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1. Introduction

Algorithms of continuum mecdhanics usudly use two descriptions of motion: the Lagrangian
and Eulerian one[1]. In a pure Lagrangian formulation ead individud nodeof the computationd
mesh is permanently conneced to the same material points during motion. There are no convedive
effeds and the material derivative reduces to a simple time derivative. Such formulation allows an
easy tradking of freesurfaces and interfaces between different materials, and treagment of materials
with history-dependent conditutive relations The formulation, however, is restricted to a certain
deformation range becaise the element mesh may be severely distorted or entangled dueto thefad
tha elements deform with the material. Thus the FE-andysis usudly looses acairacy, size of the
time increment has to be significantly reduced or simply terminaes dueto convergence problems.
A remeshing may not be even efficient. In a pure Eulerian formulation, the computationd mesh is
fixed spatially and the continuum moves with resped to the grid (elements retain ther origind
shgpe). The convedive effeds appea becaise of the relative motion between the deforming
material and computationd grid, which makes the analysis computationdly expensve. The
formulation leads to difficulties when free surface conditions prescribed bounday conditions or
deformation history dependent material properties are conddered as the element mesh is not
conneced to thematerial. In order to combine the advantages of both formulationsand to minimize
ther limitations an Arbitrary Lagrangian-Eulerian formulation (ALE, in short) has been developed
[1], where state variables are a fundion of the referential coordinaes (not conneded to material
points). In the ALE method, the mesh is nether conneded to the material nor fixed to the spatial
coordinae system (nodd displacements are unaupled from material displacements) but it can be
prescribed in an arbitrary manna. As a result, a mesh velodty has to be computed in order to
compute the mesh. Grid points on the surfacemove with the mesh velodity, but these points mug
remain on the free surface Since the mesh is not conneded to the material, a remap of state
variables has to be peformed. The freedom in the mesh movement hdps to handle greaer
distortionsthan would be allowed by a Lagrangian method with more resolution than that aff orded
by an Eulerian approad.

In our paper, a so-cdled unoupled ALE-method was used [2], [3], where the deformation
process was split into a pure Lagrangian and a pure Eulerian phase combined with a smoothing
approadh. This approac [2], [3] has some advantages with resped to the full coupled ALE-
approadh [1], where both nodd point and material values are cdculated by solving a globd
asembled set of equaions The unmupled approach simplifies this problem sincethe Lagrangian
approad can be used and the stiffnessmatrix does not contain any convedive terms. Thus it is not
necssry to describe themesh vdodty in aset of equaions

2. FE-analysis

Our dynamic FE-analysis was caried out with a non{ocd hypopkstic congitutive modd,
which is able to describe the esentia propeaties of granular bodies during shea locdizaion in a
wide range of presaures and densties [4], [5]. Due to the presence of a charaderistic length of
micro-structure (by applicaion of nortlocd terms), the modd can simulate the formation of shea
zones with a certain thickness and related size effeds. It indudes barotropy (dependence on
presaure level), pycnotropy (dependence on densty), dilatancy and contradancy and material
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softening during sheaing of a dense material. This law describes the evolution of effedive stress
tensor with the evolution of rate of deformation tensor by isotropic linea and nondinea tensoria
fundions In conftrast to elasto-plastic modds, a demmpostion of deformation components into
elastic and plastic parts, theformulation d ayield surface plastic potentia, flow rule and hardening
rule is not neaded. A charaderistic length was taken into acountin hypopbsticity by means of a
nondocd theory. It is enoughto trea nonlocdly the locd modulus of deformation rate to obtain
mesh-indgpendent FE-results [4], [5]. The conditutive relationship requires totaly 9 material
condants.

Thecdculationsof shea locdization were caried outfor 2 diff erent dynamic problems usng
an explicit FE-formulation: plane strain compresson and confined granular flow in silos. First, the
cdculations were caried out for a plane strain compresgon test. The following parameters were
varied: loading velodty, initial void ratio, charaderistic length of micro-structure and spedmen
size Attention was pad to a deerministic dynamic size effed and thicknessof a shea zoneinsde
the deformed granular spedmen. Some comparative analysed were also caried out usng a pure
Lagrangian approac.

Theresults show that inertial forces influencethe shea zoneformation. The cdculationswith
a slow loading velocity were compared with corresponding quasi-static laboratory tests performed
a Karlsruhe University [6]. A satisfadory agreement was adiieved beween numericd and
expeimenta results.

Sewnd, the FE-studies were performed for granular silo flow in a bin and hoppe with a
controlled or free outlet velodty [7]. Both, the initia void ratio and wall roughnes were varied.
The wall roughnes was described by different Coulomb wall friction. The FE-results were
compared with corresponding laboratory tests [8], [9]. A goodagreement with resped to the shgpe
of propagating internal shea zonesinddetheflowing solid was obtained between experiments and
cdculations An unmupled ALE-approach engbled usto avoid large mesh distortionsduring flow at
thedlo outkt.
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