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ABSTRACT
SA533B low-alloy steel is the material mainly used for the reactor pressure vessels (RPVS)

of nuclear power plants.  This report is focused on the effects of temperature, strain amplitude and
dissolved oxygen content in feed water on the low-cycle fatigue (LCF) behavior of SA533B RPV
steel in circulating water environments at a pressure of 10 MPa.  A significant effect of
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temperature on fatigue life was observed with the specimens tested in a water environment saturated with oxygen.  The
fatigue life was varied with temperatures between 150 and 300 .  But little or no dependence of fatigue life on
temperature was noted with the water environment with an oxygen content of 213 ppb.  The fatigue lives of the
specimens tested at different temperatures are not much different.  The fatigue life significantly decreased with
increasing strain amplitude.  The low-cycle fatigue life of the RPV steel is also deeply affected by the dissolved oxygen
content in feed water.  The degradation of SA533B steel in water environment could be effectively mitigated by
lowering the dissolved oxygen content.  The steel specimens have the longest fatigue life when tested in air, but, in
contrast, they were observed to have the shortest one when tested in water environment with saturated oxygen.  The
fatigue life in water environment increased to approach that in air when the dissolved oxygen content was down to
about 1 ppb.  It implies the fatigue-corrosion interaction plays a significant role in determining the fatigue life of
SA533B steel.  The results of x-ray diffraction (XRD) analysis show the change of constituents of corrosion products is
strongly affected by both temperature and dissolved oxygen content of water environment.  Furthermore, the same
factors also affect the variations of appearance colors of corrosion products.  The change of constituents and colors of
corrosion products could act as an indication of the environmental effects, which is instrumental in understanding the
low-cycle fatigue behavior of SA533B steel in high temperature and high pressure water environments.

Keywords: SA533B reactor pressure vessel steel; Temperature in water environment; Strain amplitude; Dissolved
oxygen content in water; Low-cycle fatigue.
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1. SA533B (wt%)
Table 1 Chemical compositions of the SA533B reactor pressure vessel steel (wt%).

2. SA533B 
Table 2 Tensile results for SA533B steel at four temperatures in air.

3. SA533BY2 10 MPa 

Table 3 The constituents and colors of corrosion products of the SA533BY2 steel tested in the
10 MPa water environments with different contents of oxygen at different temperatures.
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1. SA533B ( )
Figure 1 Optical micrograph of SA533B reactor pressure vessel steel (rolling direction).

2.
Figure 2 Round bar specimen for low-cycle fatigue test in water environments.
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3. SA533B 
LVDT 

Figure 3 LVDT calibration curve for SA533B steel
round bar specimen subjected to low-
cycle fatigue test.

4. SA533B 
- 

Figure 4 Tensile stress-strain curves for SA533B
steel at four temperatures in air.

5. SA533B 
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0.4% (N

f 
) 

Figure 5 The effect of temperature on the low-
cycle fatigue life (N

f
) of SA533B

specimens tested in air and in the 10 MPa
water environment with saturated oxygen
under a strain amplitude of 0.4%.
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213 ppb 
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Figure 6 The effect of temperature on the low-
cycle fatigue life (N

f
) of SA533B

specimens tested in the 10 MPa water
environment with an oxygen content of
213 ppb under the strain amplitudes of
0.2% and 0.4%.
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7. SA533B 10 MPa

Figure 7 The dependence of maximum stress on
low fatigue cycle of SA533B specimens
tested in the 10 MPa water environment
with saturated oxygen at different
temperatures.

8. SA533B 10 MPa
213 ppb

Figure 8 The dependence of maximum stress on
low fatigue cycle of SA533B specimens
tested in 10 MPa water environment with
an oxygen content of 213 ppb at different
temperatures.

9. SA533B 300
10 MPa 

(N
f
) 

Figure 9 A comparison of low-cycle fatigue life
(N

f
) for SA533B steel tested in air and in

the water environments with different
contents of oxygen.

10. SA533B X- 

Figure 10 X-ray diffraction pattern for as-received
SA533B steel.
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12. SA533B 150 10
MPa 213 ppb 

X- 
Figure 12 X-ray diffraction pattern for the

corrosion products of SA533B specimen
tested in 150 10 MPa water
environment with an oxygen content of
213 ppb.

13. SA533B 245 10
MPa 
X- 

Figure 13 X-ray diffraction pattern for the
corrosion products of SA533B specimen
tested in 245 10 MPa water
environment with saturated oxygen.

11. SA533B 300 10
MPa 1 ppb 

X- 
Figure 11 X-ray diffraction pattern for the

corrosion product of SA533B specimen
tested in 300 10 MPa water
environment with an oxygen content of
1 ppb.
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14. SA533B : (a) (b) 245
75

Figure 14 The colors of SA533B steel in air : (a) in silver- gray in air at room temperature ,(b) in
violet after exposing to air at 245 for 75 hrs.

15. SA533BY2 10 MPa
(a) ( ) (b) ( ) (c) ( )

Figure 15 The major corrosion products of the SA533BY2 steel tested in the 10 MPa water
environments with different contents of oxygen at different temperatures:
(a)Magnetite, Fe

3
O

4
(black),  (b) Lepidocrocite, -FeO(OH) (light orange),

(c)Hematite ( -Fe
2
O

3
) and Maghemite ( -Fe

2
O

3
), (reddish brown).


