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FTMP (Field Theory of Multiscale Plasticity) as Contemporary Theory of Plasticity
Multiscale Modeling & Simulations based on FTMP
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Field Theory of Multiscale Plasticity (FTMP) is a comprehensive theoretical framework that facilitates
the deformation-induced evolution of inhomogeneities. It explicitly describes the energy conversion
process from elasticity to local plasticity expressed by incompatibility tensor field, offering a novel
perspective for multiscale materials modeling and opening up new avenues for multiscale modeling of
materials. This article presents a typical example of modeling, simulation, and evaluation using the FTMP
approach, showcasing how it differentiates itself from many other alternatives.
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Fig.1 FTMP-based perspective of materials system
evaluation in stability/instability contexts.
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Fig.2 Application examples of FTMP.
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Fig.3 Augmented usages of incompatibility tensor concept.
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Fig.4 Derivation overview of Eq.(1) from 4D divergence
free condition for incompatibility tensor.
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Fig.5 Hardening ratio in the hardening model for FTMP-
based constitutive equation, accommodated  with
contributions of incompatibility tensor fields in multiple
scales, together with definition of the effective cell size [1].
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Fig.6a Schematics of duality diagram representation scheme.
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Fig.6b Variation of duallty diagram representatlons together
with corresponding phase-space trajectories (PhS-Ts.).
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Fig.7 Hierarchically-emerging strengths in high Cr ferritic
steel organized into lath martensite, block, packet and prior-
ygrained structure.
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Fig.8 Lath block modellng process [1].
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Fig.9 Interaction field-based recovery modeling [1,5].
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Fig.10 Overview of FTMP-based lath block modeling
process [1,5].
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Fig.12 Simulated creep curves comparing W|th and without
spatial interaction field [1,5].
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Fig.13 Simulated creep rupture diagram, comparing with and
without spatial interaction field [1,5].
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Fig.14 Point-wise duality diagrams for embedded-packet
model (c) in Fig.11.
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