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/] ABSTRACT /

The use of dampers is being considered a means to improve the seismic performance of buildings. It may take considerable time and effort
to find an optimal design solution since repeated three-dimensional nonlinear time history analyses are required. Therefore, a preliminary
design procedure for seismic retrofit using hysteretic dampers was proposed in this study. In the proposed procedure, the amount of retrofit
(required number of dampers) is estimated from the capacity curve of the building before retrofit and allowable story drift of the building. In
combining the capacity curves of the building and the dampers, the deformation demand for the dampers can be easily checked against their
deformation capacity. The equations to transform the device displacement to roof displacement for the combination of capacity curves are
developed. The proposed procedure was applied to the seismic retrofit design of sample buildings. The study found that the estimated
capacity curve was very close to the actual capacity curve obtained from the pushover analysis, which can determine an appropriate

configuration to meet the required seismic performance.

Key words: Preliminary design for seismic retrofit, Seismic retrofit using hysteretic damper, Damper design, Estimate of seismic

retrofit, Metallic yield damper
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.o — Elastic displacement line

damping = 5% T
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Fig. 1. Concept of preliminary retrofit design with energy dissipation
units in ATC40
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Fig. 2. Concept of preliminary retrofit design with strengthening
and stiffening in ATC40
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(a) Example of hysteretic damper
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(b) Example of hysteresis graph

Fig. 3. Hysteric damper

(a) Internally installed damping device and supporting structure

(b) Externally installed damping device and supporting structure

Fig. 4. Types of supporting structures
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Fig. 5. Idealized capacity curve of structures with hysteretic damper
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Table 1. Input parameters of ‘Concrete01’ material in OpenSees

Input parameter Remarks
The maximum compressive
fe 18 strength (MPa)
epscO 0.0025 Strain at the maximum compressive
strength
fpcu -3 Residual strength (MPa)
epscu -0.015 Extreme strain

Table 2. Input parameters of ‘Steel02’ material in OpenSees

Input parameter Remarks

Fy 240 Yield strength (MPa)

RO 18 b descib S oot
R 0025 | e na lasc region
CR2 0.15

b 0.005 Ratio of stiffness before and after yield

EO 200000 elastic modulus (MPa)
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Table 3. Seismic performance evaluation (Model A)
Category 1st story 2nd story 3rd story Performance
Story drift 1.01% 0.65% 0.31% CcP
) ) Horizontal members 10: 100% 10: 100% 10: 100% 10
Gravity load resistance - LS
Vertical members LS: 100% 10: 100% 10: 100% LS
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Table 4. Seismic performance evaluation (Model B)

Category 1st story |2nd story|3rd story|Performance
Story drift 103% | 0.56% | 0.30% cP
Gravity ':1‘::;2:' 10: 100% | 10: 100% | 10: 100% | 10
load - LS
resistance | Vel 1 o 1000, | 10: 100% | 10: 100% | LS
members
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