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ABSTRACT: Coastal erosion is a natural phenomenon that occurs on the worldwide site of the coastal bank. The impact 

of natural forces such as wind and waves can change the formation of the shoreline and leads to coastal erosion. 

Eventually, this work is aimed to conduct a simulation of sediment erosion by using the Discrete Element Method-Discrete 

Particle Method (DEM-DPM). The simulation works reported that the number of particles changes as the time increase 

due to the generation of waves. Furthermore, the most critical division can be determined through this simulation as the 

number of particles starts to change from its initial state. It is also found that the lengthen of time would generally increase 

the number of particles erode and change the sand formation that will lead to erosion. In addition, the findings have been 

validated with the Smooth Particle Hydrodynamics method to investigate the effectiveness and accuracy of the numerical 

analysis of DEM-DPM. Based on the findings, Division A is the most critical division since the particle on that division is 

erode due to the behaviour of the waves. 
Keywords: Coastal Erosion, DEM, DPM, DEM-DPM.  

 
1. INTRODUCTION 

Coastal bank is a most imperative financial locale that able 

to support satisfaction of human nature, but this region 

always beneath frequent threat from different natural and 

man actuated threats including coastal erosion and 

shoreline scouring [1]. Coastal erosion is one of the natural 

phenomena that influence a large number of coastal bank 

sites worldwide [1-10]. Storminess and endless sea-level 

rise have become a major problem towards the coastal 

erosion along with a worldwide increment in coastal 

advancement of numerous nations [10]. Coastal 

management dealing with erosion complication and long 

term coastline stability essentially depends on the balance 

between the rate of sediment supply and transport [11]. 

Due to the action of waves, beach and shallow water 

sediments are continuously responding to the action 

causing erosion and affecting the dynamic equilibrium of 

the coastal bank [12]. This phenomenon is not only induced 

by unexpected and extraordinary ocean storms, but it is the 

result of the natural behavior and persistent impact of the 

wave affecting the coastline [2]. In addition, the impact of 

the wave towards the shoreline and the resultant erosion 

rely on a few aspects such as the strength, the action time, 

the type of soil and the direction of propagation [2]. 

Numerous coastal preservation and protection measures 

have been applied for the improvement and rehabilitation 

of the coastal bank, but the destructive aftermath of erosion 

still continues [8]. In order to build or create new coastal 

protection, it is important to investigate more about the 

behaviour of the wave towards sand sediment to understand 

the nature of this erosion. This paper will discuss more the 

simulation of the sediment erosion using DEM-DPM 

method.  

 

2. NUMERICAL MODEL 

The equation for the conservation of the continuity 

equation can be composed as shown [13]: 

Equation (1) is the general form of the mass conservation 

equation and can be utilized for compressible and 

incompressible flows.    is the mass included in the 

continuous phase from the dispersed second phase and any 

user-defined sources. 

Conservation of momentum can be described by  
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Where p is the static pressure and   ⃗ and  ⃗ are the 

gravitational body force and external body forces 

respectively.  ⃗ also contains other model-dependent source 

terms such as porous-media and user-defined sources.  

Conservation of energy is expressed by 
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2.1 Volume of Fluid (VOF) 

Momentum Equation for volume of fluid [13] is given as 
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The energy equation is shown below. 

 

 

  
(  )    ( ⃗(    ))

   (      )     

(5) 

The VOF model treats energy, E and temperature, T as 

mass-averaged variables: 

   
∑       
 
   

∑     
 
   

 (6) 

Where    for each phase is based on the specific heat of 

that phase and the shared temperature. 

 

2.1.1 Airy Wave Theory 

The wave profile for the linear wave is shown below 

  (   )        (7) 

Where 
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                 (8) 

x and y are the space coordinates in the  ̂ and  ̂ directions 

respectively while   is the phase difference, and t is the 

time. 

For both shallow and intermediate waves, the wave 

frequency   is defined as given below: 

   √      (  ) (9) 

And for short gravity waves: 

   √   (10) 

Where h is the height of the liquid, k is a number of a wave, 

and g is the gravity magnitude. 

