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ABSTRACT 
 
Dam break is one of the greatest hazards causing damages in urban and rural areas throughout the 
world. It can happen due to design and construction errors, heavy rainfall, earthquakes or glacier 
melting, among other reasons. Once the dam collapses, the resulting flow can become even worse 
due to obstacles, like houses, walls, bridges and trees, which can be impacted and transported 
along with the water. The prevention or reduction of the downstream effects of a dam break due to 
the complex and highly energized flow has been a challenge to researchers and engineers all over 
the world. The present study aimed to compare two free computer programs for numerical 
simulation of a flow with obstacles, based on available experimental data. These programs are 
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based on the material point method (MPM) and smoothed particle hydrodynamics (SPH), 
respectively. The numerical results of the two programs were in good agreement with experimental 
data, although important differences in computing time were observed. Therefore, these methods 
seem to be potential tools for the prediction of dam-break flows. 

 
 
Keywords: Dam-break flow; material point method; obstacles; smoothed particle hydrodynamics. 
 

1. INTRODUCTION  
 

Since its formation, the Earth has constantly 
been threatened by natural hazards such as 
earthquakes, tsunamis, floods, storms, volcanic 
eruptions and landslides. When these hazards 
turn into catastrophic natural disasters, they can 
cause loss of life, major environmental damage, 
and even total destruction of everything in their                    
path [1]. The most prevalent natural hazards are 
earthquakes, storms and floods. The first                   
is caused by movements of the tectonic             
plates, while the last two are due to climatic 
effects [1,2]. 
 

Earthquakes can also cause dam breaks and 
consequent flooding. Considering that 43% of the 
natural disasters are due to flooding (Fig. 1), 
created by high rainfall, or in some places of the 
world by the glacier melting, these are among the 
most significant concerns of civil engineers 
involved in their design and construction. The 
most common cause of a dam break is 
exceeding the water volume limit related to the 
structural resistance of the dam and related 
inappropriate human interventions. 
 

Throughout history, there have been many cases 
of dam breaks [3]. The most destructive to date 

was in 1975 in Henan Province, China, when the 
Banquiao Dam and the Shimantan Dam failed 
catastrophically due to overtopping caused by 
torrential rains. As a consequence, 
approximately 85,600 people died and                   
millions of residents lost their homes [4,5]. 
Experts announced that the floodgates opened, 
but these were partially blocked by the 
accumulated sediments, which prevented                   
the release of water and led the dams to  
collapse [5]. 
 
For this reason, the prevention of dam                 
breaks has been a relevant theme of research            
for many decades, due to the high levels of 
human and material losses caused by the 
resulting floods [1]. The degree of flood damage 
may be greater or smaller depending on the 
topography, downstream obstacles, the way of 
fluid propagates and the success of evacuation 
efforts. The obstacle factor is directly related                
to the presence of houses, walls, bridges                        
and trees, among others. This is an important 
point to consider, due to variations in velocities,                    
force, depth, direction and behavior of the fluid at 
the moment of impacting the obstacle, 
transforming this impact energy into shock  
waves of different heights and danger levels.  

 
 

Fig. 1. Percentage of occurrences of natural disasters [1995-2015], adapted from R. Davies [2] 
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2. BACKGROUND AND OBJECTIVES 
 
The transport of sediments and erosion 
producing dam breaks has been a topic of 
research by many authors (e.g., see [6–36]). For 
example, Singh et al. [6] studied the evolution of 
dam breach and the subsequent flood and 
sediment routing. The same authors a year                 
later [7] analyzed dam-breach erosion for 
rectangular and triangular breach sections and 
tested it using two historical cases. Martin N.R et 
al. [9] analyzed the effect of check dams 
according to different concepts on debris flow 
dynamics or debris flow prevention. David et al. 
[12] characterized the quantity of sediment 
mobilized and transported by dam-break flow. 
Zhixian et al. [17] presented a numerical model 
for dam-break flow, sediment transport, and 
morphological evolution. In 2007, Faeh et al. [18] 
presented a numerical model of breach               
erosion of river embankments to show the impact 
of different processes and input parameters on 
the breach outflow of a granular embankment 
failure. 
 
