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Abstract. We analyse the different morphologies induced by an oscillating plate above an erodible bed. We
present some data describing how the shape and the stiffness of the plate affects the main features of the generated
heap. We investigate several configurations with different geometries, frequencies and the amplitudes. Some
preliminary results are available, in which the role of the flexibility of the plate is taken in account. Unlike the
rigid plate in which a proper oscillation induces the formation of one heap, the morphology of the bed is now
characterized by more than one heap due to a different pressure profile induced by a flexible plate.

1 Introduction

La Ragione et al. [1] have brought attention to a mech-
anism of failure for a fluid-saturated bed in an oscillated
flow. They show that an oscillating plate in the water
above a fluid-saturated particle bed induces pressure gra-
dients that provoke particle motion and a formation of a
heap. This is an example of failure in absence of mean
shearing [2], in which the formation of a heap is associ-
ated with creeping that causes small rearrangements of the
particles, likely driven by a gradient in pressure rather than
shear stresses [3–5]. Here, we extend the experimental ac-
tivity by employing plates with different dimensions and
flexibility. In particular, we focus on the role of the stiff-
ness of the plate and how this affects the morphology of
the bed after failure occurs. Data for the present work have
been collected using two different laser sheets, high speed
cameras and a hydrophone to measure the pressure above
the bed.

2 Theory

We briefly review the theory that supported the experimen-
tal activity in [1]. In Fig. 1a we sketch the essential el-
ements of the experiment. As the plate oscillates with a
given frequency f and amplitude A, a vertical pore pres-
sure gradient is induced in the bed, so when it is larger
than the buoyant specific weight of the particles, a verti-
cal motion occurs. This motion is different when the plate
moves upwards or downwards, creating an irreversible fea-
ture in the bed, with a formation of a heap, that is evidence
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of expansion of the material. La Ragione et al. [1] find that
the gradient in pressure is approximately equal to

−
dp′

dy

∣∣∣∣∣
max

= 32ρA f 2, (1)

which is balanced by the weight of the bed, to obtain

(A f 2) f ailure =
(ρs − ρ)

32ρ
cg, (2)

in which ρs is the particle density and ρ is the water den-
sity. Experimental data support the predicted failure and
indicate the role of the amplitude and frequency in failure,
when a rigid plate oscillates. In the present work, we ex-
amine the role of the plate flexibility, so the theory should
be employed accordingly. This will be part of a sequel;
while, here, we report an initial set of experiments show-
ing similarity and difference with the previous work.

3 Experimental activity

The experimental set up (displayed in Fig. 1a) consists of
a transparent tank in which the particle bed is placed. Be-
low the water free surface and above the bed surface a plate
is placed and is oscillated by a Mini-shaker Type 4810, to
which the plate is connected by means of a steel rod. The
performance limits of this instrument (provided by Bruel
and Kjaer) are defined by the maximum displacement (4
mm) and maximum force (10 N or 7 N, depending on fre-
quency). The experimental procedure involved the use of
two different laser sheets (as displayed in Fig. 1b), that
allowed highlighting the profiles of the bedforms, and the
use of two different high speed cameras to record the evolv-
ing phenomenon. The wavelength of the lasers are 532
nm (green) and 488 nm (red). Two laser sources of light,
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A video is available at https://doi.org/10.48448/7d2c-1f63
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Fig. 1: The experimental set up. Top panel: sketch of the set
up with the main physical distances involved in the experiments.
Central panel: detail of the experimental set up with the two per-
pendicular laser sheets. Bottom panel: the plates used for this
work.

and two cameras, were necessary, because both the longi-
tudinal and the transversal profiles of the bedforms have
been investigated. It is worth pointing out that two dif-
ferent frame rates have been employed, depending on the
purpose of the recordings: a high frame rate, between 250
and 600 fps, has been employed when the oscillation’s am-
plitude of the plate was measured, while a low frame rate,
between 0.1 and 10 fps, was employed to track the slow
evolving bedform below the plate. To obtain the data ex-
posed in the next subsections, images (in black and white)
taken with the cameras have then been analysed by means
of Matlab routines specific for image-processing purposes.

Oscillation amplitude of the plate. To evaluate the
amplitude of the displacement induced on the plates by the
accelerometer, we marked specific (small) circles on the
thickness of the plates, tracked the positions of these dots
and reconstructed the excursion of their displacements.

Heap profiles. The profiles of the heaps have been
identified, in each frame, by exploiting the contrast be-
tween the brightness of the laser sheets and the darkness
of the background. The laser enlightens the heap’s edge,
thus allowing to reconstruct its growth during the experi-
ment.

