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The Influence of Hydrogen Atmosphere on Fatigue Crack
Growth Behaviours in Structural Steel SB42
— In the Case of 1 Atm Hydrogen —

by Masazumi TANAKA*

Abstract: In the previous study, the environmental effects of pure and salt water on fatigue crack
growth (FCQG) behaviours were investigated under low cycle loading condition for low carbon
structural steels. The result showed that such aqueous environments remarkably accelerated their
FCG rates in high AK range, which was supposed to be caused by cyclically induced hydrogen

- embrittlement.

In this study, therefore, to certify such supposition, FCG experiments were carried out on
one of the same steels SB42 in 1 atm hydrogen gas atmosphere under similar low cycle and
high cycle loading conditions, and the effects of both aqueous and hydrogen environments were

/comparatively investigasted on the FCG rates and the feature of fracture surfaces.

(1) Under the low cycle condition, 1 atm hydrogen atmosphere remarkably accelerated fa-
tigue crack growth rate dl/dN of mild steel SB42 by a factor of about 25 in high AK range (30
~ 80 MPa-m'/ 2), compared to that in air. This acceleration effect was fairly larger than that in
the aqueous environments (a factor of about 5). The similar brittle features of fractured surfaces
in hydrogen and aqueous environments supports the aforementioned supposition on the mecha-
nism of FCG acceleration in aqueous environments. The larger FCG acceleration effect in hydro-
gen than in water environments corresponds to the higher areal percentage of brittle fractures
in hydrogen than in the latter.

(2) On the other hand, high cycle FCG rate dl/dN in the lower AK range (10 ~ 20 MPa

m!/ 2) and the AKy, value in hydrogen coincided with those in dry air, that is, hydrogen
atmosphere does not affect the very low FCG rate of this steel. Although not decisive, this result
also corresponded to little differences in fracture morphology in dry air and hydrogen.

(3) With regards to the above results, it seems that the effect of hydrogen gas on dl/dN
appears at rather low AK region'and gradually increases with increasing AK valué, showing a
different type from any of three types of corrosion fatigue crack growth behaviours proposed by
McEvily et al.
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Table 1 Chemical compositions of test materials
HEAMDILZHE S (wth)
C Si Mn P S
SB42 (T32) 0.18 | 0.22 | 0.72 | 0.014 | 0.010
SB42 (T6) 0.14 | 0.24 | 0.70 | 0.018 | 0.006
Table 2 Mechanical properties of test materials
#HERM oY
sy | 6B § ¢ Hy
MPa | MPa % %
SB42 (T32) 238.3 | 433.5 36 60 125
SB42 (T6) 294.2 | 431.5 | 32 - | 161
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Fig. 3 Effect of hydrogen on dI/dN in low AK condition

(145 Hz)
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Fig. 4 Comparison of AKy}, values for various environ-

ments
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Photo 1  Microscopic feature of the fractures formed
in 1 atm hydrogen under high AK condition
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Fig. 7 Brittle striation spacings Sp as microscopic crack
growth rate in hydrogen
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Fig. 8 Relations between AK and the areal percentage
of microfractures under high AK condition
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(a) Intergranular fracture
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