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Table1 Chemical composition.

Element (mass %)
C Si Mn P S Cr Mo
HeatK | 0.37 | 0.22 | 0.84 | 0.012 | 0.005 | 1.15 | 0.24
HeatT | 0.37 | 0.21 | 0.77 | 0.012 | 0.007 | 1.07 | 0.28

Table2 Mechanical properties.

Tensile Properties
HV
002 (MPa) | op (MPa) | & (%) @ (%)
Heat K 687 824 20 71 256
Heat T 782 947 15 66 289

Fig.1 EBSD images (IPF maps : Inverse Pole Figure maps) of
microstructures of (a) heat K and (b) heat T.
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Fig.2 CT specimens of (a) FCG test and (b) Jic test.
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Fig.3 da/dN— AK curves of (a) heat K and (b) heat T. (Kix) denoted
in (a) means that Kix is not threshold of hydrogen induced crack
growth in 0.7 MPa hydrogen gas. Here, a and N are crack length
and number of cycles.
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Fig.4 Frequency dependence of (da/dN)+/ (da/dN) .



Fig.5 Striations of heat K in (a) air, (b) 0.7 MPa Hz at 1 Hz and (c)
0.7 MPa Hz at 0.01 Hz.
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Fig.6 Slips around fatigue cracks for heat K in (a) air, (b) 0.7 MPa
He at 1 Hz and (c) 0.7 MPa Hz at 0.01 Hz.
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Fig.7 Schematic illustration of (a) fatigue crack profiles in (a-1) air,
(a-2) 0.7 MPa Hz at 0.1 Hz and (a-3) 0.7 MPa H: at 0.001
Hz, and (b) Jic crack profiles in (b-1) air, (b-2) 0.7 MPa Hz at
2x10% mm/s and (b-3) 0.7 MPa Hz at 2x 10 mm/s.
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Fig.8 Hydrogen content distribution ahead of fatigue crack tip.

Table3 Hydrogen penetration depth, 2Dt , ahead of fatigue crack
tip for heat K.
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Fig.10 J— Aa curves of (a) heat K and (b) heat T at 2x 102 and 2x
10° mm/s.

Table4 Fracture toughness, Kic and Kic,1, and threshold of hydrogen-induced crack growth, Kin.

Kin.
In air In 0.7 MPa H,
2% 10" mm/s 2X10° mm/s 2X 107 mm/s
Ju(kI/m?) | Kic(MPa+*m") | Jiu(kJ/m?) | Kjg(MPa+m'"?) | Jiu(kl/m?®) | Kicpu(MPa+m'?)
Heat K 191 208 129 a7n* 128 171
Heat T 186 205 34 86 98 149

* : The number in the parentheses is not K y.
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Fig. 11

(b-3)
(b)

Crack profiles of (a) heat K in (a-1) air at 2x10°® mm/sec, (a-2) 0.7 MPa Hz at 2x 103 mm/sec and (a-

3) 0.7 MPa H:z at 2x 105 mm/sec, and (b) heat Tin (b-1) air at 2x 102 mm/sec, (b-2) 0.7 MPa Hz at 2x
10 mm/sec and (b-3) 0.7 MPa H at 2x 10 mm/sec by three-dimentional analysis of fracture surfaces.
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Fig.12 SEM images of crack profiles of heat K at longitudinal cross
sections of CT specimens in (a) air at 2x10° mm/sec, (b) 0.7
MPa H: at 2x10° mm/sec and (c) 0.7 MPa Hz at 2x 10° mm/sec.
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