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Abstract. We present some peculiar results about the solitary-wave dynamics of novel tensegrity-
based metamaterials. It has been previously shown that one-dimensional chains of triangu-
lar tensegrity prisms with stiffening behavior support the propagation of compressive solitary
waves. We show that such result can be generalized to two-dimensional and three-dimensional
modular tensegrity lattices composed of polygonal and polyhedral units. Differently from the
one-dimensional case, the stiffening response of these lattices originates at the interface be-
tween adjacent units, not from the unit themselves. We present numerical results on the response
to impulsive loads of slender assemblies composed by square units in two-dimensions, and cu-
bic units in three-dimensions. We observed compact compressive waves forming at impact
locations, together with localized thermalization effects. Such compact waves propagate with
nearly constant speed and energy, while maintaining their shape, and emerge from collision
with other compact waves almost unaltered, losing a small fraction of their energy. These re-
sults suggest the investigation of the dynamics of regular and quasi-regular tessellations formed
by other types of polygonal and polyhedral units.
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1 INTRODUCTION

Nonlinear tensegrity metamaterials based on triangular tensegrity prisms have been proposed
in the recent years as candidate for novel acoustic devices, owing to their ability to support the
propagation of both compression and rarefaction solitary waves [12, 15, 16]. Such ability de-
pends in turn on the possibility of designing tensegrity prisms with either stiffening or softening
elastic response to external loads, by a suitable choice of geometry and prestress parameters
[13, 14].

In this work we present some numerical investigations on the behavior of novel multi-
dimensional tensegrity beams, more precisely, two-dimensional and three-dimensional slen-
der modular assemblies with stiffening behavior composed by selected tensegrity units. We
observed that compressive solitary waves appears also in these systems when subjected to im-
pulsive loads.

In the next section, we describe the peculiar geometry and the origin of stiffening behavior
of the structures we consider, together with our modeling assumptions. In Section 3 we present
the results of numerical experiments. Our concluding remarks are given in Section 4.

2 INTERFACE-LEVEL STIFFENING BEHAVIOR AND MODELING ASSUMPTIONS

Differently from the one-dimensional case described in [12, 15, 16], the polygonal and poly-
hedral units we consider (Figs. 1, 2) do not feature a stiffening behavior by themselves; instead,
such behavior results from the internal mechanism which is formed at the interface between
adjacent units in modular assemblies, as explained below.

By considering the large-displacement static response of the two-cable systems in Fig. 3 (left)
when subjected to a transverse load, it is easy to see that the load-vs-displacement relationship
is nonlinear, and it is represented by a stiffening cubic curve with the inflection point located at
the origin, Fig. 3 (right), with the slope at the inflection point being proportional to the prestress
initially present in the system.

By connecting several units together as in Figs. 1 and 2, two-cable subsystems similar to
the one in Fig. 3 are formed between adjacent units, conferring to the assembly the anticipated
stiffening behavior when subjected to external actions.

Figure 1: Two-dimensional assemblies: regular assemblies of polygonal cells.

We make the following assumptions: bars can resist both tension and compression while
cables can resist tension only; bars and cables are linearly elastic; mass is lumped at bars’
endpoints; there is no dissipation. We perform computations in a regime of large displacements
by integrating numerically the (second-order nonlinear) equation of motion (cf. [11])

Mẍ+A(x)t(x) = 0 (1)
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Figure 2: Three-dimensional assemblies: connecting two cubic cells at intermediate nodes (left); a 2×2×1 (center)
and a 2×2×2 (right) assembly of cubic cells.

Figure 3: Nonlinear stiffening response of a two-string system: two-string systems subjected to a transverse load
(left); force vs. displacement relationship (right). The slope tanα of the tangent at the origin is directly propor-
tional to the prestressing force.

Figure 4: Deformed configuration and colormap of the elements’ total energy after impact for different value of
v0.
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with assigned initial conditions. In (1), x is the vector of the 3n nodal coordinates, with n the
number of nodes, M is the (constant) mass matrix, A is the equilibrium matrix, and t is the
vector of the e elements’ axial forces, with e the total number of elements.

The above equation of motion is solved in Matlab R© by using the built-in routine ode45.

