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1. Introduction

The present paper investigates the operation of the sliding mode on three-dimensional benchmark
building with smart base isolation to reducing the dynamic responses of seismically excitation. According
to the being three-dimensional, interweaving responses of the structure with each other, cohesiveness of
behavior of superstructure and base level and computing the nonlinear force of base isolation systems, this
building is very complex. Under these circumstances, we used extended sliding mode theory to applying the
benchmark building. Also, the actuators are located only at the base level and in the two main directions.
The results indicate that the proposed control system improved the building responses.

2. Methodology
2.1. Benchmark Building

In this paper, we utilized eight-storey three- dimensional benchmark building with smart base isolation
(Narasimhan et al,, 2006). To best perform the numerical analyses, the superstructure remains as a linear
elastic system and the smart base isolation system consisting of 92 base isolations that 61 base isolations
are lead-rubber base isolations and other base isolations are Elastomeric base isolations (Suresh et al., 2008,
Narasimhan et al., 2008). The isolation system is included a combination of elastic elements for Elastomeric
Bearings and hysteretic elements for lead-rubber bearings. In this case, the base isolation system is
expressed with Bouc-Wen biaxial model. We also had 27 degrees of freedom with the combination of the
base and superstructure degrees of freedom (Narasimhan et al., 2006).

2.2. Sliding Mode Theory

In this research, the base isolation system is nonlinear. For this reason, we used the sliding mode control
theory. This control method is one of the appropriate control algorithms under those circumstances.
Therefore, we extended the sliding mode control theory to adapt with three- dimensional building and
nonlinearity at the base level. Also, Lyapunov function utilized for scrutinizing the stability of algorithm and
designing the controllers. The control devices for this study are installed at the isolation level and eight
locations and each of the locations containing orthogonal pairs of the actuators.
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3. Results and discussion

3.1. Effect of proposed control algorithm

In order to assess the performance of proposed control theory, the seven earthquakes choose with fault-
normal (FN) and fault-parallel (FP) components and to investigate of proposed control approach; three
performance indices are defined as follows (Suresh et al., 2008):

J1: Maximum base displacement of the actively controlled base-isolated model normalized by the
Corresponding quantity in the uncontrolled base-isolated model.

]J2: Maximum inter storey drift of the actively controlled base-isolated model normalized by the
Corresponding quantity in the uncontrolled base-isolated model.

]J3: Maximum floor acceleration of the actively controlled base-isolated model normalized by the
Corresponding quantity in the uncontrolled base-isolated model.

Assessment results according to the performance indices are presented in Table 1.

Table 1. Performance indices

Earthquake Case J1 ]2 ]3
FP-X 0.15 0.18 0.63
Newhall FN-X 0.2 0.16 0.52
Sylmar FP-X 0.19 0.18 0.61
FN-X 0.25 0.23 0.60
El centro FP-X 0.07 0.07 0.45
FN-X 0.05 0.06 0.34
Rinaldi FP-X 0.27 0.29 1.02
FN-X 0.38 0.34 0.95
Kobe FP-X 0.27 031 0.61
FN-X 0.32 0.34 0.65
i FP-X 0.04 0.04 0.94
FN-X 0.05 0.03 0.85
Erginkan FP-X 0.12 0.14 0.82
FN-X 0.22 0.23 0.81

4., Conclusions

This study presents extended sliding mode control theory for the active control of nonlinear base-
isolated benchmark buildings and three- dimensional structure is modeled due to the cohesiveness of
degrees of freedom and scrutiny of structural behavior. The performance of the proposed control theory is
evaluated with assumed indices. According to these indices, the decreasing of base displacement and inter-
storey drift indices are more than the third index. After all, the result of numerical simulations three-
dimensional benchmark building and using the proposed control algorithm in comparison with an
uncontrolled case demonstrates that isolation system response, as well as superstructure responses,
appropriately decreased.
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