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ABSTRACT 
The principles of slope stability analysis embrace the mechanics of slope failure to develop methods of stability 
analysis, to predict factors of safety and corresponding slope movements. By equating the disturbing and resisting 
forces on potential slip surfaces, Limit Equilibrium method computes the corresponding factor of safety. These static 
stability methods can be used to calculate the minimum factor of safety,but they cannot predict pre and post-failure 
movements of the system in case of failure. As an advanced numerical method, Finite Element method and the 
strength reduction technique takes into consideration the stress distribution within the slope. This stress distribution 
controls the deformations, movements,and development of failure zones for a given slope. Along with the factor of 
safety, FEM also predicts these expected deformations/movements. These deformations in FEM are dependent 
heavily on the meshing of the whole system and suffer from mesh distortion and low accuracy in case of run-out/ flow 
analysis where mesh deformations are relatively more significant. Run-out/flow failures (landslides, landfill failures) 
where the debris flows over a great distance, have been a prominent research topic for many years. Numerical 
methods have been developed such as the Center of the Mass method, FEM with updated mesh techniques, DAN/W, 
Meshless Methods (SPH, DEM, and DDM). Smoothed Particle Hydrodynamics (SPH) is a meshless technique which 
discretizes continuous material into discrete particles. When combined with a yield strength, SPH solves Navier Stokes 
equations to predict the slip surfaces as well as run-out/flow of the slope. In this study, a comparison has been made 
between LEM, FEM,and SPH on slope failures taken from literature. The slip surfaces as obtained from these slope 
failures havebeen compared,and the deformations have been studied between FEM and SPH. The advantage of SPH 
in predicting flow failures has been highlighted. 
 
 
 
1 INTRODUCTION 
 
Construction, design, and maintenance of slopes have 
always been an interesting and exciting area of 
Geotechnical engineering. The analysis of slopes include 
excavations, embankments, mountainous roads, earth 
dams, mines, protection of rivers, canals and 
coasts.Slope stability is a classical soil mechanics 
problem which comprises of implementation of basic 
engineering mechanics principles to understand the 
performance parameters, in particular, stability and 
deformations of either natural or a man-made 
slope.Slope failures can cause a massive threat to the 
human life and property all across the world. Extensive 
research and studies performed over past decades have 
studied slope stability assessment to determine the 
lowest factor of safety along a critical failure surface. The 
minimum factor of safety is computed considering all the 
destabilizing forces such as heavy rainfall, earthquakes 
or excessive surcharge loads. 

Due toa combination of various destabilizing forces 
slope instabilities may develop locally, surficially, within 
the slope (general failure) or through the foundation soil 
asdeep-seated failures. Different modes of slope failures 
are shown in Figure 1. Surficial failures are a result of low 
overburden stress, low density, low strength and 
seepage forces due to high rainfall. Deep-seated failure 
occurs due to the presence of a weak foundation layer 
over which the slope exists. Decades of research has 

gone into the development of numerical and analytical 
techniques which have been used in numerous projects 
to capture different modes of slope failure (Duncan 
2013). 
 

 
 
Figure 1. Different modes of slope failures 
 

Limit equilibrium method (LEM) is used widely by 
researchers for routine slope stability analysis. Being an 
iterative procedure, many slope stability 
softwarehavebeen developed and used for design and 
analysis using different methods for circular and non-
circular failure surface (Zhu et al 2003). These software 
use an iterative procedure to find a failure surface (grid 
search, entry-exit points, and automatic cuckoo search). 
Once a possible failure surface is assumed, this surface 
is divided into a finite number of slices (Duncan 1996). 
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Weight and any pore pressures developed are calculated 
for each slice. By assuming inter slice forces magnitude 
or orientation, an indeterminate slope stability problem is 
rendered determinate. The most commonly used 
methods include an Ordinary method of slices, Bishop’s 
method, and Spencer method. These methods use prior 
assumptions to find out the minimum factor of safety for 
a probable failure surface.  

