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Optimal performance comparison of tall buildings with damped outrigger system
by viscous and viscoelastic Kelvin-Voigt models under lateral vibration
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ABSTRACT ARTICLE INFO
Using central core system with peripheral columns and outrigger and Received: 30 June 2018
employing the energy dissipation devices, such as viscous damper, is one Revised: 24 November 2018

of the structure lateral displacement mitigation’s methods. The central Accepted: 04 January 2019

core system with the damped outrigger under seismic loads can be

assessed by transverse vibration of a cantilever beam subjected to a
concentrated moment due to spring-damper system. In this paper, two
models are proposed for damped outrigger. After obtaining differential

Keywords:
Tall building, Damped
outrigger, optimization,

equation of vibration of a beam interacted with damped outrigger structural control, Eigen
modeled as viscous and viscoelastic, and eigen value analysis, value Analysis, Complex
characteristic equations are derived. Complex frequencies and mode frequency

shapes are obtained with respect to non-dimensional parameters such as
damping ratio and outrigger location and results are presented as modal
damping ratio surfaces versus damping ratio and outrigger location and
so optimal of these parameters for each mode are attained. The optimal
locations of outrigger at first mode are 0.47 and 0.5 of the building height
for viscous and viscoelastic models, respectively. In second mode, this
value is 0.8 for both models. Analyzing a finite element model of a 40-
story building and comparing frequency responses of the optimal and non-
optimized models and the undamped models including the traditional
outrigger and traditional core system without outrigger, validity of the
proposed method is verified. The maximum of roof displacement in
viscous and viscoelastic models are respectively about 16.4 cm and 1.1
cm, while it exceeds than the criteria of 1/400 of building’s height in the
undamped models. In spite of greater modal damping ratio of viscous
model, performance of the viscoelastic model is better. This is an
indication of unrealistic viscosity model.
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