Shakibaeinia et al. [24] proposed a new non-
Newtonian multiphase model (involving 
properties of the sediment phase) based on the 
WC-MPS formulation to model the mobile dam-
break problem. Li et al. [27] presented a 
physically enhanced layer-averaged model for 
dam-break flow, sediment transport and 
morphological evolution. In 2015, Evangelista               
et al. [34] presented some laboratory 
experimental results of erosion of a sand            
dike produced by the impact of a dam-break 
wave. Fu et al. in 2016 [35] studied numerical 
models of sediment transport under dam              
flow conditions using the multiphase particle 
method and Di Cristo et al. in 2017 [36] analyzed 
the idealized case of a wave frontally hitting a 
loose sediment embankment both experimentally 
and numerically. 
 
The work presented in this article is based on an 
idealization of the dam break problem, which 
does not consider sediment transport, also called 
fixed bed condition. In the bibliographic review 
for a dam break with fixed bed, we found several 
articles by different researchers (e.g., see [37–
98]), which through experimental studies and 
numerical simulations have analyzed and 
explained with great precision the behavior, 
depth and time of arrival of the fluid.  
 
In the mentioned literature, Dressler et al. [38] 
investigated the hydraulic resistance effect on 

the dam-break functions. In 1954, the same 
research group [39] compared theories and 
experiments for hydraulic dam-break waves. 
Xanthopoulos et al. [40] studied, with the aid of a 
numerically solved mathematical model, the 
inundation of a real, nearly flat plain, by a flood 
hydrograph created by a dam failure and loading 
of the plain from a peripheral point. Katopodes 
[41] presented and compared five dam-break 
flood wave models, which were all either 
originally developed or reconstructed by the 
authors in order to assure inter-model 
consistency. Townson et al. [42] applied the 
feature method in a radial flow condition for a 
dam break, especially for parallel, convergent 
and divergent combinations of boundaries, both 
upstream and downstream. Soulis [44]               
improved their own research on steady two-
dimensional subcritical-supercritical flow for    
open channel calculations. Fraccarollo et al.              
[45] reported a numerical and experimental 
investigation of a three-dimensional dam-break 
model.  
 
Adopting the two-dimensional shallow water 
equations as the mathematical description of the 
problem and applying the weighted averaged flux 
method, Wang et al. [48] assessed and 
demonstrated the applicability of a Lagrangian 
discrete parcel method to discontinuous 1 D 
open channel flow. Colicchio et al. [49] presented 
a comparative study between the boundary-
element method for potential flow, the smoothed 
particle hydrodynamics method for Euler 
equations and the direct solution of the Navier-
Stokes equations coupled with the level set 
method to capture the free surface. In 2005, 
Quecedo et al. [53] compared two mathematical 
models, the first to solve the Navier-Stokes 
equations and the second to solve shallow water 
equations.  

 
To solve the dam-break problem using the finite 
element method, Cruchaga et al. [58]  presented 
numerical and experimental analyses of the 
collapse of a liquid column. The experiments 
were performed by two types of fluids: shampoo 
and water. Soarez et al. analyzed the ability of a 
finite-volume numerical model, commonly used 
in inundation modeling, to reproduce fast 
transient flows including multiple interactions with 
obstacles. Ozmen-Cagatay [70] acquired 
accurate laboratory data concerning the initial 
dam-break flow just after the sudden removal             
of a plate and simulated the flow numerically. 
Kocaman [76] investigated the effect of              
lateral channel sidewall contraction on dam-
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break flows over horizontal initially dry beds. 
Cruchaga et al. analyzed fixed mesh finite                           
element approaches to model free surface 
problems for viscous incompressible Newtonian 
fluid flows. 
 
Aureli [87] compared the capability of 2D shallow 
water, 3D Eulerian, and 3D Lagrangian models 
to predict the impact forces caused by a dam-
break wave on a structure. Xu [92] developed                  
an improved smoothed particle hydrodynamics 
approach and assessed its ability to simulate               
3D dam-break flows with breaking waves                             
and Zhang [98] proposed a weakly             
compressible SPH method based a low-
dissipation Riemann solver to model free-surface 
flow problems with violent wave-breaking and 
impact events.   
 

