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Multiscale Numerical approach of composite
materials : a fast emerging framework

concurrent collaborating

A very good review paper (2009) :

Arch Comput Methods Eng (2009) 16: 31-75
DOIT 10.1007/s11831-008-9028-8

Multiscale Methods for Composites: A Review

P. Kanouté . D.P. Boso . J.L. Chaboche . B.A. Schrefler




Double-scale approaches : & numerical analysis
at 2 scales : Macro scale and microscale

- FE? (finite element square)

{ FEM X DEM

Arch Comput Methods Eng (2009) 16: 31-]
DOI 10.1007/s11831-008-9028-8

ORIGINAL PAPER

Multiscale Methods fc

P. Kanouté . D.P. Boso - J.L.. Chabo

Abstract Various multiscale methods are reviewed in the
context of modelling mechanical and thermomechanical re-
sponses of composites. They are developed both at the ma-
terial level and at the structural analysis level. considering
sequential or integrated kinds of approaches. More specifi-
cally, such schemes like periodic homogenization or mean
field approaches are compared and discussed. especially in
the context of non linear behaviour. Some recent develop-
ments are considered, both in terms of numerical meth-
ods (like FE?) and for more analytical approaches based
on Transformation Field Analysis. considering both the
homogenization and relocalisation steps in the multiscale
methodology. Several examples are shown.



A continuum media
or
an assembly of particles ?

Continuum : FEM Particles : DEM

well suited to Real scale problem Reproduces « naturally » the
complex behaviour of grains
CAN NOT realistically model their | assembly : cyclic response,
discrete nature anisotropy, strain path
dependency
Computation time depends on
the number of grains -> high CPU
costs
> limitation to small problems

—>  Coupling FEM-DEM
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NHL - DEM : DEM-based NHL
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Micro-scale Model

Contact laws *




Principle

» FEM code:

» DEM code:

» Bridge:




We develop this framework since 2008

The other team currently developing FEMXDEM in the world is in Hong-Kong
(JiDong Shao, HK University) essentially along the same lines as our work
(after our communication in IWBDG 9th in Porquerolles)
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But first of all, does it really work ?




van den Hoek, P.J., Smit, D.-J., Kooijman, A.P., de Bree, P., Kenter,

-

C.J., Khodaverdian, M., 1994. Size dependancy of hollow-cyl-
inder stability. Eurock, vol. 94. Balkema, Rotterdam.
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NHL-DEM as a constitutive model




NHL-DEM as a constitutive model - 1/11

Next : ACTIV




in-house 3SR-Grenoble development, initially created with the
hypoplastic CLoE model in the years 1990°  (both still in use).

allows to impose
any combination of stress and strain components to an elementary volume

and compute the constitutive response to this loading program
.e. the complementary stress and strain components

Examples :
p Triaxial test : starting from an initial stress state (consistent with the RVE intergranular forces),
i) isotropic loading to a given stress state, then ii) deviatoric loading, either strain-controlled or stress
] controlled.
' Cyclic triaxial test, either stress or strain controlled
N
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NHL-DEM performances :




NHL-DEM performances :
strain softening and strain localisation

» €.0., scale dependency in the test response : due to localisation, smaller specimens
show smaller strain softening rate

Etude de linfluence del-taille desgrains . |
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NHL-DEM performances :
strain softening and strain localisation

» €.0., scale dependency in the test response : due to localisation, smaller specimens
show smaller strain softening rate




NHL-DEM performances :
strain softening and strain localisation

» €.0., scale dependency in the test response : due to localisation, smaller specimens
show smaller strain softening rate

FIGURE 2.18 — Réponses macroscopiques des essais biaxiaux en compression : VER400
(rouge), VER3600 (vert), VERG400 (rose), VER10000 (bleu) et VER22500 (noir). La
réponse en noir pointillé est celle du cas sans cohésion du VER10000, avee : & = ky,/ (dg-
@) = 1000, kn/ky =1, p = 0.5 et p* = 0.
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Triaxial test on a cohesive geomaterial
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NHL-DEM performances :




NHL-DEM performances : cycles
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NHL-DEM performances :
compression-extension cycles
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NHL- DEM provide without any special development
a reasonably good response




NHL-DEM performances :
triaxial compression-extension cycles

Triax 2 Gd Cycles - deviatoric stress

Figure 4. Drained cyclic compression/extension test on
medium loose Hostun RF sand: (a) numerical simulations,
(b) experimental data




NHL-DEM performances :
multi-cycles
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Reference triaxial : strain controlled, up to axial strain = 10%




P

S

CONCLUSIONS

- We have presented a Two-scale numerical approach for granular materials: combining FEM
(at macro scale) and DEM (at micro scale).

- lllustration by 2 examples of BVP on a hollow cylinder

analogous to i) underground excavations and drilling, or ii) cavity expansion. .

-Focusing on the constitutive law NHL-DEM = numerically homogenised law based on the
micro-scale DEM simulation, we have studied the response of the law to simple and complex
stress-strain paths:

- Strain softening on triaxial path -> localisation in FEM

- Cyclic response (one cycle, small) o

- Cyclic response (one or two large cycles, with compressibn-eXtension) :
- Multi cyclic response with temporary loss of control

NOT PRESENTED
principal stress rotation = =~ )
anisotropy :

PERSPECTIVES

- Second gradient regularisation
-Parallelisation (massive preferably)
-3D approach

h B3R
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