






















































  

Table 1 : Structural Response Quanitites with Zero Control Input

Active Mass Driver System

El Centro Hachinohe Artificial Earthquake

(1) (2) (2) (4) (5)
Quantities Story Story Quantities Story

 

1 2 3 1 2 3 1 2 3

 

 (cm) 2.09 3.29 3.44 0.96 1.52 1.66  (cm) 0.75 1.21 1.28
 (cm) 2.09 1.21 0.27 0.96 0.59 0.15  (cm) 0.75 0.45 0.08

 (

 

g

 

) 3.34 4.62 5.05 1.85 2.17 2.69  (

 

g

 

) 1.04 1.64 1.75
 (cm) 0.25 0.13  (cm) 0.09

 (cm/s) 10.32 4.84  (cm/s) 3.38
 (

 

g

 

) 5.43 2.94  (kN) 1.87

Active Tendon System

El Centro Hachinohe Artificial Earthquake

(1) (2) (2) (4) (5)
Quantities Story Story Quantities Story

 

1 2 3 1 2 3 1 2 3

 

 (cm) 2.03 4.97 6.57 1.19 2.95 3.85  (cm) 0.70 1.80 2.40
 (cm) 2.03 3.09 1.81 1.19 1.77 0.95  (cm) 0.70 1.11 0.60

 (

 

g

 

) 1.08 1.18 1.57 0.43 0.67 0.78  (

 

g

 

) 0.15 0.37 0.49
 (cm) 0.060 0.035  (cm) 0.020

 (cm/s) 1.072 0.490  (cm/s) 0.290
 (kN) 23.08 13.54  (kN) 7.90

xi σxi

di σdi

ẋ̇ai σ ẋ̇ai

xm σxm

ẋm σẋm

ẋ̇am σ ẋ̇am

xi σxi

di σdi

ẋ̇ai σ ẋ̇ai

xm σxm

ẋm σẋm

f σ f
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Table 2 : Comparison of Evaluation Criteria for 

 

LQG

 

, 

 

CSMC

 

, and 

 

CSMC&C

 

 Controllers for
Active Mass Driver System

 

Quantities

 

LQG CSMC CSMC&C

 

Five-Sensor Case,   

 

(1) (2) (3) (4)

 

J

 

1

 

0.1878 0.1979 0.2114

 

J

 

2

 

0.2846 0.2936 0.3183

 

J

 

3

 

0.8444 0.8221 0.7783

 

J

 

4

 

0.8259 0.8042 0.7560

 

J

 

5

 

0.8327 0.7775 0.6443

 (volts) 0.2710 0.2668 0.2637
 (

 

g

 

) 1.4905 1.3917 1.1534
 (cm) 1.1062 1.0770 1.0196

El Centro Hachinohe El Centro Hachinohe El Centro Hachinohe

 

J

 

6

 

0.3083 0.3779 0.3077 0.3738 0.3275 0.3757

 

J

 

7

 

0.4725 0.6616 0.4730 0.6674 0.6201 0.6287

 

J

 

8

 

1.2479 1.6240 1.2338 1.6832 1.1971 1.7292

 

J

 

9

 

1.2098 1.4811 1.2183 1.4903 1.2097 1.4550

 

J

 

10

 

1.1078 1.6491 1.0749 1.5673 1.1071 1.2821

 (volts) 1.1601 0.7539 1.1481 0.7818 1.1612 0.8087
 (

 

g

 

) 5.5942 4.2546 5.4282 4.0435 5.5908 3.3077
 (cm) 4.2056 2.6958 4.1578 2.7941 4.0343 2.8705

 

Three-Sensor Case,   

 

(5) (6) (7) (8)

 

J

 

1

 

0.1943 0.1963 0.1948

 

J

 

2

 

0.2956 0.2956 0.2939

 

J

 

3

 

0.8126 0.8110 0.8286

 

J

 

4

 

0.7984 0.7970 0.7945

 

J

 

5

 

