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Motivation

Toughness of metamaterials
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Asymptotic analysis:
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QUESTION:

Can we calculate toughness
based on an RVE? ¢ wonaretal HH



Model

Euler-Bernoulli beams

Modelling assumptions
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Model microstructure
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Macro-scale results

Toughness calculation
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Macro-scale results microstructure
Effect of elongation a /L — 75
0 m
0.025 , 0.025
kS m*': . = [
§ 0_020_.............5 ............. § 0.020
S73) L 0 L
3 | < Ly /by =5 3 |
3 - ® 10 < [
q') 0.015.-_ ............ a 20 q') 0.015 [
S [ o 0 40 = ,
2 - ; 2 |
§ 0.010  CuESEEE § 0.010 -
L L : L
> H > L
20 i : oy i
S 0.005F - - - aow vy ookl fx s oo g S 0.005
a l 6 000! a .
SFOPOEOE0
0 2 " 2 A 1 N 2 2 " O 2 1 2 1
0 50 100 0 20 40
Crack advancement - a4, / Ly, Elongation - L,/ h,

G. Molnar et al. ‘ ‘ ‘



Macro-scale results

Effect of structure type

Shifted square grid Honeycomb grid
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Question

Can we calculate the fracture
toughness based on the unit cell?

G. Molnar et al.
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Continuum model

Phase-field theory + Cosserat continuum

Elastic energy H(u,¢,d) = Jgg(d)w(g(u,¢))dﬁ+ W(d,Vd)

Deformations
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(Cosserat & Cosserat, 1909)
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Continuum model Bleyer & Alessi (2018)
Scherer et al. (2022)

Multiple damage fields
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Parameter identification

Computational homogenization (elasticity)

Beam model Cosserat continuum
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Parameter identification

Asymmetric elastic energy degradation

Beam model Cosserat continuum
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Parameter identification
Localization coefficients (7))

Beam model Cosserat continuum
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Parameter identification

Localization coefficients (7))

Beam model Cosserat continuum

Homogeneous phase-field solution (AT1)
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Square grid in tension (Mode |) ]’lm =0.2
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Macro-scale phase-field results
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Macro-scale phase-field results

Square grid in shear (Mode Il)
Beam model > Phase-field
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Conclusion / Perspectives
Fracture in periodic beam lattices

« Toughness depends on:
* micro-strength
* cross section / elongation
* structure type

 Homogenization
* Cosserat continuum

» Multiple damage variables ]
- Anisotropic phase-field ‘ Other lattice types, 3D, etc...
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