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Equivalent Linearization Method for Nonlinear Structure System
Added with Oil Damper
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Abstract; Taking the single degree of freedom nonlinear structure system added with oil damper
as study object, an equivalent linearization method of the nonlinear structure system under
earthquake was proposed. The structure system behaved bi-linearly character, the relationship
between damping force and velocity of oil damper was bi-linear, and the main structure behaved
bi-linearly hysteretic characteristics. The main structure was equated to a linear Kelvin model,
and the added system was equated in a two-step way: bi-linearly viscous element was equated to a
linearly viscous element, then the added system with linear viscous element was connected to the
Kelvin model of main structure in parallel, namely model A; based on model A, the equivalent
damping ratio and equivalent period were derived, and the system was equated simply to a Kelvin
model, namely model B. The accuracies of the two models were investigated by comparing the

resonance curves, respectively. Considering the randomness of earthquake excitation, the
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equivalent damping ratio computed from model B was further revised based on nonlinear time

history analysis. The equivalent linearization method was expanded to performance curves, and

the drawing method for damping performance curves of nonlinear structure system was

established. The damping effect of oil damper on nonlinear structure was analyzed combined

performance curves. The results show that the resonance curves of model A and model B both

coincide the original structure respectively, which proves bi-linearly viscous element equivalent to

a linearly viscous element in nonlinear structure is feasible. The revised equivalent damping ratio

can effectively predict the peak displacement of nonlinear structural systems under earthquake.

Key words: seismic control; oil damper; equivalent linearization; nonlinear structure; earthquake
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