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ABSTRACT: We present a very simple model of sediment transport. A bed of particles is simulated with the
conventional event-driven simulation method. The effect of the flowing water is modeled by imposing a force
on each particle that depends on its height above the bed and its velocity. The effect of the particles on the
water is neglected. For steady flow, we observe a minimum flow velocity necessary to initiate transport, and a
decrease in transport efficiency at high velocities. The sediment transport by waves can be easily modeled by
making the applied force also depend on time. This model predicts that the direction of sediment transport will
reverse as the amplitude of waves increases.

1 INTRODUCTION
To study sediment transport, we define a simple sim-
ulation model of granular material moving under the
influence of flowing water. Grains are contained in
a two or three dimensional rectangular domain with
periodic boundary conditions in the horizontal direc-
tions.

The fluid flows over the bed of grains, so grains
can be entrained by the fluid. The fluid is modeled
by specifying its velocity profile. The fluid velocity is
either constant in time, in which case it models flow
in a stream, or periodic, corresponding to waves. For
constant velocity we consider three different profiles
and investigate the variation in granular flux for each
case with time. For each profile, below some value of
fluid velocity sediment transport can not occur. For
time dependent fluid velocity we also investigate the
flux for two different waves. We find in some of this
cases, waves succeed in causing a net transport of
sand, although there is no net transport of fluid, and
that the direction of sediment transport changes with
wave amplitude.

2 SIMULATION MODEL
2.1 Particle Motion
The grains move under the influence of gravity and
a drag force exerted by the fluid on the grains. The
grains are modeled as disks or spheres. To avoid
crystallizations, 20% of the particles have a diame-
ter equal to 0.6`0 and the others have a diameter equal
to 0.5`0 where `0 = 2× 10−1cm is the unit of length

used throughout this paper. The corresponding unit of
time is t0 = 7× 10−2sec. All particles have the same
mass.

A gravitational acceleration of 12`0/t
2
0 =

490 cm/sec2 is applied to all the particles. This
is the acceleration experienced by a particle with
density of 2 g/cm3 in water.

We use event-driven MD (Lubachevsky 1991) to
calculate the motion of the particles. As the particles
are hard spheres, collisions take infinitesimal time and
involve only two particles. Conservation of momen-
tum leads to the rule
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)
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where ~u indicates the velocities after the collision, and
~v denotes the velocities before the collision. The ge-
ometry of the collision is described by K̂, a unit vec-
tor pointing along the line of centers from particle 1
to particle 2, and t̂ is the unit vector in tangential di-
rection, and in 3D it is the projection of the relative
velocity vector onto the tangential plane. The energy
dissipation is parameterized by r, the normal restitu-
tion coefficient, and β, the tangential restitution co-
efficient. If r = 1 and β = ±1, collisions conserve
energy and are said to be elastic. For 0 < r < 1 or
−1 < β < 1 energy is dissipated and the collisions
are inelastic. We assume the particles neither rotate



nor roll, because sand grains are not round, and roll
only with difficulty.

In using the event-driven method there are two
problems. The first one is inelastic collapse and the
other is making a rough surface on bottom.

All particles after some collisions lose their energy
and accumulate on the bottom and make a dense net-
work of grains, so the number of collisions per unit
time will diverge, that is inelastic collapse (Luding &
McNamara 1998) occurs. Because of the finite pre-
cision of the computer, multiparticle collisions can
occur. For handling inelastic collapse we use the TC
model with tc = 10−4t0. This means that if a parti-
cle experiences two collisions separated by a time less
than tc, the second collision occurs without loss of en-
ergy. This is sufficient to prevent inelastic collapse.

To create a rough bottom, r and β are adjusted for
collisions between the grains and the bottom. When
a particle of the first layer reaches inelastic collapse
and bounces on the bottom plate, both the tangential
and normal components of its velocity are reversed,
i.e, r = 1 and β = 1 in Eq.(1). In this way, the first
layer is nearly fixed and acts as a rough surface over
which other particles can move.

