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This study investigates plastic deformation and fracture mechanisms in carbon steels under extreme
conditions using atomistic simulation methods, including first-principles calculations, molecular
dynamics, and Monte Carlo simulations. A high-accuracy neural network interatomic potential was
developed for the iron-carbon system. Using this interatomic potential, we analyzed screw dislocation
behavior with and without carbon content. The results revealed that screw dislocation motion is
repeatedly impeded by carbon atoms, followed by detachment due to increasing applied stress. This
alternate behavior was quantitatively and atomistically identified as the origin of serrated flow
observed in experimental deformation tests of carbon steels.
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