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A modern tool to study the behavior of elastomeric elements for
earthquake isolation is the Finite Element Method. The results of the
simulations obtained in this way provide a large series of data about
the behavior of the elastomeric elements under different types of loads
and help in taking right decisions regarding geometrical optimizations
needed for improve such kind of devices.
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1. Introduction

The use of seismic isolation for structures has been gaining worldwide
acceptance as an approach to aseismic design. Seismic isolation is achieved by
providing suitable devices called base isolation devices between the superstructure
and the foundation. The principle of base isolation is to reduce the structures
natural frequency by using devices with low horizontal stiffness at the base to
decouple the structure from the ground.

A variety of base isolation devices including Natural Rubber Bearing (NRB),
Lead Rubber Bearing (LRB), High Damping Rubber Bearing (HDRB), frictional
bearing (FB), etc., have been developed. Among the isolation systems that have
gained acceptance for practical implementation, LRB isolation pads are most widely
used. Full scale and reduced scale isolation devices have been developed and
tested in countries like Italy, Japan, South Korea and USA.

Many experimental and numerical studies are required on isolation pads to
substantiate the adequacy of design and service conditions behaviors and damping
of isolation pads.

In this context IAEA is sponsoring Coordinated Research Programme (CRP),
were India have a long term R&D interest in the development of seismic isolation
bearings, is participating with the countries, Italy, USA, Japan, South Korea, Russia
and European Commission. In this CRP, the participants were provided with
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experimental data on the base isolation devices and the dynamic response of
structures isolated with these base isolation devices.

In the paper we studied the behavior of two elastomeric isolation element one
actual and other innovative.

2. Analytical considerations of the earthquakes isolation

In our study we analyze two earthquake isolation systems, an actual
elastomeric isolator and one new, one composed of intercalated layers of
elastomer bonded 3, with steel 4 and at the top and the bottom with steel plates 1
and 5, which serve its attachment, figure 1. And another in which we intercalate
two lamellar elements made by elastic steel 7, between them and the elastomer.
Blades are united with the elastomer and are fixed in the plates 2 and 5 through
two bosses 6, figure 2.

Horizontal forces are transmitted from the plates in elastomer through the
slats across the bosses, the reinforcement plate can be manufactured from other
materials (fiberglass), for better compressive strength.

Figure 1. The actual earthquake isolator

Figure 2. The new innovative earthquake isolator
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The both earthquake isolators have the same dimensions 400x400x160 mm.
For a better understanding of the earthquake isolators considered, first we
determined the working parameters of elastomer that goes into it.

For elastomer we used the experimental characteristics of the ANSYS library
obtained by DuPont, in figure 3, is presented the Neo Hookean test for elastomer.
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Figure 3. The neo-Hookean test for elastomer

The meshing was achieved with tetrahedral elements for the thin plats and
with hexahedral elements for the massive bodies. Analyze was made in the plane
of symmetry xOz, that allowed the reduction to half of the elements number.

3. FEM analysis of the earthquake isolators

For a good and accurate simulation, some condition was defined in order to
have a succession of contacts between the components of the seismic isolator,
figure 3:

- frictionless contacts between the massive plate 1 and the top plate 2;

- bounded links between the top plate 2 and the elastomeric element 3, as

between the elastomeric element 3 and the lower plate 5.

Analysis’s was performed in two steps:

- the massive plate 1 is driven vertically in the sense of gravity acceleration
with a force uniformly distributed, which increases from zero to nominal
value in the first second of analysis, then remains constant until the final
analysis;

