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A Model for Evaluation of Low Cycle Fatigue Lives
Under Nonproportional Straining

by

P
Takamoto ITon

This paper develops a damage model for evaluation of low cycle fatigue lives under complex cyclic multiaxial loadings. The
author has proposed the equivalent strain parameter for the life prediction of the nonproportional low cycle fatigue. This strain
parameter could evaluate the dependence of fatigue lives on strain history and material, and correlate the fatigue lives within a
small scatter band under 15 kinds of proportional and nonproportional strain paths. However, the parameter was applicable to the
life prediction under the limited nonproportional strain history, so that some modifications were required. In this study, a simple
damage model for the life prediction by combining the equivalent strain parameter with Miner’s law in order to apply the life
prediction under more complex nonproportional loadings. The applicability of the proposed model was examined for life
evaluation of nonproportional low cycle fatigue for different materials; type 304 stainless steels, copper, aluminum alloys,
chromium-molybdenum and carbon steels, which were obtained from different research institutes. The model could correlate
most of all the fatigue data within a factor of two scatter band and has a possibility to become a good damage model for
nonproportional low cycle fatigue.
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Fig.1. Schematic graph of g((t), &(t) and Ag;.
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Table I. Cycle counting in each strain paths.

I-plane 1I-plane
Case Strain  Number Strain  Number
number range of range of
Ae/Ag;  cycles  Ag/Ag; cycles

0 1 1 0 0
1 1 1 0.87 1
2 1 1 0.87 1
1 1 1 1

3 0.1 1 0.1 1
1 1 1 1

4 0.1 1 0.1 1
5 1 1 1 0
0.18 8

6 ! ! 0.09 2
0.35 3

7 ! ! 0.16 2
8 1 1 0.5 2
9 1 1 0.5 2
10 1 1 1 1
11 1 1 0.64 1
12 1 1 0.87 1
13 1 2 0.87 2
14 1 1 0.87 1




Fig.6. A general idea of nonproportional
LCF damage model.
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Table III. List of materials used in data correlation.

Material Condition o Author Ref.
SUS 304 R.T. 0.8 Itoh 4
SUS 304 R.T. 0.8 Socie 10
SUS 304 923K 0.4 Hamada 5
OFHC Cu R.T. 0.5 Socie 10
6061 Al R.T. 0.4 Itoh 8
1100 Al R.T. 0.0 Socie 10

42CrMo R.T. 0.5 Chen 7
S45C R.T. 0.2 Kim 20
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