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ABSTRACT

Hydrogen, as one of the crucial carriers in achieving the
green and low-carbon transition, plays a significant role in a
multi-energy  structure. Among the existing hydrogen
transportation methods, the transportation of hydrogen in the
form of hydrogen-blended natural gas through the existing urban
natural gas pipeline network is an effective way to enhance
transportation efficiency and substantially reduce costs.
However, when hydrogen comes into contact with the metal
materials of natural gas pipelines, it can lead to hydrogen
embrittlement, resulting in a deterioration of the mechanical
properties of the metal materials and even causing significant
accidents. Notably, the welded joint area of gas pipelines is
widely recognized as the vulnerable link in pipeline
transportation  systems because the microstructure and
mechanical properties of the welded joint area differ
significantly from those of the pipeline steel base material,
making it the most susceptible site for hydrogen embrittlement-
induced failure. In this study, using 20# steel as the research
subject, specimens were taken from the vertical weld seam in its
welded joint area. The slow strain rate tensile test, low cycle
fatigue test and fatigue crack growth test under hydrogen
environment were carried out to explore the variation of
mechanical properties under different working conditions. The
results demonstrate that with an increase in hydrogen content,
the yield strength and tensile strength of the welded joint in 20#
steel decrease slightly, resulting in a deterioration of mechanical
properties. The elongation and reduction of area after fracture
decrease, indicating reduced material plasticity and an
intensified degree of hydrogen embrittlement. With the addition
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of hydrogen, the overall low cycle fatigue life of specimens
decreases. The relative fatigue life for the three materials are
74.22%, 62.02%, and 46.05%, demonstrating a noticeable
decline in fatigue performance. Hydrogen significantly increases
the fatigue crack growth rate in the weld zone of 20# steel. At a
hydrogen addition of 10vol%, the fatigue crack growth rate is
already approximately 12 times higher than that in the reference
environment with 0vol% hydrogen. Simultaneously, with the
increase of hydrogen content, the fatigue crack growth rate and
the degree of deterioration both escalate, and the deterioration
indexes are all above 90 %. The research findings can be utilized
to assess the compatibility of gas pipeline welded joints in a
hydrogen environment.

Keywords: 20# steel, Hydrogen embrittlement, Tensile
property, Fatigue property

1. INTRODUCTION

With the escalating global emissions of greenhouse gases,
countries worldwide are confronted with increasingly severe
climate challenges. To combat climate change, a series of
renewable energy strategies, measures, and actions have been
globally formulated and implemented. In 2020, China explicitly
outlined its dual-carbon strategy, setting goals for peaking
carbon emissions by 2030 and achieving carbon neutrality by
2060. The government's robust support has propelled the rapid
development of renewable energy. Hydrogen energy is a crucial
component of the global energy structural transition and the
establishment of a new energy system. It is also one of the most
important energy carrier for achieving a multi-energy structure
and a carbon-neutral society [1,2]. According to statistics from
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