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Failure Assessment and Strength
of Steam Generator Tubes with Wall Thinning
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ABSTRACT: Steam generator tubes are degraded from wear, stress corrosion cracking, rupture and fatigue and so on. Therefore, the failure
assessment of steam generator tube is very important for the integrity of energy plants. In the steam generator tubes, sometimes, the local wall
thinning may result from severe degradations such as erosion-corrosion damage and wear due to vibration. In this paper, the elasto-plastic analysis
was performed by FE code ANSYS on steam generator tubes with wall thinning. Also, the four-point bending tests were performed on the wall
thinned specimens, and then it was compared with the analysis results. We evaluated the failure mode, fracture strength and fracture behavior from
the experiment and FE analysis. Also, it was possible to predict the crack initiation point by estimating true fracture ductility under multi-axial
stress conditions at the center of the thinned area from FE analysis.
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Table 1 Mechanical properties

51

Tensile strength Yield strength Elongation

Material Ou oy
[MPa] [MPa] [%]
Inconel 690 733 358 64.4
Table 2 Chemical composition [wt%]
Material Ni G Fe Mn Si Cc Al
Inconel 690 Bal. 30 95 035 025 001 025

Table 3 Specimen geometries

Specimen Thinned Thinned Failure
No. ratio length mode
d/t £ (mm)
SGT-EXP1 0.0 0 Ovalization
SGT-EX2 03 5 Ovalization
SGT-EXP3 0.3 20 Buckling
SGT-EXP4 03 40 Buckling
SGT-EXP5 0.6 5 Buckling
SGT-EXPe6 0.6 20 Buckling
SGI-EXP7 0.6 40 Buckling
SGT-EXP8 08 5  Crack
inttiation
SGT-EXP9 0.8 20 Buckling
SGT-EXP10 0.8 40 Buckling
*SGT-EXP11 03 5 Ovalization
*SGT-EXP12 0.3 20 Ovalization
*SGT-EXP13 0.6 40 Ovalization
*SGT-EXP14 0.8 20 Ovalization
*SGT-EXP15 0.8 40 Ovalization
SGT-ANA1 0.0 0 Ovalization
SGT-ANA2 03 5 Ovalization
SGT-ANA3 0.3 20 Buckling
SGT-ANA4 03 40 Buckling
SGT-ANAS 0.6 5 Buckling
SGT-ANA6 0.6 20 Buckling
SGT-ANA7 0.6 40 Buckling
SGT-ANAS 0.8 5 Buckling
SGT-ANA9 0.8 20 Buckling
SGT-ANA10 038 40 Buckling

SGT-EXP No. : Number of specimens used in experiments
SGT-ANA No. : Number of specimens used in analyses

* : Partially wall thinned tube specimen
t : Nominal thickness, 51 mm
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Fig. 5 Bending moment-load line displacement curves
obtained from the experiments of wall thinned

steam generator tubes
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Fig. 8 Failure surfaces obtained from experiment (left) and FE analysis (right): (a) Case of d/t=0.0 and ¢=0 mm, (b) Case of
d/t=03 and ¢=5 mm, (c) Case of d/t=0.3 and #¢=20 mm, (d) Case of d/t=0.3 and ¢=40 mm, (¢) Case of d/i=0.6
and #=40 mm, (f} Case of 4/t=0.8 and ¢=5 mm and (g) Case of d/t=0.8 and ¢=20 mm
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Fig. 9 Estimation of crack initiation by &, and & [Case of the crack initiation]
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