3. NUMERICAL METHODS ADOPTED 
 
In the present work, two numerical methods were 
used: 
 
• The Material Point Method (MPM): is an 
extension of FLIP (Fluid Implicit Particle method) 
[99], developed by Particle In Cell (PIC) [100]. It 
is usually used to solve solid mechanics 
problems with history-dependent variables. MPM 
can be presented within an Eulerian finite 
element method (FEM) framework and its 
equation is reflexed as Lagrangian material 
points to which information such as the stress 
and history-dependent variables can be 
transported. At each time step increment, the 
position of material points is updated according 
to the velocities calculated in the Eulerian FEM 
mesh. In the next time step, the new position will 
determine the material properties and initial 
stresses on the corresponding elements [101–
103]. The boundary conditions are based on the 
FEM mesh with fixed nodes (zero velocity) at the 
domain boundaries. In the present work, no 
special treatment was adopted for the boundary 
layer (e.g., wall function), so the wall friction 
effect is not addressed. The time step is 
determined based on the background mesh size 
by the Courant-Friedrichs-Lewy (CFL) condition 
[104,105]. 
 
In Sulsky et al. [106], the governing equations 
and weak form of the governing equations are 
presented: 
 
Standard conservation equations for mass and 
momentum: 
 

��

��
+ �� ∙ �⃗ = 0	, (1) 

 

and  
 

��⃗ = � ∙ � + ���⃗ 	. (2) 

 
In equations (1) and (2), �(�⃗, �)  is the mass 
density; �⃗(�⃗, �)  and �⃗(�⃗, �)  are the acceleration 
and velocity, respectively; �(�⃗, �) is a symmetric 

stress tensor; and ��⃗ (�⃗, �)  is the specific body 
force.  
 
For incompressible flows, the stress tensor [107] 
is: 
 

��� = −���� + �	��̇�	,	 (3) 
 

where � is the dynamic viscosity of the fluid and 
the shear rate �̇�� is defined by 
 

��̇� =
���
���

+
���

���
	. (4) 

 

Below we describe the discrete formulation of the 
problem and prescribe the spatial and temporal 
integration of the equations. In its Lagrangian 
form, the material is divided into infinitesimal 
mass elements, where each one has a fixed 
amount of mass at all times. The coordinates of 
any point can be written compactly using nodal 
basis functions as: 
 

�⃗ = 	��⃗�(�)	��(�⃗)	,

��

���

 (5) 

 

where ��(�) is the element shape function, �� is 
the total number of nodes and �⃗�(�) denotes the 
spatial nodes. 
 
Therefore, the displacement, velocity and 
acceleration in their nodal form are similar to the 
equation defined for the coordinates of several 
points, and the replacement of each variable with 
the respective functions is performed (see [106]).  
 
The weak form of the motion equation is: 
 

∑ ���⃗ �
���

��� ∙ 	∑ ���
� �⃗�

���
��� = −∑ ����⃗ �

���
��� ∙

∑ ����
�,���

��� ∙ ∇��(�)|����� +

∑ ����⃗ �
� ∙ �̂�

���
��� + ∑ ����⃗ �

� ∙ ��⃗ �
���

��� 	,  

(6) 

 

where ��  is the number of material points, � 

refers to the time step ��, ���
�  is the matrix mass 

equation (7) and ���⃗ �
�  are arbitrary components, 



 
 
 
 

Vargas et al.; CJAST, 27(3): 1-15, 2018; Article no.CJAST.39845 
 
 

 
5 
 

except where the components of displacement 
are prescribed: 
 

���
� = �����(�⃗�

�)��(�⃗�
�)

��

���

	. (7) 

 

Included in equation (6), ��⃗ �
�  is the discretized 

specific body force. 
 
Now we have the weak form of the reduced 
equation of motion: 
 

����
� �⃗�

� = 	 �⃗�
���,� +	 �⃗�

���,�

��

���

			, (8) 

 

where �⃗�
���,�  is the internal force vector (9) and 

�⃗�
���,� is the external force vector (10): 

 

�⃗�
���,� = 	−	������

� ∙

��

���

��
�,� (9) 

 

and  
 

�⃗�
���,� = 	��⃗ �

� + 	 �̂�
�		, (10) 

 

where �� is the specific stress, �̂�
� is the discrete 

applied traction and ���
�  is the gradient of the 

shape function. 
 

