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2. TOPICS
EAC of LWR Structural Materials in High

Temperature Water
— Corrosion Fatigue of Low-Alloy RPV Steels —

Corrosion Resistant Design Group, Xingiang Wu and Yasuyuki Katada

Background

In connection with the light water reactor
(LWR) environments various environmentally
assisted cracking (EAC) issues should be cautiously
considered for the reactor pressure vessel (RPV) and
piping system for the purposes of safety
managements of nuclear power plants, among which
corrosion fatigue is of great significance. The higher
safety requirements force the development of
qualified materials and new strict design criteria to
ensure the structural integrity in nuclear power plants
throughout their design lives. To meet these
requirements, testing of LWR materials under
service loading and environmental conditions, data
generation, and indication of related EAC
mechanisms are a long-term and continuous work.
The present attention was mainly paid to the
influence of strain rate, thermal aging treatment and
sulfur (S) content in steels on fatigue resistance and
EAC behavior of low alloy RPV steels in high
temperature water.
Corrosion Fatigue Resistance

Figure 1 shows the effects of strain rate and
thermal aging time on fatigue life of the RPV steels.
With a decrease in strain rate, the experimental data
band moved left gradually from black symbol region
to pink symbol region, and then to blue symbol
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region. This suggested the fatigue resistance of
low-alloy RPV steels degrade with a decrease in
strain rate in high temperature water. Moreover,
the most significant degradation _in_fatigue
resistance _was observed for the long-term
thermally aged steel or the high S steel in_high
temperature_and high dissolved oxygen (DO)
water (asterisks in blue symbol region).
EAC Behavior

Figure 2 is the typical fatigue cracking and
fractographic morphologies of the RPV steels in
high temperature water. With a decrease in strain
rate, the cracking morphology tended to change from
a tortuous manner to an entirely straight manner.
Correspondingly the fatigue fracture changed from a
quite rough mode to a relatively flat mode. This

suggested a strain-rate  dependent EAC
mechanism __dominate the corrosion fatigue
process of low-alloy RPV steels in_high
temperature water.

Further work in corrosion resistant design group
in NIMS will be focused on the fatigue safety
research of nuclear structural materials (such as
pressure vessel and piping steels) in simulated LWR
environments as well as the interactive EAC
mechanisms among loading conditions,
environmental factors and material situations.
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Fig. 1 Low cycle fatigue behavior of RPV steels in high
temperature water. LL-5: 0.007wt.%S: L-5: 0.013wt%S;
M-5: 0.025wt.%S; H-S: 0.038wt %S; Steel: ASTM A533B.

water at different strain rates, DO:
100 ppb. (a}(d): 0.1%s™"; (b): 0.01%s™";
{cXe): 0.001%s™".
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