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Abstract: The Discrete Element Method (DEM) is a calculation method by which a particle flow at a single particle occurs. 

It is widely used in many fields such as coastal engineering, mining and civil engineering. Specifically, when small particles 

are taken away by water, pores will increase and collapse due to the soil's own weight, which will cause other parts of the soil 

to deform. Due to the continuous development of piping, small soil particles are taken away from the entrance, so the entrance 

is constantly expanding. Once the upper layer of soil loses the support below, the upper layer of particles will collapse under 

infiltration. Therefore, as the above phenomenon continues to develop, the amount and flow of water will increase. At the same 

time, this will increase the rate of seepage destruction. In fact, the law of particle motion includes the growth, aggregation, 

diffusion and crystallization of particles under different conditions, which can be applied to other fields, such as the research of 

material surface roughness in textile science, the crystal origin and potential self-rotation in electronic engineering, etc. The 

research of this paper can provide a further theoretical basis and framework for the above direction, and pave the way for the 

majority of scholars to carry out the follow-up research work. In this article, EDEM (Electronic Discrete Element Method) 

modeling is used to simulate the movement of particles during the slip. 
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1. Introduction 

DEM is a useful tool for successfully designing, 

optimizing or simply analyzing systems and equipment 

Granular materials where inter-particle forces play a key role 

in many applications. In the daily life, the destruction of the 

slip caused some serious geological disasters, such as floods 

[1]. S. Deverel et al. told us that the deformation and 

movement of particles are very important to control the 

destruction of cracks [2]. Therefore, particle motion is a 

significant area to be studied. In 2003, J. Santamarina 

mentioned that the balance of power can determine different 

behaviors in the soil. In 2015, Sato, M. and Kuwano, R. 

found that a small amount of internal erosion can progress 

without significant collapse, but there is a risk of 

deterioration of the stratum structure. In 2016, D. Ma et al. 

have found that particles can be transferred inside the soil. In 

2017, Y. Liang and others mentioned that the particle erosion 

rate plays an important role in the development of piping. In 

2010, Yang et al. found the mechanical effect of particle 

breakage is very important for some geotechnical 

engineering problems, such as side friction of driven pile, 

durability of railway ballast and irreversible deformation 

caused by disintegration. According to Coop et al. (2004), 

these and other applications urge people to study the 

mechanical consequences of particle breakage through 

experiments, incorporate particle breakage into particle 

constitutive model. In the same year, Cheng et al. have used 

DEM to simulate particle breakage. Two alternative methods 

can be used to simulate particle breakage with DEM: using 

new and smaller fragments to replace broken particles; Or 

use bonded agglomerates. In 2008, Bolton et al. thought 

about one point: although the latter is very helpful for 

understanding the micromechanics of individual grains, the 

latter will become an impractical tool if it is intended to 

model a wider range of problems. In 2020, X. Jiang et al. 

mentioned that the erosion of individual soil particles 

increases the possibility of leakage. Therefore, understanding 

the particle movement during infiltration becomes crucial. 

In this paper, EDEM software is used to simulate the 



63 Lin Zhong:  DEM Modelling of Particle Movement During Seepage Failure  

 

particles in the seepage process. 

2. Literature Review 

To start the DEM simulation, a connection model must be 

established and implemented with corresponding input 

parameters. The contact model describes the behavior of 

elements under what conditions they contact each other. The 

most commonly used contact models include: Hertz Mindlin 

and JKR (Johnson-Kendall-Roberts) cohesion model [3], linear 

cohesion (Romaní Fernández and Nirschl, 2013). Hertz-Mindlin 

is used for EDEM due to its accurate and effective force 

calculation. It explains the area of influence of the contact of two 

elastomers. In this model: the normal force component is based 

on the Hertz contact theory [4], and the tangential force model is 

based on the work of Mindlin-Deresiewicz (Mindlin, 1989; 

Mindlin and Deresiewicz, 1989). Hertz-Mindlin with the JKR 

cohesive model is a cohesive contact model that also takes into 

account the influence of the Van de Waals force in the contact 

area, and allows users to model strong bonding systems, such as 

dry materials. 

The number of publications in this field is growing rapidly, 

especially due to the development of new technologies such 

as shale gas and oil exploration and development, 

underground energy, carbon dioxide and water resources 

exploration [5, 6]. 

At present, the main analysis methods are numerical 

calculation and numerical simulation. With the development 

of computing power and small processes, models and 

methods such as DEM and LBM have been applied [7-9]. At 

the same time, these methods also begin to involve particle 

flow in porous media. An important DEM was initially 

developed by cundall and Strack [10]. 