Although these methods can find a probable 
failure,they cannot predict the post and pre-failure 
deformation and run-off. Finite deformation theories have 
been used in conventional deformation analysis of 
geomaterials (Zienkiewiczet al. 1977). For slope stability 
analysis, ‘shear strength reduction technique’ was 
introduced by Matsui and San(1992). The prime 
advantage of strength reduction method (SRM) 
implemented in the finite element method (FEM) is that 
the critical failure surface is found automatically without 
any prior assumption. The shear strength of the material 
is decreased which increases the shear strain causing 
failure (Griffiths and Lane 1999). Although SRM using 
FEM is a very flexible tool, yet it remains a challenge to 
solve the deformation of geomaterial from the small 
strain region to a large deformation region. As soon as 
the deformation moves to large deformation region, the 
FEM suffers from numerical instabilities, mesh distortion 
and low accuracy of results for large deformation flow 
analysis 

Massive deformation problems include landslides, 
movement of liquefied ground andfailure of municipal 
solid waste landfills, and are an exciting challenge from 
the engineering perspective. To solve such problems, 
many researchers have proposed various numerical 
approaches. Most of these approaches implement the 
mesh less methods and principles of computational fluid 
dynamics to model the flow failures of geomaterials. A 
combination of the two approaches is known as 
Smoothed Particle Hydrodynamics (SPH), in which 
space is discretized as particles for which flow failures 
are solved using the Navier Stokes equation. SPH is a 
meshless method which was developed for astrophysical 
problems (Gingoldet al. 1977) but has been applied to a 
wide variety of engineering fields (Monaghan 
1994,Grayet al. 2001). It uses pure Lagrangian 
description to provide solutions for partial differential 
equations using distributed particle variables.Earlier 
research using SPH concentrated on the liquefied 
ground using a Non-Newtonian viscosity approach 
(Huang et al. 2014b). With the introduction of constitutive 
laws for stress deformation, a variety of geotechnical 
problem hasbeen simulated with focus on slope stability 
(Nonoyamaet al. 2015). Although SPH lacks the 
computation of factor of safety yet, there have been 
someexciting achievements published on the 
implementation of SPH for simulation of flow failures for 
landfill failures (Huang et al. 2014a, Huang et al. 2013). 

This paper first summarizes the basic theory of 
different slope stability techniques namely Limit 
Equilibrium, Finite Element Method and Smoothed 
Particle Hydrodynamics. Then, a series of slope stability 
analyses for different geometries and different materials 
are carried out. The factor of safety and the probable 
failure surface are presented and compared using 
SLOPE/W (LEM), PLAXIS (FEM) and DualSPH (SPH). 
Finally, the flow analysis of the failure of Payatas landfill 
is carried out using different methods. Based on a series 

of simulations, the effectiveness of SPH is discussed for 
runout analysis of flow failures. 
 
 
2 METHODS OF ANALYSIS 
 
2.1 Limit Equilibrium Method 
 
The Bishop’s Simplified procedure assumes the forces 
on the side of the slice to be horizontal (Bishop 1955). 
The forces are summed in the vertical direction to satisfy 
equilibrium in this direction and to obtain an expression 
for the normal stress on the base of each slice. The factor 
of safety can be calculated from the equation of 
equilibrium of moments about the center and for effective 
stresses it is given as: 
 
 

 FoS= 

Σ[
c'Δl cos α+(W-uΔlcosα) tan ϕ

'

cos α+( sin α tan ϕ
'
)/F

]

ΣW sin α
 

 

[1] 

   
Several other methods have been developed which 
consider complete equilibrium in all directions. Spencer’s 
procedure is the simplest of the procedures that satisfy 
all conditions of equilibrium (Spencer 1967).Spencer’s 
procedure assumes that the interstice forces are parallel. 
Also, the normal force acts at the center of the base of 
each slice. The factor of safety and interslice force 
inclinations are the unknown and are solved by trial and 
error. The base equation used for computation of the two 
unknownsis given as: 
 

 Q= 

-Fv sin α - Fh cos α - (
c'Δl

FoS
)

+(F
v

cos α -Fh sin α+uΔl) ( tan ϕ
'
/FoS)

cos(α-θ) +[
sin(α-θ) tan ϕ

'

FoS
]

 

 

[2] 

   
Where Q is the resultant interslice force, θ is the interslice 
force inclination, c’ and ϕ’ are the effective shear strength 
parameters, u is the pore water pressure, Δl is the slice 
length, α is the inclination of the slice. Recent studies 
show that circular failure surface is a special case of non-
circular slip surface, therefore in some cases 
determination of non-circular slip surface is important 
(Greco 1996, Gao 2016). In most software the process 
of finding a non-circular critical failure surface is given as 
'Optimisation of failuresurface'. In SLOPE/W the 
optimisation of failure surface is carried random 
walkprocedure based on the Monte Carlo method. Factor 
of safety and failure surfaces are provided for the cases 
where circular and non-circular surface show quite a 
variation. 
 
