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Low-rate Fatigue Crack Propagation Properties in 3% Sodium Chloride
Aqueous Solution for Various High-strength and Stainless Steels

Saburo MATSUOKA, Masuo SHIMODAIRA, Hiroyuki MASUDA,
Etsuo TAKEUCHI and Satoshi NISHIJIMA

Synopsis :

Low-rate fatigue crack propagation properties in sodium chloride solution were investigated for carbon
steel S45C, high-strength steels SM 50B and HT 80 and stainless steels SUS 403 and SUS 304. Tests
were conducted under the condition of decreasing AK where maximum load was kept constant and minimum
load was increased with the increase of crack length. This constant P, test was confirmed to be a method
free from crack closure, although the load ratio increased from 0.5 to 0.97. Low-rate fatigue crack prop-
agation properties, obtained under closure-free condition, are summarized as follows.

1) In air, fatigue crack propagation properties including the threshold, AK,, ,:r, were independent of
the kind of materials. The AKy;, .; values for the five steels were around 2.8 MPa-m'2.

2) In 3% sodium chloride solution under freely corroding condition at a frequency of 30 Hz, fatigue
crack propagation rates were also independent of the kind of materials and coincided with those in air when
AK> AK,p, oir- When AK< AK,, iy, the crack propagated at such low region of AK<1 MPa-m"? that the
threshold, AK,;, co,r, did not exist in practical sense for carbon and high-strength steels. AK,, o, which

was 70% of AK,;, .., existed for stainless steels under the experimental conditions.

3) Fatigue crack propagation properties including the threshold values for all the steels coupled with
zinc anode in sodium chloride solution were coincident with those in air.

4) Decreasing in frequency from 30 to 0.03 Hz resulted in a sixfold acceleration of crack propagation
rate regardless of materials and AK levels under freely corroding condition.
Key words : fatigue crack propagation ; high strength steels; stainless steels; corrosion; 3% NaCl solution ; .

threshold ; crack closure.
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P,,.. constant AK decreasing test. sary.
Table 1. Chemical composition in wt%.
C Si Mn P S Cu Ni Cr Mo
SM50B 0.15 0.37 1.36 0.020 0.005 0.01 0.03 0.02 0.001
HT80 0.12 0.26 0.96 0.010 0.004 0.19 1.05 0.45 0.310
S45C 0.43 0.22 0.83 0.017 0.016 0.01 0.01 0.12 —
SUS403 0.14 0.31 0.66 0.025 0.008 0.03 0.16 11.79 0.150
SUS304 0.06 0.53 1.11 0.039 0.010 — 9.04 18.29 —
Table 2. Mechanical properties.
Heat-treatment Microstructure oy (MPa) og (MPa) 5 (%)
SM50B Hot rolled Ferrite/Pearlite 372 530 25
HTS80 570°CT Tempered martensite 784 843 12
S45C 845°C Q and 600°C T Tempered martensite 623 774 22
SUS403 975°C Q and 600°C T Tempered martensite 629 743 22
SUS304 1050°C ST Austenite 336 633 60

T : Tempered, Q : Quenched, ST : Solution treated.
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(a) SM50B steel (b) SUS304 steel
Fig. 3. Crack growth rate against stress intensity factor
range in 3%NaCl solution under freely corroding condition
at frequency of 30 Hz.
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Fig. 6. Effect of material on fatigue crack growth be-
havior in 3%NaCl solution under freely corroding condition
at frequency of 30 Hz.
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Fig. 7. Crack growth rate against stress intensity factor
range for SM50B and SUS304 steels in 3%NaCl solution
coupled to zinc anode at frequency of 30 Hz.
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Fig. 8. Crack growth rate against stress intensity factor
range for SM50B and SUS304 steels in 3%NaCl solution

under freely corroding condition at frequencies of 0.3 and
30 Hz.
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Fig. 9. Dependency of crack growth rate on loading fre-
quency in 3%NaCl solution under freely corroding condi-
tion.
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