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This study analyzes uniaxial and multiaxial non-proportional low cycle fatigue
behavior of notched specimens made by traditionally manufactured materials and
additionally manufactured materials. The first part of the work is focused on the
analysis notched components made of stainless steel SUS316L which fatigue life
was initially evaluated with Itoh-Sakane model (I-S) which considers
non-proportional loading and stress concentration factor A:in. The tests showed that
the crack initiation site was shifted from the notch tip. The cause of such finding
was investigated through a finite element analysis (FEA). The FEA showed that
the maximum strain was located away from the notch tip, and the distance
depended on Ain. A new stress concentration factor based on the crack initiation
site was employed to modify I-S model improving the results. Further tests have
been conducted on notched specimens made of A6061. The crack initiation site was
located at the notch tip for each notch geometry. I-S model has been further
modified with the Baumel-Seeger model and the fatigue notch factor. Fatigue life
evaluation sensibly improved compared to the previous model. Successively, cyclic
plastic behavior of additionally manufactured (AM) specimens of Ti-6Al-4V was
analyzed. Fatigue tests have been conducted on four varieties of specimens
depending on layer orientation and stress-relief heat treatment. Microstructure
has been analyzed and it was similar for every specimen type. A, higher energy
absorption by the heat-treated component was detected probably due to the less
residual stresses compared to the not-heat treated samples. Layer orientation
influenced the final crack propagation velocity although the causes have not been
verified. A drastic softening at the beginning of the test was detected and
attributed to the early formation of cracks located on the voids inside of the
specimens. Fatigue life resulted similar for each specimen type and therefore not
influenced by residual stresses, layer orientation and initial softening. Notched
specimens made with the same AM material were also tested. The main crack
Initiation site was located on the notch tip. Fatigue life was lower on the specimens
where crack initiation site was located on defects, regardless of layer orientation or
heat treatment. The applicability of the modified I-S model for AM materials is
finally discussed along with future developments.
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