In addition, the method is extended to the extended 

discrete element method, considering the coupling of 

thermodynamics [11]. For the particle system in fluid, there 

are four research problems: particle particle interaction [12, 

13], particle fluid interaction [14, 15], particle wall 

interaction and particle accumulation [16]. 

The particles will be divided into different parts, each of 

which can be set at different diameters. Therefore, the 

composite plugging effect of different particle sizes can be 

simulated. Each simulation is carried out at a given 

concentration, and it is obvious that when the particle 

concentration is low, it will not bridge. With the increase of 

particle concentration, the particle growth effect gradually 

appears, while other parameters remain unchanged in the 

calculation process. Finally, the particle size and fluid 

pressure are visualized and digitized at the outlet of the 

model. In this way, the movement effect can be tested. At the 

same time, the particle trajectory, model pressure and fluid 

velocity can be observed by simulation. 

3. Materials and Methods 

Part I 

The schematic diagram of seepage in dike facilities is 

shown in Figure 1.  

 

Figure 1. Schematic diagram of seepage. 

In the second part, the process of building a simulation 

model will be shown step by step. 

Part II 

First, let's first construct the granular material. Here, the 

basic parameters are as follows: Poisson's ratio is 0.3, density 

is 1500, and shear modulus is 1e + 10 Pa. Because of the 

contact between the granular materials, the contact 

parameters need to be set in advance: the expansion recovery 

coefficient is 0.3, the static friction is 0.5, and the rolling 

friction is 0.01. This is the basic parameter of granular 

materials. 

Follow the procedure adopted by Tomasetta et al. 

(Tomasetta et al., 2014), for each consolidation condition, the 

tensile strength σt can be calculated as the following: 

tan
t

Cσ
φ

=                    (1) 

Where σt is the tensile strength, C is the cohesive force, 

and φ is the angle of internal friction. The correlation 

between Van der Waals force and σt is as follows: 
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Where dsv is the Sauter average diameter of the particles 

and ε is the porosity of the bulk solid. Formula (2) follows 

the methods of Rumpf (Rumpf, 1970) and Molerus (Molerus, 

1975), and combines the tensile strength with the binary 

Force between particles. Equations (1) and (2) can be used to 

estimate the interparticle force based on the measured 

powder fluidity. Another way to theoretically estimate van 

der Waals force is: 
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Where A is the Hamaker constant, r is the average radius 

of curvature of the contact point, and z0 is the separation 

distance (Israelachvili, 2011). 

Next, after setting the particle material, we need to add 

particles-this article uses a single spherical particle. Then, set 
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the radius to 10mm. The purpose of building a particulate 

material model is to simulate the movement of soil particles 

in the soil. For simulating the seepage problem of a dam, a 

bonded contact model needs to be added. For particles, in 

addition to the physical radius, a contact radius is also 

required. Here, the contact radius is set to 12 mm. Now, 

briefly discuss the bonding model. The contact radius in the 

bonding model does not directly participate in the force 

calculation, and the physical radius plays a major role in the 

model calculation. The function of the contact radius here is: 

for example, the contact radius is 12mm, that is, the contact 

distance between two particles (two spherical surfaces) is 

4mm. When the contact radii of the two particles overlap, 

they will form a bond with the chemical bonds are similar, 

that is, they will stimulate the bonding model, forming 

bonding bonds between them, forming a glue-like effect, and 

bonding them together. In other words, the contact radius 

defines a range by which it can be judged when two contact 

particles form a bond. Generally speaking, the contact radius 

should not be too large, but not too small. If the contact 

radius is set too large, it is easy to form bonds between 

particles that are far apart during the simulation. 

In this case, the reliability of the simulation is not very 

high, which will lead to erroneous simulation results. If the 

contact radius is relatively small, the formed bond will be 

more brittle and easier to break, showing very fragile 

material properties, which will also lead to low reliability 

simulation results. The particle size distribution uniformly 

uses a fixed size. 

The next step is equipment materials. The Poisson's ratio is 

0.25, the density is 7500, and the shear modulus is 1e + 10 Pa. 

After setting, it is the "interaction" contact parameter. This 

type of parameter is very important for the influence of 

particle-particle and particle contact geometry: the expansion 

recovery coefficient is 0.2, and the default values of static 

friction and rolling friction are 0.5 and 0.01. 

Next, add a box. The function of this box is to allow 

particles to move in this box for subsequent particle analysis. 

The size of this box is 500X1000X120, and the unit is mm. 

