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Abstract

Multiscale models and simulations play a significant role in the "Materials Genome Initiative". This article reviews

computational methods at spatial scale from quantum to microscopy, mesoscopy, and macroscopy, and at temporal scale from

picosecond to nanosecond, and microsecond. The corresponding techniques ranging from first— principles calculation to molecular

dynamics, macroscopic thermodynamics/kinetics models and simulations, and finite element methods are introduced.
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Fig. 1 Spatial and temporal correspondence of computational materials method space and time spans
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Fig. 2 Formation enthalpy of various Xe—Ni and Xe—Fe compounds at high pressure calculated by first—principles method
(a), top and polyhedral views of XeFe; with the structure of CusAu (b), electronic band structure calculated using the HSE
hybrid functional for XeFe; at 250 GPa (c), projected densities of states (DOS) of Xe—5p states for XeFe; and hypothetical
XeFe, at 250 GPa (d), difference charge density (crystal density minus superposition of isolated atomic densities) of XeFe,
plotted in the (100) plane at 250 GPa (e)
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Fig. 3 Molecular dynamics simulations of plasticity in single
crystal Cu subjected to shock loading
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Fig. 6 Structural integrity analysis of arch rotation brackets
used in Wembley Stadium (left panel) (a) and rigid frame
bridge modeling (b) using finite element software Ansys
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Fig. 7 Phase—field method simulating the formation and
emission of dislocation loops at the interface between the
matrix and precipitate, as well as two prismatic loops
linked together forming a short helix® (a) and TEM
micrograph of an hydride precipitate in Nb®*? where helices
are indicated by arrows (b)
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Fig. 8 Prediction on microstructure evolution for turbine disc
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Fig. 9 General procedures of machine learning applications in discovering new materials and predicting materials properties
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