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Abstract: To reduce the severe structural damage caused by the collision of adjacent buildings
during an earthquake, in this study, we applied the Lyapunov method as a control algorithm to
conduct a stability analysis to determine the best controller design. Here, we compare and analyze
the performances of semi-active and two types of hybrid control schemes. The results reveal that
a hybrid control strategy is more effective than semi-active control in mitigating the seismic
response. The selection of an appropriate hybrid control scheme can reduce the bearing displace-
ment, and thus effectively prevent impact. In addition, we found that an increase in the damping
and strength of the isolation leads to an increase in the base shear force and reduces the bearing
displacement. The selection of an appropriate parameter value can ensure that the resulting
response is within a limited range.

Keywords: semi-active control; hybrid control; base isolation; MR dampers; lead rubber bear-

ing; laminated rubber bearing

5 B #9:2017-08-20
HEW B HER BRI H TR (2015BAL03B03—05) 5 [ 58 9 Kk 2 4= 8135 b I 2531 %) %8 B 551 H (201610619025)
F—EEFEB/N A EAI73—) B AR SR TR, AW B TR, FEMHFIE . TR, E-mail:yangzl215@163.com.



%40 % 5

AR T o 2 35 T 7 720 FELJ 28 15 1 5 T I 2 R 2 9 10 4 7 O R 43 933

0 3|8

B 22 5% i i U 4 R RSOBOR B, A 48 4
SFLR] (18 A T 52 0 2 A% R b i 5 3t 7 1) 4 3 7 3
FORBYFI . O 1 /Nl 52 P i 453 % SR T~ 32 30
) R TG U A 1 S R R T 980N 1 SR R M R
W2 I ELHE At 5 4 Sy JC R A 1 i — Ao R
BRI C A E 25 . Su ST T A R
VLA BIVERE L 8 0 S A 7 A W) 52 M AR
il o 8 85 A 2 i S A WL A9F S B S S e
A AR B BT R PR L X B/ e AT — E PR

4 3 gl 4 ] 2 — b R SR AR E TR e ELAE RE
R B IORAEHE ™ H P G A B JE f (MR)™ O 78
S P A3 Tz N A DR/ A AT B R
Hh ) e 17 S B T A B R L e S R JE AR 2

B

Myin)

(a) [ E Hedith

Lt 57
(Kyscv) e

HOR BEAS UL AL R BCR T L I TL AR Al B S
FEHERAESRL TREEM TR AaT 58
7 il s PR 408 i A DR

ASCHFFE XS T 3 bR A A 4% W O 28 A9 1
RE, IF X B S8 S w AT T BESE L AR B S 8K
(P 52 BELJE AR, LA KB JE 2% 2 % (45 4 v TR A BH
JEARLED .

1

1.1 EfERE

AR SCHIF 5T B S5 MR D An 18] 1 i 7 B0 AS 5 35 01
R SRR P e A AR H) G o MR BHJE 245 3% 4%
HEZEER —EE, #5351 hm 2. &% 2 ha
B H m>n, B 1) #H 1 R SRR .

