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1. Introduction

Space structures are mostly interested for their lightness. One of the recent branches of space structures are
called tensegrity structures. These structures are composed of compression bars and prestressed cables.

There are not sufficient works about dynamic characteristics and behavior of these structures. Sultan et al carried
out some research on nonlinear dynamic behavior of these structures [1]. Ben Kahla and Moussa studied the
dynamic effects of rupture of a cable in an expanded tetrahedron [2]. Ben Kahla also has carried out a numerical
analysis study of seismic behavior of a tensegrity frame[3]. Following these studies, in this research a set of
tensegrity barrel vaults are considered and their seismic behavior is studied.

2. Tensegrity models

It is not easy to produce tensegrity barrel vaults with different rise to span ratios and variable initial strains. For
this study, two set of barrel vaults with rise to span ratios of 1/4 and 1/6 are selected. For each set, four models with
initial strains of 0.002, 0.004, 0.006 and 0.008 are established.

The models dynamic characteristics were derived by eigenvalue analysis. Then all eight models were analyzed
nonlinearly under accellerograms of Kobe1995 and Tabas1982 earthquakes in horizontal and vertical directions.

For construction of the barrel vaults, we have used cylindrical simplexes. This simplex is composed of two
planes of square cables that are connected by four web bars and 4 cables. The geometry is chosen to produce enough
self strain. Also, to achieve curvature, location of points 6 and 8 are changed according to rise to span ratios. At the
bottom layer, the edge joints across z axis are restrained along x and y axes, and the edge joint across x axis are
restrained along y and z axes. At the top layer, the edge joints across z axis are restrained along x axis and the edge
joints across x axis are restrained across z axis (Fig. 1).

Bar elements are from mild steel with Fy=240 MPa and E= 2E5 MPa. Their nonlinear behavior is taken to be
bilinear as shown in Figure 3. The slenderness ratio of the bars is kept 100 for all, while their cross sectional area
differ according to their axial forces. Proportioning of elements is achieved by imposing a dead load and snow
loading equal to 500 Pa and 1500 Pa, respectively. The damping ratio for dynamic analyses is supposed to be 0.02.
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Fig. 1. Layout and support conditions of tensegrity barrel vaults

3. Timehistory analysis

In this research, acceleration records of two strong ground motions of Kobe1995, Japan and Tabas1978, Iran are

used for time history analyses of tensegrity

3.1. Earthquake horizontal effects

barrel vaults.

To assess seismic behavior of the tensegrity barrel vaults in both horizontal and vertical directions, two
components of these earthquakes are applied separately. Implication of horizontal components of Tabas
accelerograms resulted in rupture of cables for tensegrity barrel vaults with initial strain of 0.002 (Fig. 2). But in
barrel vaults with greater initial strains, imposing Tabas horizontal accelerograms caused some bars buckle (Fig. 3).
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3.2. Earthquake Vertical effects

Applying vertical components of accelerograms of Tabas and Kobe earthquakes to 8 tensegrity barrel vaults
showed that none of them fails and, in effect, neither buckling of bars nor rupture of cables happens. This may be
interpreted as a result of relatively short spans of the models or to somewhat related to the pattern of restrained
nodes of the barrel vaults that makes them vertically stiffer.

Nevertheless, there are some points that can be considered worth of reminding. The first point is that tensegrity
barrel vaults with high rise to span ratios have lower vertical deflections. Also, the results of analyses confirm that
tensegrity barrel vaults with higher initial strain undergo lower deflections, Fig. 4.
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Fig. 4. Comparison of displacements of barrel vaults with rise to span ratio of 1/4

4. Conclusions

1. Principal periods of the tensegrity barrel vaults increase with increase of rise to span ratios of the tensegrity
barrel vaults.

2. On the contrary, the principal periods of the tensegrity barrel vaults decrease with increase of initial strain of
the cables.

3. When the tensegrity barrel vaults tend towards the tensegrity flat grids, their vertical modes of dynamic
response become more effective, however, with higher rise to span ratios, the horizontal modes take part more in the
dynamic response.

4. When the tensegrity barrel vaults undergo horizontal accellerograms, a failure of kind of tension rupture or
compression buckling occurs in the members. But under vertical accellerograms none of the rupture or buckling of
the members were observed.

5. Under horizontal earthquake actions, for low initial strains, the governing failure mode is rupture of tensile
elements, but for intermediate and large initial strain, that is for 0.004, 0.006 and 0.008, the failure mode is buckling
of bars.

6. Tensegrity barrel vaults with higher rise to span ratios, experience relatively greater deflections under
horizontal earthquakes and bear lesser deflections under vertical earthquakes.

7. Increase of the rise to span ratio makes the onset of the failure of the structure to happen earlier, while on the
contrary, the increase of initial strain prolongs the failure time.
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