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Rock deformation and breakage behaviour under dynamic loads cover a wide range of areas
including tunnelling, earthquake, projectile penetration, and exploration drilling in petroleum and
nuclear waste deposits. In this presentation, the dynamic fracturing of rock spanning from mineral
scale to laboratory scale is characterized, and the mechanism of rate dependency leaded by the
transition from intergranular fracturing to transgranular fracturing is revealed. The rate dependency of
the characteristic size, debris distribution and pulverization law of rocks are discussed. Two typical
failure types are proposed and a novel energy-based fragment model is carried out to address the
underlying mechanism of pulverization of rock under high strain rate.

OpenFDEM is a free finite and discrete element solver with object-oriented architecture for
solving multiscale, multiphase and multiphysics (3M) problems that operates on various platforms.
The applications are, but not limited to, mechanical, thermal and fluid problems. Additional
acceleration techniques are used to boost the calculation as well. OpenFDEM is a portable kernel,
which contains static, nonlinear static and dynamic(explicit) solvers, it has a friendly preprocessing
module to generate mesh, which supports to import over 6 formats, e.g.
geo, .inp, .msh, .stl, .step, .igs, .dxf, .jpg and .tess . The solver is composed by FEM, DEM, thermal,
hydro, phasefield, particulate DEM, CFD and MPM kernels. OpenFDEM supports 26 element types
and 17 materials, which can be used for brittle, ductile, phasefield, nonlocal, viscous and fatigue
problems. The supporting modules, e.g. documentation, GUI, coupling interface and particle library
are also built to extend the application. In this presentation, I will give an overview of the development
and functionalities of the OpenFDEM.
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Element type (26) Material library (24)

2 TRIANGLE 3, elastic, hyperelastic,
QUADRILAERAL4 TETRAHEDRON 4, transverse, Mohr-Coulomb plastic, Drucker—
HEXAHEDRON 8, PRISM 6, PYRAMID 6 Prager plastic, Viscous Burgers, Viscous Power

K 117 TRIANGLE 6, nonlocal damage
QUADRILATERALQ TETRAHEDRON 10,
HEXAHEDRON 27, PRISM 18, PYRAMID 14 Evans-Marathe,

anisotropic, heterogenous, Ortiz-Pandolfi, rate-
QUADRILATERAL 3, dependet, linear, Fatigue
HEXAHEDRON 20, PRISM 15, PYRAMID 13,

er ! COH 3, COH 7, COH 4, Mohr-Coulomb, hertz,
COH 8, COH9 RSF, dilation shear, dynamic friction

POINT 0, LINE 2, LINE 3
E2. Detonation in explosive, JWL mat 712" POLYGON, POLYHEDRON

Rigid DEM particle

Deformable Voronoi
element

O
I:l Deformable element
&

Fluid material points

A Rigid element

E4. Supershear friction in two adjacent faults,

E3. Arch bridge failure, build by Hexahedron RSF cortact mtidel

(polyhedron) , geometry from itasca

law, Mazars damage, CDP, JH2, JWL, phasefield,

Contact

NBS, Cell-based,
time-dependent cell method

Triangle-Triangle,
Quad-Triangle, Quad-Quad, quadratic
contact pair, Line-Arbitary, Arbitary
Arbitary

Munjiza
potential, Yuntian potential, penalty
method

ES. Toys in a tank
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Capabilties OpenFDEM . OpenFDEM supports 17 element
materials spanning elastic,

hyperelastic, plastic, damage
nonlocal, viscous and ph

supports 7 cohesive
materials spanning static, dynamic
and fatigue problems. It also
contains 6 contact models including
Mohr-coulomb friction, hertz
contact, rate friction, rough dilation
shear law and so on.

Ability to simulate the fracturing from continuum to discontinuum

High order element types

Fruitful material library, supporting over 24 materials

Time-dependent contact detection algorithm

Arbitrary-arbitrary contact type

Hydro module (including gas flow)

Thermal module and THM coupling (include contact thermal)

emes and
solving methods are to seek
more reliable numerical results
which are comparable to theoretical
solutions. The element type has &
maximum order of three to rebuild
the large deformation within the
entity.

Fluid-Solid interaction (computational fluid dynamic)

Blast and explosive EOS support

Built-in DFN generation (2D and 3D)

Grain based model and image identification

Built-in module to create geometry, mesh and preprocessing
Particulate DEM

Parallelization (GPU, CPU and clusters)

GUI

Structure

type is
available for OpenFDEM, a very
general kernel for contact problem.

*1 Solidity supports ten-node tetrahedron.

*2 YH-FDEM has contact activation algorithm.

*3 MultiFracs and IRAZU have hydro module, IRAZU also has gas flow.

*4 Only MultiFracs and IRAZU have THM coupling.

*5 Only Solidity and HOSS have CFD. Solidity is coupled with Fluidity and HOSS uses built-in module.

*6 IRAZU has built-in function to create 2D DFNs, OpenFDEM supports create 3D DFNs.

*7 Only IRAZU and YH-FDEM support mesh generation, OpenFDEM supports 2D and 3D mesh generation both.

*8 IRAZU, YH-FDEM, MultiFracs have GPU parallelization, Hoss has MPI parallelization and OpenFDEM has OpenMP parallelization, OpenFDEM has OpenMP.
*9 |RAZU has strong Ul, YH-FDEM also supports Ul.

*10 IRAZU, MultiFracs and Y-geo support different structure element types.