The experimental analysis described in this work aims
at comparing the modifications induced into a mobile bed
by the vibration of different plates. Tab. 1 contains the
geometric features of the plates used for the experiments
and includes the shaker’s oscillation amplitudes (measured
in voltage and frequency) as well: by AR and by Hp we
indicate, respectively, the aspect ratio and the thickness of
the plate. All the plates used for this work are pictured in
Fig. 1c and listed below:

1. rigid, square, metal plate (l = 10 mm)

2. flexible, rectang., metal plate (l1 = 10 cm, l2 = 3l1)

3. rigid, rectang., metal plate (l1 = 10 cm, l2 = 3l1)

4. flexible, rectang., plastic plate (l1 = 5 cm, l2 = 4l1)

5. rigid, rectang., plastic plate (l1 = 5 cm, l2 = 4l1)

6. flexible, rectang., plastic plate (l1 = 3.5 cm, l2 = 5l1)

7. rigid, rectang., plastic plate (l1 = 3.5 cm, l2 = 5l1)

4 Results

4.1 The flexion data

To better understand the results, the description of what
we indicate as rigid and flexible plate is essential. This dif-
ference regards how the dynamic (and periodic) load gen-
erated by the shaker deforms the plates, and, specifically,
how they are flexed and how their deformed line looks like
during the stressing phase. In order to measure this flex-
ion, we exploited the same dots drawn for the amplitude
measurements. In the first plot of Fig. 2 the displacements
of the dots on the 1x1 metal plate are plotted, while the
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Table 1: Experimental settings for each presented run.

Run f V St./Fl. Mat. AR Hp

[Hz] [Volt] [mm]
69 60 7 stiff met. 1 3.2
85 60 7 flex met. 3 3.2
145 60 7 stiff met. 3 3.2
163 60 7.5 flex plast. 4 5
164 60 7.5 stiff plast. 4 5
70 60 7 flex plast. 3 10
166 60 6.5 stiff plast. 5 5

Fig. 2: Flexion data of three different plates used for the exper-
iments: the rigid-square metal plate (at the top), the flexible-
rectangular metal one (in the middle) and the rigid-rectangular
metal one (at the bottom).

second plot of Fig. 2 displays the same type of data for
the 1x3 metal plate. The difference between the two im-
ages clearly suggests that the first, square plate behaves as
a rigid one, whereas the second, rectangular plate is flexi-
ble. To increase the stiffness of this latter plate we screwed
a pair of very light, L-shaped, metal strips on the top of the
plate and we repeated the flexion measurements, whose re-
sults are reported in the third plot of Fig. 2.

4.2 The heap profiles

The first result concerns the difference between the bed-
forms created. The different profiles mirror the different
stress-patterns that the plates convey to the erodible bed.
Specifically, our experiments proved that, while a rigid
plate induces a single heap, a shaking, flexible plate pro-
motes the growing of multiple heaps in the bed. In Fig.
3 we have subsequent images of the heap grown using
the 1x3 plastic and flexible shaking plate; on the contrary,
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Fig. 3: Run n.70, both the axes are in pixel (where 1300 pixels
correspond to 10 cm).
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Fig. 4: Run n.166, both the axes are in pixel (where 1800 pixels
correspond to 10 cm).

Fig. 4 displays the heaps generated by the 1x3 plastic and
rigid one. The parameters involved in the experiments are
f = 60 Hz and V = 7 Volt, for the flexible plate, and
f = 60 Hz and V = 6.5 Volt, for the rigid plate. In Figs.
5a and 5b, we plot all the profiles (from the beginning to
the end of the run) for the runs described above: the data
are converted from pixel to millimetres. The parameters
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involved in the experiments are f = 60 Hz and V = 7 Volt,
for the flexible plate, and f = 60 Hz and V = 6.5 Volt, for
the rigid plate.
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Fig. 5: Profiles at different times of run n.70 (above) and run
n.166 (below) without the background images (the conversion be-
tween pixel and cm is the same of the previous two figures).

4.3 The pressure data

We present now the pressure data acquired by slowly mov-
ing a very sensitive hydrophone below the entire length of
the plates. As already explained in the previous sections,
rigid and a flexible plates behave differently and, consis-
tently, induce different pressure fields in the water (and on
the bed). Fig. 6a displays the pressure data measured be-
low two distinguished plates: the blue dots represent the
pressure values induced by a flexible plate and the red dots
represent the pressure values induced by a rigid one. For
the sake of clarity, only half of the plates’ length is shown:
the longitudinal coordinate is null exactly below the center
point of the plates and it is 0.5 below the external edge of
the plates. Furthermore, for both the rigid and the flexi-
ble plate, the shaker was vibrating at f = 60 Hz and with
an intensity of V = 7.5 Volt. The two plates show be-
haviours and, specifically, the pressure envelope induced
by the flexible plate (blue dots) exhibits a minimum (in its
absolute value) at the very center of the plate. The flexible
plate is responsible for the creation of two heaps and one of
them is displayed in Fig. 6b. On the contrary the pressure
profile induced by a rigid plate (red dots) clearly exhibits a
maximum below the center point of the plate: such a plate
causes indeed the growth of one single heap (as the one
displayed, for instance, in the sequence of Fig. 4).

5 Conclusions
The experimental data have shown an interesting develop-
ment of the previous research in which failure of a satu-

rated particle bed has been achieved by means of gradient
pressures induced by an oscillating rigid plate. Here we
have investigated the role of the flexibility of the plate and
the corresponding pressure over and inside the bed. We
show the presence of multiple heaps over the bed surface
instead of the single heap in case of rigid plate.
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Fig. 6: Results for a flexible and rigid plate. Top panel: Pressure
envelopes of minimum and maximum values for the flexible and
the stiff plates (run n. 163 and 164). Bottom panel: Heap profile
at the end of run n.163 where the flexible plate was used (where
1800 pixels correspond to 10 cm).
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