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OPTIMIZATION OF DAMPER ARRANGEMENT WITH HYBRID GA
USING ELASTO-PLASTIC RESPONSE ANALYSIS ON SEISMIC RESPONSE CONTROL RETROFIT
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Damper distribution rule with equivalent linearization method on seismic control retrofit for overseas brittle RC buildings was proposed by the authors.

However, this result is not necessarily proved as optimal. Recently, Genetic Algorithm (GA) is applied to solve numerous kinds of structural optimization

problems, mainly in the range of static analysis. In this paper, the optimization method of damper distribution with GA using elasto-plastic dynamic analysis

for multi degree of freedom shear spring model is proposed. By using proposed optimization method, the optimal damper distribution, defined as minimum

damper distribution satisfying the target story drift angle for seismic retrofit, is obtained. Finally, comparison of the results with GA and solutions with

equivalent linearization method is represented and the effectiveness of proposed damper distribution rule is discussed.
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1. Introduction

Damper distribution rule with equivalent linearization method on seismic control retrofit for overseas brittle RC buildings was
proposed by the authors. However, this result is not necessarily proved as optimal. Recently, Genetic Algorithm (GA) is applied to
solve numerous kinds of structural optimization problems, mainly in the range of static analysis. In this paper, the optimization
method of damper distribution with GA using elasto-plastic dynamic analysis for multi degree of freedom shear spring model is
proposed. By using proposed optimization method, the optimal damper distribution, defined as minimum damper distribution
satisfying the target story drift angle for seismic retrofit, is obtained. Finally, comparison of the results with GA and solutions with
equivalent linearization method is represented and the effectiveness of proposed damper distribution rule is discussed.

2.  Proposed Hybrid GA Damper Optimization Method for Structural Retrofit

Hybrid GA based damper optimization method using elasto-plasticity time history analysis for structural retrofit is proposed. In this
paper, optimal solution is defined as minimum damper design satisfying the displacement limits on each story, therefore, horizontal
response of multi-degree of freedom shear spring model subjected to earthquake wave is obtained with dynamic response analysis. In
damper optimization, the sum of damper stiffness in each story (ductility factors of dampers on each story is identical.) is considered
as objective function and minimization of the objective function is carried out under the limiting condition with Hybrid GA. Hybrid
GA is consisted of SGA for global search and Hill-climbing method for local search where it is effective for searching optimal
solution from a huge amount of solution space.

3.  Application of Damper Optimization Method to Structural Retrofit with Hybrid GA

Proposed optimization method of damper distribution on structural retrofit is applied to the multi degree of freedom model of 5 and
9 story analysis models. The 5 story models are designed based on actual Turkish RC school buildings where the analysis models have
weak stories (1F-4F) and 9 story model is also designed based on actual Turkish RC building. The optimal damper distributions on
each model are obtained with hybrid GA for seven different earthquake waves. The shape of obtained optimal damper distributions
normalized by maximum amount of damper are almost identical for each earthquake wave. Moreover, the relationship between
earthquake intensity and the amount of damper obtained by optimal damper design with GA are almost linear. The optimization
calculation of 5 story model takes about half a day, and that of 9 story model takes for several days with a regular personal computer,
and time mostly depends on the number of degree of freedom of analysis model and input earthquake data. Also, the search
performances on Hybrid GA and SGA are compared and the effectiveness of hybrid GA on local search is confirmed.

4.  The Effectiveness of Damper Distribution Rule with Equivalent Linearization Method

The effectiveness of existing damper distribution rule obtained equivalent linearization (EL Method) is investigated by comparing
with the proposed optimization with Hybrid GA (GA method). It is shown that the design solution obtained by EL method is on safer
side compared to optimal design obtained with GA on all analysis models and the effectiveness of damper distribution with EL
method is confirmed. However, the difference is less obvious in the case of optimal damper distribution of 9 story model, which may

be attributable to the fact that optimization method with GA takes higher mode contribution into account.
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