2.2    Finite Element Method 
 
The factor of safety using shear strength reduction 
method is defined as the factor by which the shear 
strength parameters must be divided to bring the slope 
to the point of failure. At the first iteration, the initial input 
is taken as initial parameters, and the material is bought 
to failure. In the next iteration, the shear strength 
parameters are factored by ‘shear strength reduction 
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factor’ or SRF.The factored shear strength parameters 
are given as: 
 

 cfac= 
cinitial

SRF
 [3] 

 
 

  

 ϕ= 
𝜙𝑖𝑛𝑖𝑡𝑖𝑎𝑙

SRF
 [4] 

 
 
Where central and ϕintial are the initial shear strength 
paramters. According to Griffiths and Lane 1999, the 
SRF from FEM analysis is exactly the same as the factor 
of safety from LEM. The another material parameters 
required for the computation of factor of safety using 
Mohr-Coulomb law are the Elastic modulus ‘E’ and 
Poisson's ratio ‘ν.’ Extensive research shows that these 
parameters do not influence the factor of safety and 
failure surface significantly and hence have been given a 
nominal value in the analysis (Griffiths and Lane 1999, 
Cheng et al. 2007). The Elastic modulus is given a value 
of 10000 kPa with Poisson's ratio of 0.3 for drained and 
0.5 for undrained analysis. 
 
2.3 Smoothed Particle Hydrodynamics 
 
For the flow failures, SPH formulations of the equation of 
continuity and motion are used to find the probable 
failure surface and compute the runout. The 
DualSPHysics code originates from SPHysics, which is 
an open-source SPH model developed by researchers at 
the Johns Hopkins University (US), the University of Vigo 
(Spain), the University of Manchester (UK) and the 
University of Rome, La Sapienza (Crespo et al. 2015). 
 The general formulation is given as below: 
 
2.3.1 Formulation of the equation of continuity  
 
In general formulation the equation of continuity is given 
as: 
 
 

 

dρ

dt
= -ρ

δu

δx
 

 
[4] 

 
Where ρ is the density, t is time, u represents the velocity 
vector. This equation can be written as  
 
 

 

dρ

dt
= -

δ(ρu)

δx
+u

δρ

δx
 

 
[5] 

 
Applying the SPH approximation to the general 
formulation the equation of continuity becomes: 
 
 

 
dρ

dt
= -Σ m (ui-uj)

δW

δx
 [6] 

 
 
Where m is the mass of the particles and W denotes the 
smoothing function. 
 
2.3.2 Formulation of the equation of motion  

 
In general formulation the equation of motion is given as: 
 
 

 

du

dt
= -

1

ρ

δσ

δx
+F 

 

[7] 

 

1

ρ

δσ

δx
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δ

dx
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σ

ρ
)+

σ

ρ2

δρ
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du

dt
= Σ m [

σi

(ρ
i
)
2

+
σj

(ρ
j
)
2

]
δW

δx
+F 

 

[9] 

   
These two equations control the flow part of the 
simulation taking into consideration theviscosity 
parameters, density, and the distance between adjacent 
particles. When the material yields it behaves as a non-
Newtonian rate dependent Bingham fluid that accounts 
for the viscous and turbulent effects of the total shear 
stress. In DualSPH, Herschel-Buckley-Papanastasiou 
model is employed as a power lawBingham model 
(Crespo et al. 2015). This combines the yielded and un-
yielded region using an exponential stress growth 
parameter and a power law Bingham model for the shear 
thinning or thickening plastic region. The main parameter 
for the analysis using SPH is the viscosity of the failed 
material. For the analysis in this paper, the viscosity of 
the material is taken as 1Pa.s. (Huang et al 2014b, 
Huang et al 2013) 
 
2.3.3 Constitutive model: 
 
Generally experimental studies/ laboratory tests are 
conducted to provide the parameters for the numerical 
simulations. In case of municipal solid waste, many 
studies have been conducted to obtain the stress-strain-
volume change parameters and shear strength 
parameters for numerical simulations (W Chen et al. 
2012). Due to lack of a constitutive model for flow failure 
for municipal solid waste, Druger-Prager, as 
implemented in DualSPH,is provided as a possible 
solution. In general form, the Drucker-Prager model is 
written as 
 

 √J2+(ap-κ) = 0 [10] 

