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GOVERNING EQUATION BASED ON POLE ALLOCATION FOR MULTI-LUMPED-MASS
STICK-SHAPE SHEAR BUILDING MODEL
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Yuki MATSUMOTO and Yoshiki IKEDA

Based on the pole allocation method in control theory, the authors’ previous research found out a fundamental closed-form equation

governing a three-lumped-mass stick-shape shear model for a building. Through the selection of appropriate model parameters, the

simplified model can represent an earthquake-resistant structure, a base-isolated structure, an interstory-isolated structure, or a

passively controlled structure with a tuned mass damper or viscous interstory dampers. The equation explains how the model

parameters are related to the control target and generally proves the trade-off relationship in the passive control effect. The present

study similarly applies the pole allocation method to a multi-lumped-mass stick-shape model to provide the trade-off relationship

with higher generality. The newly introduced equation has the same form as the previous research indicated. Next, this study

discusses the installation distribution of interstory dampers from a viewpoint of modal damping as control target.
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Fig.1 Multi-degree—of-freedom shear model
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Fig.2 Geometric understanding of Equation (23)
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Table 1 Parameters for original 10—-DOF model

Lumped Mass Story Stiffness ~ Damping coefficient
mass No.  (10°kg) No. (MN/m) (MNs/m)
10 600.0 10 318.7 1.090
9 450.0 9 367.7 1.257
8 450.0 8 4413 1.509
7 450.0 7 514.8 1.760
6 470.0 6 588.4 2.012
5 470.0 5 686.5 2.347
4 490.0 4 784.5 2.682
3 510.0 3 882.6 3.018
2 560.0 2 980.7 3.353
1 550.0 1 1078.7 3.688
Total 5000.0 Total - 22.72




Table 2 Modal properties
Mode order  Natural period (s) Modal damping ratio (%)

1 1.074 1.00
2 0.419 2.57
3 0.257 4.18
4 0.187 5.74
5 0.150 7.18
6 0.127 8.44
7 0.112 9.63
8 0.100 10.76
9 0.089 12.02
10 0.080 13.38
Lumped mass
— st
—2nd
—3d
= ——4th
1 ——5th
O
-1.0 -0.5 0.0 0.5 1.0 1:5
Amplitude

Fig.3 Mode shapes
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Fig.4 Interstory mode amplitudes

Table 3 Distribution of damping coefficients

Case A B C D

10 5.448 7315  17.863 24.784
9 6.287  10.790  22.164 19.500
8 7.544 12323  18.948 2.734
7 8.801 13.050  12.924 10.663
Story 6 10.059  13.334 5.946 16.138
5 11.735  12.766 0.417 13.076
4 13.412  12.096 5.335 5.878
3 15.088  11.392 8.645 1.946
2 16.765 10.656  10.528 8.178
1 18.441 9.856  10.810 10.683
Total 113.58

(Unit: MNs/m)

Table 4 Natural periods and damping ratios of four models

Case A B C D

1 1.074s 1.073s 1.069s 1.070s
5.0% 52 % 4.5% 4.6%
5 0.419s 0.417s 0.399s 0.395s
12.8% 15.7% 24.0% 15.7%
3 0.257s 0.255s 0.234s 0.214s
20.9% 24.8 % 29.1% 62.6%
4 0.187s 0.184s 0.163s 0.206s
28.7% 33.6 % 46.5% 26.0%
5 0.150s 0.145s 0.148s 0.141s
Mode 35.9% 42.9% 37.0% 28.3%
6 0.127s 0.119s 0.138s 0.109s
42.2% 523 % 96.3% 42.9%
0.112s 0.106s 0.109s 0.102s
7 48.2% 64.9 % 24.8% 28.3%
3 0.100s 0.102s 0.092s 0.096s
53.8% 79.3% 20.3% 76.7%
9 0.089s 0.099s 0.082s 0.083s
60.1% 53.8% 38.1% 24.8%

0.080s 0.086s
10 - -

66.9% 47.0%
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