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In this study, we propose a multiscale analysis by using Numerical Material Tests (NMTs) to identify po-
tential that represents energy dissipation due to plasticity in the framework of thermodynamic constitu-
tive theory. Whereas the existing multi-scale analysis decoupled between boundary value problems in the
micro- and macro-scale makes us assume a specific form as the material constitutive law in the macro-scale
and identify the macroscopic material parameters from the macroscopic stress-strain curves, the proposed
method allows us to assume not such a specific form but the existence of Helmholtz free energy and dis-
sipation potential in the macro-scale. In the proposed NMT, Helmholtz free energy associated with plastic
hardening in the macro-scale is determined by isogeometric analysis from the chage of the macroscopic
yield stress under some loading paths as the numerical solution of Poisson ~ s equation to satisfy continuity
of the macroscopic thermodynamic force. The capability of our proposed NMT is demonstrated throughout

a simple numerical example.
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Fig.1 FE model
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Fig.2 Unit cell
Table.1 Geometrical information
Geometry Value
Fiber radius [mm] 0.371
Fiber volume fraction  [%] 50.0

Table.2 Microscopic constitutive models

Plastic
von Mises elastoplastic model

1. Cauchy stress

2. Yield function

3. Flow rule

4. Hardening model

5. Hardenig Laws
6. Kuhn-Tucker condition

o=C:&=C:(g—-¢&P)
¢ = V(o) — oy(a)
& =N, N =2

oo

oy(a) = oy + Hya

+R, {1 — exp(—ra)}

& =P

Y20, ¢P <0, yPgP =0

Fiber
Linear elastic model

1. Cauchy stress

Table.3 Material parameters

Material parameters of plastic Value
Young’s modulus E[MPa]  2.4470x10*

Poisson’s ratio v[-] 0.3000

Initial yield stress oy0[MPa] 100.00

Hy[MPa] 308.77

Hardening modelus Ry[MPa] 330.13

ry[—] 360.37

Material parameters of fiber Value
Young’s modulus E[MPa] 2.0600x10°

Poisson’s ratio v[-] 0.3000
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Fig.3 change of yield stress obtained by NMT
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Fig.4 Helmholtz free energy associated with plastic hardening
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