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Abstract. This work briefly illustrates the potentialities of the brand-new Vaiana-Rosati model of hysteresis to repro-
duce the symmetric and pinched hysteresis loops characterizing the rate-independent hysteretic behavior exhibited by a
pressurized sand damper. It represents a novel promising energy dissipation device to be adopted for structural vibration
control.

Introduction

Passive energy dissipation devices typically exhibit a complex hysteretic behavior that is referred to as rate-
independent (rate-dependent) if the device restoring force depends on the device displacement (velocity).
Makris et al. [1] have recently proposed an innovative, low-cost, eco-friendly, long-stroke, fail-safe rate-
independent hysteretic device denominated Pressurized Sand Damper. The main aim of this work is to show
that a recently formulated hysteresis model [2], denominated Vaiana-Rosati Model, is sufficiently general to
simulate the complex hysteresis loops typically exhibited by such a novel device.

Results and Discussion

Figure 1a illustrates the damper prototype that has been tested at the Structures Laboratory of the University of
Patras, Greece. Such a device is made up of a steel cylinder, having a diameter of 18.9 cm and length of 62 cm,
that is filled with dry sand pressured by adopting four external post-tensioned steel rods. A sphere with radius
of 3 cm, attached to a piston rod having radius of 2 cm, is able to move along the damper axial direction.
Figure 1b shows the typical rate-independent hysteretic behavior exhibited by the above-described device when
subjected to a sinusoidal axial displacement having amplitude of 40 mm and frequency of 0.1 Hz under the
effect of a pressure of 1 MPa. The experimentally derived symmetric and pinched hysteresis loops demonstrate
the capability of the device to dissipate a large amount of mechanical energy.
To accurately simulate the complex force-displacement hysteresis loops characterizing the response of the
tested device, we adopt the Vaiana-Rosati Model (VRM) [2].
Compared to other models available in the literature, the VRM offers some advantages such as: (i) evaluation
of both force and related work in closed form, (ii) simulation of complex hysteresis loop shapes, (iii) modeling
of the loading and unloading phases by employing two different sets of parameters; (iv) adoption of parameters
having a clear theoretical and/or experimental interpretation, (v) straightforward computer implementation.
Figure 1c illustrates a comparison between the experimental hysteresis loops and those simulated by using the
VRM. The very good agreement between such results demonstrates the capability of the VRM to accurately
predict the experimental hysteresis loops exhibited by the tested device.

sustain a static load only so long as the compression is along the
direction of the force chain. In the event that the jammed structure is
loaded at a slightly different direction from the initial direction of
the force chains, the load-bearing capacity of the jammed structure
vanishes because the existing force chains collapse, and new ones
need to be created along the new loading orientation for the loose
materials to become again jammed. Clearly, such unconfined ma-
terials are not elastic materials (in terms of being characterized with
elastic shear modulus G and Poisson ratio ν while being capable to
transmit elastic waves) because of their inability to elastically sup-
port some infinitesimal load along any direction other than the
direction of the force chains. They have been termed fragile mate-
rials, and their behavior can be described with the fixed principal
axes (FPA) model (Cates et al. 1998, 1999).

The pressurized sand enclosed in the steel cylinder schemati-
cally shown in Fig. 1 is much more than a fragile material because
of the dominant hydrostatic stress tensor due to the appreciable ex-
ternally applied pressure p and is described much more realistically
with the idealization of a yielding continuum where the drag on the
moving sphere is the result of the development of normal (passive)
and shear stresses along the sand–steel interface. The combined
effect of macroscopic friction and passive forces has also been
implemented when trying to estimate the tow force on a plough
when ploughing trenches for the protection of offshore pipelines
(Bransby et al. 2010; Lauder et al. 2012; Bransby et al. 2018).

With reference to Fig. 1, a sphere with radius R ¼ 3 cm is at-
tached to the piston rod with radius r ¼ 2 cm and is moving within
the finite domain of the cylindrical damper housing with diameter
D ¼ 18.9 cm and length L ¼ 62 cm; therefore, the resisting force
on the sphere also depends on the displacement of the sphere
(stroke of the damper) u and on the gap (clearance) between the
sphere and cylindrical housing, D − 2R. By following the same
reasoning as previously, the resisting (drag) force on the sphere
moving along the axis of the cylindrical damper housing of diam-
eter D is expressed

Fd ¼ fðp;R; u;DÞ ¼ ΠSpR2ϕ
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Fig. 1. Schematic of a pressurized sand damper in which energy is dissipated from the shearing action of the sand as the sphere mounted on the
damper piston is plowing through the pressurized sand. The pressure on the sand is exerted with external post-tensioned steel rods that their tensile
force can be easily monitored in real-time with strain gauges.

Fig. 2. (a) Close view of the prototype pressurized sand damper; and
(b) view of the experimental setup in the Structures Laboratory of the
University of Patras, Greece.
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Figure 1: Tested pressured sand damper: picture (a), experimental (b) and simulated (c) force-displacement hysteresis loops.
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