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| Development of Creep-Fatigue Evaluation Method for Welded Structures
Considering Metallurgical and Geometrical Discontinuities

—  Application of Elastic Follow-up Model to Welded Joints —

Naoto Kasahara®

ABSTRACT

In order to cvaluate thermal transient strength of welded components in nuclear plants,
conventional structural design codes provide conservative strength reduction factors,
which are desired to be rationalized. Author extended the generalized elastic follow-up
model to evaluate main causes of strength reduction of welded joints. As main causes of
strength reduction of welded joints subjected to cyclic thermal transients, attention was
given to
(1) Metallurgical discontinuity in which the different deformation response between
base metal and weld metal can result in nonuniform stresses and strain across the
weldment,

(2) Structural discontinuity at penetration beads of welded joints, and
(3) Degradation of Weld Metal.

In order to evaluate (1) and (2) of above factors, an elastic follow-up model was
successfully applied.

Thermal transient strength test results provide further substantiation of the validity of
the elastic follow-up model for ensuring adequate life in elevated temperature component
weldments. Author applied the creep-fatigue life prediction methods based on the elastic
follow-up model to evaluate test results of a welded vessel model.  Proposed method
was proved to be adequate through comparison of predicted damage with observed
cracks data .

*  OEC, Structure and Material Research Section
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1. Metallurgical Discontinuity
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Fig.4 Finite Element Model of An Unfinished Welded Joint (Elastic-Plastic Analysis)
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Fig.13 Stress Concentration Factors at Welded Joints in A Welded Vessel

1. Metallurgical Discontinuity
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2. Geometrical Discontinuity

Fig.14 Elastic Follow-up Model for Welded Joints
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Fig.15 Welded Joints Model with Metallurgical and Geometrical Discontinuities
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Fig.16 Comparison of Strain Concentration Factorbetween Elastic Follow-up Model and FEM
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Fig.17 Strain Concentration Factors at Welded Joint with Various Bond Locations (K=3.0)
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Fig.18 Strain Concentration Factors at Welded Joint with Varlous Stress Concentration Factor (J1)
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Fig.19 Elastic Follow-up Model for Welded Joints
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Fig.21 Welded Joints in the Welded Vessel Model
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Fig.22 Thermal ‘Transient Test Result of the Inner Vessel
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Fig.23 Calculated Temperature Contour at Cold Shock
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Fig.24 Calculated Equivalent Stress Contour at Cold Shock
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F.E ANALYSIS
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[ STRESS CLASSIFICATION

FATIGUE DAMAGE | CREEP DARAGE
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Fig.25 Flow of Creep-Fatigue Damage Evaluation Based on the Elastic Follow-up Model
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Fig.26 Stress Range Distribution on the Surface of the Inner Vessel
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Fig.27 Creep-Fatigue Damage Distribution on the Surface of the Inner Vessel
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Fig.28 Creep-Fatigue Evaluation of Finished Welded Joints(SUS304)
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Fig.29 Creep-Fatigue Evaluation of Finished Welded Joints(316FR)
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Fig.30 Creep-Fatigue Evaluation of Unfinished Welded Joints(SUS304)
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