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Abstract : For the vibration control of earthquake-excited buildings, an optimal design method of integrated control
system considering soil-structure interaction is studied in this paper. Interaction between soils and the base of the bui-
Iding is simply modeled as lumped parameters and equations of motion are derived. The equations of motion are
transformed into the state space equations and the probabilistic excitations such as Kanai-Tajumi power spectral
density function is introduced. Then an optimization problem is formulated as finding hybrid or integrated control
systems which minimizes the stochastic responses of the building structure for given constraints. In order to inves-
tigate the feasibility of the optimization method, an example design and numerical simulations are performed with ten-
story building. Finally, numerical results are compared with a conventional design case that soil-structure interaction is

not considered.
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Fig. 1. Lumped parameter model considering soil—structure interaction,
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Table 2, Material properties of an example building
Mass (kg)| Stiffness (N/m) | Damping (N-sec/m)

Ist floor 525,500 574.5x10°

1% Rayleigh
2nd floor 497,000 574.5x10° damping of the first
and second modes

3rd~10th floor | 420,700 514.5x10°

Table 3. Material properties of soil and footing

R = equivalent radius of footing 10 m

p = mass density of foundation soil 2100 kg/m’
& = shear modulus of the soil 9.06x10" N/m’
v = Poisson's ratio of the soil 0.35
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1500 2000

with SSI without SSI
Active Tendon Passive Damper Active Tendon Passive Damper
Floor Capacity(N/sec) Floor Capacity(N/sec)
1 0.64x10° 1 3.47x10°
2 3.85x10° 2 2.78x10°
Optimal Install Location; 5 Optimal Install Location; 5
3™ Floor 3 3.85x10 3™ Floor 3 7.64x10
th th

4 Floor 4 0.64x10° 5, Floor 4 9.02x10°

7" Floor 6" Floor
5 6.41x10° 5 2.08x10°
S5 5
Weighting Matrix 6 31310 Weighting Matrix 6 3.36x10
R= 7 6.41x10° R= 7 1.39x10°

3.03 2.86
0 x| 913 8 833x10° 00| a8 8 833x10°
883 9 9.62x10° T2 9 4.86x10°
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Table, 5 Maximum base shear, overturning moment and control force

El Centro Earthquake

Control
Response No Control with SSI without SSI
Maximum base shear (N) 2.4739x10' 1.3947x10 1.6286%10'
Maximum overturning moment (N-m) 6.2980x10° 1.5395x10° 2.6266x10°
. 3rd floor 26.67x10° 3rd floor 1647x10°
Maximum (IC\?)“‘“’I force 4th floor 9.70x10° 5th floor 12.25x10°
7th floor 10.76x10° 6th floor 9.78x10°
Kobe Earthquake
Control
Response No Control with SSI without SSI
Maximum base shear (N) 7.3069x10’ 3.5835%10’ 4.3596x10
Maximum overturning moment (N-m) 1.9931x10° 5.0593x10° 7.9339x10°
. 3rd floor 66.60%10° 3rd floor 41.52x10°
Maximum (;f)“‘“’l force 4th floor 23.95x10° 5th floor 29.61x10°
7th floor 25.97x10° 6th floor 23.66x10°
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