3 NUMERICAL EXPERIMENTS ON 2D AND 3D TENSEGRITY BEAMS

In this section’s examples, we adopt the following geometric and material properties. The
units’ side length is 20 mm; bars have a diameter of 1.75 mm and are realized in titanium al-
loy Ti6Al4V with Young’s modulus equal to 120 GPa and mass density of 4.42 g/cm3; cables
are realized in Nylon 12 fibers and have a diameter of 0.25 mm with a Young’s modulus of
500MPa and a yield strain of over 30% (with a mass density of 1.03 g/cm3) [27]. Extra mass
is added to the structure by attaching spheres of radius 2.5 mm in lead, with mass density equal
to 11.34 g/cm3, to the bars endpoints. Cables initially carry a nearly null axial force, with a
prestrain assigned equal to 10−5.

We consider first a cantilevered rectangular 3×50 assembly of square units constrained at
one end and subjected to an impact loading at the other end (indicated, respectively, by black
dots and a thin arrow in Fig. 4). A horizontal initial velocity of magnitude v0 is assigned to the
four nodes of the middle module at the impacted side. Simulation results are show in Fig. 4
as energy colormaps at a certain time instant. Each bar is assigned its elastic energy plus the
kinetic energy relative to the lumped mass at the bar’s end nodes, while each cable is assigned
just its elastic energy. Each energy value is then expressed as a percentage of the total energy
of the system.

Simulation results shows two distinct effects (Fig. 4): (i) a thermalization effect in the region
near the impacted side, where a portion of the impact energy spreads around in a chaotic motion,
and (ii) the appearance of a solitary compression wave with compact support, or compacton,
originating from the impacted side and traveling toward the constrained side. The compacton
spans about three units in the longitudinal directions and maintains its shape and traveling speed
nearly unaltered. Figure 4 shows a comparison of the effects of impacts of different magnitude,
i.e, obtained by assigning different value to v0. In the three cases shown, we see that the travel-
ing time (traveling speed) decreases (increases) in a nonlinear way when v0 increases.

Our second example regards the collision of two compactons on a 2×80 assembly of square
units (Fig. 5). Initial velocities of magnitude v0 and opposite directions are assigned to the
middle module nodes at both ends of the assembly. Two compactons originate from the ther-
malization regions near impact locations. Figure 5 (top) shows the energy colormaps, obtained
as in the previous case, before and after collision. Figure 5 (bottom) shows three snapshots of
the horizontal component of the velocity of the nodes which are located along the blue (grey)
line on the top panel of Fig. 5. The compactons emerge from collision nearly unaltered in shape,
while each compacton’s energy slightly decreases, passing from from 30.28% to 28.27%. The
energy is lost in a slight thermalization of the center region of the assembly. As to the horizontal
component of nodal velocity, we see from Fig. 5 (bottom) that it remains almost the same after
collision, while thermalization motion spreads away from the center.

In the third example we simulated a 2×2×20 assembly of cubic units with a setup similar to
that of the first example (Fig. 6). An initial velocity v0 is imposed to the nodes of the leftmost
modules, while the rightmost nodes are constrained not to move. Energy colormaps are com-
puted in the same way as in the previous examples and are shown in Fig. 6 for four different time
instant, before and after reflection at the constrained end. We observe the same effects as in the
two-dimensional example: thermalization near the impacted side and formation of a compact
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Figure 5: Deformed configuration and colormap of the elements’ total energy.

compression solitary wave which maintains its shape and traveling speed nearly unaltered. In
addition, after wave reflection, we observe some thermalization effects at the constrained end.

4 CONCLUSIONS

We studied the solitary-wave dynamics of tensegrity-based metamaterials. We showed that
results previously obtained for one-dimensional chains of tensegrity prisms, regarding the for-
mation of compression solitary waves by impact loading, can be generalized to two-dimensional
and three-dimensional assemblies of polygonal and polyhedral units, where the stiffening be-
havior originated at the interface between adjacent units. We observed the formation of com-
pact compression waves emerging from a thermalization region at the impact location. Such
compact waves maintain their shape, energy, and traveling speed nearly unaltered during prop-
agation, with slight losses after collision with another compact wave and after reflection. In
a future study we envisage to combine together different polygonal (polyhedral) units so as to
form regular or quasi-regular assemblies to obtain systems with wave-steering properties and to
search for other peculiar behaviors.
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