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ABSTRACT Very-high—cycle fatigue of metallic materials is commonly regarded as fatigue failure
occurs at stress levels below conventional fatigue limit and the relevant fatigue lives are above 107 cyc.
Rotary bending fatigue tests for a structural steel 40Cr were performed in laboratory air, fresh water
and 3.5%NaCl aqueous solution, respectively, to investigate the influence of environmental media on
fatigue behaviors of the steel in high cycle and very-high—cycle fatigue regimes. The results show that
the fatigue strength of the steel in water is remarkably degraded compared with that in air, and the
fatigue strength in 3.5%NaCl solution is even lower than that in water. The fracture surface observa-
tions show that for the specimens tested in water and 3.5%NaCl solution, multiple crack originations
exist and cracks propagate along grain boundary with widespread secondary cracks in their steady
propagation period.
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Fig.1 Schematic drawing of the specimen for rotary bend-

ing test (unit: mm)
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Fig.2 V-notch with 0.3 mm in depth cut at reduced section
of the specimen shown in Fig.1, used in observation

of crack propagation (unit: mm)
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Fig.3 S-N curves for the steel 40Cr specimens fatigued at
three environments (hollow symbols represent crack
origination at surface, solid symbols represent crack
origination at subsurface and semi-solid symbols rep-

resent mixed crack origination)
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Fig.4 Fractographs of the specimen fatigued in labora-
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(a) crack originated at specimen surface, fatigue
strength 0%,,=720 MPa and life N¢=1.1x
108 cyc, no inclusion observed

(b) crack originated at specimen subsurface with

=656 MPa and N¢=

1.59x108 cyc, inclusion existed in “fish-eye”

“fish-eye” pattern, o2,
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Fig.5 Fracture surfaces of specimens fatigued in aqueous solutions, showing multiple crack origins
(a) fatigued in water, fatigue strength o, =286 MPa and N;=2.52x107 cyc
(b) fatigued in 3.5%NaCl aqueous solution, fatigue strength 0% ,,=41.3 MPa and N;=9.0x107 cyc
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Fig.6 Number of crack origin observed on fracture surface of the specimen fractured at different fatigue cycles,
showing multiple crack originations in aqueous environment
(a) fatigue testing in fresh water (b) fatigue testing in 3.5%NaCl solution
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Fig.7 Fractographs of the specimen fatigued in water at o, =286 MPa and N;y=2.52x107 cyc
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(a) low magnification image, crack originated at left edge
(b) enlarged image of crack initiation zone, micro—void associated crack initiation
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Fig.8 Fractograph of the specimen fatigued in 3.5%NaCl ﬁﬁt#ﬁﬁﬁ? IR BH. . .
solution at 0%,,,=130 MPa and N;=2.68x10° cyc, B 12 B/R T ERA TR 3.5%NaCl KEmat, X
showing the crack initiation and early growth £ 22.3 MPa & 8x107, 6x106 #1 5x107 cyc HFH/5#E
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Fig.9 SEM observations on fracture surface of the specimen fatigued in laboratory air at ¢2,,=610 MPa and
Ny=3.27x108 cyc
(a) whole fracture appearance, consisted of crack origin and three regions of A, B, and C
(b) enlargement of region A, crack early growth region with cleavage-like morphology and fatigue striations
(c) enlargement of region B, crack steady and relatively fast growth region with quasi—cleavage morphology
(d) enlargement of region C, final fracture portion with dimple morphology
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Fig.10 Intergranular fracture morphologies in the crack
steady growth zone
=156 MPa

(a) specimen fatigued in water at o
and Ny=8x107 cyc

(b) specimen fatigued in 3.5%NaCl solution at
0% .2%x=153 MPa and N;=1.7x10% cyc
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Fig.12 SEM photographs of whole fracture surface for V—
notch specimens fatigued in 3.5%NaCl solution at
o8 .=22.3 MPa and N;=8x10"7 cyc (a), Ny=6x

max
10 cyc (b) and N¢=5x107 cyc (c), showing multi-
B 11 ESEFHEFE V BT REEANE RS ple crack origins and a large portion of cross section
Fig.11 Fractograph of V-notch specimen fatigued for 5x resulted from fatigue cracking, the dark areas in the
107 cyc in air at 02,,=249 MPa and then fractured fracture surfaces of Figs.12b and ¢ corresponding to
in liquid nitrogen, inclusion debonded from matrix the zones fractured in liquid nitrogen
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