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Abstract

This paper attempts to quantify the effect of mismatch in creep properties on steady-state stress

distributions for a welded branch vessel.

A particular geometry for the branch vessel is chosen. The vessel is

modeled by only two materials, the base and weld metal. Idealized power law creep laws with the same creep

exponents are assumed for base and weld metals.

A mismatch factor is introduced, as a function of the creep

constant and exponent. Steady-state stress distributions within the weld metal, resulting from three-

dimensional, elastic-creep finite element (FE) analyses, are then characterized by the mismatch factor. We can

find that average stresses in the weld can be characterized by the mis-match factor. And there is an analogy

between elastic-creep and elastic-perfectly plastic.
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Fig. 1. (a) Schematic of the branch vessel showing the
relevant geometric variables and dimensions, and (b), (c)

detailed views of welded branch intersection.
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Fig. 2. A typical FE mesh for (a) a branch vessel and (b)
welded intersection region .
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Table 1. Creep properties for reference cases

n A/Ap A, A, MF
3 5 3.20E-11 1.60E-10 0.59
5 5 3.20E-15 1.60E-14 0.73
7 5 3.20E-19 1.60E-18 0.80
10 5 3.20E-25 1.60E-24 0.85
3 0.2 3.20E-11 6.40E-12 1.71
5 0.2 3.20E-15 6.40E-16 1.38
7 0.2 3.20E-19 6.40E-20 1.26

Table 2. Creep properties for test cases

n A, /A4, Ay A, MF
3 2.5 3.200E-11 | 8.000E-11 0.74
3 6 3.200E-11 | 1.920E-10 0.55
5

5

2.5 3.200E-15 | 8.000E-15 0.83
7 3.200E-15 | 2.240E-14 0.68

Table 3. FE limit loads for a homogeneous branch vessel.

Internal pressure 16.16 MPa

In-plane bendingto the branch pipe 265.2 kN'm
Out-of-plane bending to the branch pipe | 244.9 kN'm
In-plane bendingto the main pipe 1021.3 kN'm
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Fig. 3. The effect of the loading mode on FE mis-match

limit loads for the welded branch vessel.
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Fig. 4. Summary of average stresses for homogeneous

branch component. equivalent and maximum principal
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stress, and stress triaxiality.
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Fig. 5. Effect of different creeping rates and exponents

on average stresses in weld metal.
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Fig. 6. Variations of average stresses for the mis-matched Fig. 7. Plastic analysis results using ecstatic perfectly-

branch component with the mis-match factor. plastic material.
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