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Comprehensive understanding of the mechanisms of hydrogen-assisted fatigue crack
propagation in BCC steels based on hydrogen-dislocation interactions
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For the reliable design of pressure vessels and pipelines used for the
storage and transportation of high-pressure gaseous hydrogen, mechanism-based understanding of the
hydrogen-assisted acceleration of fatigue crack propagation in structural steels is required. In
order to tackle this problem, systematic fatigue crack growth tests of a pure iron, as a model
material, were performed under hydrogen gas environment with various pressure and temperature. By
utilizing electron microscopy characterizations and crack growth retardation phenomenon after
overloading, the roles of hydrogen on the deformation and fracture processes in the plastic-zone
ahead of the crack-tip as well as on the plastic-zone size were elucidated.
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Fig. 1 Shape and dimensions of the CT specimens (@) without side-groove and (b) with side-groove.
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Fig. 2 (a) Fatigue crack growth rate, da/dN as a function of stress intensity factor range, AK of apureiron
in various test environments. (b)(c) SEM images of the fracture surfaces under Stage | crack growth in
hydrogen gas. (d) Cross-sectional EBSD image of the Stage | fatigue crack in hydrogen gas.
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Fig. 3 (a) Relationship between trap site occupancy of hydrogen on the trap site and the binding energy. (b)
Relative fatigue crack growth rate in hydrogen gasto that in nitrogen gas under Stage | regime asafunction
of trap site occupancy when the binding energy of the trap site is assumed to be 50 kJ/mol.
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Fig. 4 SEM backscatter electron images showin
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intergranular fracture surfacesin hydrogen gas at (a) 6x < 0.8 and (b) 6x > 0.8 conditions.
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Fig. 5 (a) Relationship between crack propagation length and number of applied load cyclesin the fatigue
crack growth tests interposed by a single overload in air and 90 MPa hydrogen gas. (b) denotes the crack
propagation rate per cycle as a function of crack propagation length which is reconstructed from (a).

Fig. 5 (8
Aa

da/dN

Aa

90 MPa

Fig. 5 (b) Fig. 5(a)



)
(2
©)
(4)
©)

D. Birenis, Y. Ogawa, et al., Acta Materialia 156 (2018), pp. 245-253.

C. Bichler, R. Pippan, Engineering Fracture Mechanics 74 (2007) pp. 1344-1359.
R.A. Oriani, Acta Metallurgica 18 (1970), pp. 147-157.

N.R. Quick, H.H. Johnson, Acta Metallurgica 26 (1978), pp. 903-907.

J.P. Hirth, Metallurgical Transactions A 11 (1980), pp. 861-890.



1 1 0 0

Ogawa Yuhei Umakoshi Kensuke Nakamura Masami Takakuwa Osamu Matsunaga Hisao 140

Hydrogen-assisted, intergranular, fatigue crack-growth in ferritic iron: Influences of 2020
hydrogen-gas pressure and temperature variation

International Journal of Fatigue 105806 105806

DOl

10.1016/j - ijfatigue.2020.105806




