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Effect of Crevice on Low Cycle Fatigue Behavior of Pressure Vessel Steel
in High Temperature Pressurized Water
Shunji Saro, Yasuyuki Karapa and Norio Nacata
Synopsis : The effect of crevice on low cycle fatigue behavior of a low alloy steel JIS SQVZA (equivalent to ASTM A533B cl. 1)

for reactor pressure vessel was investigated in high temperature pressurized water at 561K and 7.8Mpa. Crevice were
made on the specimen surface by attaching a pair of split collars of the same material. The dissolved oxygen (DO)
concentration was varied from 10 ppb to 4000 ppb.

The fatigue life was found longer for creviced specimens than that for no creviced ones, especially for low strain
range. The same trend was observed at low DO concentration levels. In case of no creviced specimen, fatigue life was

notably reduced for DO concentrations higher than 1000ppb.
It can be concluded that the extention of fatigue life of the creviced specimens is due to the reduction of DO

concentraion in the crevice.

Key words : low alloy steel ; pressure vessel steel ; low cycle fatigue ; high temperature water ; S-N curve ; strain rate ; corrosion pit ;

dissolved oxygen.
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Table 1. Chemical composition, heat treatment and
mechanical properties.

Chemical composition (mas s %)
C Si Mn P S Ni Cr Mo \'s Cu

0.19 [024 |1.28 |0008(0007]0.64 |0.19 [0.45 | tr [004

Heat treatment Mechanical properties

1273 K wQ YS [UTS | EL RA
955Kkx5h F C (MPa) (MPQ)| (%a) | (%)
897Kx45h F C 454 1601 [ 29 68
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Fig.1. (a) Specimen geometry(mm).
(b) Specimen with collar.
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Table 2. Conditions of fatigue test.

Materil JIS SQV2A(ASTM A533Bcl.1)
Wave form Triangle
Stress ratio -1

Strain rate 0.1%/s, 0.01%/s

Control mode Strain

Temperature 561K

Pressure 7.8MPa

Water chemistry DO* 1 10~4000ppb
pH 1 6.2~6.5

Conductivity : <0.1gs/cm

JI—City water
Heat cxchanger

*Dissolved Oxygen
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Fig. 2. Schematic diagram of experimental apparatus for low cycle fatigue tests in high temperature pressurized

water.
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Fig. 3. Crevice effect on total strain vs. fatigue life
of SQV2A steel at 561K in water.
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Fig. 4. DO dependence on fatigue life of SQV2A
steel at 561K in water (A&, =1.0%).
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Fig. 5. DO dependence on fatigue life of SQV2A
steel at 561K in water (A& =0.89).
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Fig. 6. DO dependence on fatigue life of SQV2A
steel at 561K in water (A& =0.6%).
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Fig. 7. Corrosion pits observed on the specimen surfaces of SQV2A (Ag=1.0%).
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Fig. 8. Corrosion pits observed on the specimen surfaces of SQV2A (A& =0.6%).
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Fig. 9. Effects of crevice and specimen orientation
on low cycle fatigue behavior of SQV2ZA in
high temperature water
(Dashed line and dotted line were compensat-
ed due to the strain rate effect from 0.1%/s
to 0.019%/s).
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Fig. 10. Relation between density of pits and DO (
concentration.
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Fig. 11. Sectional views of corrosion pits with small cracks of the specimen of SQV2A (¢ =0.1%/s. DO:1000ppb).
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