   
   

where a and κ can be determined by projecting the 
Drucker-Prager onto the Mohr-Coulomb yield criterion in 
a deviatoric plane as: 
 
 

 

a= -
3c cos(ϕ)

√9+3sin
2
(ϕ)

 

 

[11] 

 

a= -
sin(ϕ)

√9+3sin
2
(ϕ)

 

 

[12] 

   
Where ϕ is the internal friction and c the cohesion of the 
material.The flow of computation in DualSPHis shown in 
Figure 2. 
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Figure 2. Calculation step flowchart for Dual SPH 
 
 
 
3 NUMERICAL EXAMPLES 
 
3.1 Unbraced vertical cut slope 
 
To simulate a vertical excavation, a two-story basement 
in varved clay was described by Tschebotairoff(1973). 
The excavation was made without bracing to a depth of 
30 m. The geometry of the assumed vertical cut and the 
material property is shown in Figure 3(a). The viscosity 
of the materialis taken as 1 Pa which is the viscosity of 
liquefiedsoil. The whole space is discretized into 10000 
particles.As it is a simple problem, for the undrained 
shear strength of 50kPa, the factor of safety assuming a 
planar failure surface is calculated as: 
 

 FoS =
4c

γH
 [13] 

 

 FoS =
4 x 50

18.8 x 9.5
 = 1.11 [14] 

 
Circular failure surface and Optimized surfaces were 
used in SLOPE/W to compute the FoS for the 
problem.Failure surface using Bishop’s method 
computes a circular failure, whereas Spencer’s method 
tries to find a planar surface as shown in Fig. 3(c) and 
Fig. 3(d). The factor of safety using both LEM and FEM 
are summarized in Table 1 and are close to the 1.11 as 
computed in equation 4. Figure 3(e) shows the maximum 
shear strain values as computed using PLAXIS which 
show the most probable failure surface. Figure 4 (b), (c) 
shows velocity vectors as obtained fromDualSPH at a 
different time of simulation. These vectors show the 
probable failure surface. Although the comparison of 
LEM, FEM and SPH failure surface reveal quite a 
similarity but the failure surface from SPH doesn’t pass 
exactly through the toe, rather tries to form a circular 
surface take a portion of the foundation soil as well. The 
circular and optimized failure surfaces are same in this 
case.  

 
Table 1. Factor of Safety computed for an unbraced 
vertical cut slope 
 

Method  Factor of Safety 

Bishop’s 1.069 

Spencer’s 1.097 

FEM 1.088 

 
 
3.2    Surficial Slope Failure 
 
An example of surficial failure is taken from the works of 
Griffith and Lane. A 5 m high homogenous slope is 
considered with a slope angle of 25.67˚. The geometry 
of the failure is shownin Fig. 5(a). This slope is made of 
a homogeneous material having both cohesion and 
friction angle.This type of failure is an example of the 
surficial failure as shown in Fig (1). The cohesion 
parameter of the material is taken as 20 kPa and friction 
angle of 20˚. The unit weight of the soil is 20 kN/m3. The 
viscosity of the materialis taken as 1 Pa and the whole 
space is discretized into 15000 particles. 

Figure 5(b) and Figure 5(c) shows the failure surface 
for Bishop’s Method and Spencer’s Method respectively.  
Figure 5(d) shows the optimized failure surface using  

 

 
 
Figure 3. Unbraced vertical cut 
(a) Geometry of the problem 
(b) Failure surface using the Bishop’s method 
(c) Failure surface using the Spencer’s method 
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(d) Maximum shear strain plot from PLAXIS 
 
Bishop’s Method. Increased convexity of the surface 
defines the optimized failure surface with increased 
verticality in the top, increased curvature in the middle 
and near horizontal at the exit. Figure 2(e) shows the 
failure surface computed by FEM. Table 2 summaries 
the Factor of Safety computed from different methods 
which are quite similar. The velocity contours for different 
computation time using SPH are shown in Figure 6. It is 
interesting to note that although the failure surface is 
close to the one computed using the other methods, 
there is quite substantial sticking up of particles at the 
bottom boundary. This sticking of a particle causes the 
probable failure surface to pass through the region on the 
face and not precisely through the toe of the slope. 
 
