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Abstract: This paper investigates the effect of initial volume fraction on the runout characteristics of collapse of granular columns on
slopes in fluid. 2-D sub-grain scale numerical simulations are performed to understand the flow dynamics of granular collapse in
fluid. The discrete element method (DEM) technique is coupled with the lattice Boltzmann method (LBM), for fluid-grain
interactions, to understand the evolution of submerged granular flows. The fluid phase is simulated using multiple-relaxation-time
LBM (LBM-MRT) for numerical stability. In order to simulate interconnected pore space in 2-D, a reduction in the radius of the
grains (hydrodynamic radius) is assumed during LBM computations. The collapse of granular column in fluid is compared with the
dry cases to understand the effect of fluid on the runout behaviour. A parametric analysis is performed to assess the influence of the

granular characteristics (initial packing) on the evolution of flow and run-out distances for slope angles of 0°, 2.5°, 5° and
7.5° . The granular flow dynamics is investigated by analysing the effect of hydroplaning, water entrainment and viscous drag on the

granular mass. The mechanism of energy dissipation, shape of the flow front, water entrainment and evolution of packing density is
used to explain the difference in the flow characteristics of loose and dense granular column collapse in fluid.
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Introduction

Catastrophic earth movement events, such as
landslides, debris flows, rock avalanches and reservoir
embankment failures, exemplify the potential conse-
quences of an earth gravitational instability. Slope
failure is a problem of high practical importance for
both civil engineering structures and natural hazard
management. The study described in this paper
examines the stability of underwater slopes, which are
caused by excess seepage or earthquakes. They can
damage offshore structures nearby and may generate a
tsunami.

In order to describe the mechanism of underwater
granular flows, it is necessary to consider both the
dynamics of the solid phase of granular matter and the
role of the ambient fluid, which exists either inside the
pores of the granular body and as free water outside
the granular body[l’z]. Initial acceleration plays a
crucial role in underwater landslide propagation”’, as
the initial acceleration increases, there is a limited
time for the landslide to deform during the accele-
ration phase. The initiation and propagation of sub-
marine granular flows depend mainly on geometry
(e.g., slope angle, lateral extent, etc.), initial stress
conditions, density, soil properties, and the quantity of
the material destabilised. Although certain macrosco-
pic models are c%‘}])able of capturing simple me-
chanical behaviour™, the complex fundamental me-
chanism that occurs at the grain scale, such as hydro-
dynamic instabilities, the formation of clusters, co-
llapse, and transport, require further investigation in
order to make better engineering assessment of the
potential risk of damages against underwater slope
failures.

The momentum transfer between the discrete and
the continuous phases of fluid saturated granular
material significantly affects the dynamics of the
flow"!. The grain-scale description of the granular
material enriches the macro-scale variables. In par-
ticular, when the solid phase reaches a high-volume
fraction, it is important to consider the strong hetero-
geneity arising from the contact forces between the
grains, the drag interactions which counteract the
movement of the grains, and the hydrodynamic forces
that reduce the weight of the grains inducing a tran-
sition from a dense compacted to a dense suspended
flow!®!.

The case of granular material movements in pre-
sence of an interstitial fluid at the grain-scale has been
less studied. In this paper, we report the findings of
the study on the granular column collapse in fluid in
the inclined configuration using the coupled lattice
Boltzmann method (LBM) and discrete element me-
thod (DEM). We examined the effect of density and
slope angle on the runout evolution.

1. LBM formulation

1.1 General

The LBM is a “micro-particle” based numerical
time-stepping procedure for the solution of incompre-
ssible fluid flows. Consider a 2-D incompressible
fluid flow with density p and kinematic viscosity v,

in a rectangular domain D. The fluid domain is
divided into a rectangular grid or lattice, with the
same spacing “/ ” in both the x- and the y-

directions, as shown in Fig.1. The present study

focuses on 2-D problems, hence the D2Q9 momentum
[7]

discretisation is adopted (see He and Luo.'” for
naming convention).
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Fig.1 The lattice Boltzmann discretisation and D2Q9 scheme:
(a) A standard LB lattice and histogram views of the dis-
crete single particle distribution function/direction-speci-
fic densities. (b) D2Q9 model

The lattice Boltzmann Bhatnagar-Gross-Krook
(LBGK) method is capable of simulating various
hydrodynamics™® and offers intrinsic parallelism.
Although LBM is successful in modelling complex
fluid systems, such as multiphase flows and suspen-
sions in fluid, LBM may lead to numerical instability
when the dimensionless relaxation time “z ™ is close
to 0.5. The Multi-Relaxation Time Lattice Boltzmann
Method (MRT-LBM) overcomes the deficiencies of
linearlised single relaxation LBM-BGK, such as fixed
Prandtl number (Pr=v/k) , where the thermal
conductivity & is unity™.

The LB-MRT model offers better numerical stabi-
lity and has more degrees of freedom. In the formula-
tion of the linear Boltzmann equation with multiple
relaxation time approximation, the lattice Boltzmann
equation is written as

fa(x+eiAt’t+At)_fa(xﬂt):_Sai (1)

where S is the collision matrix. The nine eigenvalues
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