Usually, there are more material points than grid 
points, in which case a minimum square 
approach is applied to the mass of the material 
point to determine the nodal velocities from the 
velocities at the material points to initialize each 
time step. The equation in function of the nodal 
velocities is: 
 

����
� �⃗�

�	

��

���

= ����⃗�
�	����⃗�

��

��

���

	, (11) 

 

where ��  is the material point mass, �⃗�
�  is the 

velocity of the material point, �⃗�
� is the position of 

the material point and ��  is the element shape 
function. 
 

With the equation of motion (8) solved during the 
Lagrangian phase of the computation, it is 
necessary to update the solution at the material 
points of the particle properties, whereby the 
velocities and positions are updated according 
to: 
 

�⃗�
��� = 	 �⃗�

� +	���⃗�
��� −	 �⃗�

��	����⃗�
��

��

���

 (12) 

 

and 
 

�⃗�
��� = 	 �⃗�

� + 	∆���⃗�
�������⃗�

��

��

���

. (13) 

 
It is also necessary to update the deformation 
gradient for each particle and the stress ��. 

 
Finally, to start a new cycle, the information 
transported by the points of material in a new 
grid is used, starting a new time step.    
 
•  Smoothed Particle Hydrodynamics (SPH): is 
a Lagrangian method based on particles and 
thus free of mesh [101]. Lucy and Monaghan 
[108,109] introduced this method to solve 
astrophysical problems in space with three 
dimensions. It possesses individual material 
properties and moves according to the ruling 
conservation equation [110]. SPH has been 
studied extensively in the area of fluid dynamics 
with long deformation, proving very effective and 
providing high precision. Its main advantage is 
the natural adaptation achieved at a very early 
stage based on each time step of the movement 
history of the arbitrarily distributed particles [101]. 
Because SPH does not use a mesh, boundary 
conditions can only be applied by predefined 
movement of particles located at the domain 
contours, which is one of the main disadvantages 
of this method. Therefore, it is based on particles 
that do not move according to the forces exerted 
on them, because they remain fixed in their 
position or move through an already established 
movement function or objects in motion. When a 
fluid particle approaches an edge particle 
(boundary) and the distance between them 
becomes smaller than twice the length of 
smoothing, it causes the density of the affected 
boundary particle to increase, resulting in an 
increase in pressure. This causes a reverse 
effect of repulsion exerted on the fluid particle 
because of the pressure in the moment  equation 
[111]. A variable time step ∆�  is calculated 
according to [112], controlled by a Courant and a 
viscosity condition, where the critical time step is 
determined by the smallest smoothing length. 
 
Following Monaghan [109], we use the integral 
representation of the function �(�⃗): 
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�(�⃗) = � �(

�

�⃗ ′)	���⃗ − �⃗ ′�	��⃗ ′				, (14) 

 
where �(�⃗)  is a continuous function, �  is the 
volume of the integral, �⃗ is the radius vector, and 

���⃗ − �⃗ ′� is the Dirac delta function, defined as: 

 

���⃗ − �⃗ ′� = �
1, �⃗ = �⃗′		

0, �⃗ ≠ �⃗′		
.� (15) 

 
The delta function in equation (14) is replaced by 
the function �(�⃗ − �⃗ ′, ℎ) , which is called the 
smoothing kernel: 
 

��(�⃗) = � �(

�

�⃗ ′)	���⃗ − �⃗′, ℎ�	��⃗ ′				, (16) 

 
where ℎ  is a smoothing radius and �  is an 
interpolating kernel which has two properties, the 
first being the normalization condition (17) and 
the second the delta function (18): 
 

� ���⃗ − �⃗ ′, ℎ�	��⃗ ′ = 1	

�

 (17) 

 
and 
 

lim
�→�

���⃗ − �⃗′, ℎ� = ���⃗ − �⃗ ′�		. (18) 

 
For a discrete number of computational nodes, 
equation (16) can be replaced by a summation, 
giving the following expression: 
 

��(�⃗) =���	�(�⃗ − �⃗�, ℎ)	∆��	

�

	, (19) 

 
where ∆�� = �� ��⁄  is the volume related to the 
� th computational node (particle) and �(�⃗′)  is 
replaced by a set of numbers ��. 
 
SPH approximation of the arbitrarily continuous 
function can be derived as: 
 

��(�⃗) = ���

��
��
�(�⃗ − �⃗�, ℎ)

�

			, (20) 

 
where ��(�⃗)  is the approximated value of 
function �  at the point defined by the radius 
vector �⃗.  
 

