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Experimental study of wave generation by a granular collapse
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Abstract. We consider experimentally the wave generation by the collapse of a dry granular column into water.
Our results show that for a given aspect ratio of the initial granular column, the amplitude of the generated
wave depends on the column mass and for a given mass of the granular column, two distinct regimes are
observed depending on the aspect ratio of the column a: for a < 3.5, the volume of the generated wave is
directly proportional to a whereas for thinner column, a > 3.5, there is a saturation of the amplitude of the wave
suggesting that the leading wave is generated before the collapse is fully completed.

1 Introduction

A tsunami is an ocean wave of very large wavelength than
can propagate over large distances, typically few thou-
sands of kilometers, and turns into a breaking wave of
large amplitude which can cause considerable damages to
infrastructures and population when reaching the coasts.
Although many tsunamis arise from tectonic events, vari-
ous past geological events [1] have shown that landslides
near coastlines can lead to tsunami waves of significant
amplitude. Despite this important hazard, tsunamis gener-
ated by landslides remain poorly understood and difficult
to model, leading to a very approximated estimate of the
associated hazards.

While the generation of tsunamis by a solid block has
been widely studied since the 1970s [2], more realistic
modeling requires taking into account the granular nature
of the landslide. The collapse of dry or immersed gran-
ular media has been widely studied during last decades
in various situations [3—7]. However, the collapse of dry
granular material into water complicates drastically the sit-
uation. This complexity mainly arises from the interaction
of a two-phases landslide (i.e. the solid beads and the air)
into a third phase (i.e. water) and to the inaccurate model-
ing of the generation of the initial wave. In particular, it is
necessary to accurately describe the entry of the granular
material into water and the interactions between the grains
and the liquid that lead to the generation of the impulse
wave [8-10].

In this paper, we consider a model situation consist-
ing in the collapse of a dry granular column into shallow
water, leading to the generation of an impulse wave. We
focus our attention on the generation mechanisms of the
first wave and not on its later propagation.
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Figure 1. Schematic of the experimental setup.

2 Experimental setup

The experimental setup consists of a rectangular tank (2
m long, 0.3 m high and W=0.15 m wide) in which a slid-
ing gate maintains a column of monodisperse dry grains
of height H; and length L;, as shown in Fig. 1. The grains
are located just above an undisturbed free surface of water
of depth hy = 55 mm. Grains are glass beads of density
p = 2500 kg m™3 whose diameter d is 5 mm. This range
of diameters ensures that capillary effects can be neglected
as the capillary length for water is of the order of 2 mm. In
the following, we will note @ = H;/L; and M = p¢pH,;L;W,
the aspect ratio and the mass of the column respectively,
where ¢ ~ 0.64 is the packing fraction of the granular col-
umn. Upon opening the sliding vertical door, the subaerial
granular column collapses with a typical time 7* = /H;/g
and impacts the free surface of water at the typical velocity
u* = +/gH;. This granular collapse generates an impulse
wave that propagates at the typical velocity ¢ = \/g% in
shallow water conditions. The Froude number is then de-
fined as Fr = u*/c = VH;/ho. Note that the gate is opened
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fast enough to ensure that it does not affect the dynamics
of the granular collapse. The aspect ratio of the tank en-
sures that the motion of the granular medium and of the
generated impulse wave takes place along x-direction such
that the situation remains two-dimensional. Glass beads of
diameter 3 mm are glued on the bottom of the tank to pre-
vent the grains from sliding over the surface. Finally, an
inclined perforated plexiglas plate is located at the end of
the tank to absorb the incoming wave and reduce the am-
plitude of the reflected wave.

The dynamics of the granular collapse and the wave
generation are recorded by means of a video camera from
the front side of the tank. The processing of the images
is realized by using a custom-made Matlab routine based
on thresholding method that allows to determine both the
surface of the granular collapse and the free-surface h(x, t)
of the water during the wave generation. This procedure
allows one to extract both the instantaneous amplitude
A(t) = h(x,t) — ho and the length A(7) of the impulse wave
as the grains collapse, with a resolution of about 0.7 mm.
The dynamics of the collapse, the final shape of the de-
posit and the generated wave are then studied as a function
of the aspect ratio of the granular column a, the total mass
of grains M and their diameter d.

3 Phenomenology

Figures 2 and 3 show typical examples of a granular col-
lapse of 5 mm glass beads into water, for two different
initial masses M and aspect ratios a. Impulse waves,
whose dynamics depends on the initial granular column,
are observed when the grains impact the free surface of
water. Indeed, both the amplitude A and the width A of
the generated wave are more important for larger volume
of grains, leading to a breaking wave for the largest one
(Fig. 3). Note also that in both situations a secondary wave
of weaker amplitude is generated after the leading one, but
this study goes beyond the scope of this paper.

