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I. Introduction

Structural components are often subjected to general complex loading cycles such as combined
bending, torsion and tensile/compressive loads. Even under single loading conditions, complex stress
states may exist at notches or geometrically discontinuous locations. Therefore, the assessment of
multiaxial fatigue strength of materials is an important design consideration.

In this study, the concept of plastic work is utilized in low cycle fatigue evaluation. The calcula-
tions of the plastic work and another parameter are carried out in conjunction with the development
of the constitutive modeling for the complex loading conditions (particularly for nonproportional
loadings).

II. Evaluation of Low-cycle Fatigue by Plastic Work Approach

Recent studies have resulted in two promising approaches to deal with the low-cycle fatigue
evaluation of structural metals under nonproportional loadings:(1) Critical plane concept and (2)
Plastic work concept. The critical plane concept, developed only recently, relates the critical plane
to the crack growth. On the contrary, the energy criterion used since the fatigue problem was

explored, was extended by Garud? to multiaxial stress state with the development of advanced

plasticity modeling for nonproportional loadings. 0 ¢ ,
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The plastic work per cycle, W,, may be gen- So
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where o;; and ¢f; are the stress tensor and the
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Plastic Work/Cycle, W, (MJ/m*)
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plastic strain tensor respectively. The followong
power law was proposed by Garud for complex
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stress condition: 1 : . ) .
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Ny = A(W*)B 2
f W) (2) Fig. 1 Plastic Work per Cycle vs. Life

where 4 and B are material constants empirically determined from experiments, and N, and W} are
the number of cycles at failure and the modified plastic work/cycle(the plastic work by shear stress
was weighted by a half). Typical experimental results? are presented in Fig. 1(copy of Garud’s
work) in terms of number of cycles at failure vs. plastic work per cycle. The results are scattered

and bounded by torsional( upper bound } and axial results( lower bound ). The rest of results
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under biaxial straining conditions lie between these bounds.
Since this type of weighting factor does not
have any physical meanings, the criterion based

.
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plastic work concept was modified as follows. .

Ny = a0/ (W) (3)

where o, and W, are the maximum tensile princi-

pal stress and the plastic work per cycle, respec-
First, the hys-

teresis was compared as shown in Fig. 2 in order

(b) Shear

tively. «, 8 and v are constants. Fig. 2 Stress-Strain Curves by Proposed Model
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. Fig. 3 Prediction of Life without Modification
evaluation, the best fit curve is given by
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