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Hysteresis Models Used in Study

(12) Degrading Trilinear Model
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EFFECT OF HYSTERETIC CHARACTERISTICS ON EARTHQUAKE RESPONSE
*
Shunsuke Otani

Numerous hysteresis models have been proposed, each claiming the best of a
kind. Some of these models give similar earthquake response, and could be
replaced by a simple representative one. This paper studies the effect of some
model parameters and also compares the response of different models.

Twelve hysteresis models (Fig. 1) are considered, each of them sharing the
same yield point and post-yielding stiffness (Fig. 2). Response was computed
at nine different periods using four earthquake records.

Equivalent damping factors are computed from hysteretic energy dissipation
at displacement ductility of 4 under steady state oscillation (Table 1). A wide
variation of equivalent damping factors of Takeda models is shown in Fig. 3 when
the unloading stiffness was degraded inversely proportional to the power a of
ductility. On the contrary, response ductility did not vary appreciably (Fig. 5
), indicating that the equivalent damping factor is not a good index for maximum
response. Effect of viscous damping on response ductility is significant when
the period is short and ductility demand is large (Fig. 6).

Cracking force level did not change the ductility of a Takeda model, whereas
the level is an important factor in the case of a Degrading Trilinear model (Fig.
7). Effect of post-yielding stiffness of a Takeda model is large when the
system has a short period and the ductility required is large (Fig. 8).

Ductility requirements of reinforced concrete flexural-type models are
compared in Fig. 9. Clough and Bilinear Takeda models required almost identical
ductility. Takeda and Hisada models are also similar in characteristics, both
demand similar ductility values. Takeda models with an unloading stiffness
degradation factor of 0.5 requires ductility similar to that of Degrading Tri-
linear models. This may be a coincidence because Degrading Trilinear model
response is much more sensitive to the cracking force level than Takeda model
response. Therefore, if the cracking force level was chosen a different value,
this agreement might not have been achieved.

With the same mass, damping coefficient and skeleton curve, Clough model is
as good as more complex Takeda model except minor difference in small amplitude
response waveform.

Although the models with little energy dissipation show similar ductility
demand (Fig. 10), response waveforms are quite different. Consequently, a
representative model can not be recommended.

* Associate Professor, Department of Architecture, University of Tokyo.