Since the particle object will definitely be affected by 

downward gravity, it is necessary to add a linear translation 

motion mode here: the start time of the motion is 0.4s, the 

end time is 0.5s, the initial speed is 0.65m/s, and the particles 

move downward. Since this box is a closed body, it can be 

used as a pellet factory that allows pellets to move. Then, the 

pellet factory became a dynamic mode at this time. Set the 

total mass of the particles to 15kg and generate 50kg of 

particles per second. 

Next, set the simulation time of contact and the parameters 

related to bonding. Since the end time of particle motion is 

set to 0.5s, the simulation start time of contact should be 0.6s. 

If you want to achieve the effect of "no matter how the 

particles change, the bond will not break", the limit normal 

stress and limit tangential stress should be as large as 

possible, so the normal stress and tangential stress here are 

both 1e + 10 Pa. Therefore, there are two factors that affect 

whether the bond between particles can be broken: the first is 

the contact radius-if the distance between two particles 

exceeds a certain range, the bond between them will fail; the 

other affects The factors are ``limit normal stress'' and ``limit 

tangential stress''-if the bond is not broken, these two values 

should be as large as possible within a reasonable range, 

because whether the bond is healthy or not depends on These 

two parameters. On the other hand, for "normal stiffness per 

unit area" and "tangential stiffness per unit area", these two 

parameters determine the characteristics of the particle-for 

example, if these two parameters are too large, the difference 

between them may be greater Fragile, so by default, these 

two parameters are 1e + 08. 

 

Figure 2. Preliminary simulation of particle model/ 

 
Figure 3. Discrete simulation of particle 

Next, add a cylinder to match the shape when water seeps. 

The calculation domain needs to be adjusted. The x-axis and 

y-axis remain unchanged, and the z-direction should be 

adjusted larger (to ensure that the range of falling particles is 

still within the entire computational domain). 

As shown in Figure 4 and Figure 5. 

 

Figure 4. Full simulation of particle and contact force. 

 

Figure 5. Complete simulation in mesh form. 
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After completing the above steps, simulation and 

post-processing can be performed. 

 

(a) 

 

(b) 

 

(c) 

Figure 6. (a-c): Parameter variation trend during simulation. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 
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(f) 

 

(g) 

 

(h) 

 

(i) 

Figure 7. (a-i): Particle simulation during different time interval. 

4. Results and Discussion 

As shown in Figure 6, with the occurrence of seepage, the 

mass of soil particles becomes larger and larger, reaching the 

maximum value at 0.3s, and then remains unchanged until 

0.45s. Starting from 0.4s, the particle quality began to 

decrease until 0.5 seconds. Starting from 0.5s, the particle 

mass remains unchanged. At the same time, the angular 

velocity of the particles also changed suddenly at 0.4s, 

increasing exponentially, slowing down at 0.45s, and 

reaching the peak angular velocity of 0.5s. Starting from 0.5s, 

the angular velocity begins to decrease until the end of the 

simulation. It is worth noting that even at the end of the 

simulation, the angular velocity of the particles is still greater 

than 0, which means that the particles are still moving. On 

the other hand, the change in particle size is the same as the 

change in particle mass. 

Figure 7 shows the change trend of the particle force size 

distribution over time in the seepage process. Here, sea blue 

indicates that the force received by the particle is the 

average of the force of the entire particle group, dark blue 

indicates that the force received by the particle is the 

minimum of the force of the entire particle group, and red 

represents a certain force. The force that each particle bears 

belongs to the largest force in the entire particle group. 

Initially, the particles are in a dispersed state, and there is 

no very close relationship between them (Figure 7a). When 

the time is from 0.01s to 0.3s, the particles develop toward 

the aggregate state. At this time, more and more dark blue 

particles were formed. Not only that, but red particles will 

also appear, which means that at least one particle must bear 

the greatest force to form the appearance of the entire 

particle group toward the direction of aggregation (Figure 

7b). As time passed, the dark blue particles and the sea blue 

particles gathered more and more between each other. When 

the network structure between the two slowly develops 

along the overlapping direction, the angular velocity and 

total mass of the stable particles also increase (Figure 6a-b, 

Figure 7c-i). 

5. Conclusion 

This article first shows the distribution of various soil 

components in the dam seepage problem and the schematic 

figure of the whole process. Then explain step by step how to 

build particle materials, particle groups and initial particle 

models. Then, the geometric body formed at the beginning of 

the seepage flow is regarded as the contact body and 

analyzed as the contact body of the particle model. In the end, 

it was found that within a few seconds, as long as the 

particles received the maximum force, the shape of the grid 

between the particles would change from dispersion to 

aggregation, until finally overlap. In general, the abstract 

particle motion patterns in the soil are displayed in the form 

of simulation modeling, which provides a basis for 

subsequent research. 
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