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Formulation of Stress Waveform and Frequency Effects on Fatigue Crack
Growth Rate of Steel in Sea Water

Hiroshi OucHI and Jun'ichi KOBAYASHI

Synopsis :

The fatigue crack growth of steel in sea water is influenced by various factors, such as loading condition,
environmental and metallurgical variables. In this report, the effects of waveform and frequency of cyclic
loading on corrosion fatigue crack growth rate have been studied for a 660 MPa tensile strength steel in
synthetic sea water. Used waveforms are triangular, trapezoidal, and positive- and negative-saw tooth, and
frequencies ranged from 0.017 Hz to 0.83 Hz. The results show that da/dN at a certain AK is affected
only by the rise time, T,,,., in each load cycle. Furthermore, the relation between the crack growth rate
per T,., (da/dt),,., and the increasing rate of K in T,;., (dK/dt),;., is linear on log scales, and the
coefficient is described as a function of AK. Consequently, the da/dN has been formulated with AK, T,,,.
and (dK/dt),;,. as follows.

da Co dK \ ¢,
vk oo () (9L
This formulation uniformly describes the effects of both waveform and frequency. In addition, the formula
can express even the effect of changing (dK/dt),.,. in a cycle.
Key words : corrosion fatigue ; sea water ; crack growth rate ; loading condition ; frequency ; waveform.
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Table 1. Chemical composition of the steel (wt% ).
C Si Mn P S Ni Cr Mo B Al
0.09 0.26 0.97 0.007 0.001 1.43 0.50 0.27 0.0009 0.068
Table 2. Mechanical properties of the steel. (Dia. ‘ bas ‘
=10mm, G. L. = 36 mm) ' — 127
508(W) ' : (8)

Location TS YP EL RA
and direction [MPa] [MPa] [%] [%]
1/2¢t-L 667 603 30.7 82.0
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M E i, BE AN (900°C 30min, K&), BEDL & L
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Fig. 1. Compact type specimen (unit ; mm).
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Table 3. Experimental loading conditions.

Symbol Waveform f E?;q(u ce[')‘rfl)) ] R’I{ii ti:]e a}:(}l)i:;il[“:] Fal[lst]ime a}t{oll’ii:i l[nse
T1 Triangular 0.017( 1) 30.00 — 30.00 —
T2 Triangular 0.033(2) 15.00 — 15.00 —
TS Triangular 0.083( 5 ) 6.00 — 6.00 —
T10 Triangular 0.17 (10) 3.00 — 3.00 —
T20 Triangular 0.33 (20) 1.50 — 1.50 —
T30 Triangular 0.50 (30) 1.00 — 1.00 -
T40 Triangular 0.67 (40) 0.75 — 0.75 —
T50 Triangular 0.83 (50) 0.60 — 0.60 —
P10 Positive saw 0.17 (10) 5.40 — 0.60 —
N10 Negative saw 0.17 (10) 0.60 5.40 —
D10 Trapezoidal 0.17 (10) 0.60 2.40 0.60 2.40
D20 Trapezoidal 0.33 (20) 0.60 1.80 0.60 1.80
D30 Trapezoidal 0.50 (30) 0.60 1.20 0.60 1.20
D40 Trapezoidal 0.67 (40) 0.60 0.60 0.60 0.60
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Fig. 3. Effect of hold time on corrosion fatigue
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F7, Fig. 4 124&, T EWERLVEEMEEZ various trapezoidal loading waveforms.
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- In Sea Water — In Sea Water
C O P10 _—\ — OT1 (0.017Hz) OO
= X N0 /T 1075 O T10(0.17Hz)
- H O T80 A E  OT50(0.83Hz) m)
% o ea. (9) -
3105 > o
£ - E 107 = (9 <9<>
2 B o - O
© - X - a
= F é&?
S w0k ® - S
- 5 1078
= S WE &
C — <&
10"8 L1l 1 b1 L LFltt 10—9 ] LI { L1 1 iieil
5 10 50 100 5 10 50 100
AK (MPa vm) 4K (MPa v

Fig. 4. Effect of rise time and fall time on corro-
sion fatigue crack growth rates in synthetic sea wa-
ter under the various triangular loading waveforms.
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Fig. 5. Effect of frequency on corrosion fatigue

crack growth rates in synthetic sea water under
triangular loading waveform.
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Fig. 6. Effect of frequency on corrosion fatigue
crack growth rates during the rise time in synthetic
sea water under triangular loading waveform.
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Fig. 7. Relationship between corrosion fatigue
crack growth rate during the rise time, (da/dt),;,.

and K-increasing rate during the rise time,
(dK/dt)rise‘
AdK (MPa vm)
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Fig. 8. Relationship between coefficient k in eq.
(3) and 1/(AK—6).
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Fig. 9. Effect of frequency on corrosion fatigue
crack growth rates in synthetic sea water under
sinusoidal loading.
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Fig. 10. Waveform of “V10”.
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Fig. 11. Calculated and observed corrosion

fatigue crack growth rates for waveform V10
and T10 in synthetic sea water.
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