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Core theoretical research on stress analysis and strength design of high-pressure gas
pipelines
Yu Sen (Jinan Energy Engineering Group Co., Ltd., Jinan Shandong 250000, China)

Abstract: As the lifeline of energy transmission, the stress state and strength design of high-pressure gas pipelines
are directly related to energy supply security and public safety. Against the backdrop of rapid urbanization and surging
energy demand, high-pressure gas pipelines are developing towards longer distances, higher pressures, and larger diameters,
posing higher requirements for stress analysis and strength design. This article is based on the theoretical foundations of
clastic-plastic mechanics, fracture mechanics, etc., and systematically constructs a stress analysis system for high-pressure
gas pipelines. It deeply explores the distribution laws of circumferential and axial stresses caused by internal pressure
stress, analyzes the mechanism of thermal stress caused by temperature changes, and analyzes the superposition effect
of mechanical loads (such as self weight, wind load, earthquake load) on pipeline structures, as well as the local stress
concentration phenomenon caused by welding defects, support and hanger constraints, and other factors. Based on
typical failure modes such as pipeline leakage, cracking, and buckling, innovative four core principles of strength design
are proposed, covering safety (meeting ultimate state design requirements), applicability (adapting to complex service
environments), economy (optimizing material and structural selection), and sustainability (extending the entire life cycle).
The study establishes a quantitative coupling model between stress analysis and strength design, revealing the synergistic
logic between the two, providing a complete theoretical framework for high-pressure pipeline engineering design, and has
important guiding significance for building a scientific and reasonable pipeline safety guarantee system and promoting the
upgrading of industry technical standards.
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