0.8287 0.8004 0.7409

 (volts) 0.2567 0.2599 0.2742
 (

 

g

 

) 1.4834 1.4327 1.3261
 (cm) 1.0645 1.0625 1.0855

El Centro Hachinohe El Centro Hachinohe El Centro Hachinohe

 

J

 

6

 

0.3164 0.3818 0.3112 0.3760 0.3068 0.3700

 

J

 

7

 

0.4888 0.6691 0.4888 0.6695 0.5559 0.6269

 

J

 

8

 

1.1783 1.5022 1.2051 1.5819 1.2415 1.8663

 

J

 

9

 

1.1608 1.4376 1.1870 1.4060 1.2345 1.5739

 

J

 

10

 

1.1026 1.7515 1.1204 1.4647 1.1817 1.5217

 (volts) 1.0989 0.7071 1.1267 0.7350 1.1906 0.8686
 (

 

g

 

) 5.5680 3.5189 5.6581 3.7790 5.9677 3.9260
 (cm) 3.9710 2.4937 4.0613 2.6260 4.1838 3.0981

 

One-Sensor Case,   

 

(9) (10) (11) (12)

 

J

 

1

 

0.2112 0.2114 0.2661

 

J

 

2

 

0.3234 0.3235 0.4093

 

J

 

3

 

0.7696 0.7650 0.5490

 

J

 

4

 

0.7600 0.7524 0.5428

 

J

 

5

 

0.7805 0.7677 0.5309

 (volts) 0.2473 0.2454 0.1710
 (

 

g

 

) 1.3971 1.3741 0.9503
 (cm) 1.0082 1.0022 0.7192

El Centro Hachinohe El Centro Hachinohe El Centro Hachinohe

 

J

 

6

 

0.3196 0.3844 0.3167 0.3784 0.3739 0.4179

 

J

 

7

 

0.4957 0.6915 0.5168 0.6824 0.7188 0.7001

 

J

 

8

 

1.1451 1.3643 1.1360 1.4741 0.6983 0.9366

 

J

 

9

 

1.1442 1.5644 1.1306 1.3974 0.7241 0.9154

 

J

 

10

 

1.1706 1.8799 1.1817 1.4123 0.8675 0.9064

 (volts) 1.0638 0.6517 1.0607 0.6844 0.6984 0.4405
 (

 

g

 

) 5.9118 4.8503 5.9677 3.6438 4.3806 2.3386
 (cm) 3.8590 2.2647 3.8283 2.4469 2.3531 1.5548

yr xm ẋ̇a1 ẋ̇a2 ẋ̇a3 f, , , ,[ ] ′=

σu
σ ẋ̇am
σxm

max u
max ẋ̇am
max xm

yr ẋ̇a1 ẋ̇a2 ẋ̇a3, ,[ ] ′=

σu
σ ẋ̇am
σxm

max u
max ẋ̇am
max xm

yr ẋ̇a3[ ]=

σu
σ ẋ̇am
σxm

max u
max ẋ̇am
max xm
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Table 3 : Comparison of Evaluation Criteria for 

 

LQG

 

, 

 

CSMC

 

, and 

 

CSMC&C

 

 Controllers for
Active Tendon System

 

Quantities

 

LQG CSMC CSMC&C

 

Five-Sensor Case,   

 

(1) (2) (3) (4)

 

J

 

1

 

0.1646 0.1572 0.1727

 

J

 

2

 

0.3472 0.3387 0.3669

 

J

 

3

 

0.0329 0.0308 0.0317

 

J

 

4

 

0.0343 0.0328 0.0307

 

J

 

5

 

0.0089 0.0095 0.0097

 (volts) 0.5978 0.5780 0.5811
 (kN) 2.5703 2.7360 2.7969
 (cm) 0.0771 0.0721 0.0743

El Centro Hachinohe El Centro Hachinohe El Centro Hachinohe

 

J

 

6

 

0.2506 0.3223 0.2421 0.3157 0.2583 0.3245

 

