline code ASME B31.12
“Hydrogen Piping and Pipeline” requires that pipe materials shall be qualified for adequate resistance to fracture in hydrogen gas. According to the
standard, fracture toughness test to measure Kin under hydrogen environment needs to be conducted based on ASTM E1681. While the fracture
toughness test of ASTM E1681 is required for the basic plain strain condition, it is hard to achieve the condition for a high toughness material such as
API X65 linepipe. So, it is need to define testing methodologies for the high toughness material. This study aims to establish evaluation methods of
fracture toughness under high-pressure hydrogen condition and to evaluate fracture toughness of materials for high-pressure hydrogen pipeline.
Fracture toughness tests based on ASTM E1820 with unloading compliance mend were conducted under air and high pressure condition, and the
difference of fracture behavior between air and high pressure hydrogen condition was investigated from the view point of the early stage of a crack
initiation. The critical crack size was analyzed using the failure assessment diagram (FAD) concept which is also specified in Article KD-10. FAD
analysis for longitudinal semi-elliptical surface crack flaw reviled that the X65 HFW linepipe exhibit enough safety margin for the weld fracture.
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Table 1 Tensile properties of tested materials in T-direction
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(b) Assessment of circumferential crack at Girth weld
Figure 1 Fracture assessment for a pipe with an assumed surface crack
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