2.2 The Effect of Fluid on Grains
We suppose that the drag force is proportional to the
difference between the particle velocity ~vp and the
fluid velocity ~vf .
~F = γ(~vf − ~vp), (2)
where γ is a parameter that depends on fluid proper-
ties and grains. In laminar flow with small Reynolds
number, γ = 6πηa in which η is the viscosity of the
fluid and a is the radius of the particle that is in the
fluid.

We consider constant, linear, and parabolic profiles
of fluid velocity vf . The force acts on some upper lay-
ers of particles and below this layers the force is zero.
For constant, linear and parabolic profiles, we assume
the velocity profile of liquid is

vf = c,

vf = b(y− y0), (3)

vf = a(y2− y2
0),

respectively, where y is the height above bottom, and
y0 is the height below which the effect of the fluid on
grains is negligible, and all velocities are horizontal.

We want to investigate the behavior of the granular
flux with respect to time. Granular flux is the number
of grains that cross the unit surface (unit line in 2D) in
unit time. So the flux integrated over a cross section
of periodic domain (over height in 2D) is:

q =
1

L

N∑

i=1

vi, (4)
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Figure 1. The flux as a function of time for vf = a(y2 − y2
0)

for different values of a. The units of a are 1/(`0t0) ≈ 7.1×
101sec−1cm−1. Here the number of particles is N = 169, the
length of the domain is L = 16, and y0 = 0.5`0.

where L is the length of the box and N is the total
number of particles.

3 RESULTS
3.1 Steady Flow
Here we show some examples of flux vs. time in 2D
for the different profiles of the fluid velocity that were
mentioned above.

In each simulation, particles are first allowed to fall,
under the influence of gravity, and form a dense layer
at the bottom of the container. Then the fluid flow is
switched on at t= 0 and we begin to measure the flux.
The applied force accelerates the first few layers of
the bed, as they begin to move over the bumpy sur-
face created by the remaining layers. Occasionally, a
particle is thrown upwards by a violent collision, but
long hops, where a particle travels many times its di-
ameter, are rare.

Figure 1 shows flux vs. time for the linear veloc-
ity profile in 2D. As can be seen after some time the
flux fluctuates around a constant value. This shows
that after this time the sediment transport has reached
a steady state. To calculate this constant value we cut
off the transient and then calculate the average of flux
over remaining time.

In Figure 2, we have plotted the average flux vs. dif-
ferent values of parameter of each profile. Each pro-
file exhibits the same general behavior: Below some
threshold velocity, sediment transportation does not
occur. Above this velocity, the flux rises rapidly with
the fluid velocity. But for higher velocities, the trans-
port of grains becomes less efficient, as the flux in-
creases more slowly with flow velocity. This can be
clearly seen in Fig. 2, where all three curves flatten
for a, b, c > 10. This effect should be carefully inves-
tigated, as it is not seen in experiments (Charru et al.
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Figure 2. Average flux as a function of fluid velocity, for the three
different profiles. The values of a, b, or c are plotted on the x-
axis. To calculate average flux we cut off the transient and then
calculate the average over remaining time (t > 10t0).

2004). This behavior becomes important when con-
sidering the transport of waves, which is the subject
of the next subsection.

3.2 Periodic Flow
We are also interested in studying sediment transport
with a time-dependent fluid velocity:

vf = A sinωt, (5)

vf = A(sinωt+B cos 2ωt). (6)

These fluid velocities describe sediment transport by
waves. The first case, where only one harmonic ap-
pears, corresponds to swell waves (Davis & Fitzger-
ald 2004). These waves occur in deep water and in the
absence of strong winds. They do not transport sedi-
ment because the water motion decreases with depth
and is completely symmetric about the forward and
backward directions.

When waves enter shallower water, higher harmon-
ics appear. The wave peaks become higher and nar-
rower, while the troughs become wider and shallower.
The peaks correspond to fluid velocities toward the
beach, while the broad troughs correspond to veloci-
ties away from the beach. To model these waves, we
add a second harmonic to the sinusoidal wave so that
short periods of intense, positive fluid velocity alter-
nates with long periods low, negative velocities. In
this paper, we use a time dependent velocity as given
by Equation 6, with B > 0. Therefore, a net move-
ment of particles in the positive direction corresponds
to sediment transport toward the shore, while a move-
ment of particles in the negative direction indicates
erosion of the beach.

