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. Introduction

¥ What is a granular media?
¥ size > 100um

grains of sand, small rocks,
beads, animal feed pellet,

medicines, cereals, wheat, suc
rice...

¥ 50 % of the traded products
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comportement des fluides complexes, des milieux granulaires et sur la biomZeanique des plantes.
Olivier F’uuliguen est chercheur CNRS au laboratdeeSeSravadar peiltent
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Fig. 20. Frank slide.

Environmental Modelling & Software xx (2006) 1e18
www.elsevier.com/locate/envsoft

The effect of the earth pressure coefbcients on the runout of granular material
Marina Pirullia*, Marie-Odile Bristea, Anne Mangeney, Claudio Scavia

Staron
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Granular Column Collapse

5}:; i
s :
A gt Lajeunesse 04

t=0.0706s t=0.080s

t=0.188s t=0.180s

t=0).062s

t=0.182s

A -

t=0.408s t=0.296s

.. A

t=0.648s t=0.54s

.. Salad
(a) (b)

The sand pit problem: quickly remove the bucket of sand

hittpe! e, pai
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Granular Column Collapse

aspect ratio a = Hy/Ro = Hy/Lg

A
Hy |
=0
A/ jq-h-Lﬂ
H t=0c 7
PE =

The sand pit problem: quickly remove the bucket of sand

Laiennesse ot al 2004
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o0, Granular Column Collapse

A possible experimental set up is a container filled by sand
(left), the aspect ratio (height/length) is a. At initial time, the

gate is opened quickly. After the avalanche, the grains stop, the
final configuration is at rest (right). VWe compare results from
Discrete Contact Method Simulations (simulation of the
displacement of each grain) to a continuum Navier Stokes

simulation with the u(l) rheology Gerris.

The sand pit problem: quickly remove the bucket of sand
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1. *  ¥looking for a continuum description

d . 2
AN s . P
3 & Yo mesg
Y RGO
Yy £ Y

¥l ot of recent experiments

¥Simulation with Contact Dynamics

(@
CLe

Fig. 1. The six conbgurations of granular Bows: (a) plane
shear, (b) annular shear, (c) vertical-chute RRows, (d) inclined
plane, (e) heap Row, (f) rotating drum.
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. *  ¥looking for a continuum description
| © ¥l ot of recent experiments

¥Simulation with Contact Dynamics

¥Debning a CviscosityE
¥lmplement it inGerri

¥Test on exact CBagnoldE avalanche solution

¥Test on granular collapse
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Coulomb friction law
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displacement time
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rheology; debPning a viscosity

_ Ha ! Mg
H(')—lll"‘loll 1
" u
| v u(l)P local equilibrium
(1P SRR
| = "P: ' construction of a viscosity
W

P. Jop,Y. Forterre, O. Pouliquen, (2006) "A rheology for dense granulas"3dature 441, pp. 727-730
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Implementation irGerris (3ow solver?

u(l) = py + IL:)ZII! +ui
D,= Dj D; Dijj = ul ;u“
construction of a viscosity based on the invariant and redepnition &f
I =min( ! max , Max !“z(:j)zp, 0) 1=d 2D, (|p|/!).

- the CminE limits viscosity to a large value
- always 3ow, even slow

, "u , ,
lau=0,! —+uad u ="l p+! a@2#D)+ 1qg.

I C

- 4 — nm o " n n . n

et I 4cu)=0, "=c"1+(1" "y, #=ch+(1 " O
The granular RBuid is covered by a passive light 3uid (it afiowss zero pressure boundary condition at the surface, bypassing an ngo

difPculty which was to impose this condition on a unknown moving boundary).

Boundary Conditions: no slip arkt=0at the top
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Projection Method

Cuelu . T .
#nel 7ot Ugezal U = a( n+%J)n)! D P 2

Up+1 = U~ ! &

- (! pn+l! ! Pn %)1
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n+ 5

! éUn+]_ :O

multigrid solver for Laplacien of pressure

Y0 & Y0 &
#1 , #1
! pn+% =l au+ D P2

# 1 # 1 2
n+ % n+ %

I a

implicit for u*

!n+l 1" 2/ " —_ ;Un
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VOF reconstruction

C 1! C 1
n+2|tn! 2 + " é(cnun):O
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Collapse of columnssimulationGerris (1)
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Collapse of columnssimulationGerris (1)

DCM vs Gerrisp(l)
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Collapse of columnssimulationGerris (1)

DCM vs Gerrisp(l)
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Collapse of columnssimulationGerris (1)

DCM vs Gerrisp(l)
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ollapse of columnssimulationGerrispu(l)
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Collapse of columnssimulationGerris (1)

o

ey sagren 31

Figure 10: Strip representing a series of snapshots £ 0.5,1.0,1.2,1.4,1.7, and 20)
of a column collapse with aspect ratica = 68. The most advanced curve (in green
ponds taus = 0.3! mu =0.26 andly = 0.30. the less advanced (in blug)s = 0.32

. C
DC M VS G e rrl S u@lzz 0.28 andl = 0.30 bts better the end of the heap. The curve in between (in cya
Ccorr

ponds tous = 0.32! mu =0.28 andly = 0.40 and bts better the top of the surge.

vendredi 8 juillet 2011



¥comparaison of velocity probles
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¥comparaison of velocity probles
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¥comparaison of velocity probles
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Collapse of columnssimulationGerris (1)
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Normalised Pnal deposit

| extent as a function of aspec

ratio a.

EWeII-deIDned power l|aw
i dependencies with exponents
i of 1 and 2/3 respectively.

We recover the experimental scall

[Lajeunesse et al. 04] and [Staron et al. (
Differences between the values of t
prefactors are due to the difpculties to obte
the run out length: friction in the Navier Stoke
code tends to underestimate it, whereas dire
simulation shows that the tip is very gazeou
can no longer explained by a continu
mechanic description.
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s4  Saint-Venant Savage Hutererri!
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