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Creep-fatigue life prediction method of 316FR welded joints

-Part I Prediction based on macroscopic stress and strain concentration-

Tai ASAYAMA and Shinichi HASEBE*

Abstract

Form the viewpoint of cost reduction, it is necessary to avoid using expensive forged rings
by adapting weldments in the parts where relatively large creep-fatigue damage is expected
such as the part of pressure vessel to which the sodium surface contacts. Therefore the authors
have been deveiuping a creep-fatigue life prediction method for weldments. This report
presents the newly developed prediction method ('3-element model') which describes the creep-
fatigue life as well as the location of failure for 316FR weldments which is # candidate material
for large scale FBRs. It was shown that the model satisfactory predicts the location of failure
and that the prediction of life is possible within an accuracy of factor of 3 with a tendency of
slight unconservatism for the results of mechanical fatigue/creep-fatigue tests with small and
large specimens as well as for the thermal fatigue/creep-fatigue tests. Improvement of the
accuracy of prediction is considered to be achieved by using more accurate dynamic stress-
strain curve of weld metal and HAZ at lower strain range and more accurate fatigue strength of
weld metal at lower strain range which are the base of the prediction. Thus fatigue tests of weld

metal and HAZ at lower strain ranges are needed.

* Structure and Material Reserch Section, Advanced Technology Division, OEC
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Table 2.1 Chemical compositions of base and weld metals

Base 0.01 0.52 0.86 | 0.024 | 0.004 | 10.59 | 16.58 | 2.14 0.08
metal

Weld 0.01 0.41 1.32 | 0.022 | 0.003 | 11.27 | 18.68 | 2.12 | 0.089
metal
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Table 2.2 Mechanical properties used in the analysis
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Table 3.1 Creep-fatigue life prediction results
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Fig. 2.1(b) Steady state creep rate of 316FR weld metal
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Fig. 3.2 FEM mesh
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Fig. 3.3(a) Strain distribution (small specimen)
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Fig. 3.3(b) Strain distribution (large specimen)
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PNC TN9410 96-015
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Fig. 3.3(c) Strain distribution (Thick tube, thermal load)
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Stress range (kgf/mmz)
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Fig. 3.4(a) Stress distribution (small specimen)
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Fig. 3.4(b) Stress distribution (large specimen)
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Fig. 3.4(c) Stress distribution (Thick tube, thermal load)
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Fatigue damage
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Fig. 3.5(b) Distribution of fatigue damage (large specimen)
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Fatigue damage

1E-02

1E-03

1E-04

1E-05

1E-06

1E-07

0.0

20.0 40.0. 60.0 80.0 100.0

Distance from center (mm)

Fig. 3.5(c) Distribution of fatigue damage (Thick tube, thermal load)
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Creep damage

1E-03

1E-04

1E-05 |

1E-06

1E-07

0.50%

—1.00%

| =—0.30%]

iE-08

0.0

2.0 4.0 6.0 8.0 10.0 12.0

Distance from center (mm)

Fig. 3.6(a) Distribution of creep damage (small specimen)
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Fig. 3.6(b) Distribution of creep damage (large specimen)
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Creep damage
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Fig. 3.6(c) Distribution of creep damage (Thick plate, thermal load)
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Observed life (cycles)
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Fig. 3.7 Result of life prediction using FEM 2- and 3- element model
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Fig. 4.1 Anisotropy of stress-strain response and fatigue strength of
316FR weld metal
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