Figures 3 and 4 show the transport as a function of
time for these two different waves.
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Figure 3. Flux as a function of time for vf = A sinωt with ω =
0.2. The unit of A is 1.67cm/sec, and the units of ω are 1/t0 =
1.4× 101sec−1.

Next we examine the net flux transported during
one cycle by these two different waves. For calculat-
ing the net flux over one cycle, we integrate the graphs
of flux over one cycle. We exclude the first cycle of
the simulation, since all the grains are motionless at
t = 0.

Figure 5 shows the net flux as a function of A. As
can be seen from this figure the transport for B = 0 is
negligible, as expected. Since the fluid motion in the
positive direction is exactly the same as in the neg-
ative direction, sediment is simply transported back
and forth, with only some possible diffusive net trans-
port. On the other hand, the flux for B = 0.5 is sig-
nificant. The fluid velocity in the forward direction is
rapid, and lasts only a short time, while in the negative
direction, it is slow and of long duration. Since sed-
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Figure 4. Flux as a function of time for vf = A(sinωt +
1
2 cos2ωt) with ω = 0.2. The unit of A is 2.86cm/sec, and the
unit of ω is 1.4× 101sec−1.
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Figure 5. Net flux as a function of A for periodic flow, with B 6=
0 andω = 0.2.

iment transport is not proportional to fluid velocity,
there can be a net flux.

Furthermore, the direction of the flux changes, de-
pending on the amplitude of the waves. For small am-
plitude, the flux is positive and becomes negative for
large amplitudes. Our model thus predicts that strong
waves will transport sediment in the opposite direc-
tion from gentle waves. The reason for can be found
by examining Figure 6, where the flux at t = 45 and
t = 60 is plotted as a function of A. These two times
correspond to the maximum values of the flux in the
negative and positive directions. When A is small,
the flux in the positive direction increases rapidly, but
when A ≈ 13, it saturates to a constant value. On the
other hand, the negative continues to increase, and
dominates for A > 15. Indeed, this behavior could
have already been predicted from Figure 2. When
the waves are gentle, with velocities less than about
10`0/t0, the rapid increase of flux with velocity means
that the strong positive velocities can transport more
sediment than the negative velocities. However, when
the velocities become large, the negative velocities
win because they prevail for a longer time.

This change in the direction of flux is a property
of ocean waves (Davis & Fitzgerald 2004), and has
a direct effect on the seasonal variation of beaches.
In the summer, when the waves are relatively gentle,
sand is pushed onto the beach. The beach becomes
quite flat, and extends far from the shore. In winter,
when storms are more common, violent waves from
storms transport sand away from the beach, leaving
it with a steep slope. When gentler conditions return,
the sand is slowly pushed toward the shore, and the
beach grows again. These seasonal changes are usu-
ally explained by pointing out that vigorous waves
mobilize a much greater quantity of sand, which then
can be transported by currents (Davis & Fitzgerald
2004). The results in this paper suggest an alternative
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Figure 6. Flux as a function ofA for vf =A(sinωt+ 1
2 cos2ωt)

with ω = 0.2.

mechanism, although more work needs to be done on
the applicability of our model to ocean waves.

4 CONCLUSION
Our model, though relatively simple, permits us to un-
derstand some relatively subtle aspects of sediment
transport. It yields a nontrivial dependence of sedi-
ment flux on flow velocity, enabling us to predict a
reversal of the flux in the case of periodic flow.

REFERENCES
Charru F., Mouilleron H., & Eiff O. 2004. Erosion and deposi-

tion of particles on a bed sheared by viscous flow, J. Fluid
Mech. 519 55.

Davis, R. & Fitzgerald, D. 2004 Beaches and Coasts Oxford:
Blackwell.

Lubachevsky, B.D. 1991. How to simulate billiards and similar
systems J. Comput. Phys. 94, 255.

Luding, S. & McNamara, S. 1998. How to handle the inelastic
collapse of a dissipative hard-sphere gas with the TC model
Granular Matter 1, 113.


