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Abstract

Nozzles are an essential component for connecting pressure vessels and pipelines. Stress analysis
in opening nozzles of pressure vessels is complex due to the medium pressure, external loads on
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nozzles, thermal expansion thrusts of piping system and thermal loads. The type and assessment
limits of bending stress have always been controversial within the limits of reinforcement. Outside
the limits of reinforcement, there is also a difference between the 2023 edition of ASME VIII-2 and
GB/T 4732-2024 regarding the holistic bending stress averaged through nozzle thickness caused
by external moments (excluding those attributable to restrained free end displacements of attached
piping) should be classified as primary local membrane stress P, or primary general membrane
stress Pm. Therefore, the paper presents demonstrations from both theoretical and finite element
analysis results for the bending stress within the limits of reinforcement. It is recommended to clas-
sify the bending stress as primary stress, and the allowable limit of primary membrane plus bend-
ing stress is taken as Sm = 2.2S. For the holistic bending stress averaged through nozzle thickness
(excluding those attributable to restrained free end displacements of attached piping) caused by
external moments outside the reinforcement, the typical cylinder with a nozzle in the pressure ves-
sels is taken as an example. Then the elastic analysis and limit load analysis are carried out for com-
parison. The results show that external moments can also induce the primary general membrane
stress Pn, it is unsafe to assume that only primary local membrane stress Py is caused.
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Figure 1. Changes in force on opening nozzles
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Figure 2. The distribution of equivalent stress
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Figure 3. Structural sketches and geometric dimensions
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Figure 4. The schematic diagram of nozzle reinforcement range
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Figure 5. Meshing
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Table 2. Material properties
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Figure 6. Loads and boundary conditions
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Figure 7. The distribution of equivalent stress and paths setting
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Table 3. The stress linearization results of Path1~5
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Figure 8. Stress distribution in the wall thickness direction of Path6
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Figure 9. The curve of the maximum equivalent plastic strain and equivalent stress

versus time
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Figure 10. The distribution of equivalent plastic strain
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Figure 11. The elastic core
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