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MODELING OF RESILIENCE BASED ON CATEGORIZED RECOVERY SCENARIO AND
IMPROVING RESILIENCE WITH VISCOUS DAMPER

S o G T <
Hiroki AKEHASHI and Ieuru TAKEWAKI

A model for the evaluation of building’s resilience and recovery time is proposed. Then a new method of optimal viscous damper placement for
targeted resilience is developed. The features of this model are ; 1) Building components are categorized into some systems in view of function, 2)
The recovery time is a function of damage of building components and human resources to repair the components, 3) Applicable to structural
design. This design method uses a kind of real-coded GA. The effective use of the constraint on the sum of added damper damping coefficients

enables an efficient search for the solution.
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Fig. 3 Examples of recovery process of building’s function
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Table 1  Fragility functions of structural frame

damage state recovery time [month]

Slight 0.1
Moderate 3
Extensive 12

Table 2  Fragility functions of facilities

damage median logarithmic recovery
component story statg value standard time
derivation [month]
Switchaear 1st Slight 6.5 m/s? 0.4 0.25
< Story Extensive 13 m/s? 0.4 1
Distribution Each Slight 6.5 m/s? 0.4 0.25
Panel Story Extensive 13 m/s? 0.4 1
Conduit Each Replac‘ement 4/50 m 04 05
Cable Story required
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One of the main roles of passive dampers is to reduce structural damage, that is, to reduce interstory deformations. It
is also well known that the damage of non-structural components and facilities as well as the structural damage delays
the recovery of the damaged building. It is needed to develop a resilience-based design method.

The reduction of structural response by passive dampers and the increase of the strength of non-structural
components and facilities lead to the enhancement of the resilience of buildings. The structural responses (floor
acceleration and interstory deformation) and the damages of the non-structural components and facilities are strongly
correlated because the structural responses are regarded as the inputs to the non-structural components and facilities.
In addition, the reduction of floor acceleration also contributes to the reduction of material quantities and human
damages. For these reasons, it appears effective to reduce the structural responses for preventing damage to the non-
structural components and facilities and improving recoverability of building functions.

Recently, research on resilience and recovery time has been carried out extensively in the fields of architectural
and civil engineering. However, researches on resilience and recovery time are still insufficient.

On the other hand, there have been many researches on the optimum placement of passive dampers. The genetic
algorithm (GA), which is one of the useful methods of metaheuristics, has been adopted as a powerful means for
structural optimization and vibration control. Since random numbers are used and searching is performed at multiple
points in GA, it works effectively even when the objective function has discontinuity points and/or multiple peaks. It is
also known that GA can easily perform multi-objective optimization. While a gene is usually expressed by 0 or 1 (binary
expression) in ordinary GA, design variable vectors are directly treated to create new individuals in the real-coded
genetic algorithm (real-coded GA). In addition, the binary expression is not required in the real-coded GA. However,
an appropriate crossover is required in the real-coded GA to get good solutions for each problem.

The purpose of this paper is to propose both a model of the evaluation of building’s resilience and recovery time
and a new optimal viscous damper placement method for targeted resilience. The evaluation model has the following
features: 1) Building components (structural frame, non-structural components and facilities) are categorized into some
systems from the viewpoint of function: 2) The recovery time is considered as a function of damages to building
components and human resources to repair the components: 3) It is applicable to structural design. The design method
proposed in this paper uses a kind of real-coded GA. The proposed method can reflect the uncertainty of the process to
recover from damaged states (or the pace to recover) in a non-stochastic manner. Therefore, this uncertainty can be
reflected in the damper design. The effective use of the constraint on the sum of added damper damping coefficients
enables an efficient search for the solution. It is shown finally that the minimization of the recovery time with the
limited ability (manpower) to repair the building components and the minimization of the recovery time with the full
(unlimited) ability to repair the components correspond to the minimization of the total damage of the components and

the minimization of the maximum damage among the components, respectively.
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