Table 2. Factor of Safety computed for a Surficial Slope 
Failure 
 

Method  Factor of Safety 

Bishop’s 1.378 

Spencer’s 1.377 

Optimized Bishop’s 1.371 

FEM 1.371 

 

 
 
Figure 4. Unbraced vertical cut using SPH 
(a) Initial discretization of geometry 
(b) Velocity vectors at 0.5 sec 
(c) Velocity vectors at 1 sec 

(d) Comparison of velocity vectors at 1 sec and failure 
surface using LEM 
 
3.3    Deep Seated Failure 
 
To simulate a deep-seated failure, an example is taken 
from the work of Griffith and Lane. The slope consists of 
5 m of foundation soil, and on it is a 5 m high 
embankment with a side slope of 30 deg. The slope 
extends 10 m on both sides of the side slope. The 
geometry of the slope is shownis Figure 3(a). The 
foundation soil and the embankment soil are assumed to 
be clay with the undrained shear strength of 25kPa. The 
unit weight for both the materials is 20 kN/m3. The 
viscosity of the materialis taken as 1 Pa,and the whole 
space is discretized into 50000 particles.  

Figure 7(b) shows the circular failure surface using 
the Bishop’s method and Figure 3(c) shows its optimized 
surface. Figure 7(d) shows the circular failure surface 
using Spencer’s method and Figure 7(e) shows its 
optimized surface. The velocity contours for different 
computation time using SPH are shown in Figure 8. 

 

 
Figure 5. Superficial Slope Failure 
(a) The geometry of the problem 
(b) Failure surface using the Bishop’s method 
(c) Failure surface using the Spencer’s method 
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(d) Failure surface using optimization with Bishop’s 
method 
(e) Maximum shear strain showing failure surface with 
FEM 
 
Table 3. The factor of Safety computed for a Deep-
Seated Failure 
 

Method  Factor of Safety 

Bishop’s 1.492 

Optimized Bishop’s 1.317 

Spencer’s 1.492 

Optimized Bishop’s 1.369 

FEM 1.224 

 
This example is a classic example to show the difference 
between a circular and its optimized slip surface. Clearly 
the optimized slip surface tries to find a minimum surface 
which eventually becomes a block failure,different from 
the circular failures surface. This optimized failure 
surface goes to the bottom of the geometry and tries to 
scoop out a wedge. The optimized failure surface from 
Spencer’s method is wider than the optimized failure 
surface from the Bishop’s method. Failure surface from 
PLAXIS shows a mixture of circular and optimized failure 
surface in the sense that visibly it is a circular failure 
which follows the path of the optimized failure surface. 
Similarly, the velocity contours using SPH show a similar 
profile to the optimized slip surface from LEM (Figure 
8(e)) 
 
 
 

 
Figure 6. Superficial Slope Failure using SPH 
(a) Initial discretization of geometry 
(b) Velocity contours at 0.5 sec 

(c) Velocity contours at 1 sec  
(d) Comparison of velocity vectors at 1 sec and failure 
surface from optimized Spencer’s 
 
3.4 Payatas Landfill Failure 
 
To fill a local depression, the deposition of municipal solid 
waste started at Quezon City, Manila, Philippines in 
1973. By 2000, the dump became 18 m to 30 m high, by 
uncontrolled dumping. 10 days before the failure, heavy 
rainfalls of about 750 mm formed a small lake on the top 
of the dump. On 10th July 2000 at about 0730 hrs 10000 
m3 of waste on the slope slided, destroyed and buried 
the houses in its path. This caused huge loss of life and 
property. After weeks of searching and digging about 278 
bodies were recovered, leaving 80 to 350 missing or 
believed dead. The total death toll may have exceeded 
600. 
 

 
Figure 7. Deep-Seated Failure 
(a) The geometry of the problem 
(b) Failure surface using the Bishop’s method 
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(c) Failure surface using optimization with Bishop’s 
method 
(d) Failure surface using the Spencer’s method 
(e) Failure surface using optimization with Spencer’s 
method 
(f) Maximum shear strain showing failure surface with 
FEM 
 
 

 
Figure 8. Deep-Seated Slope Failure using SPH 
(a) Initial discretization of geometry 
(b) Velocity vectors at 0.5 sec 
(c) Velocity vectors at 1 sec  
(d) Comparison of velocity vectors at 1 sec and failure 
surface from optimized Spencer’s 
 
Due to lack of plans and dimensions of the dump site, the 
angle of slope of dumpsite is challenging to estimate. 
From the photographs and estimated pre and post-failure 
profiles, Merry et al.(2005), concluded that the failure 
was probably a traditional wedge failure. They estimated 
the pre-failure slope to be around 34˚. Later 
investigations using aerial photographs concluded that 
the slope was steeper than 34˚ and around 40˚ (Blight 
2008). The foundation soil is gently sloped upwards 
towards the crest at 7˚. As for the material parameters for 
the soil, the best set of parameters are obtained from 
studies of Rushbrook et al.(1999). The pre and post-
failure geometryis shown in Figure 9. 
 