- the upper plate 2 is driven by horizontal with forces uniformly distributed
on the transverse faces.
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In finite element analysis for the same load conditions as described at time t
= 1s, after compression vertical displacement changes is less than 1% for both
earthquake isolators figure 4.
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Figure 4. The vertical displacement on the Oz
For maximum horizontal force applied (t = 2 s), movements in the sense of

force (the Ox), the movements of the new earthquake isolator increase by 11.9%
compared with the classical isolator figure 5.
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Figure 5. The horizontal displacement on the Ox
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Figure 6. The horizontal displacement on the Oy
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At t = 2s is observed that brazed blades deform, therefore the normal stress
is reduced by about one order of magnitude on the axis Oz and on the Ox and Oy,
these tensions are reduced by 50% figure 6.
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This reduce the tendency of the elastomer to separat of the metallic elements
that is bonded and earthquake isolation system provides increased durability. The
phenomenon of separation of the upper plate that slides into the bottom appears
only if the horizontal force exceeds a critical value figure 7.
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Figure 7. The horizontal displacement

4. Conclusion

The innovative elastomeric element for earthquake isolation presented in this
paper allows to choose for early design stage the elastomer stiffness and the steel
blades, also you can define a dynamic response application customized for each
earthquake system isolation.

Finite element analysis performed using standardized systems for both
classical and innovative earthquake system, revealed the higher elastic possibilities
setting and absorption characteristics for the new system. However, analysis
indicates that normal tensions that lead to the disposal of earthquake systems are
significantly reduced for the innovative earthquake system.

Acknowledgements

The present work has been co-funded by the Sectoral Operational Programme
Human Resources Development 2007-2013 of the Romanian Ministry of Labour,
Family and Social Protection through the Financial Agreement POSDRU 5159.

71



References

[1] McEntee, C.C., Seismic Base Isolation of LMFBRs, in Seismic &
Environment Qualification of Equipment, Papers presented at Mech E
Seminar, 7th October 1992.

[2] Stan, D., Analiza sistemicd a structurilor — Proprietati sistemice,
MatrixRom, Bucuresti, 2006.

[3] TIavornic C. M., Praisach Z.-1., Vasile O., Gillich G.-R., Iancu V., Study of
Stress and Deformation in Elastomeric Isolation System Using the Finite
Element Method, The 11" WSEAS International Conference on Systems
Theory and Scientific Computation (ISTASC ‘11), Florence, Italy, October
23-25, 2011.

[4] Gillich G-R., Bratu P., Frunzaverde D., Amariei D., Iancu V., Identifying
mechanical characteristics of materials with non-linear behavior using
statistical methods, 4th WSEAS International Conference on Computer
Engineering and Applications, Harvard University, Cambridge, January 27-
29, 2010.

[5] Forni M., La Grotteria M., Martelli A., Verification and improvement of
analytical modeling of seismic isolation bearing and isolated structures,
IAEA-TECDOC-1288, pp. 29-77.

[6] Gracia L.A., Gomez B., Ahmadi H.R., Muhr A.H., Simulation of the
rotary shear experiment through the overlay method, resursa Web

[7] Gillich G-R., Samoilescu G., Berinde F., Chioncel C.P., Experimental
determination of the rubber dynamic rigidity and elasticity module by
time-frequency measurements, Materiale Plastice Vol. 44 (2007), Issue
1, pp. 18-21.

[8] Nedelcu D., Gillich G-R., Cziple F., Padurean 1., Considerations about
using polymers in adaptive guardrails construction, Materiale Plastice Vol.
45 (2008), Issue 1, pp. 47-52.

[9] Nastac, S., Gillich, G-R., Leopa, A., Debeleac, C., Spectral Degeneration
At Damaged Vibroisolation Systems, The Proceedings of the Annual
Symposium of the Institute of Solid Mechanics 33, 2009.

Addresses:

« Eng. Vasile Iancu, PhD., Universitatea “Eftimie Murgu” Resita, P-ta
Traian Vuia 1-4, 320085, Resita, v.iancu@uem.ro

* Eng. Claudiu Iavornic, PhD. Student, SC HYDROENGINEERING SA,
Calea Caransebesului 16A, 320168, Resita, ciavornic@gmail.com

72



