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Ductile Crack Initiation Behavior of Structural Steel under Cyclic Loading

Nobuyuki ISHIKAWA, Yasuo KOBAYASHI, Masavoshi KURIHARA, Koichi Osawa and Masao TOYODA

Synopsis

: Ductile crack initiation behavior of structural steel under cyclic loading was investigated using notched round bar specimens with comparing

to monotonic loading. FEM analysis was carried out to determine the effects of equivalent plastic strain and stress triaxiallity on ductile crack

initiation. Under cyclic loading, ductile crack initiated at notch tip for all specimens differing in root radius, even for the specimen with root

radius of 1.0 mm which crack initiated in the center of the specimen under monotonic loading. In the case of the specimen with large root ra-

dius under monotonic loading, it is considered that void growth and coalescence is promoted by a large stress triaxiallity and it leads to duc-

tile crack initiation in the center of the specimen. On the contrary. under cyclic loading or under monotonic loading with small root radius,

deformation in the center of the specimen is small, and crack initiated at the notch tip by accumulation of equivalent plastic strain under

cyclic loading or concentration of strain at notch tip. It can be stated that, effect of stress triaxiallity on ductile crack initiation at notch tip is

small, and crack initiates at notch tip when equivalent plastic strain exceeds a certain level of strain.
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Table 1. Mechanical properties of the steel used.
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Fig. 1. Configuration of notched round bar specimen.
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Fig. 2. Load—nominal strain curves under monotonic load-
ing.
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Fig. 4. Crack initiation at the center of the specimen under
monotonic loading. (1.0R, Kr=3.8)

r——ﬁ———

(1) Nominal strain : 2.5%

(2) 2.9%

(2) 3.3%

Fig. 3. Crack initiation at the notch tip under monotonic loading. (0.1R, Kt=9.9)
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Fig. 5. Relation between root radius of the specimen and
true strain at crack initiation.
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Fig. 7. Crack initiation at the notch tip under cyclic loading. (1.0R, Kt=3.8, amplitude of applied strain: =1.0%)
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Fig. 8. Relation between number of cycles to crack initia-
tion and root radius.
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Fig. 9. Examples of the meshes for FEM analysis.
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Fig. 10. Distribution of equivalent plastic strain and triaxi-
allity in the notch section at crack initiation point.
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Fig. 11. Traces of equivalent plastic strain and stress triax-
iallity during monotonic loading.
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