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=PFL  Computational Homogenization

Strategy:

m  Compute the effective constitutive response of the material by solving a lower-scale boundary
value problem from an RVE:

,

effective
material model
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=PFL Recap - Packings

Particle packing simulation

az
A

az

All packings have the same ¢

These are found here:

/input/bidisperse n=***/sample*

Size
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EPFL Recap - Python implementation
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homogenized_stiffness.py/homogenized_bulk_modulus.py

Problem definition
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Geometry
Particle positions
Particle radii

Material definition
p, k,,G,v, e

Cell basis vectors
Global damping

Applied strain rate

Homogenization
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stress and

strain
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world.py

f grain.py
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: find_interparticle_ ,
: force_moment() "
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grain_timestep()
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_control()

Positions, rotations,
interparticle forces

get_average_stress() ]
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Legend

pre-processing

core dem computations
post-processing

input to function
output of function
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EPFL Recap - Python implementation

homogenized_stiffness.py/homogenized_bulk_modulus.py
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Y e e e e e e — — m — — —————— e —————— -

Problem definition

———

Geometry
Particle positions
Particle radii

Material definition
p, k,,G,v, e

Cell basis vectors
Global damping

Applied strain rate

Homogenization

e e e e

stress and

strain

v

world.py
grain.py

| find_interparticle_ :
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force_moment() "

Explicit
grain_timestep()

grain_timestep_strain
_control()

Positions, rotations,
interparticle forces

get_average_stress() ]
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get_average_strain() 1

<«——— (Task: Implementation

of Hertz law)

<« (Tasks: Implementation of

Legend

average stress, average strain)

pre-processing

core dem computations
post-processing

input to function
output of function
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PFL Project 2 - DEM Homogenization
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A. Influence of RVE size on a periodic packing (Hookean contact)

- Impose volumetric compression via
periodic boundary conditions ¢

- Compute the resulting pressure P

- Determine the bulk modulus at
different levels of compression K = p/e,

- Repeat the calculation for two
square unit cells (4x4, 8x8)

Note: Avoid rate effects by
performing slow tests

k,=1N/m

These monodisperse assemblies are found in:

/input/monodisperse n=***/
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PFL Project 2 - DEM Homogenization
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B. Influence of RVE size on a periodic packing (Hertzian contact)

- Repeat the same procedure asin A
but for Hertz contact law

- Compare trend with A

Note: Avoid rate effects by
performing slow tests

N

Hertz

fn = kn5n

2G*V2R*  —
n = 3(1 — 2v%) on

s_GitG . ity

R+ Ry 2 2

G = 1N/m?
v=0.3
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PFL Project 2 - DEM Homogenization
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C. Influence of RVE size on a random bidisperse packing

- Here we compute the entire
homogenized stiffness tensor

following the approach of Project 1.

- We examine sample convergence.

- All samples (assemblies) have the
same packing fraction.

Hookean

k,=1N/m

These bidisperse assemblies are found in:

/input/bidisperse n=***/sample*

) / f'n, = knan + Cn(sn
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EPFL Project 2 - DEM Homogenization

C. Influence of RVE size on a random bidisperse packing

9 unknown moduli in 2D:
o apply three (linearly independent strain states)

e compute the three resulting stress states

e solve for the nine unknowns or obtain directly, e.g.,
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=PFL Python notebook

Let’s move to the Python notebook



