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1. INTRODUCTION 
 
Modeling of fast landslide propagation is an important part of the process of landslide risk analysis. Once 
unstable masses have been identified at regional level, more accurate simulations can be done. Two important 
problems are (i) the uncertainties associated to the values of soil parameters (strength, soil cover, suction, etc) 
and actions triggering the landslide (rain, earthquakes) and (ii) the type of analysis describing the interaction 
between phases in the avalanching mass. In the case pore water pressures have developed, basal friction will 
change, influencing run out, velocity and heights of soil. Indeed, in order to design protecting structures such 
as racks, making basal pore pressures to decrease, coupled models with a description of pore pressures along 
depth  have to be used.  

Interaction between soil particles and pore fluids depend on porosity, particle granulometry, fluid viscosity 
and relative velocities between phases. 

We will present here -following the work of Zienkiewicz and Shiomi (1984) - a hierarchically structured 
set of mathematical models describing solid grains - pore fluid interactions, from which depth integrated 
models can be developed.  

Constitutive and rheological models are fundamental ingredients of the general model. We will present 
here three categories of  basal friction laws (i) ad hoc relations obtained from observations (ii) laws derived 
consistently from 3D rheological models, and (iii) viscoplastic laws of Perzyna type which can describe both 
triggering and propagation of the fluidized mixtures. 

Regarding discretization, we will present a two phases SPH model including nodes for soil and pore fluid 
particles, and incorporating, when required, sets of finite difference meshes associated to each solid SPH node 
to cope with pore pressures evolution. Some interesting aspects such as inflow, absorbent and zero normal 
velocity boundary conditions will be described. 

Finally, we will present some cases illustrating the modelling approaches proposed in the paper. 
 
 
 
 
 

 
ABSTRACT 

 
This paper presents a short abstract of the lecture presented at the Second JTC1 Workshop on 
Triggering and Propagation of Rapid Flows like Landslides which was held at Hong Kong in 
December 2018. The presentation deals with some recent advances in the modelling of fast 
landslide propagation. The mathematical model is a general, two phase, coupled model suitable 
for debris flows with evolving pore pressures. It can be simplified to one phase models with pore 
water pressure (flowslides) and landslides entering reservoirs, where a two layer model is used. 
The mathematical model is discretized using a SPH model, which implements suitable boundary 
conditions for special cases found in the practice.  
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2. MATHEMATICAL MODEL 
 
2.1  Introduction: a general 3D model  
 
General 3D models describing the behaviour of solid-fluid mixtures were introduced by Zienkiewicz and co-
workers (see for instance Zienkiewickz and Shiomi 1984), following the work of Biot (1941). Bowen (1976) 
and Anderson and Jackson (1967) proposed general models which were applied to industrial processes. 

In the case of landslide propagation, we will assume that mixtures are saturated, the fluid phase consisting 
of either water or mixtures of water and very fine soil particles. Solid and fluid phases will be denoted with 
sub-indexes s and w, respectively. Densities for solid and fluid phases will be denoted as s   and w . The 
mixture is described using its porosity n  (volume fraction of voids in the mixture), the void ratio e  being 

related to the porosity by the relation  . The model consists of six equations (balance of mass for 

soil and pore fluid, balance of momentum for both phases, constitutive equations for solid skeleton, and 
kinematical relations between rate of deformation and velocities). The unknowns are the porosity n  , the solid 
and fluid stresses  ,s w wp I , where I  is the second order identity tensor, the solid particles and fluid 

velocities ,s wv v and the rate of deformation tensor sd . The partial phase densities are given by  

1s w
s wn n .    

It is important to note that material derivatives following solid and water particles are related by 

.grad = grad
w s s

T

w s

d d d w
v v

dt dt dt n
                                                                                 (1) 

Where w  is the well-known Darcy velocity. 
 
2.2  Depth integrated models 
 
Depth integrated models for two phase debris flows have been recently proposed by Pitman and Le (2005), 
and Pudasini (2012). Depth integrated models are a convenient simplification of 3D models, providing an 
acceptable compromise between computational cost and accuracy. They have been extensively used in the 
fields of coastal, harbour, oceanographic and hydraulics engineering since the work of Barré de Saint Venant 
in 1871.  
Depth integrated models have been applied to landslide propagation after the pioneering work of Savage and 
Hutter (1989,1991). This work was extended to 2D and more complex terrains in Hutter et al. 1993, Gray et al 
(1999). It has been applied Mc Dougall and Hungr (Mc Dougall et al. 2004),  Pastor et al. (2002, 2009, 2015 
and 2018). Concerning limitations of the model, the interested reader will find in Hutter et al (2005) a detailed 
discussion, being worth mentioning the text book by Pudasaini and Hutter (2007).  

 
 

                             
 

Figure 2 Magnitudes characterizing landslides entering reservoirs 
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3.  NUMERICAL MODEL: A TWO PHASE SPH DEPTH INTEGRATED MODEL 
 
2.1  Using two sets of nodes for solid and water particles  
 
The SPH model we propose can include two sets of nodes for soil and water, including finite differences 
meshes to describe pore pressure evolution at soil points.  In Fig.1 we depict a general situation where the soil 
particle labelled I interacts with both soil and water particles within its domain of influence. We have depicted 
some FD meshes at soil nodes.  
 

 
 

Figure 3 A general SPH model with solid and water particles, including FD meshes for pore pressure 
evolution 

 
2.1  Boundary conditions 
 
There are some cases where special boundary conditions are required. We will consider the following: (i) 
open boundaries in water bodies where a landslide enters it, (ii) inflow boundary conditions at locations where 
water enters the domain, and (iii) zero normal boundary conditions located at places where digital terrain 
models cannot provide the required accuracy. Regarding inflow and absorbing boundary conditions, we use 
the approach provided by Vacondio et al (2011). In figure 4 we provide an scheme where  a buffer zone with 
thickness SLh   centred at a line provides the domain where BCs will be applied.   

 
 

Figure 4 Transparent boundary BCs 
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4.  CONCLUSIONS 
 
We propose a general approach where soil and water velocities can be considered, including pore pressure 
evolution at soil nodes. The model can be applied to debris flows and landslides entering reservoirs. SPH 
provides a suitable framework for implementing these mathematical model. Pore pressures evolution can be 
modelled using 1D finite difference meshes associated to each soil SPH node, and travelling with it.  
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