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Abstract: Yield-point phenomena in Ferrite—Pearlite duplex steels were investigated using multi-scale computa-
tional simulations. In this multi-scale simulations, stress—strain relationship of Ferrite phase was charac-
terized by an elastoplastic constitutive model considering yield-drop behavior and its material constants
were determined by minimizing residual error between a computational simulation and experiment of
tensile test, where yield-point phenomenon in a tensile test of Ferrite steel was reproduced. Using the
determined material response of Ferrite phase, finite element analyses of Ferrite—Pearlite duplex micro-
structure were performed to examine its macroscopic material response and its microscopic deformation
mechanism. Besides, finite element analyses of tensile test based on the numerical results of microscopic
finite element analysis were conducted to reproduce yield-point phenomena in Ferrite—Pearlite duplex
steels.

Keywords: yield-point phenomenon; heterogeneous microstructure; multiscale modeling; ferrite—pearlite duplex
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Multiscale Finite Element Analysis of Yield-point Phenomenon in Ferrite—Pearlite Duplex Steels
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Fig. 1. Finite element model of tensile specimen.
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Fig. 6. Finite element model of Ferrite—Pearlite duplex microstructure.

Table 1. Elastic constants estimated with finite element analyses of Ferrite—Pearlite duplex microstructure.

Pearlite volume fraction Ci Cy=4 Cy=u E v
21.5% 269.49 112.38 78.56 203.4 0.2943
40.3% 272.34 112.75 79.80 206.3 0.2928
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Table 2. Yield strength calculated with finite element analyses
of Ferrite—Pearlite duplex microstructure and estimated
with equation (17).

Pearlite volume fraction Numerical result Estimation
0. % 0.354 GPa 0.354 GPa

21.5% 0.357 GPa 0.361 GPa

40.3% 0.364 GPa 0.366 GPa
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