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Abstract

As the core channel for oil and gas production and fluid injection, the service safety of oil and gas
well tubing strings directly determines wellbore integrity, production efficiency and engineering
safety. Under the combined effects of high temperature and high pressure, corrosive media, com-
plexloads and long-term alternating working conditions, tubing strings are prone to failures such
as corrosion, deformation, leakage and fracture, which seriously threaten the safety of the well-
bore throughout its life cycle. Focusing on the multi-field coupling failure mechanism and intelli-
gent monitoring and evaluation methods, this paper systematically sorts out the core influencing
factors of tubing string service safety, summarizes the worldwide research progress of failure
mechanisms, evaluation methods, monitoring technologies and protection measures, compares
the advantages and disadvantages of existing technologies, points out the current technical bot-
tlenecks, and prospects the future development directions. Studies show that tubing string safety
service evaluation has evolved from single-factor analysis to multi-field coupling, full life cycle
and intelligent orientation. Coupled corrosion-mechanical failure, online monitoring and resid-
ual life prediction, and intelligent early warning have become research hotspots. However, exist-
ing technologies still have shortcomings in adaptability to complex working conditions, long-term
protection and real-time early warning accuracy. In the future, efforts should focus on in-depth
research on multi-field coupling mechanisms, development of high-precision monitoring equip-
ment, and integrated application of artificial intelligence and digital twins, so as to promote the
upgrading of tubing string safety service evaluation toward precision, intelligence and visualiza-
tion, and provide support for the efficient development of oil and gas and the safety of wellbore
engineering such as CCUS and geothermal energy.
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