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ABSTRACT

In recent years, attention has been paid to the integrity of steam generator (SG) tubes due to severe accident and
beyond design basis accident conditions. In these transient conditions, steam generator tubes may be damaged by
high temperature and pressure, which might result in a risk of fission products being released to the environment
due to the failure. Alloy 690 which has increased the Cr content has been replaced for the SG tube due to its high
corrosion resistance against stress corrosion cracking (SCC). However, there is lack of research on the high temperature
creep rupture and life prediction model of Alloy 690. In this study, creep test was performed to estimate the high
temperature creep rupture life of Alloy 690 using tube specimens. Based on manufacturer’s creep data and creep test
results performed in this study, creep life prediction was carried out using the Larson-Miller (LM) Parameter, Orr-Sherby-Dom
(OSD) parameter, Manson-Haford (MH) parameter, and Wilshire’s approach. And a hyperbolic sine (sinh) function
to determine master curves in LM, OSD and MH parameter methods was used for improving the creep life estimation
of Alloy 690 material.

Key Words : Steam generator tube(571'2A87] G, Alloy 690690 F=), Beyond design basis accident(-2A]715
ZIARA), Creep life estimation(ZE]3Z FH oS, Master curve(T}2~E] #H)
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Fig. 1 Geometry of tensile and creep specimen

Table 1 Chemical composition of Alloy 690 SG tube
(Wt%)

C Mn Si S P Ni Cr Mo

0.020 | 0493 | 0.265 |0.0006| 0.005 | 59.16 | 29.27 | 0.028

Cu Co Al Ti Nb N, B Fe

0.012 | <0.010 | 0.165 | 0.245 | <0.010 | 0.020 | <0.0005 | 10.3

Table 2 Tensile test results of Alloy 690 SG tube

Temp. Temp. YS TS Uni. EL. |Tot. EL.
(O (°K) | (MPa) | (MPa) (%) (%)
25 298 356 794 45 53
200 473 294 689 42 47
300 573 283 671 43 49
400 673 280 664 45 48
500 773 269 635 41 47
600 873 247 574 35 44
700 973 236 436 17 45
800 1073 217 239 8 59
900 1173 117 132 10 56
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Fig. 2 Creep test machine and installed specimen
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Table 3 Experimental conditions and results of creep

tests
TCC) | o (MPa) t. (h) SSCR(1/h)
700 120 214.6 1.130.E-03
700 110 303.0 7.272.E-04
700 100 386.0 5.580.E-04
700 90 644.1 2.707.E-04
700 80 865.6 1.717.E-04
750 100 39.1 3.550.E-03
750 80 98.1 1.730.E-03
750 70 177.6 9.252.E-04
750 50 575.6 1.462.E-04
750 40 779.1 7.468.E-05
800 60 43.0 3.610.E-03
800 50 78.1 1.790.E-03
800 40 194.6 5.436.E-04
800 30 507.7 1.974.E-04
850 60 10.0 2.010.E-02
850 50 24.6 8.590.E-03
850 40 353 4.080.E-03
850 30 93.0 1.400.E-03
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