These two examples highlight the fact that the penetra-
tion of a granular column into water is a complex proces-
sus involving three different phases: the water, the grains
and the air between the grains. Indeed, the wetting of the
dry grains is not instantaneous since a front of dry beads
clearly appears at short times, below the initial water free
surface. This dry/wet front rises progressively during the
collapse in a typical timescale of imbibition of an equiv-
alent porous medium. As a result, a volume of air is
trapped between the grains in the early stage of the col-
lapse and contributes to displace a given volume of water,
and thus partially leads to the wave generation. Finally the
air trapped in the granular medium escapes, and bubbles
rise to the surface.

Figure 2. Image sequence showing the propagation of a non-
breaking wave due to the collapse of a granular column (mass
M = 2.8 kg, aspect ratio a = 1.8) of 5 mm glass beads into
ho = 55 mm of water.
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Figure 3. Image sequence showing the propagation of a breaking
wave due to the collapse of a granular column (mass M = 6.5 kg,
aspect ratio a = 2.7) of 5 mm glass beads into 4y = 55 mm of
water.
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Figure 4. Time evolution of (a) the runout length AL and (b) the
amplitude A of leading wave, for the (A, @) non-breaking and (4,
o) breaking waves presented in Figs. 2 and 3 respectively.

4 Experimental results

The spread of the collapse of the granular column is ex-
tracted by measuring the runout distance, in the bottom
of the tank at z=0, as a function of time [Fig.4(a)]. Once
the collapse of the granular column is achieved, the runout
distance is comparable to dry collapses observed in the lit-
erature [4].

Figure 4(b) displays the time evolution of the ampli-
tude A of the leading wave generated by the granular col-
lapse for the two experiments presented in Figs. 2 and 3.
In both situations, one observes first that this amplitude
grows strongly, in a similar way, as the grains collapse
into water. Then, for the non-breaking wave, the ampli-
tude reaches a maximum value A, =~ 25 mm. Even if
the amplitude of the wave seems to be roughly constant
over the small observation window available here, a de-
cay as x~ /3 is expected, where x is the distance from the
point where the wave is generated, in agreement with the
weakly dispersive linear shallow water approximation [8].
For larger initial volumes of grains, the amplitude grows
until it reaches a larger maximum value A =~ 54 mm.
Once the wave breaks, its amplitude suddenly decreases
because of energy dissipation. Thus, the characteristics of
the wave generated by a granular collapse highly depend
on initial conditions, especially the mass and the initial
shape of the granular column impacting the liquid.
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Figure S. (o, o) Maximum amplitude A,,,« and (O, ) mid-height
width A of the leading wave as a function of the mass of the initial
column M, for a granular column of aspect ratio a = 2 + 0.2,
and of grain diameters d = 5 mm. Empty and filles symbols
correspond respectively to breaking and non-breaking waves.
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Figure 6. (o) Maximum amplitude A, and (O) mid-height
width A of the leading wave as a function of the aspect ratio a
of an initial column of mass M = 6.5 kg and of grain diam-
eters d = 5 mm. All the data correspond to breaking waves.
(—) Guidelines for the eyes.

Figure 5 represents the maximum amplitude A« and
the mid-height width A of the leading wave as a function
of the mass M of the initial column, for an initial granular
column of aspect ration a ~ 2. Note that A is measured
at the mid-height of the leading wave at t = £, corre-
sponding to the time when the wave amplitude is maxi-
mum. Except for the non-breaking waves, one observes
that the amplitude and the width of the leading waves in-
crease approximatively linearly with the mass of the gran-
ular collapse. Moreover, one can note that the width of the
waves is minimum at the transition between non-breaking
and breaking waves. This is probably due to the aspect ra-
tio of the breaking waves that have a larger height to width

ratio in contrast with non-breaking waves.
Figure 6 represents the maximum amplitude A,x and

the mid-height width A of the leading wave as a function

of the aspect ratio of the initial granular column a, for the
same total mass of grains M = 6.5 kg. The amplitude
as well as the mid-height width of the generated waves are
observed to increase linearly with a for a < 3.5, while they
reach a constant value for a > 3.5. This saturation suggests
that for high enough granular columns, the leading wave is
generated before the collapse is fully completed. In other
words, the grains located at the top of the column are not
involved in the wave generation. An estimate of the char-
acteristic times for the generation of the wave and for the
granular collapse will help us to understand how the grain
column contributes or not to the generated wave.

5 Conclusion

By using a small scale laboratory experiment, we inves-
tigated, at a very initial state, the generation of waves by
the collapse of a dry granular material into water. These
experiments show that the amplitude and the width of the
generated waves depend on both the initial mass of grains
impacting the water surface and the aspect ratio of the
granular column. Both the amplitude and the width of the
leading waves are found to be proportional to the initial
mass of grains for small aspect ratio of the column while
they both saturate for larger aspect ratio.
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