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1. Introduction

Wave propagationin structures is a subjed of intensve investigation. One of the possbiliti es
of thewave propagation moddli ng is the Spedral Element Method (SEM), developed by Patera[1]
in 1984 in the context of fluid dynamics. The main ideaof the SEM is use of one high-order
polynomial for ead domain [2].

In this study a spedra frame N —node finite element appropriate for analysis of wave
propagation phenomena in engineging structures build from spatial frames is presented. The
element is elaborated in linea range Ead noce of the element is endowed with six engineging
dofs. The kinematicd assumptionsof Timoshenko bean theory are employed. Asodated with the
formulation of the element, is the temporal integration scheme. Speda emphasis is put on the
acairagy and dficiency of thetime integration to ensure reasonéeble smulation times. Thedgorithm
uses acceerations as the primary variables and the mass matrix of an element is integrated usng
Lobato quadrature rule. Consquently, it can berecast in aform of the pseudo diagond matrix and
subdantia efficiency in computation times can beganed.

2. Formulation

The time integration scheme does not use the stiffness matrix. On the locd element level,
unde the assumptions of classc Timoshenko bean theory, the element load vedor r and mass
matrix M are derived. The damping matrix € is formulated unde the hypothesis of propottiond
damping. Then, it is possble to find the element inertia force vedor b and damping force vedor
c . While trandorming the above matrices and vedors to the globd frame coordindes, the
tranormation of theinternd nodes is omitted, leaszing them in thelocd frame coordinaes. Thisis
judified by the fad the wave propagaion in locd frame (along element axis) is of the primary
interest. By writing the dynamicd equilibrium condtion, the following equaion is obtained with
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where p isthe element external load vedor, n denotesthetime step, i isthelabel for iteration and
At isthetime step. Simpleiteration methodis then used to obtain corredion of J¢
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Obvioudly, if M and € are pseudo-diagoral the time integration scheme becomes effi cient. The
iterative processBtad! Nie mozna odnalezé¢ zr 6dta odwotania. is terminated when equili brium
condtion
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is satisfied in some sense.
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3. Experiments and numerical smulations for rod

The investigations were caried out for a sted rod [3] of the length 1 m, height 8 mm and
width 8 mm (Fig. 1). The boundxry condtion was assumed as pinned-pinned. The experimentally
determined material properties were foundto be: Younds moduus E = 195 GPa aad massdensity
0 = 7563kg/m>. The rod was subjeded to adynamic load applied in the half of the rod length. The
resporse was recmrded a the same point as the load. The measurements were made using
piezoeledric plate transducers Noliac CMAP11. The excitation signal was chosen as sine wave of
frequency 40 kHz moduated by the Hanning window.

The spedral eement with 101 nodes was applied for modelling of the rod. The time step
was assumed as 10°®s. The minimumnumter of nodes for proper resporse modellingis 101 (above
12 nodes per wavelength). The comperison with the experimental results is given in Fig. 1. It is
noted, that both numericad simulations arein goodagreement with the experimental data.
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Figure 1. Sted rod, comparison of experimental and numericd solutions
4. Conclusions

The study on moddling of wave propagation in frame dements leads to the following
conclusions and suggestions:

a) The integration of the ejuations of wave propagation can be dficiently conduwcted due to
the pseudo-diagonal massmatrix

b) Applicaion of GLL nodesin both natural and geometric coordinates requires 12 nodes per
wavelength.
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