2.1.2 Stokes Wave Theory 

Based on the work by John D. Fenton [13], the Stokes 

wave theories in fluent is formulated [13]. These theories 

can be used for large steepness finite amplitudes waves 

operating in intermediate to deep liquid depth range. 

For higher-order Stokes theories (second to fifth order), the 

generalized expression for wave profiles is shown as: 
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The generalized expression for associated velocity potential 

is shown as: 
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Where, 

   
  

 
 (13) 

  is referred to wave steepness. 

n = wave theory index (2 to 5: From 2
nd

 order Stokes to 5
th

 

order Stokes respectively. 

Wave celerity, c is given as; 

   √
 

 
    (  ) (     

     
 ) (14) 

For 2
nd

 order Stokes,        , while for 3
rd

 and 4
th

 

order Stokes,     . 

Wave frequency,  , is defined as 

      (15) 

Velocity components for surface gravity waves are derived 

from the velocity potential function. 
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2.2  Discrete Particle Model 

Each particle is tracked individually in a Euler-Langrangian 

model by using Newton's second law of motion [14], given 

by 
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( ⃗⃗   ⃗ )       (19) 

The fluid phase hydrodynamics are described with the 

continuity equation and the volume-averaged Navier-

Stokes equations [14]: 
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Where  ⃗  is the source term that accounts for the 

momentum exchange between the fluid phase and the 

particle phase.  ⃗  can be calculated as below: 
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The  -function is to ensure that the reaction force acts as a 

point force at the position of the particle in the system. 

2.2 Discrete Element Method (DEM) 

The implementation of DEM is based on [15], and accounts 

for the forces that result from the collision of the particles. 

Discrete Element Method (DEM) is a common 

computational technique introduced by [15] to model the 

dynamics of granular matter such as gravel, coal, beads of 

any material. It involves trajectories and spins of all 

particles and objects in the system and able to predict their 

interactions with other particles and with their environment 

[16]. DEM simulation can be characterized by a high 

volume fraction of particles, where interaction between 

particles is important [13]. 

2.2.1 The Spring-Dashpot Collision Law 

In spring-dashpot collision law, a spring constant K can be 

defined as in the spring collision law, along with a 

coefficient of restitution for the dashpot term ( ) which 

       
The following equation is evaluated in preparation for the 

calculations of force: 

  

       √ 
       (23) 

     
    

     

 (24) 

            √
   
 

 (25) 

     
      

     
 (26) 

  ⃗    ⃗   ⃗  (27) 



 Sci.Int.(Lahore),32(1),187-192 ,2020 ISSN 1013-5316; CODEN: SINTE 8 189 

March-April 

Where       is the loss factor.    and    are the masses of 

particle 1 and 2 respectively while     is the „reduce mass‟ 

.       is the collision time scale,  ⃗  and  ⃗  are the velocities 

of particles 1 and 2 respectively, while  ⃗   is the relative 

velocity.   is the damping coefficient, and     because 

        . 

The force on particle 1 can be calculated as below; 

  ⃗  (    ( ⃗    ⃗  )) ⃗   (28) 

By Newton‟s third law, the force on particle 2 is given as 

  ⃗    ⃗  (29) 

 

3. RESULTS AND DISCUSSION 

3.1 Volume Fraction 

Figure (1) illustrates the volume fraction of the seawater 

together with sand particles at a different time step. It can 

be observed that the seawater at initial position is stable as 

the seawater just fill up the model and after few seconds, 

the generation of the wave can be seen in Figure (1, b, c, d, 

e) since the seawater is not stable just like at the initial 

position.  Whenever those phenomena occur, the sand 

particles start to change their initial state and have been 

transporting to other places. With the help of the drag force, 

the particles will move slowly towards the direction of the 

incoming wave and lead the particles to erode. 

