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Effect of Stress Amplitude Transient on Fatigue Crack Initiation
and Propagation of High Strength Steel in Synthetic Sea Water under
Cathodic Protection

Norio MARUYAMA and Masae SUMITA

Synopsis :

The effect of varying stress on fatigue life under cathodic protection by a zinc sacrificial anode and free-
ly corroding condition in synthetic sea water and in air was investigated using 800 MPa grade high strength
steel notched specimens (K,=3.5).

The main results obtained are as follows :

1) Under a constant stress amplitude (CSA), fatigue lives in sea water under cathodic protection are
shorter than those in air. However, under two step stress amplitude (TSSA), fatigue lives under cathodic
protection are rather longer than those in air.

2) In a low stress amplitude region, fatigue lives under TSSA are shorter than those under CSA in air
and under cathodic protection.

3) Even when the higher stress amplitude in TSSA is much lower than the values shown by the S-N
curves under CSA, the failure of notched specimens occurs.

4) Under the free corrosion potential, there is no difference in fatigue lives between under TSSA and
under CSA, and Miners rule exists between them.

5) Under TSSA, macroscopic crack growth rate is retarded in air and under cathodlc protection, and the
effect of TSSA on macroscopic crack growth is in reverse to that on crack initiation and microscopic crack
growth.
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Table 1. Chemical composition (wt% ) and mechanical properties.
C Si Mn P S Cu Ni Cr Mo A% Al go2(MPa) og(MPa) 6(%)
HT80 0.105 0.24 0.82 0.007 0.004 0.25 0.96 0.45 0.41 0.04 0.072 780 831 26.6
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Fig. 3. Relation between stress amplitude and cy-
cles to failure at a constant stress amplitude.
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Fig. 4. Relation between stress amplitude and cy-
cles to failure at a stress ratio of 0.1 in air.
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Fig. 5. Relation between stress amplitude and cy-
cles to failure at a stress ratio of 0.1 in sea water
under freely corroding conditon.
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Fig. 6. Relation between stress amplitude and cy-
cles to failure at a stress ratio of 0.1 in sea water .
under cathodic protection.
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Fig. 7. Relation between stress amplitude and cy-
cles to failure at a stress ratio of 0.7 in air.
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Fig. 8. Relation between stress amplitude and cy-
cles to failure at a stress ratio of 0.7 in sea water
under cathodic protection.
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versus ratio of crack length to specimen diameter.
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