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Shaking table experimental study on the effectiveness of polymer
bearings for seismic isolation of structures

L% oK%
A. Banas$ ’1, R. Jankowski

! Faculty of Civil and Environmental Engineering, Gdansk University of Technology, ul. Narutowicza 11/12,
80-952 Gdansk, Poland

% Faculty of Civil and Environmental Engineering, Gdansk University of Technology, ul. Narutowicza 11/12,
80-952 Gdansk, Poland

Seismic isolation has been recognised to be a very effective way of protecting structures from damage during earthquakes. It
allows us to extend the natural period of the structure and therefore avoid resonance with the ground motion. Moreover, by
increasing damping in the isolation devices, more energy can be dissipated and thus the structural response can be further
reduced. The aim of this paper is to show the results of the study focused on verification of the applicability of the
innovative method of seismic isolation by installing bearings made of a polymer mass, which is an especially designed
flexible elastoplastic two-component grout based on polyurethane resin. In the study, a model structure was tested
experimentally on a shaking table under earthquake excitation. First, the structure was fixed directly to the table and its
response was recorded. Then, the response of the structure with polymer bearings installed at its base was observed and both
responses were compared. The results of the study show that equipping the structure with the polymer bearings can
considerably reduce the structural response under earthquake excitation. The innovative method considered in the study has
been verified to be an effective seismic isolation technique.

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

1 Introduction

There are a number of different ways of protecting structures from damage during earthquakes. One of the most effective
methods is to use the seismic isolation [1]. It allows us to extend the natural period of the structure and therefore avoid
resonance with the ground motion. Moreover, by increasing damping in the isolation devices, more energy can be dissipated

and thus the structural response can be further reduced [2].

In the practical applications, the base isolation is usually introduced in
the form of bearings installed at the base of the structure [3]. The idea
behind designing such bearings is to make them flexible enough in the
horizontal direction, while keeping their high vertical stiffness. Without
significant lateral forces bearings should act as a normal fixed support.
When the earthquake comes, and the lateral forces occur, bearing ought to
move horizontally without a decrease in vertical stiffness. Such behaviour
ensures that the displacements at the top of the structure are similar as the
base displacements what minimizes structural damage.

The aim of this paper is to show the results of the experimental study
focused on verification of the applicability of the innovative method of
seismic isolation by installing bearings made of a polymer mass. The
polymer mass considered in the study is a new flexible material in the
form of elastoplastic two-component grout based on polyurethane resin
(see [4,5] for details).

2 Experimental setup

A small shaking table was used in the experimental study focused on the
effectiveness of the polymer bearings. It is a unidirectional device with
the platform dimensions of 0.75x0.6 m excited by the linear actuator
PARKER ET50 with the stroke of 0.5 m and maximum acceleration of 10
m/s>. A 1 m high model tower was built to be tested during the
experiment. It was constructed from four steel columns of the rectangular
cross section of 8x8 mm with the mid-height horizontal connections and
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Fig. 1 Setup of the experiment.
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additional skew bracings to prevent transverse as well as torsional vibrations. The columns were arranged in a rectangular
pattern with a spacing of 0.22 m along the shaking direction and a spacing of 0.3 m along the orthogonal direction. The

mass of the supporting columns was 3.864 kg. There were also two additional plates mounted on the top (mass 9.485 kg) and
at the base (mass 18.337 kg) of the structure. The laser displacement meter was used to measure the response time history
during the earthquake. The setup of the experiment is shown in Fig. 1.

3 Results of the study

The experimental study was conducted under the scaled NS component of the El Centro earthquake (18 May 1940). The
experiment had two phases. First, the structure was fixed directly to the table and its response was recorded. Then, the
response of the structure with polymer bearings installed at its base (see Fig. 1) was investigated. The bearings used in the
study were of cylindrical shape with the height of 28 mm and the diameter of 15 mm. The displacement time histories of the
fixed-base structure as well as the structure with polymer bearings installed at its base are presented in Fig. 2a and 2b,
respectively. The comparison between the figures shows that the use of polymer bearings results in suppressing the structural
vibrations of the top of the tower during the earthquake. It can also be seen from the figures that the peak relative
displacement (difference between the top and the base displacement) is considerably reduced for the isolated structure. In
fact, the value of the peak relative displacement for the fixed structure has been found to be equal 12.1 mm, whereas the peak
relative displacement for the isolated structure reached 9.9 mm (reduction by 18.2%).
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Fig. 2 Displacement time histories of the tower under the El Centro earthquake.

4 Conclusions

The experimental investigation focused on verification of the applicability of the innovative method of seismic isolation by
installing bearings made of a polymer mass has been carried out in this paper. The results of the study show that the use of
polymer bearings leads to the suppression of vibrations and substantial reduction of the structural response. In the case of the
analysed structure, the reduction in the peak relative displacement was as high as 18.2%. The results of the experimental
study indicate that the innovative method of using polymer mass for bearings can be considered as a promising seismic
isolation technique.

The experiment described in this paper was performed on relatively small structural model. Therefore, further
experimental studies are required on full scale models of real structures in order to verify the results obtained.

References

[1] R. I. Skinner, W. H. Robinson, and G. H. McVerry, An Introduction to Seismic Isolation (John Wiley and Sons, Chichester, U.K,
1993).

[2] R. Jankowski, K. Wilde, and Y. Fujino, Earthquake Eng. Struct. Dyn. 27, 487 (1998).

[3] R. Jankowski, Bulletin of Earthquake Eng. 1, 397 (2003).

[4] A. Kwiecien, J. Kubica, P. Stecz, and B. Zajac, in: First European Conference on Earthquake Engineering and Seismology, Geneva,
Switzerland, 2006, paper no. 282.

[5] R. Jankowski, and A. Kwiecien, in: Proceedings of 7th European Conference on Structural Dynamics, Southampton, UK, 2008,
paper no. E1.

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.gamm-proceedings.com

95UD17 SUOWILLIOD aAITERID 3|qeal|dde au Aq pauienob are sejoiLe VO ‘9sn Jo s 1o Akeiqi]auluo A3]IA\ UO (SUONIPUOD-pUe-SLLR)W0 AB 1M Alelq Ul uo//Sdiy) SUONIPUOD Pue SWie | 8y} 89S *[20z/90/8T] uo Aeiqiauluo Ae|im *JO AisieAlun feotuyde | /dod Ag £600T6002 Wed/Z00T OT/I0p/Wod A8 |imArelgjpuljuoy/sdny wouy papeojumod ‘T ‘6002 ‘T90LLTIT


http://mostwiedzy.pl