iEH

(b) BRI

Bl fo@isd
Fig.1 Model of the coupled building
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Table 1 Comparison between performances of the coupled building with different control methods
5 1 5 2
W b 0 _— g : — — :
Semi-active Hybrid 1 Hybrid 2 Semi-active Hybrid 1 Hybrid 2
uy/cm 5.702 0.624(89.05) 0.706(87.61) 2.939 2.711 (7.75) 2.720 (7.45)
. arlg 1.064 0.168(84.21) 0.172(83.63) 0.926 0.891 (3.77) 0.889 (3.99)
Imperial valley, 1940
By, /W 0.700 0.101(85.57) 0.111(84.14) 0.566 0.531 (6.18) 0.533 (5.83)
w,/cm - 6.433 5.991 - - -
uy/cm 14.22 2.299 (83.83) 2.175 (84.70) 5.795 5.610 (3.19) 5.601(3.34)
ar/g 2.284 0.422 (81.52) 0.397 (82.61) 1.655 1.639 (5.37) 1.632 (1.38)
Loma Prieta, 1989
By, /W 1.771 0.320 (81.93) 0.296 (83.28) 1.082 1.075 (0.64) 1.074 (0.74)
w,/cm - 26.99 23.43 - - -
uys/cm 15.86 1.316 (91.70) 1.348 (91.50) 10.72 10.53 (1.77) 10.52 (1.86)
arlg 2.693 0.232 (91.38) 0.275 (89.78) 2.686 2.673 (0.48) 2.673 (0.48)
Kobe, 1995
B /W 1.898 0.178 (90.62) 0.176 (90.72) 1.944 1.924 (1.02) 1.925 (0.97)
uy/cm - 13.25 11.72 - - -
uys/cm 15.63 2.047 (86.90) 2.067 (86.77) 12.95 12.60 (2.70) 12.58 (2.85)
as/g 2.694 0.358 (86.71) 0.374 (86.11) 3.449 3.384 (1.88) 3.383 (1.9
Northridge, 1994
By /W 1.788 0.278 (84.45) 0.286 (84.00) 2.313 2.270 (1.86) 2.271 (1.81)
w,/cm - 22.57 20.94 - - -
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Table 2 Influence of the damper command voltage on control system performance of building 1

, ) Semi-active L JE 4§ & LK/ V Hybrid 1 e #5485 & 0/ V Hybrid 2 B ) #4852 B/ V
b5 WA {1 ) 3
3 6 9 3 6 9 3 6 9
wy/cm 5.812 5.702 5.602 0.635 0.625 0.617 0.722 0.707 0.691
Imperial valley,1940 as/g 1.074 3 1.064 1.055 3 0.169 9 0.168 0 0.166 3 0.172 7 0.172 9 0.172 9
B, /W 160.37 267.6 366.94 139.121 231.40 316.69 133.088 221.882 304.34
uy/cm - - - 6.650 6.433 6.228 6.134 5.991 5.853
wy/cm 14.45 14.22 14.014 2.332 2.300 2.268 2.205 2.176 2.148
Loma Pricta. 1989 arlg 2.297 2.284 2.276 3 0.428 4 0.422 8 0.417 5 0.400 6 0.397 9 0.395 2
By, /W 347.5 584.51 805.86 244.43 415.07 577.20 235.139 399.983 557.916
uy/cm - - - 27.524 26.998 26.480 23.861 23.430 23.010
uy/cm 16.14 15.725 15.63 1.338 1.316 1.295 1.370 1.349 1.328
Kobe.1995 ar/g 2.749 2.693 2.651 6 0.227 8 0.232 6 0.244 0 0.273 8 0.275 7 0.280 8
B, /W 404.7 669.86 919.57 363.350 623.31 864.87 377.34 649.598 913.21
uy/cm - - - 13.530 13.252 12.981 11.959 11.725 11.493
wy/cm 15.66 15.63 15.608 2.079 2.047 2.018 2.099 2.067 2.035
Northridge, 1994 ar/g 2.685 2.694 4 2.705 0 0.361 9 0.358 8 0.365 0 0.368 6 0.374 7 0.380 9
By /W 479.8 823.11 1116.8 501.530 869.25 1239.7 506.38 873.322 1233.20
uy,/cm - - - 23.019 22.573 22.153 21.374 20.943 20.539
*3 MHERBLHENEHN 2EHREMERNZIE
Table 3 Influence of the damper command voltage on control system performance of building 2
R i Semi-active fHLJ8 i 4E & LK/ V Hybrid 1 L #5485 & 1/ V Hybrid 2 FLJ #4852 B/ V
6 9 3 6 9 3 6 9
Imperial valley,1940 us/cm 2.972 2.940 2.917 2.840 2.712 2.616 2.844 2.720 2.611
arlg 0.934 0.926 0.918 0.913 0.891 0.869 0.912 0.889 0.866
Loma Prieta. 1989 wy/cm 5.768 5.795 5.949 5.728 5.611 5.503 5.72 5.601 5.494
as/g 1.685 1.655 1.627 1.677 1.639 1.604 1.673 1.632 1.595
Kobe. 1995 us/cm 11.02 10.72 10.46 10.91 10.53 10.17 10.91 10.53 10.166
ar/g 2.774 2.686 2.613 2.767 2.673 2.584 2.767 2.673 2.585
Northridge, 1994 wy/cm 13.01 12.95 12.90 12.80 12.60 12.41 12.80 12.607 12.411

