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Applicability Evaluation of Modified Overlay Model

on the Cyclic Behavior of 316L Stainless Steel at Room Temperature
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Abstract

The validity of ‘modified overlay model’ to describe the cyclic behavior of annealed 316L stainless steel at

room temperature was investigated. Material parameters (¥, b, n.E) for the model were obtained through

constant strain amplitude test. The strain amplitude dependency of elastic limit and cyclic hardening, which
were the characteristics of this model, were considered. Eight subelements were used to describe the
nonlinearity of the hysteresis loops. The calculated hysteresis curve in each condition (0.5%, 0.7%, 0.9%
strain amplitude test) was very close to the experimental one. Two tests, incremental step test and 5-step test,
were performed to check the validity of ‘modified overlay model’. The elastic limit was saturated to the one
of the highest strain amplitudes of the block in the incremental step test, so it seemed to be Masing material at
the stabilized block. Cyclic hardening was successfully described in the increasing sequence of the strain
amplitude in 5-step test. But, the slight cyclic softening followed by higher strain amplitude would not be able
to simulate by ‘modified overlay model’. However, the discrepancy induced was very small between the
calculated hystereses and the experimental ones. In conclusion, ‘Modified overlay model’ was proved to

be appropriate in strain range of 0.35%~1.0%.
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Fig. 1 Test specimen for low cycle fatigue [mm]

Table 1 Chemical composition of 316L stainless steel (wt%)

C Si Mn P

S Ni Cr Mo N

0.025 0.41 1.41 0.025

0.025

10.22 16.16 2.09 0.043
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Fig. 3 Stabilized hysteresis loops of annealed 316L
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Table 2 Material parameters of 316L stainless steel at RT for Modified overlay model

Elastic modulus (GPa) 185.3
Stabilized elastic limit (MPa) Ryc=127+10874q , 0.002<g<0.0079
Subelement No. Fraction Yield stress (MPa)
0 0.5593 0.0
1 0.0740 46.3
Yield stress and fraction § 8832; g?g
of subelements 4 0.0922 463.3
5 0.0622 741.3
6 0.0260 12973
7 0.0077 18533
Softening rate, b 12.2
Initial yield, R, (MPa) 90
Memory surface speed, n 0.1
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