 
Figure 9. Pre and Post-failure geometry of the failed 
slope of Payatas Landfill 
 

 
Figure 10. Payatas Landfill Failure 
(a) The geometry of the problem 
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(b) Failure surface using the Bishop’s method 
(c) Failure surface using optimization with Bishop’s 
method 
(d) Failure surface using the Spencer’s method 
(e) Failure surface using optimization with Spencer’s 
method 
(f) Maximum shear strain showing failure surface with 
FEM 
 
This landfill failure is a perfect example to show the 
difference between circular failure and optimized failure 

 
Figure 11. Payatas Landfill Failure using SPH 
(a) Initial discretization of geometry 
(b) Runout at 5 sec 
(c) Runout at 10 sec 
(d) Runout at 15 sec  
(e) Comparison of running out at 15 sec and failure 
surface reported in the literature 
 

surface and highlighting the advantage of computing and 
simulating the runout. The geometry for The analysisis 
shown in Figure 10(a). The unit weight of the dump 
material is taken as 11 kN/m3 with the cohesion of 10 kPa 
and phi of 20˚.  Grid and radius search method to find out 
the probable failure surface. Figure 10(b) shows the 
failure surface computed using Bishop’s method. This 
failure surface resembles the circular surficial failure 
surface. The depth of the failure is close to the failed 
depth, but the circular failure surface does not resemble 
the real failure surface. Figure 10(c) shows the optimized 
surface using the Bishop’s method. Clearly the optimized 
failure surface approaches a traditional block failure 
which is similar to the actual failure surface. Figure 10(d) 
and Figure 10(e) shows the circular and optimized failure 
surface computed using Spencer’s method. These are 
more of less similar to the failure surface from Bishop’s 
Method although the optimized surface is a little more 
circular than the optimized block failure from optimized 
failure surface computed using Bishop’s method. Figure 
10(f) shows the failure surface computed using FEM. 
The failure surface using FEM is almost parallel to the 
slope face in the top and middle but circular towards the 
bottom. 

Figure 11 shows the run out for the failed slope at 
different time using SPH. The simulation computes over 
a total time of 15 sec. The material first starts to deposits 
at the bottom forming a bulge. This is due to higher total 
stresses at the bottom causing slow mobilization. Once 
the bulge forms it starts to creep outwards. The run out 
material slowly gains strength,and at 15 
secondsvelocity,the material becomes very small. Figure 
11(e) shows the comparison of pre-failure profile and the 
run out computed at 15 sec of simulation. The profiles 
obtained from literature and SPH are similar albeit a little 
bulgieron end. This building and post-failure profile are 
similar to the simulations done by Huang (2013). 

 
 
4  CONCLUSION 
 
Due to an increase in the frequency of flow slides 
occurring in both waste dumps and well-engineered and 
carefully controlled MSW landfills, there is a need for 
careful evaluation of flow characteristic of such waste 
slides. The traditional slope stability tools such as Limit 
equilibrium method and Finite element method can 
predict the probable failure surface and the 
corresponding factor of safety, but they cannot predict 
the pre-failure and post-failure profiles. To overcome the 
limitations of these methods for massive deformation 
flow problems, a mesh-free method called Smoothed 
Particle Hydrodynamics is implemented to simulate the 
run out of an MSW flow failure.   

In this paper, a comparison was made between LEM, 
FEM,and SPH for slope stability and runout analysis. The 
theory and framework of different methods are 
presented,and then the analysisis done for different 
geometries and material parameters taken from 
literature. This serves as a validation of the DualSPH 
system for slope failures. After the validation exercises, 
Payatas landfill failure is analyzed using different 
methods. The predicted runout and failure geometry 
using SPH is close to the survey reported as post-failure 
analysis presented in the literature. Based on 
understanding and prediction of run-out distances, flow 
velocity,and other dynamic parameters, hazard 
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assessment can be conducted to the landfill sites. This 
will ultimately help in decision making a preparation of 
contingency plans in case of disasters in already peaking 
MSW landfills. Although further calibration and validation 
are needed yet from the comparison of different 
methods, SPH can capture the flow behavior of the failed 
material. 
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