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this book brings together in a single volume various methods and skills for particle scale or
discrete element numerical simulation of granular media it covers a broad range of topics from
basic concepts and methods towards more advanced aspects and technical details applicable
to the current research on granular materials discrete element simulations of granular materials
are based on four basic models molecular dynamics contact dynamics quasi static and event
driven dealing with frictional contact interactions and integration schemes for the equations of
dynamics these models are presented in the first chapters of the book followed by various
methods for sample preparation and monitoring of boundary conditions as well as
dimensionless control parameters granular materials encountered in real life involve a variety of
compositions particle shapes and size distributions and interactions cohesive hydrodynamic
thermal that have been extensively covered by several chapters the book ends with two
applications  in  the  field  of  geo  materials

constitutive models are the key stone not only for understanding the mechanical behaviour of
granular materials mainly soils but also other granulates such as sugar wheat coal pellets but
also for carrying out numerical predictions by means of the finite elements method however
the extreme complexity of the behaviour of granular materials gave rise to confusing
multiplicity of hardy tractable constitutive models proposed so far the present book comprises
a selection of the state of the art contributions of world wide leading specialists with the aim
to evaluate specify and re assess the present achievements as well as to point on needs for
future  research

in view of its extreme complexity the mathematical description of the mechanical behaviour of
granular materials is an extremely difficult task today many different models compete with
each other however the complexity of the models hinders their comparison and the potential
users are confused and often disencouraged this book is expected to serve as a milestone in
the present situation to evaluate the present methodes to clear up the situation to focus and
encourage  for  further  research  activities
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granular matter displays a variety of peculiarities that distinguish it from other appearances
studied in condensed matter physics and renders its overall mathematical modelling somewhat
arduous prominent directions in the modelling granular flows are analyzed from various points
of view foundational issues numerical schemes and experimental results are discussed the
volume furnishes a rather complete overview of the current research trends in the mechanics
of granular matter various chapters introduce the reader to different points of view and related
techniques new models describing granular bodies as complex bodies are presented results on
the analysis of the inelastic boltzmann equations are collected in different chapters gallavotti
cohen  symmetry  is  also  discussed

this thesis develops and tests a two dimensional discrete dynamic model for the simulation of
granular flows in silos and hoppers the granular material considered is assumed to be an
assembly of viscoelastic discs and the motion of such a particle system is shown to be
governed by a set of nonlinear first order ordinary differential equations this system of
equations is then solved numerically using the centered finite difference scheme based on the
model presented a computer program has been developed and used to analyse the flow
behaviour of granular materials during filling and emptying of a silo the results show that the
discrete dynamic model developed is capable of modelling granular flows in silos particularly
predicting  wall  pressures  and  analysing  flow  blockage

gives readers a more thorough understanding of dem and equips researchers for independent
work and an ability to judge methods related to simulation of polygonal particles introduces
dem from the fundamental concepts theoretical mechanics and solidstate physics with 2d and
3 d  s i m u l a t i o n  m e t h o d s  f o r  p o l y g o n a l  p a r t i c l e s  p r o v i d e s  t h e  f u n d am e n t a l s  o f  c o d i n g  d i s c r e t e
element method dem requiring little advance knowledge of granular matter or numerical
simulation highlights the numerical tricks and pitfalls that are usually only realized after years
of experience with relevant simple experiments as applications presents a logical approach
starting withthe mechanical and physical bases followed by a description of the techniques and
finally their applications written by a key author presenting ideas on how to model the
dynamics of angular particles using polygons and polyhedral accompanying website includes
matlab programs providing the simulation code for two dimensional polygons recommended for
researchers and graduate students who deal with particle models in areas such as fluid
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dynamics multi body engineering finite element methods the geosciences and multi scale
physics

