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PART A: Background



YADE is an open -source framework employing the Discrete

Element Method (DEM), distributed under the GPLv2.0 license.

Originating from 3SR-LAB in Université Grenoble Alpes some 20

years ago, YADE has evolved from ñYetAnother Dynamic Engineò

to an international collaborative project and to a versatile

multiscale and multiphysics solver , counting a large, active, and

growing community of users and developers.

The computationally intense parts of the source code are written in

C++, using flexible object models that allow for easy

implementation of new features. The source code is wrapped in

Python , equipping the software with an interactive kernel used for

rapid and concise scene construction.

Yet Another Dynamic Engine (YADE)

https://yade -dem.org



(Angelidakis et al, CPC, 2024)
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YADE: State-of-the-art

(Angelidakis et al, CPC, 2024)

This recent paper in CPC provides:

a single-stop point for information on Yade,

reporting on current features,

linkage to past work of developed features,

analysis of the code structure, and

reporting on performance & parallelisation.
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Yade documentation (https://yade -dem.org)

(Ġmilauer et al, Yade 

documentation 3rd ed, 2021)
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Yade documentation (https://yade -dem.org)

The documentation is built in 
html, epub, and pdf formats.

(Ġmilauer et al, Yade 

documentation 3rd ed, 2021)
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Hosting on Gitlab ðSource code (gitlab.com /yade -dev)
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Hosting on Gitlab Ą Continuous Integration (CI)
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Hosting on Gitlab Ą Active user forum for Q &A
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The DEM is a numerical simulation technique 

to model systems made of particles.

Proposed by Cundall and Strack (1979), the 

DEM is the leading modelling approach for 

granular materials and other many-body 

systems, such as soils, powders, and grains.

Solving Newtonôs equations of motion for a 

system of particles, one can get:

The Discrete Element Method (DEM)

(Cundall and Strack, Géotechnique 1979)

linear acceleration = force/mass

angular acceleration = torque/inertia
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Uniaxial compression:

(un-/re-)loading stiffness

Angle of Repose 

(AOR)

Triaxial compression:

shearing resistance

DEM for material characterisation

ÅMany of us use the DEM to characterise granular materials at the 

bulk scale, e.g. in terms of angle of repose, compression and 

shear resistance, contact fabric and contact network properties.
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DEM for Boundary Value Problems (just some..)

Soil-structure interaction, 

e.g. locomotion on soil
Granular flows 

in drums and silos

Stability of tower 

made of polyhedra

ÅThe DEM is also used to model various processes, e.g.
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Simulation loop: Individual particles move based on Newtonôs and 

Eulerôs laws of motion. When particles meet, they develop 

contacts which alter their trajectories. The schematic shows 

what happens during one timestep of the DEM in YADE.

A Timestep in the Simulation Loop of YADE

(Ġmilauer et al, Yade 

documentation 3rd ed, 2021)



Each particle (body) has a:

state,

material ,

shape, and

bound.

Body properties

FrictMat

(Ġmilauer et al, Yade 

documentation 3rd ed, 2021)



Two types of collision detection: 

Approximate, using Axis-aligned Bounding Boxes (AABBs) Ą Bo1 functors

Exact, using geometric contact detection algorithms.

Collision detection in the DEM

Approximate

Exact

(Ġmilauer et al, Yade 

documentation 3rd ed, 2021)
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Functors to determine interaction properties: 

IGeom (Ig2), combination of two shapes to define interaction geometry.

IPhys (Ip2), combination of two materials to define interaction physics.

Law (Law2), combination of IGeom and IPhys to define contact law.

Interaction Geometry ( IGeom) + Interaction Physics ( IPhys)

IPhys (Ip2 functors)IGeom (Ig2 functors)

(Ġmilauer et al, Yade 

documentation 3rd ed, 2021)
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IPhys (Ip2), combination of two materials to define interaction physics.

Law (Law2), combination of IGeom and IPhys to define contact law.

Interaction Geometry ( IGeom) + Interaction Physics ( IPhys)

Law (Law2 functors)

(Ġmilauer et al, Yade 

documentation 3rd ed, 2021)
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Deformation

YADE: Some modelling capabilitiesé

ǒ Wide variety of interaction models

Linear stiffness & Hertz-Mindlin models, rolling resistance, 

adhesion & capillarity for pendular liquid bridges.

ǒ Particle shape + deformable particles

Clumps, polyhedra, potential particles, level-set particles.

ǒ Crushable particles

Replacement particle method and bonded particle method

ǒ Particle -fluid systems

PFV-DEM and CFD-DEM schemes
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Interaction models (Law2)

YADE features a 
modest list of 35 

contact laws to define 
the interaction forces 

between particles

(Ġmilauer et al, Yade 

documentation 3rd ed, 2021)
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Rigid particles

(Angelidakis et al, CPC, 2024)
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Rigid particles: Level -Set DEM (LS-DEM)

The Volumetric LS-DEM (VLS-DEM) is also developed

to provide a different handling of contact mechanics.

(Duriez and Galusinski, Comput. Geosci, 2021)

(van der Haven et al, CMAME, 2023)

The LS-DEM has been developed to 

simulate generic non-spherical particles.
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Deformable particles: Spherocylinders/ Spheropolyhedra

(Effeindzourou et al, Geotext. Geomembr, 2016)
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Deformable particles: Wires & spherocylinders

https://youtu.be/lIl1UF5x960 https://youtu.be/03NEOaTnlKg

(Thoeni et al, Comput. Geotech, 2013) (Effeindzourou et al, Geotext. Geomembr, 2016)


