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Abstract

Local components of the directly buried hot-water heating pipelines, such as bends and tee joints,
bear complex stress which can be obtained by detailed stress state analysis using ANSYS simula-
tion. However, it is not operable to establish detailed full-scale ANSYS models for large-scale pip-
ing systems which combine long overhead pipelines and buried pipelines. START Pipe Stress
Analysis Software, which is based on one-dimensional beam model for classical pipe stress analy-
sis, has obvious advantages for pipe stress analysis on large-scale piping systems with long pipe-
lines. To verify the feasibility of START model, we conducted stress analysis of bend pipe indirect-
ly buried hot-water heating pipeline by using START model and ANSYS model, respectively. The
influences of the internal pressure, buried depth, pipe wall thickness, radius of curvature and an-
gle of the bend on the primary stress and the secondary stress of the elbow were analyzed. The
simulation results show that the START model obtains consistent results with the ANSYS model in
the stress analysis of bend pipes. The START model, which is characterized by convenience for
modeling and high computational efficiency, can provide help for integral and local stress analysis
of bend pipe in direct buried hot water heating pipelines.
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Figure 1. Physical model of bend pipe
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Figure 2. Right-angled bend pipe with arm length of 500 m
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Table 1. Pipe geometry and material parameters
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Table 2. Pipe geometry and material parameters
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Figure 3. (a) Finite element model of pipe and soil; (b) Soil simulation
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Figure 4. Nonlinear stiffness of soil
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Figure 5. Stress distribution of bend pipe under installation, operation and cooling state
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Figure 6. Influence of internal pressure and pipe wall thickness on primary stress
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Figure 7. Influence of buried depth and curvature radius on primary stress
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Figure 8. Influence of bend angle on primary stress
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Figure 9. Influence of internal pressure and pipe wall thickness on secondary stress
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Figure 10. Influence of buried depth and curvature radius on secondary stress
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Figure 11. Influence of temperature rise on secondary stress
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Figure 12. Influence of bend angle on secondary stress
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Figure 13. Local model of right-angled bend
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Figure 14. Stress distribution of bend pipe with internal pressure of 1.0 MPa
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Figure 15. Stress distribution of bend pipe under 130°C
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