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Abstract

Earthquakes are one of the most dangerous phenomena in
nature, which causes serious damage to property and lives, as well as
their impact on man-made structures and it causes death and injury for
human. The seismic design aims to protect the buildings and reduce the
damages from earthquakes. A lot of research works have been made to
get the best solutions to reduce the effect of earthquakes. One of those
solutions 1s using base isolation and the main purpose of an isolated
base system is to shift the natural frequency of buildings away from the
dominant frequencies of earthquake ground motion, and the other
purpose of an isolation base system is to provide an additional means to
energy dissipation, thereby reducing the damage in the structure. The
main objective of the present work is to investigate the effects of using
lead rubber bearing (LRB) as a base isolator system for reinforced
concrete buildings having different heights subjected to an earthquake
using both linear and nonlinear time history analysis. As a case study, a
residential building located on the campus of the University of Mosul
was considered in the present study. A comprehensive parametric study
for four buildings having different heights, 6, 11, 15 and 20 storeys
were carried out using Midas Gen software. Pushover analysis was
carried out, using five different procedures to represent the lateral load
distribution, and the effects of base isolators and infill panels compared
with the fixed base case is presented and discussed. Some of the results
of pushover analysis, which is an alternate method of the time history
analysis to detect the response of the structure under earthquakes
effects, are compared with that of nonlinear time history analysis. The
results showed almost good matching between the two types of analysis
in terms of safety of the building, storey displacement, and storey drift.
The applied lateral load is equal to the design base shear calculated
based on assuming the location of the building in an active seismic
zone (II) with hard soil type.
In the time history analysis, both linear and nonlinear analyses are
carried out and a comparison was made between fixed and isolated base
conditions of the four buildings. In the time history analysis, the
building is subjected to an EIl-Centro-1979 earthquake acceleration
record. The predicted results of both types of analysis have shown
improvement in the response of the isolated base building in terms of
natural period, roof acceleration, velocity, base shear, displacement,



storey drift, overturning moment, the hysteresis of the moment-
curvature of selected columns, and variation of different types of
energies with time. The study includes the effect of using five different
groups of LRB and four earthquake intensity on the nonlinear dynamic
response of the 11 storeys reinforced concrete building. The predicted
results have shown that isolating the bases of the buildings by LRB
causes a reduction in the inelastic energy, kinetic energy, damping
energy and an increase in the elastic energy, which indicate a reduction
in the formation of the plastic hinges in the members of the structure.
The increase in the percentage of the elastic energy varied between
(50.3% to 20%) for buildings without infill panels having a different
height, while the increase in the percentage of the elastic energy for
buildings with infill panels was varied between (51.3% to 33.2%). The
maximum increase in the elastic energy accompanied with a reduction
in the damping and inelastic energy was observed in the building with 6
storeys, while a minimum increase in the elastic energy with a minimal
reduction in the inelastic energy and damping energy was observed in
the 20 storeys building. This indicates the effectiveness of using LRB
in improving the performance of low rise building more than that of
high-rise buildings. The study also includes the effects of including the
infill panels in the analytical models on the overall dynamic response of
both fixed and isolated base buildings subjected to an earthquake. The
main results that show the effects of infill panels on the dynamic
response included the same parameters stated above. Maximum
reduction in the story drift was obtained when infill panels are included
in the analysis. The inclusion of the infill panels has only marginal
effects on the variation of roof displacement with time when the
building is isolated by LRB. The main important improvements that
emerged from using LRB, as well as the infill panels in the analysis are
the reduction of inelastic energy and upgrading the elastic one that was
summed up along the period of the earthquake excitation. The nonlinear
finite analysis was carried out to properly specify the most proper width
of an equivalent diagonal strut that model the infill panel which fills the
gap in the frame. In the present work, tables are constructed that can be
used to design a lead rubber bearing in terms of the period of an
isolated system (Tp) and maximum vertical reaction in the fixed base
column (W). These tables are designed for five seismic zones, five
damping ratios and five soil types.
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