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RESPONSE ANALYSIS OF A FRAME MODEL OBEYING A NONLINEAR HYSTERETIC
STRESS-STRAIN RELATION UNDER SINUSOIDAL DISTURBANCES
" by Tsuneyoshi NAKAMURA™, Tkuo KOSAKA™™ and Yoshihiro KITADA™ "

The results of systematic numerical experiments are presented for clarifying the
steady-state response of a one mass shear-type frame model under sinusoidal ac-
celeration disturbances. The model consists of a Tumped mass rigid beam and a
beam-column obeying a nonlinear hysteretic uniaxial stress-strain relation. The
following conclusions have been drawn from the numerical results.

(1) The responses of the model under sinusoidal disturbances of various amplitudes
and frequencies are classified into three groups: steady-state vibrations
symmetric with respect to the initial column axis at rest, non-symmetric
steady-state vibrations about an inclined center of vibration and divergent
behaviors (Fig.3,4 and 5).

(2) Points on a disturbance amplitude-disturbance period plane representing those
combinations which cause the afore-mentioned three different types of responses
are fairly clearly classified into three regions. It may be inferred from
the plots that there exists a steady-state 1imit curve on the disturbance
amplitude-disturbance period plane, as predicted by the dashed Tine in Fig.10.
As for the existence of a symmetry limit curve, there still remains a question
of accuracy as may be observed from the plots of ® and m in Fig.10.

(3) If the response relative displacement amplitude (including response amplitude
during divergence process) is plotted with respect to the frequency ratio ,
curves analogous with the resonance curves of a one-degree-of-freedom model
with a bilinear restoring-force characteristics are obtained. It should how-
ever be noted that the curves in Fig.12 may be regarded as those indicating
the response amplitude levels of divergent behaviors and are not resonance
curves in the ordinary sense.

(4) During transient states in some cases, the model has exhibited a peculiar be-
havior such that the inclination of the central line of vibration from the
initial column axis at rest is increased up to a certain level once and then
diminishes slightly. The final behavior after convergence is a steady-state
vibration about an inclined center line of a smaller inclination(Fig.5(d)).

(5) The yield plateau on the stress-strain curve has an apparent influence upon
the variation of curvature distribution during a transient state{ Fig. 5(g)).
The steady-state 1imit mentioned in (2) above is governed by the slope of the
virgin strain-hardening curve, at least partially (Fig.9(a-c}). Not only
from these observations but also from the conclusions (3) and (4), the
influence of the characteristics of the stress-strain relation upon the
steady-state 1imit may be said to be remarkable.
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