as/g 3.483 3.449 3.416 3.443 3.383 3.324 3.443 3.383 3.325
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Table 4 Influence of damper location on control system performance of building 1
2 W {8 W Semi-active Hybrid 1 Hybrid 2
Casel Case2 Case3 Casel Case2 Case3 Casel Case2 Case3
u,/cm 0.907 1 0.922 3 0.927 4 0.108 7 0.112 5 0.113 5 0.126 4 0.129 5 0.130 3
Imperial valley, 1940 F./kN 267.66 278.61 282.35 231.40 242.02 245.44 221.88 231.30 234.46
B,,/W 0.700 9 0.710 3 0.710 3 0.101 3 0.101 5 0.101 5 0.111 5 0.110 7 0.110 4
uy/cm - - - 6.4334 6.7073 6.7785 5.991 6.17 6.216
w,/cm 2.297 1 2.339 4 2.353 9 0.399 3 0.408 9 0.411 4 0.379 5 0.387 7 0.389 8
Loma Prieta, 1989 F./kN 584.515 605.18 612.15 415.07 426.51 429.62 399.98 410.08 413.07
B,,/W 1.771 5 1.798 4 1.808 2 0.320 1 0.324 6 0.325 6 0.296 4 0.300 6 0.301 6
uy,/cm - - - 26.997 27.660 27.820 23.430 23.984 24.123
w,/cm 2.444 2 2.460 6 2,471 2 0.217 8 0.223 7 0.225 1 0.222 1 0.227 1 0.228 5
Kobe.1995 F./kN 669.81 696.38 713.92 623.31 641.73 647.37 649.60 660.13 673.21
B,,/W 1.898 0 1.909 0 1.912 1 0.177 7 0.179 6 0.180 0 0.177 4 0.174 9 0.175'5
uy,/cm - - - 13.259 13.607 13.695 11.725 12.033 12.112
w,/cm 2.2927 2.3020 2.3049 0.3388 0.3462 0.3480 0.3425 0.3505 0.3522
Northridge, 1994 Fq./kN 823.11 850.36 858.50 869.25 914.85 908.59 873.32 878.09 896.64
B, /W 1.788 6 1.782 4 1.78 13 0.278 0 0.280 3 0.28 10 0.286 5 0.28 9 0.282 9
wy/cm - - - 22.579 23.118 23.248 20.943 21.453 21.585
x5 MHERMEXNEH 2 EHRFHERNZI
Table 5 Influence of damper location on control system performance of building 2
s W 00 Semi-active Hybrid 1 Hybrid 2

Casel Case2 Case3 Casel Case2 Case3 Casel Case2 Case3
Imperial valley, 1940 w,/cm 0.9071 0.9223 0.9274 0.1087 0.1125 0.1135 0.1264 0.1295 0.1303
B,,/W 0.7009 0.7103 0.7103 0.1013 0.1015 0.1015 0.1115 0.1107 0.1104
Loma Prieta. 1989 w,/cm 2.2971 2.3394 2.3539 0.3993 0.4089 0.4114 0.3795 0.3877 0.3898
B, /W 1.7715 1.7984 1.8082 0.3201 0.3246 0.3256 0.2964 0.3006 0.3016
Kobe. 1995 w,/cm 2.4442 2.4606 2.4712 0.2178 0.2237 0.2251 0.2221 0.2271 0.2285
B,,/W 1.8980 1.9090 1.9121 0.1777 0.1796 0.1800 0.1774 0.1749 0.1755
Northridge, 1994 u,/cm 2.2927 2.3020 2.3049 0.3388 0.3462 0.3480 0.3425 0.3505 0.3522
B,, /W 1.7886 1.7824 1.7813 0.2780 0.2803 0.2810 0.2865 0.2829 0.2829
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