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Simple method for estimating seismic performance of a frame with
displacement-dependent dampers using Multi-spring model
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It is found that there exists approximate linear relationship between the
logarithms of the ratio of the cumulative plastic deformation of each elasto-plastic spring in a
Multi-spring (MS) model, which is equivalent to each modal response of a frame with
displacement-dependent passive dampers and each spring represents the dampers installed to the each
story of the frame, to the ratio of yield displacement of each spring to the minimum yield
displacement among the springs. Then the slope of the relationship can be modeled as a simple
function of the maximum ductility of the MS model regardless of the number of the stories in the
frame, amount of the dampers installed, and the arrangement of the dampers. Using the relationship
and the total hysteresis energy of the MS model, a simple method for estimating the hysteresis
energy of each spring in the MS model is proposed. By summing up the energy mode-wise, the
cumulative plastic deformation of the dampers in each story can be estimated.
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