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A G E H Base isolation system with negative stiffness for displacement mitigation

under long-period and near-fault ground motions
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Base isolation system with variable negative stiffness has been proposed for displacement mitigation of the base-
isolated objects or target objects such as sensitive instruments, critical computer servers, and furnitures. Performance
of proposed isolation system is investigated by varying the negative stiffness using different functions (such as power
functions, elliptical function and exponential function) in terms of the displacement response of the isolated objects.
Equation of motions is formulated for varying the performance of base isolation system subjected to near-fault and
long-period ground motions. The parametric study is conducted and an optimal order of the various parameters of
different functions satisfying the allowable limits of both the displacement and acceleration responses in practical use is
proposed. From the numerical simulation, it is concluded that varying the stiffness with high-order power, elliptical and
exponential functions mitigates the displacement response effectively. However, negative stiffness itself is unstable so

varying negative stiffness is complicated as compared to varying positive stiffness.

Hence, this research also proposed base isolation system with the negative-variable positive mechanical unit for
displacement mitigation of the base-isolation objects or the target objects. The proposed device can also be used for the
retrofitting of the existing isolation system without moving isolated object under service. It consists of Negative-Positive
springs unit (NP unit) arranged in parallel with positive spring and a damper. The NP unit accelerates the change in the
stiffness of the isolation system where the stiffness of the positive springs varies linearly in terms of the displacement
response of the isolated objects. An optimal range of damping values and slope satisfying the allowable limits of both
displacement and acceleration when subjected to near-fault and long-period ground motion is proposed. The numerical
analysis shows that the increase in damping of the system and the slope of the linear function is effective in reducing the
displacement responses whereas the acceleration response to near-fault ground motions tends to increase appreciably

with an increase in the damping.



The maximum displacement of the isolated object decreases by almost 30% and more than 70% when subjected
to near-fault and long period ground motions respectively. The results show that the achieved maximum absolute
acceleration of the base isolated object with the proposed model is less than 2.5 m/s* while the maximum relative
displacement less than 0.3m for both types of earthquake ground motions. Moreover, all the springs comprising the

system are elastic linear so, it does not have any residual displacement after an earthquake.

In this study to realize the variable positive spring of NP unit of the proposed base isolation system, systems with
discontinuous stiffness-displacement (K-D) relationship are considered for varying the stiffness of positive spring. From
the numerical analysis, it is found that the system with discontinuous K-D relationship comprising at least three springs
in parallel (as a positive spring) shows both the displacement and the acceleration responses within the allowable limits

under near-fault and long-period ground motions.
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