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We propose a new surrogate modeling for homogenized elasto-plastic material behavior. At first, to obtain
the macroscopic stress-strain relationships, we conduct numerical material tests on a representative volume
element (RVE) of a heterogeneous material. Arranging these macroscopic material responses, we obtain a
data set of the macroscopic constitutive relationship. Using this data set, we construct a surrogate model by
means of radial basis function interpolation and perform optimization of hyperparameters. In the presen-
tation, surrogate computations of the load / unload problem of an elastoplastic material are carried out to

verify the feasibility of the proposed method.
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(b) Microscopic domain of
a unit cell with Y-periodicity.

(a) Macroscopic domain of
a equivalent homogeneous material
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Cross-validation (conducted for every parameter set)

| Original data g
Devided in to nev parts

Validation‘data l Training data
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Provide parameter sets 2= 2 2
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Differential Evolution (after e calculated for all sets)

1. Update best parameter set and best loss

if the current loss is smaller than the best
— 2. Make parameter sets {n,, 5, #},, {n,, B, n}, -
for next generation with cross-over and mutation
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Material parameters of matrix
E 50 [MPa] Hy 2.0 [MPa]
v 0.4 Ry 0.1 [MPa]
oy 7.0x 1073 [MPa] By 1.0x10*

Matrix
Filler

Material parameters of filler
E  1.0x10* [MPa]
v 0.3
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Microscopic Constitutive models

Matrix: von Mises elastoplastic model with non-linear hardening
Cauchy stress: oc=E:(6-¢")
Yield function: by (0, @) = ]2 (s (0) — 7y (@)

oy (@) = oy + Hya + Ry {I —exp (—ﬂyw)}
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Hardening model:
Evolution equations: @=1, &P = yN, N=

Kuhn-Tucker condition: y >0, ¢ <0, v$=0

Filler: Linear elastic model

Cauchy stress:
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(a) Targetted structure
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(b) History of imposed displacement
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(a) Distribution of Macro-strain paths
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(b) Histories of Macro-strain magnitude
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NMT results: Surrogate model:
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Analysis mesh
Elem. A Elem.B

Case name| Material model(s)

of

Surr Surrogate model

o

Number of Elements: 1000

DA-40

Number of Elements: 4000
Number of unit cells: 40

Constitutive models

DA-250 in Figure 4 (b)
Number of Elements: 25000
Number of unit cells: 250
B
DA-1000

Number of Elements: 100000

Number of unit cells: 1000
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Pseudo time Compared region Relative error [%]

El t A and d in A 1.97
50 (fully loaded) ement A and comain

Element B and domain B 5.35

Element A and domain A 5.27

100 (full loaded
(fully unloaded) Element B and domain B 29.02

97 (812 = 0) Element B and domain B 7.39

B/NEIES 6™ D fME

Pseudo time Compared region Relative error [%]

Element A and domain A 4.78
50 (fully loaded) .

Element B and domain B 1.30

Element A and domain A 1.73

100 (full loaded
(fully unloaded) Element B and domain B 85.42

97 (12 = 0) Element B and domain B 8.02
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