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O 1D micromechanics

O Increase efficiency

O Reduce modeling time
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Overview

U Mechanics of Structure Genome (MSG) for micromechanical analysis

U Carrera Unified Formulation (CUF) : higher-order beam models for unit
cells

U Hierarchical Legendre Expansions (HLE) as theory of structure

U Numerical results: fiber reinforced and particle reinforced composites

U Conclusions and perspectives
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Micromechanics modeling: MSG
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\o Effective

properties

MICRCMECHANICS

Principle of Minimum Information Loss

O Express the kineamatics as a sum of the global
displacements and the local fluctuations

u; = ﬁ,- + 6Xi
&ij = &ij T X(0.))
O Express the energy of the original model as
U(eij) = U(&j X j))
O Using the Variational Asymptotic Method,
minimize the energy to solve the fluctuations

min U (& xwp) —UE))

No ad-hoc assumptions

One load step

Different local solutions for a single run
of the code

[1] Yu W. A unified theory for constitutive modeling of composites. ) Mech Mater Struct (2016);11(4): pp 379-411.
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Beam kinematics through the unified formulaticz)n
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[2] Carrera E., Cinefra M., Petrolo M. and Zappino E. Finite element analysis of structures through unified formulation. John Wiley & Sons; 2014.
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Hierarchical Legendre Expansions, HLE
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O Hierarchical kinematics

O Non-local distribution of unknowns

O Geometrically exact curved sections:

blending function method

[3] A. Pagani, A.G. de Miguel and E. Carrera. Crosssectionalmapping for refined beam elementswith applicationsto sheltike structures
Computational Mechanics (2017) pp 1-18.
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Numerical results: square pack
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Numerical results: hexagonal pack

Homogenization

Model E E: va Mz vm
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[4] A.G. de Miguel A. Pagani, W.Yu and E. Carrera. A. Pagani, Micromechanicof periodicallyheterogeneousnaterialsusing higherorder beam
theoriesand the mechanicof structuregenome Composite Structures (2017) 180: pp 484-496.
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Numerical results: particle inclusion
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120 SwiftComp —e— 03
ECMB"’DNVI:; 0205
110 1 ECM 5" order
CUF-MSG —— 029
5 100 0285
$ _
w 90 0.28
0275 SwiftComp —e—
8 ECM 3 M:T
0271 M En Srier
0.265 CUF-MSG —+—
A|203/A| Compom 0 005 0.1 015 02 025 0.3 0 005 01 015 02 025 03
| f . Particle volume fraction Particle volume fraction
- Volume fraction = 0.125 Dehomogenization
400
i
Particle K 0.3 350
Matrix 7003
*E,Gin GPa _ 300
3
Model: B 2
O 6 cubic beam elements v
O 9 HLE expansions 150 ¢
O 2160- 17226 DOFs “
100 fupsmmmo® L
0 0204 0608 1 1214 16
Challenges: Y3=¥2 =Yy
»  Variation of phases in all directions Tl SC omid SO cone HLT TS
> Stress concentration in corners TR
sl 17 S13 1740

CARRERA

ION — MECHANICS OF STR RE GENOME - 1D MODELS - WWW.MUL2.COM




Introduction MSG CUF Numerical results Conclusions
v

v v
Progetto Internazionalizzazione DIMEAS/Purdue — Purdue University (West Lafayette, IN) — December 9 2016

Conclusions and perspectives

O Assessment of the model: MSG/CUF coupling can be a highly efficient tool for the micromechanics
analysis of periodically heterogeneous materials

O The accuracy of the micromechanic analysis is controlled by the polynomial order of the expansions:
no need of iterative refinements of the mesh

O Mapping of the exact geometry of the components through the bending function method

O Fibers and inclusions can be modelled by only a single expansion over the cross-section of the
beam: great reduction of the complexity of the model with no loss of accuracy

O Multiscale analysis: high-order beams for macro, meso and micro scales

O Future developments: more complex SG, woven fabrics, multifield analysis (electric, thermal,
magnetic), damage.

*e-Xstream
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FULLCOMP project
SR
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O FULLy integrated analysis, design, manufacturing and health- Fu "v
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monitoring of COMPosite structures v

O Funded by the European Commission under a Marie Sklodowska
—Curie Innovative Training Networks grant: 12 PhD students

Q Partners: -
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iv. Leibniz Universitaet Hannover (Germany)
V. LIST (Luxemburg) g2
vi.  ELAN-AUSY GmbH (Germany) . 2 :
vii. Universidade do Porto (Portugal) . |
viii.  University of Washington (USA) \ .
ix.  RMIT (Australia) P A

Q Learn more about us: v kS

= www.fullcomp.net
= Researchgate, Linkedin, Facebook
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Thank you for the attention,
any questions?
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