An approximation of the function gradient ∇�(�⃗) 
is obtained by using the gradient of the 
smoothing kernel. The approximation is as 
follows: 
 

∇�(�⃗) =���

��
��
	∇�(�⃗ − �⃗�, ℎ)

�

			, (21) 

 
where ∇�(�⃗ − �⃗�, ℎ) is the gradient of the kernel 
function. 
 
Finally, by substituting the SPH approximations 
for a function and its derivate in the Navier-
Stokes equations, the SPH equations of motion 
can be written as: 
 

���⃗�
��

= −��� �
��

��
� +

��
���
� ∇����

�

		 (22) 

 
and 
 
���
��

=�����⃗��∇����
�

 (23) 

 
The purpose of the present work is to contribute 
to the evaluation of new reliable tools for the 
prediction of dam-break flows, by comparing the 
mentioned numerical methods. The simulations 
reproduced the experimental study of Cruchaga 
[84] with quadratic and trapezoidal obstacles and 
also without either of them [58]. 
 
The remainder of the article is organized as 
follows: description of the experimental studies in 
section 2, simulations of the dam-break models 
in section 3, comparative analyses of numerical 
and experimental methods in section 4, and 
finally some inferences and conclusions based 
on the results in section 5. 
 

4. DESCRIPTION OF THE CASES 
STUDIED 

 
In this section, the experimental apparatus           
from previous studies used here for comparision             
with the MPM and SPH numerical results is 
detailed. 
 

First, the Cruchaga [58] experiment of a dam-
break flow without obstacles and fixed bed was 
considered. The experimental design (Fig. 2) 
consisted of a glass box with a gate, removed at 
time t = 0 s. 
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Fig. 2. Model of the experiment, adapted from 
Cruchaga [58] 

 

The first compartment, with length L = 0.144 m, 
was filled with water until a height H = 2L. The 
total length of the box was 4 L. 
 
Furthermore, a few years later Chuchaga [84] 
performed new experiments in a box with the 
same dimensions as the previous one and a 
fixed bed, now including square and trapezoidal 
obstacles in the water flow path.  
 
The obstacles were located at a distance of 3L/2 
after the gate, as represented in Fig. 3, 

respectively. In this case, the gate starts to open 
at a speed v=3.5 m/s. 
 

5. SIMULATIONS OF THE DAM-BREAK 
MODELS 

 
Two open source computational tools executed 
the numerical simulations: the NairnMPM [113] 
and DualSPHysics [114,111] codes, based on 
the MPM and SPH numerical methods, 
respectively. Table 1 shows the characteristics of 
the computer equipment.  
 

Table 1. Computer features 
 

OS Windows 8.1  
Processor Intel Core, i3-3110M 

@ 2.40GHz  
RAM  4.00 GB  
Type of system  64 bits 
Video Graphics 
Card 

NVIDIA GeForce 
GT 620M 

 
Table 2 presents the physical properties of the 
fluid and Tables 3 (MPM) and 4 (SPH) present 
the input data of both programs that were used to 
simulate the dam-break scenarios of this work. 

      
Fig. 3. Position and cross-section of the square (a) and trapezoidal (b) obstacles, adapted from 

Cruchaga [84] 
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Table 2. Physical properties 
 

Fluid Water 
Dynamic viscosity 0.001 kg/m/s 

Density 1000 kg/m³ 

 
Table 3. MPM input data 

 

Courant-Friedrichs-Levy (CFL) 
number 

0.2 

Gravity 9.81 m/s² 
Time between recorded results 50 ms 
Number of steps recorded 24 
Volumetric module 21.5 MPa 

 
Table 4. SPH input data 

 

Courant-Friedrichs-Levy (CFL) 
number 

0.2 

Gravity 9.81 m/s² 
Precision of particle interaction  Double 
Coefficient to calculate the 
smoothing length 

1.0 

Interaction kernel  Wendland 
 
In order to analyze the results of the MPM and 
SPH models, six cases were simulated until time 
t = 1.20 s and the results were compared with 
the experimental results obtained by Cruchaga 
[58,84]. 