granular matter displays a variety of peculiarities that distinguish it from other appearances
studied in condensed matter physics and renders its overall mathematical modelling somewhat
arduous prominent directions in the modelling granular flows are analyzed from various points
of view foundational issues numerical schemes and experimental results are discussed the
volume furnishes a rather complete overview of the current research trends in the mechanics
of granular matter various chapters introduce the reader to different points of view and related
techniques new models describing granular bodies as complex bodies are presented results on
the analysis of the inelastic boltzmann equations are collected in different chapters gallavotti
cohen  symmetry  is  also  discussed

soils are complex materials they have a particulate structure and fluids can seep through pores
mechanically interacting with the solid skeleton moreover at a microscopic level the behaviour
of the solid skeleton is highly unstable external loadings are in fact taken by grain chains
which are continuously destroyed and rebuilt many issues of modeling even of the physical
details of the phenomena remain open even obscure de gennes listed them not long ago in a
critical review however despite physical complexities soil mechanics has developed on the
assumption that a soil can be seen as a continuum or better yet as a medium obtained by
the superposition of two and sometimes three con and the other fluids which occupy the
same portion of tinua one solid space furthermore relatively simple and robust constitutive
laws were adopted to describe the stress strain behaviour and the interaction between the
solid and the fluid continua the contrast between the intrinsic nature of soil and the simplistic
engi neering approach is self evident when trying to describe more and more sophisticated
phenomena static liquefaction strain localisation cyclic mo bility effects of diagenesis and
weathering the nalve description of soil must be abandoned or at least improved higher order
continua incrementally non linear laws micromechanical considerations must be taken into
account a new world was opened where basic mathematical questions such as the choice of
the best tools to model phenomena and the proof of the well posedness of the consequent
problems  could  be  addressed

these basic results regarding the microscopic grain interactions are generic to granular media
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and have important consequences for constitutive modeling in particular we show that kinetic
theories which assume binary collisions only apply below the network transition in this regime
we show that enskog kinetic theory agrees with data from the simulations we then proceed to
introduce two analytical theories that use the observed microscopic grain interactions to make
predictions first we propose a new constitutive model the force network model that
quantitatively predicts constitutive relations using properties of the force networks for all
values of xi second we demonstrate that stz theory which predicts constitutive relations by
assuming certain dynamical correlations in amorphous materials is in agreement with both the
microscopic  motion  of  grains  and  measured  constitutive  relations  for  large  xi

this monograph contains original results in the field of mathematical and numerical modeling of
mechanical behavior of granular materials and materials with different strengths it proposes
new models helping to define zones of the strain localization the book shows how to analyze
processes of the propagation of elastic and elastic plastic waves in loosened materials and
constructs models of mixed type describing the flow of granular materials in the presence of
quasi static deformation zones in a last part the book studies a numerical realization of the
models on multiprocessor computer systems the book is intended for scientific researchers
lecturers of universities post graduates and senior students who specialize in the field of the
deformable materials mechanics mathematical modeling and adjacent fields of applied and
calculus  mathematics

granular materials are common in everyday experience but have long resisted a complete
theoretical description here we consider the regime of slow dense granular flow for which
there is no general model representing a considerable hurdle to industry where grains and
powders must frequently be manipulated much of the complexity of modeling granular
materials stems from the discreteness of the constituent particles and a key theme of this
work has been the connection of the microscopic particle motion to a bulk continuum
description this led to development of the spot model which provides a microscopic
mechanism for particle rearrangement in dense granular flow by breaking down the motion
into correlated group displacements on a mesoscopic length scale the spot model can be used
as the basis of a multiscale simulation technique which can accurately reproduce the flow in a
large scale discrete element simulation of granular drainage at a fraction of the computational
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cost in addition the simulation can also successfully track microscopic packing signatures
making it one of the first models of a flowing random packing to extend to situations other
than drainage ultimately requires a treatment of material properties such as stress and strain
rate but these quantities are difficult to define in a granular packing due to strong
heterogeneities at the level of a single particle however they can be successfully interpreted at
the mesoscopic spot scale and this information can be used to directly test some commonly
used hypotheses in modeling granular materials providing insight into formulating a general
theory
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