In the beginning of generation, the sand particles are full 

within the sediment boundary before the presence of waves 

as shown in Figure (1, a). The sand particles at the upper 

part of the sediment boundary start to erode and having 

gaps after a few seconds. This phenomenon happens 

because of the wave behaviour that acts towards the 

sediment boundary and changes the sand formation. Based 

on Figure (1 a,b,c,d,e), the gaps between sand particles at 

the upper part of sediment boundary are increasing as the 

time increase. 

 
(a) 0s. 

 
(b) 5s. 

 
(c) 10s. 

 
(d) 15s. 

 
(e) 20s. 

Figure (1) Movement of Waves and Sand 
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3.2 Number of Particles 

The division of the sediment boundary, the number of 

particles in each division and the changes of particles over 

time are shown in Figure (2), Table (1) and Table (2) 

simultaneously. Through this division, the change of the 

number of sand particles can be investigated to determine 

the most critical division that has a high risk for erosion to 

occur. The number of particles can be determined by the 

particle file that has been injected during the simulation is 

conducted. The particle files consist of particle size and the 

gap or distance between particle and particle. Hence, the 

most critical division can be determined by the changes in 

particle number as the time is increasing.  

 
Figure (2) The Division of Sediment Boundary. 

 
Table (1) show the number of particles in each division. 

The number of particles at the initial position is different 

for each division as the volume of each part is different. 

Division A has a bigger number of particles with 55,152 

while division C has a smaller number of particles with 

14,472. As the simulation is conducted, the number of 

particles in each division starts to change due to the 

behaviour of the wave. 

 
Table (1) The number of particles in each division. 

 

Based on Table (1) and Table (2) the number of particles in 

division A is decreasing as the time increase. The number 

of particles for division A starts with 55,152 and drop to 

52,673 after the 20s. While in division B and C, the number 

of particles is increasing when the time is increasing. The 

number of particles for division B and C starts with 34,272 

and 14,472 then increases to 35,517 and 15,542 

simultaneously after the 20s.   

This phenomenon happens because of the drag force that 

acts towards the sediment boundary. The particles from the 

upper part (division A) had been drag by the waves towards 

the division B and C. Therefore, the number of particles in 

division A is decreasing while in division B and C in 

increasing. Based on Table (1) and Table (2), we can 

conclude that the most critical division between these three 

divisions is division A since this division lost a lot of the 

number of particles compare to other divisions.  

 

Table (2) Changes in the number of particles over time. 

 
 

3.3 Validation 

To investigate the effectiveness and the accuracy of the 

numerical analysis of DEM-DPM, the validation with 

another method which is Smooth Particle Hydrodynamics 

(SPH) should be made. The same model is used for both 

methods to compare and validate the results. However, the 

results of these two methods are slightly different due to the 

mesh used. DEM-DPM is a numerical analysis that needed 

mesh to conduct the analysis while SPH is meshed free. 

The validation of the two methods is shown in Figure (3). 

Based on the figure, the pattern of the particle erode is 

slightly the same between these two methods. For both 

methods, the particle erodes occur at the same area which is 

at the upper part of the sediment boundary (Division A). 

The particle erodes from the upper part because the particle 

is dragged by the drag force of the wave and move 

downwards to the lower part followed the direction of the 

incoming wave. 

 
(a) 0s 

 
(b) 5s 

Undisturbed 

Undisturbed 
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(c) 10s 

Figure (3) Validation between two methods. 

 

4. CONCLUSION 

The sediment erosion has been successfully simulated 

numerically using a DEM-DPM method. Accordingly, we 

presumed that the findings were validated based on the 

SPH method as the pattern of the particle erode are the 

same for both methods. It is also found that the lengthen of 

time would generally increase the number of particles erode 

and change the sand formation that will lead to erosion. For 

instance, the number of particle for the upper part of the 

sediment boundary (part A) keep on decreasing as the time 

increase while in other parts (part B and C), the number of 

particles keep on increasing due to the loss of particles in 

part A. Therefore, this will indicate that part A has a high 

possibility for the erosion to occur due to wave behaviour. 
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