 
Mesh size and model parameters (Tables 2 and 
3) were calibrated for each case separately, with 
the purpose of reproducing in the same way the 
experiments of Cruchaga. Sensitivity analysis 
was then performed to assess the influence of 
mesh size on the numerical predictions, which in 
the application of this analysis are transformed 
into very useful information, especially when 
there are real field applications and the 
calibration data are not available.  
 
For the experimental model without obstacles 
[58] and with obstacles [84], the influence of both 
grid sizes on the numerical results was 
investigated. For numerical modeling of SPH, by 
default the software was already defined with a 
grid size equal to 2 mm, which allowed the flow 
of the fluid to be similar to the Cruchaga 
experiments, leaving this value of 2 mm fixed for 
both experiments, with and without obstacles. 
Unlike the SPH numerical model, the value of the 
grid size of the numerical model MPM was not 
defined by default, so the appropriate value had 
to be investigated to enter the data in the 
programming of the software and thus obtain 
simulations similar to the experimental ones. 

For the dam-break flow model in MPM, numerical 
simulations without obstacles with a coarser 
(∆� = ∆� = 10	��) and finer (∆� = ∆� = 5	��) 
mesh were carried out along with numerical 
simulations with obstacles, also having a coarser 
(∆� = ∆� = 10	��) and finer (∆� = ∆� = 2	��) 
mesh. Below is a brief description of the 
sensitivity analysis for each case: 
 
Fig. 4 shows the results of the comparisons of 
the three scenarios: Case 1 - without obstacle 
[58]; Case 2 - with square obstacle [84]; and 
Case 3 - with trapezoidal obstacle [84]. The 
numerical simulations were performed using cell 
size  = 10 mm for the MPM method (Fig. 4b) 
and particle size  = 2 mm for the SPH method 
(Fig. 4c).  
 
In the first three cases, the MPM simulations with 
cell size  = 10 mm (Fig. 4b) presented 
divergences with the experimental results. In 
Case 1, the MPM calculated smaller velocities 
and a round shape of the front wave, as 
observed at t = 0.20 s, while the SPH results are 
visually similar to the experiment for almost all 
time steps. The same observations apply to 
cases 2 and 3, with even slower MPM velocities, 
indicating that this study requires a refined grid 
(smaller cell size). 
 
In order to improve the MPM results, new 
simulation studies were carried out.  
 
Without obstacle and cell size set to  = 5 mm 
(Fig. 5b – Case 4), the MPM presented results 
significantly better than the previous ones and 
apparently the same precision as the SPH. 
However, for the cases with square and 
trapezoidal obstacles, the MPM required an even 
more refined grid, with cell size  = 2 mm (Fig 
5b* – Cases 5 and 6). 
 
The water flow at time step t = 0.40 s (Fig. 5) 
reached nearly the same maximum height for all 
analyzed methods, which indicates that the 
point/particle velocities calculated are also 
consistent. 
 
Compared to the square obstacle case, the 
trapezoidal geometry provided a ramp to the flow 
that decreased the maximum height (t = 0.4 s), 
while on the other hand it increased the 
horizontal velocity, as shown by the amount of 
water that overpassed the obstacle until t = 0.6 s. 
Once again, these observations are compatible 
with the results from both numerical methods, 
MPM and SPH. 
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 (a) Exp. (b) MPM (c) SPH       (a) Exp. (b) MPM (c) SPH    (a) Exp. (b) MPM (c) SPH 
 

 
Case 1                                    Case 2                                 Case 3 

 
Fig. 4.  Comparison between experimental data of Cruchaga [58,84] (a), MPM with α = 10 mm 

(b) and SPH with  = 2 mm (c) in the three scenarios: Case 1 – without obstacle; Case 2 – with 
square obstacle; Case 3 – with trapezoidal obstacle 

 
(a) Exp. (b) MPM (c) SPH     (a) Exp. (b*) MPM (c) SPH   (a) Exp. (b*) MPM (c) SPH 

 

 
Case 4                                     Case 5                                 Case 6 

Fig. 5.  Results of Cruchaga dam-break experiment [58,84], MPM with α = 5 mm (b), α = 2 mm 
(b*) and SPH with  = 2 mm (c) 
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6. PERFORMANCE OF THE NUMERICAL 
METHODS USED HERE 

 
In order to make a more comprehensive 
comparison between the applied methods, this 
section analyzes the computational cost of each 
one. The first comparative analysis considered 
only cases 4, 5 and 6, whose simulations are 
closer to the experimental results. Table 5 
presents the computational cost of the MPM and 
SPH methods. 
 
