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Fatigue Strength of a High Strength Steel in Various Sea Water
Environments
Norio MARUYAMA, Masae SUMITA and Susumu HORIBE
Synopsis:

The fatigue life was investigated in synthetic sea water at a constant flow rate (condition 1) and in the
environment of repetition of the sea water and air for every 1 min (condition 2) using a 80kgf/mm? grade
high strength steel at the frequency of 0.5Hz and 20Hz and at the stress ratio of 0.10. The following results
are mainly obtained.

At the frequency of 0.5Hz and at the stress amplitude of about 35 kgf/mm? the fatigue life in condition 2
was only a half of that in condition 1. In condition 2, many cracks initiated at the root of the pits with
spike-like shape which were about 50—60xm deep, and some of these cracks propagated and linked each
other to failure. But in condition 1, many pits with cup-like shape which were less than 104 m deep hardly

influenced the crack initiation.

The difference in fatigue life between condition 1 and condition 2 decreased with decrease of stress am-
plitude. At the stress amplitude of about 10 kgf/mm?, pits with cup-like shape existed in conditions 1 and 2
which were about 10#m and 50—60um deep respectively. They hardly influenced the crack initiation:

The same trend was observed at the frequency of 20Hz as at that of 0.5Hz.
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Table 1. Chemical compositions (wt%) & mechanical properties.

c g
c Si Mn Ni Cr Mo Cu Al P S (ke /mym 2) (gt Y e
HT80  0.104  0.23  0.76  0.02  0.79  0.45  0.27  0.051 0.008  0.004 81.5 86.2 23.0
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Fig. 1. Fatigue testing system.
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Fig. 2. Relation between stress amplitude and cycles to
failure.
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Fig. 3. Relation between stress amplitude and time to
failure.
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Fig. 4. Fatigue crack growth rates at the stress ratio of
0.10.
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a) Sea water at constant flow rate (A0,=34.5 kgf/mmz, Nj=9.4><104)
b) Sea water or air for every 1 min (A6,=29.5 kgf/mm?, Nj=7.5><104)

Photo. 1. Specimen surface near fracture surface at the frequency of 0.5 Hz.

b )

a) Sea water at constant flow rate (A0,=34.5 kgf/mm?, Ny=9.4X 10%)
b) Sea water or air for every 1 min (A9,=29.5 kgf/mm?, Nf=7.5><104)

Photo. 2. Fracture section at the frequency of 0.5 Hz.
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a)

a) Sea water at constant flow rate (A0,=34.5 kgf/mm?, Ny=9.4Xx10%
b) Sea water or air for every 1 min (A0,=29.5 kgf/mm?, Nf=7.5><104)

Photo. 3. Fractographs at the frequency of 0.5 Hz.

a) Sea water at constant flow rate (A0,=34.5 kgf/mm?, N/:9.4X]O4)
b) Sea water or air for every 1 min (49,=29.5 kgf/mm?, Ny=7.5X% 10%)

Photo. 4. Fractographs at the frequency of 0.5 Hz.

b)

a) Sea water at constant flow rate (A0,=10.3 kgf/mm?, Ny=1.4X 10%)
b) Sea water or air for every 1 min (A0,=12.3 kgf/mm2, Ny=1.0%105)

Photo. 5.

Fracture section at the frequency of 0.5 Hz.
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a) Sea water at constant flow rate (A0,=12.5 kgf/mmz, Ny=4.3X 10%)
b) Sea water or air for every 1 min (A0,=9.7 kgf/mm?, Nf=4.5><106)

- Photo. 6. Specimen surface near fracture surface at the frequency of 20 Hz.
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Table 2. Fatigue damage morphology at the frequency of 0.5 Hz.

- Stress amp Cycles to Pit Number of crack
Condition 2 ; Fracture surface .
(kgf/mm”) failure Shape Depth (zm) initiation
1) Sea water or air 4 . _
Large difference for every 1 min 29.5 7.5%10 Spike 50-150 Intergranular (80%) 4
in S-N curves beztween 5 S
conditions 1 and ea water at 4
constant flow rate 34.5 9.4X10 Cup <10 Transgranular 1
1) Sea water or air 6 ~
No difference for every 1 min 12.3 1.0X10 Cup 50-70 Intergranular (30%) 1
in S-N curves between )
conditions 1 and 2 2) Sea water at 6
constant flow rate 10.3 1.4X10 Cup <10 Transgranular 1
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A%,=9.7 kgt/mm?, Ny=4.5x10%
Photo. 7. Fractograph of in sea water or air for every 1
min at the frequency of 20 Hz.
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