Standing jumps formed in shallow granular flows dow smooth inclines

T. Faug*', P. Childs’, E. Wyburn®, L. Castro’ and I. Einav'

" Institut National de Recherche en Sciences et Tadobies pour 'Environnement et I'Agriculture
(IRSTEA)
Unité de Recherche ETGR, Univ. Grenoble Alpes (UGA)
38 402 Saint Martin d'Heres, France
e-mail:thierry.faug@irstea.fr, web page: http://wivatea.fr/en/research/research-units/etgr

" School of Civil Engineering
University of Sydney
Sydney, NSW 2006, Australia
e-mail: itai.einav@sydney.edu.au, web page: hitpui.sydney.edu.au/engineering/civil/

ABSTRACT

Granular materials are ubiquitous in natural gesmay flows, such as rock avalanches, snow
avalanches and landslides, as well as in many fridugrocesses involving the transport of partcle
We performed laboratory tests on shallow granutawrg down a smooth chute and on the shape of
the standing jumps formed in those flows when & gattially obstructs the chute exit.

We studied how the velocity profiles measured atsidewalls, the chute base and the free surface of
the flows change with slope and the amount of ndéssharge. It is experimentally confirmed that
the flows on the smooth base can be seen as Balijkmlgheared flows over an effective bumpy
base made of the basal sliding layer, as previosistyvn by discrete element simulations [1]. We
analysed the lengths and shapes of the disconéiauit height and velocity when a gate obstruas th
chute exit, and thus revealed a rich variety ofiditag jump patterns. Diffuse jumps can occur when
the Froude number is below a critical value, intcast to steep jumps formed in rapid granular flows
at higher Froude numbers. Our study reveals thattridditional shock equation strictly valid for
incompressible frictional fluids fails in describithe thickness of the diffuse frictional jumps.isTh
result motivated us to propose a full jump equatiaat accounts for the forces acting in the control
volume surrounding the wave, namely the weighhefjump and the effective friction force, in light
of the earlier work by Savage [2], recently redditand extended by Faug [3]. The full equation
proposed is then in contrast with the spirit of tteditional shock equation for which the control-
volume is assumed to shrink onto a singular surfsiceck as a mathematical abstraction).

We will show that the full jump equation comparedaur laboratory data on the geometry of the
jumps allows us to derive the one-to-one relatietwieen the effective basal friction and the inértia
number [4], in a similar fashion that was initiallged to establish the depth-averaged frictionftaw
granular flows down inclines [5]. Additional reselarshould address the details of the local stress
state and the shear-strain inside the jump in dadfrther analyse those results.
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