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A Semi-analytical Approach for Numerical Analysis of Residual Stress in
Oxide Scale Grown on Hot-rolled Steels

Y.-J. Jun, J.-G. Yoon, J.-M. Lee, S.-H. Kim, Y.-C. Kim, S. Nam, and W. Noh
(Received May 26, 2024 / Revised May 29, 2024 / Accepted May 30, 2024)

Abstract

In this study, we developed a semi-analytical approach for the numerical analysis of residual stress in oxide scales formed on hot-rolled
steels. The oxide scale, formed during the hot rolling process, experiences complex interactions due to thermal and mechanical influences,
significantly affecting the material's integrity and performance. Our research focuses on integrating various stress components such as
thermal stress, growth stress, and creep behavior to predict the residual stress within the oxide layer. The semi-analytical method combines
analytical expressions for each stress component with numerical integration to account for their cumulative effects. Validation through
instrumented indentation tests confirms the reliability of our model, which considers thermal expansion coefficient (CTE) differences, scale
growth, and creep-induced stress relaxation. Our findings indicate that thermal stress resulting from CTE differences significantly impacts
the overall residual stress, with growth stress contributing a compressive component during cooling, and creep behavior playing a minor
role in stress relaxation. This comprehensive approach enhances the accuracy of residual stress prediction, facilitating the optimization of

material design and processing conditions for hot-rolled steel products.

Keywords : Semi-analytical method, Residual stress, Oxide scale growth, Thermal expansion, Hot-rolled steel
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Table 2 Material parameters of the low carbon steel and
the oxide scale for elastic, creep and growth
models
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Low carbon steel
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Material parameter
Elastic modulus, Ert (GPa)

Proportional constant,
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Fig. 2 Cooling profiles promoting different thicknesses
of oxide scale for experimental growth of oxide
scale and numerical calculation of residual stress
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