J

 

7

 

0.5252 0.8514 0.4942 0.8437 0.4974 0.8097

 

J

 

8

 

0.0491 0.0662 0.0463 0.0674 0.0520 0.0611

 

J

 

9

 

0.0539 0.0677 0.0594 0.0729 0.0431 0.0549

 

J

 

10

 

0.0350 0.0269 0.0373 0.0295 0.0382 0.0266

 (volts) 2.4737 1.9540 2.4188 2.0424 2.6109 1.8224
 (kN) 10.11960 7.7831 10.79160 8.5367 11.02520 7.6821
 (cm) 0.3166 0.2502 0.2989 0.2548 0.3355 0.2311

 

Three-Sensor Case,   

 

(5) (6) (7) (8)

 

J

 

1

 

0.1681 0.1568 0.1831

 

J

 

2

 

0.3545 0.3377 0.3802

 

J

 

3

 

0.0328 0.0312 0.0367

 

J

 

4

 

0.0341 0.0331 0.0370

 

J

 

5

 

0.0091 0.0094 0.0090

 (volts) 0.5948 0.5846 0.6495
 (kN) 2.6187 2.7268 2.6008
 (cm) 0.0768 0.0730 0.0858

El Centro Hachinohe El Centro Hachinohe El Centro Hachinohe

 

J

 

6

 

0.2559 0.3276 0.2408 0.3166 0.2705 0.3333

 

J

 

7

 

0.5316 0.8603 0.4935 0.8438 0.5522 0.8126

 

J

 

8

 

0.0495 0.0606 0.0468 0.0675 0.0559 0.0631

 

J

 

9

 

0.0515 0.0666 0.0602 0.0737 0.0496 0.0610

 

J

 

10

 

0.0354 0.0271 0.0375 0.0294 0.0352 0.0242

 (volts) 2.4669 1.7905 2.4220 2.0457 2.7256 1.8084
 (kN) 10.23250 7.8390 10.83430 8.4854 10.17650 6.9796
 (cm) 0.3196 0.2292 0.3015 0.2553 0.3606 0.2387

 

One-Sensor Case,   

 

(9) (10) (11) (12)

 

J

 

1

 

0.1620 0.1575 0.1905

 

J

 

2

 

0.3409 0.3390 0.3927

 

J

 

3

 

0.0347 0.0312 0.0394

 

J

 

4

 

0.0362 0.0330 0.0398

 

J

 

5

 

0.0086 0.0094 0.0090

 (volts) 0.6297 0.5848 0.6930
 (kN) 2.4967 2.7269 2.5927
 (cm) 0.0812 0.0731 0.0922

El Centro Hachinohe El Centro Hachinohe El Centro Hachinohe

 

J

 

6

 

0.2497 0.3256 0.2404 0.3190 0.2798 0.3367

 

J

 

7

 

0.5188 0.8578 0.4888 0.8357 0.5748 0.8162

 

J

 

8

 

0.0531 0.0640 0.0473 0.0666 0.0588 0.0640

 

J

 

9

 

0.0558 0.0717 0.0563 0.0715 0.0530 0.0648

 

J

 

10

 

0.0346 0.0273 0.0373 0.0293 0.0354 0.0233

 (volts) 2.6677 1.8869 2.3976 2.0157 2.8488 1.8233
 (kN) 10.01120 7.9026 10.77880 8.4632 10.24290 6.7449
 (cm) 0.3426 0.2421 0.3049 0.2516 0.3795 0.2421

yr xp ẋ̇a1 ẋ̇a2 ẋ̇a3 f, , , ,[ ] ′=

σu
σ f
σxp

max u
max f
max xp

yr ẋ̇a1 ẋ̇a2 ẋ̇a3, ,[ ] ′= yr xp ẋ̇a3 f, ,[ ] ′=

σu
σ f
σxp

max u
max f
max xp

yr ẋ̇a3[ ]= yr f[ ]=

σu
σ f
σxp

max u
max f
max xp
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