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ABSTRACT

Creep rupture data for Alloy 690 steam generator tubes in a pressurized water reactor are essentially needed to demonstrate
a severe accident scenario on thermally-induced tube failures caused by hot gases in a damaged reactor core. The rupture
data were obtained using the tube specimens under different applied-stress levels at 650°C, 700°C, 750°C, 800°C, and
850°C. Important creep constants were proposed using various creep laws in terms of Norton power law, Monkman-Grant
(M-QG) relation, damage tolerance factor (X), and Zener-Hollomon parameter (Z). In addition, a creep activation energy
(Q) value for Alloy 690 tube was reasonably determined using experimental data. Creep behaviors such as creep strength,
creep rates, rupture elongation showed the results of temperature dependence well. Modified M-G plot improved a correlation
of the creep rate and rupture life. Damage tolerance factor for Alloy 690 tubes was found to be A=2.20 in an average
value. Creep activation energy for Alloy 690 tube was optimized for Q=350 (kJ/mol). A plot of Z parameter obeyed
a good linearity, and the same creep mechanism was inferred to be operative in the present test conditions.

Key Words : Steam generator tube (571%A7] LG, Alloy 690 (690 =), Creep rupture (ZLE]Z I, Creep
rate (ZL2]3X 4 %), Creep activation energy (2] 43} oL A))
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Table 1 Chemical composition of Alloy 690 tube(wt.%)
C Mn Si S P Ni Cr Mo
0.020 | 0.493 | 0.265 | 0.0006 | 0.005 | 59.16 | 29.27 |0.028
Cu Co Al Ti Nb N2 B Fe
0.012 | <0.010| 0.165 | 0.245 |<0.010| 0.020 |<0.0005| 10.3
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Fig. 1 Geometry and dimensions of creep specimen

Fig. 2 Creep test specimens and its installation in furnace
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Table 2 Creep constants (A, n) at each temperature

Temp. (°C) A (h'/(MPa)") n
650 1.23E-18 6.58
700 1.54E-14 5.25
750 4.57E-12 4.48
800 8.32E-11 4.26
850 3.63E-09 3.77
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