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1. Introduction

Tensegrities are defined as cable-strut strast consisting of isolated compressed elements
inside a continuous net of tensioned members [Bl6¢le configuration of these structures ensures
occurrence of infinitesimal mechanisms that areamagd with self-stress states. Tensegrity
structures are complicated regarding both theimgegoy and mechanical properties. In order to
understand their actual properties and identifyuiles of the structure as a whole, a continuum
model is considered.

The present paper focuses on applicationagiinuum theory in regard to a three-dimensional
tensegrity plate-like structure. As a result a thimensional plate theory is built to describe
mechanics of a space tensegrity structure. Theestiep of the proposed modelling is selection of an
orthotropic repetitive segment, which is taken fooin the tensegrity plate-like structure. Then, the
selected representative segment undergoes numéecabgenization [3,1]. By comparing the
elastic strain energy from FEM truss formulatiorthathe energy of a solid, a continuum model of
the segment is obtained. The homogeneous segmentsftarwards joined together to create a
three-dimensional orthotropic continuum, which utgs the effect of self-stress [4]. After applying
the assumptions of plate theory for moderatelykilptates and integration over the thickness, a
two-dimensional plate model is obtained for bothmbeane and bending deformations. The model
includes the effect of self-stress that was irfitiapplied to the tensegrity plate-like structure.

2. Six-parameter platetheory

Mathematical model of the tensegrity plakelis six-parameter flat shell theory [2] with the
curvature tensob,, =0. Let us consider a flat shell of thickndssDisplacement field is described

by three linear displacements,w of middle surface and three rotatiogs,y. The following
equations are to be valid (see [2] for detalls):
- geometrical relationsy;, K, V.3, Kas Vss - Strain components] ;- Ricci symbol):
yaﬁ = ua,ﬁ_Daﬁ w' Kaﬁ =¢a,ﬁ' ya3 =¢a +W,a’ KaS :w,a' y33 :w’ (1)
- constitutive equationsN,,, M_;, N,;, M, -internal forcesk, | — correction factors):
h? 0

h2
N = Bao/?/l// Vour Myg = EBaoﬁ/l// Kyur Ngs = szgsﬂs Vpzr Mys = ElzBasﬁs K g3 2)

- equilibrium equationst(ﬂ, fy Mg, my- external loads)
Noso + f5=0, Ny +f,=0, Mz, =Ny +m; =0, M, +0,, Nz +m, =0. (3)
Constitutive equations for tensegrity platelorthotropic plates are discussed below.
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3. Congtitutiverelationsfor orthotropic tensegrity plate-like structure
An example of orthotropic tensegrity plateelistructure is a system of dully connected

repetitive expanded octahedron modules [5,6] — Eigt is assumed that the dimensions of the



repetitive module a=h . Struts, regular cables and connecting cablesdaseribed by Young
modulusE and cross section8 with relations (5) with the self-stress (assumednefor each
module) multiplied bys. The distances between three orthogonal pairswkqFig. 1a) are uneven

and defined as followsy, = E = 065a, =
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Fig. 1. Tensegrity module (expandethhedron) and tensegrity plate.

After the procedure described in the Intrdiuc (see also [3,1] for details) non zero
coefficients of the elasticity tensor of the tenggglate-like structure are the following:

BY,, = %A(l +1,523250k + 013125 + 0129225 7),

BY,,, = %A(l +1,35912(k + 035[M+ 0137028D),

4)
Blio, = 2By, = 2B, = E—hA(o,8456153< - 0105243D),
0 EA 0 EA
Bza =~ (151283k - 0168813w), B, = - (1,26604(k - 01532071,
where: m= (EA)connection k= (EA)cabIe ' (EA)srut =EA, o= i 5)
(EA)are (EA)u EA

The coefficients, and in consequence displacemstmgsns and internal forces depends of the
proportions (5) and the level of self-stress. Sexamples will be presented during the Conference
for membrane and bending analysis of plate stripd simply supported rectangular plates.
Orthotropic configurations of other tensegrity miedu (3 and 4-strut Simplexes) will be also
presented with discussion of results.
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