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Particles represent the deforming solid body inside a finite element mesh

Beginning
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load step

Mesh distortion
during

load step

Resetting
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1. Quasi-Static MPM



2. Moving Block

15-noded prismatic element
with near-quadratic interpolation
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Active block movement

0.6 m

0.4 m

Elastic block

E = 100 MPa, = 0.0

= 20 kN/m3
Full bonding with soil

Soil  (Mohr-Coulomb)

E = 10 MPa,  = 0.3

c = 10 kPa,   = 30°

= 20 kN/m3

2. Moving Block
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Shift of block = 0 cm

Active block movement

2. Moving Block
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Shift of block = 5 cm

Active block movement

2. Moving Block
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Shift of block = 10 cm

Active block movement

2. Moving Block
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Shift of block = 15 cm

Active block movement

2. Moving Block
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Shift of block = 20 cm

Active block movement

2. Moving Block
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Shift of block = 25 cm

The block is loosing its contact to the soil, a free slope is forming. Soil is
slightly heaving up in front of the block.

Active block movement

2. Moving Block
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Shift of block = 30 cm

The block is loosing its contact to the soil, a free slope is forming. Soil is
slightly heaving up in front of the block.

Active block movement

2. Moving Block
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Shift of block = 35 cm

The block is loosing its contact to the soil, a free slope is forming. Soil is
slightly heaving up in front of the block.

Active block movement

2. Moving Block
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Shift of block = 40 cm

A few soil particles are still sticking to the block, due to soil cohesion and 
adhesion between soil and block.

Active block movement

2. Moving Block
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Shift of block = 15 cm

Passive block movement

2. Moving Block
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Shift of block = 22.5 cm

Passive block movement

2. Moving Block
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Shift of block = 30 cm

Passive block movement

2. Moving Block
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Shift of block = 37.5 cm

Passive block movement

2. Moving Block
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Shift of block = 45 cm

Passive block movement

2. Moving Block
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Shift of block = 52.5 cm

Passive block movement

2. Moving Block
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Shift of block = 60 cm End of movement

Passive block movement

2. Moving Block
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3. Soil-Structure Interaction
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Activated volume elements contain particles which carry the stresses.

Activated interface elements have no particles !

New interface stresses need to be computed after mesh resetting.

Deformed mesh at end of load step

Reset mesh at end of load step

Deactivated element

Newly activated element

Application of interface elements with the MPM

3. Soil-Structure Interaction
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Supervector of internal nodal forces:
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Application of interface elements with the MPM
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4. Cone Penetration in
Undrained Clay

4-noded tetrahedral element
with linear interpolation
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In-situ site investigation with cone penetration test

4. Cone Penetration in Undrained Clay
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EU = 6 MPa U = 0.40     cU = 20 kPa U = 0°

Segment discretised with 4-noded tetrahedral elements

4. Cone Penetration in Undrained Clay

Discretisation of Cone Penetrometer
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Smooth contact: adhesion = 0
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4. Cone Penetration in Undrained Clay
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Rough contact
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Principal stresses

Smooth Rough

4. Cone Penetration in Undrained Clay

Results
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Rough contact  at 4 D

Incremental horizontal
displacements

4. Cone Penetration in Undrained Clay

Results
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Accumulated shear strain at 4 D

Rough contact Smooth contact

4. Cone Penetration in Undrained Clay

Results
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Pore pressure dissipation

Going beyond Mohr-Coulomb (Hardening)

Get experience in layered soil

In future also interaction between piles

1 September 2010 MPM Workshop Deltares, Delft, The Netherlands

5. Outlook
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Appendix
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Rough contact  at 4 D

Incremental vertical
displacements

Appendix
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results by Van den Berg
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