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Seismic Control of Stiffness-degrading Inelastic SDOF Structures
with Fully Elasto-Plastic Dampers
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ABSTRACT >> The seismic control effect of reinforced concrete structures with low energy dissipating capacity due to stiffness
degradation is investigated through nonlinear time history analysis. The primary structure is idealized as a SDOF system of modified
Takeda hysteresis rule and an elasto-perfectly-plastic nonlinear spring is added to represent a hysteretic damping device. Based on
statistics of the numerical analysis, equivalent linearization techniques are evaluated, and empirical equations for response prediction
are proposed. As a result, estimation of the ductility demand with proposed empirical equations is more desirable than the equivalent
linearization techniques. The optimal yield strengths based on empirical equations are significantly different from the optimal yield
strength of elasto-perfectly-plastic systems. Also, the results indicate that the reduction effect of the ductility demand is more
remarkable for smaller natural periods.

Key words Seismic control, Elasto-plastic damper, Equivalent damping ratio, Stiffness degradation, Ductility demand
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2.00 b -1.47 -1.92 -0.984 | -0.402 0.196 -1.183 | -0.472 0.358 -0.147
b, 0.808 1.24 0.560 0.295 0.100 0.700 0.247 -0.126 | 0.0438
by 0.296 0459 | -0344 | -0584 | -0.730 | -0.0430 | 0.00930 | -0.569 | -0.0452
500 | 333 b -1.35 0618 | -0.875 | -0.0845 | 0.00750 | -0.581 -0.341 0.778 -0.171
(0.00) by 0.306 0.274 0.618 0.0592 | 0.163 0.208 0.0167 | -0392 | 0.0130
by 1.29 -0.378 | 0.00610 | -0326 | -0.267 0.234 0.642 | -0.848 | -0.540
5.00 b, -3.20 -0.905 -1.06 0289 | -0475 | -0.852 1.23 123 0.723
by 1.35 0.661 0.426 0.150 0.295 0312 0.826 | -0.545 | -0.247
Bo 0140 | -0.692 | -0224 | -0592 | -0.823 | -0.0415 | -0.127 | -0.612 | -0218
2.00 b, -1.19 -0.884 -1.24 -0.369 0.176 -1.071 -0.517 0.361 -0.154
by 0.479 0.731 0.677 0272 | 0.0667 | 0.659 0.270 -0.120 | 0.0603
bo -0.300 | -0.0406 | -0210 | -0392 | -0.693 | -0.0890 | -0200 | -0362 | -0.379
5.00 | 333 b, -0.428 -1.47 -0.862 | -0305 | -0.0904 | -0.530 | -0.124 0.253 0.0668
(0.05) by 0.0930 | 0.725 0.435 0.135 0.230 0.190 | -0.00890 | -0.0942 | 0.0164
bo -0.300 | -0.0941 | -0204 | -0334 | -0.153 | 0.0611 | -0.091 | -0.123 | 0.0351
5.00 b, 0379 | -0940 | -0576 | -0380 | -0.600 | -0.805 | -0.111 | -0.184 | -0.342
by 0.158 0.382 0.197 0.225 0.318 0.405 -0.028 0.104 0.115
bo -0.537 | -0.688 | -0208 | -0395 | -0.654 | -0226 | -0.189 | -0.528 | -0.350
2.00 b -0.643 | -0.762 -1.51 0823 | -0262 | -0.732 | -0.405 0.195 | -0.0403
b, 0.366 0.614 0.936 0.514 0.302 0.469 0209 | -0.0388 | 0.0344
bo 20209 | 0.0976 | 0.159 0419 | -0.674 | -0.133 | -0237 | -0246 | 0.0677
500 | 333 b -0.782 -1.73 -1.62 -0.555 | -0217 | -0.601 | -0.187 | -0.120 | -0.868
(0.20) b 0.322 0.879 0.735 0.304 0.287 0316 | 0.0605 | 0.0811 0.509
bo -0.192 0332 | 0.0806 | 0.0902 | -0.158 | -0.0959 | -0.258 0.118 0.131
5.00 b -0.710 -1.60 -0.825 -1.30 0941 | -0616 | -0.122 | -0.997 | -0.894
b, 0.323 0.602 0.190 0.667 0.533 0.340 | 0.0615 0.595 0.443
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