SA 508 Gr3 Cl.1

The Effect of Steel-Making Practices on Fatigue Properties of
SA508 Gr3 Cl.1 for PWR Reactor Vessel
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Abstract

The low cycle fatigue and fatigue crack growth rate properties of the SA508 Gr.3 Cl.1
steel with steel-making practices were evaluated at various temperatures in this study. The
obtained results are compared with the ASME design requirements.

The fatigue properties of the steels were met the required conditions regardless of
steel-making practices, however, the properties of steels by the aluminum and / or silicon
killing were securer than those of VCD steel. These were resulted from the refining of grain
size and the compact shape of precipitated carbide by adding aluminium.
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T able 1. Chemical composition of

the SA 508 Gr. 3 Cl.1 steel used in this study

Steel- making Chemical composition(Percent by weight)

Practices c S Mn P S Ni cr | Mo Al Cu
VCD 0.20 0.05 143 0.007 0.004 0.79 0.14 054 0.002 0.04
VCD+AI 0.19 0.1 140 0.006 0.003 0.89 0.15 051 0.013 0.03

Si-killing 0.21 0.24 128 0.007 0.002 0.88 0.21 047 0.008 0.03

T able 2. Coefficient in Manson- Coffins law and Power law of the specimens.
_ temperature € c K* n‘
Specimens
Room temp. 037 -055 431 0.12
VCD
288C 0.33 -0.61 505 0.11
Room temp. 041 -054 433 0.13
VCD+AI
288C 045 -0.62 486 0.12
Room temp. 054 -057 450 0.13
Silicon-killing
288C 042 -0.60 507 0.12

T able 3. Coefficient in Paris law of the specimens at room temperature and 288

Load Ratio Room temperature 288
Specimens

(R) C m C m
0.1 107x10°° 260 176x10°° 3.2
VCD 03 406x10°° 291 158x10°° 3.10
05 409x10°° 293 165x10°° 3.22
0.1 9.93x10°° 264 407x10° 298
V CD+AI 03 5.32x10°° 274 1.26x10°° 2,66
05 3.77x10° 295 387x10° 298
0.1 9.35x10°° 265 2.35x10°° 3.12

Silicon- killing 03 7.18x10°° 277

05 257x10°° 3.09 8.79x 10- 9 274

T able 4. The results of A Ku with steel-making practices at room temperature.

Load Ratio A Ko with Steel-making Practices(MPam™?)
® VCD VCD+AI Silicon-killing
0.1 83 8.7 8
03 65 6.1 49
05 43 34 427
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1. Maximum cyclic tensile stress

change of Si-killing steel.
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Fig. 2. Maximum cyclic tensile stress

change of Si-killing steel as a function of

a) room temperature, b) 288 test temperature.
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Fig. 3. Relationship between fatigue life and total strain
amplitude of SA508 Gr.3 Cl.1 steels with steel-making

practices at room temperature and 288
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Fig. 4. Relationship between fatigue life and Fig. 5. Cyclic stress-strain curves at room of
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Fig. 6. Comparison of low cycle fatigue Fig. 7. Comparison of fatigue crack propagation
properties with design fatigue curves. properties with design fatigue curves.
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Fig. 8. Comparison of near-threshold fatigue crack growth rate of SA508
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Gr.3 Cl.1 steel with steel-making practices obtained by A K-decreasing
tests a) R=0.1 and b) R=05.



Photo. 1. Optical micrographs of the SA508 Photo. 2. Transmission electron microscophy
Gr3 Cl.1 steels with steel-making practices. of the SAS08 Gr3 Cl1 steels with

a)VCD , b) VCD+AI, c) Si-killing. steel-making practices.
a) VCD, b) VCD+AI, c) Si-killing.
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