The computational cost of MPM is between              
two and three orders of magnitude greater               
than SPH. This is due to the way each               
method works. The MPM executes the whole 

calculation area of the simulation through the 
finite element method (FEM), where all the 
information is loaded by the material points of  
the mesh, thus requiring a higher computational 
cost. Therefore, the greater the number of points 
that the MPM simulation concentrates (case 5 
and case 6), the longer the simulation time                  
will be. 
 
On the other hand, SPH is dedicated to 
computational fluid dynamics (CFD) and free 
mesh, with the disadvantage of not working with 
edge conditions, but when performing the 
referred case study based on a fluid, the 
simulation computational cost is lower than that 
of the MPM (Fig. 6). 

 
Table 5. Computational cost 

 
MPM - EXECUTION TIMES 

 No 
Obstacle 
(Case 4) 

Square 
Obstacle 
(Case 5) 

Trapezoidal 
Obstacle 
(Case 6) 

Simulation steps 173665 437966 437966 
Simulation runtime (s) 5273 146405 151350 
Simulation runtime (min) 87.88 2440.09 2522.50 
Step per millisecond (ms) 30 334 346 
Number of material points 4774 31174 32770 
Calculation time step (s) 6.910 2.740 2.740 
Archiving time step (s) 0.2 0.2 0.2 

SPH - EXECUTION TIMES 
  No 

Obstacle 
(Case 4) 

Square 
Obstacle 
(Case 5) 

Trapezoidal 
Obstacle 
(Case 6) 

Simulation steps 71581 70248 67552 
Simulation runtime (s) 349 457 360 
Simulation runtime (min) 5.82 7.62 6.00 
Steps per second (s) 205 154 188 
Number of particles 7183 8053 8455 
Calculation time step (s) 16.76 17.08 17.76 
Archiving time step (s) 0.2 0.2 0.2 

 

 
 

Fig. 6. Execution time in minutes of MPM (blue) and SPH (orange) 
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The average execution times for the three cases 
were 6.5 minutes for the SPH model and 1683.5 
minutes for the MPM. The difference in the MPM 
execution time of case 4, compared to cases 5 
and 6, is due to the reduced cell size, which was 
necessary for the last two cases to preserve 
acceptable result quality of the models with 
obstacles (square and trapezoidal). 
 
It is important to mention that the different cell 
sizes () for the MPM (cases 1, 2 and 3 with  = 
10 mm; case 4 with  = 5 mm and cases 5 and 6 
with  = 2 mm) were chosen intentionally to keep 
the computational cost as low as possible for 
each case. Therefore, that parameter was 
adjusted until it reached the required level. In the 
SPH,   = 2 mm was used for all cases, since a 
smaller particle size did not produced 
significantly better results. 

 
7. CONCLUSIONS 
 
Based on the simulations of dam-break flow 
calculated with the MPM and SPH methods, 
compared to the experimental data, [58] and [84], 
the following conclusions are highlighted: 
 
 For the SPH simulations, the particle size  

 2 mm provided results with acceptable 
accuracy, corresponding to a ratio between 
  and the total length of the model equal 
to 2/576. 

 To obtain acceptable results from the MPM 
with obstacles, a grid cell size α ≤ 2 mm 
was necessary, which corresponds to a 
ratio between α and the total length of the 
model equal to 1/288 (288 cells per 
horizontal line). 

 For all cases analyzed, the SPH presented 
greater computational efficiency, requiring 
calculation time two to three orders of 
magnitude smaller than the MPM. 
Therefore, it is the most suitable method 
for the referred type of simulation. 

 However, the MPM is based on FEM, so it 
can model many different types of 
materials, allowing simulations that 
account for the interaction between fluids 
and complex structures. On the other 
hand, the SPH method was developed 
specifically for fluids or materials that 
behave like fluids (e.g., submarine 
landslides), thus restricting its applicability. 

 Finally, both numerical methods used in 
this work (MPM and SPH) provided results 
very close to the experimental studies of 

Cruchaga [58,84]. Therefore, those 
methods are potential tools for the 
prediction of dam-break flows and, 
consequently also for the prevention and 
mitigation of this type of disaster. 
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