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Three views of large-strain micro-mechanics

Three approaches to micro-mechanics:
1 Discrete contact approach
2 Contact distribution approach
3 Discrete stiffness approach

Focus on

Incremental behavior

“Mechanical” vs. “Geometric” effects

Large vs. small strains
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Discrete contact approach — Example

Stress rates during loading, dσ / dǫ
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Discrete stiffness approach

Incremental stiffness of a particle assembly:

Particle External
movements forces

[ du ] ⇒ [ df ]
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[ KMech.] + [ KGeom.]
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[ du ] = [ df ]
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Example I: Regular array
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Discrete stiffness approach

[ K ] [ du ] = [ df ]

Stiffness “pathologies”:

1 Softening
2 External instability
3 Internal instability
4 Non-uniqueness / bifurcation
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Discrete stiffness approach — Example I

Pathology 1: Softening

Softening

δ2W = dP1dℓ1 + dP2dℓ2 < 0

Externally stable

Softening is entirely geometric!
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Discrete stiffness approach — Example I

Pathology 2: External instability

Externally unstable

δ2W = dP1dℓ1 + dP2dℓ2 < 0

Collapse
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Pathology 3: Internal instability

Externally stable

Internally unstable

δ2W = [ du ]T [ K ] [ du ] < 0
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Pathology 3: Internal instability

Example instability mode

Externally stable

Internally unstable

δ2W = [ du ]T [ K ] [ du ] < 0
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Discrete stiffness approach — Example I

Pathology 4: Non-uniqueness / bifurcation

Softening

δ2W = dP1dℓ1 + dP2dℓ2 < 0

Externally stable

Solution is unique !
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Discrete stiffness approach — Example II

Example II: Assembly of 64 disks

(1) Softening

δ2W = dP1dℓ1 + dP2dℓ2 < 0

Softening is geometric

(2) Externally stable

(3) Internally unstable
At least six unstable modes

δ2W = [ du ]T [ K ] [ du ] < 0

(4) Unique solution
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