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Optimization design method for over-tracking seismic ( vibration) isolation
structures based on ratio of benefit to life cycle cost
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(1. School of Civil and Environmental Engineering, Harbin Institute of Technology( Shenzhen) , Shenzhen 518055, China;
2. CABR Shenzhen Construction Technology Co., Ltd., Shenzhen 518063, China)

Abstract; Seismic( vibration) isolation technology is an effective measure to improve the seismic performance and
comfort of over-tracking buildings, and the design methods optimization of such structures has practical significance
and urgency. This study proposes an evaluation model based on the ratio of benefit to life cycle cost that suitable for
over-tracking seismic (vibration) isolation structures. The effects of key structural parameters such as period ratio,
mass ratio, stiffness and damping of the isolation layer on the benefits of the over-tracking seismic ( vibration )
isolation structures were studied. Based on genetic algorithms, an optimal design method for over-tracking seismic
(vibration) isolation structures is proposed. The research results show that the seismic losses of the structure after
adding isolation layers are mainly concentrated in the substructure, and the greater the mass ratio of the upper and
lower structures, the smaller the seismic losses. The period ratio of the upper and lower structures has a greater
impact on the overall seismic losses of the structure. The larger the period ratio, the smaller the seismic losses. The
stiffness of the isolation layer is positively correlated with the isolation efficiency. After using the optimization
algorithm to optimize the prototype structure, both seismic losses and vertical acceleration vibration levels were
reduced, verifying the feasibility of this method and providing reference for engineering design.
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Table 1  Limit values of RC frame structures at different limit states''*™'®’
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Table 2 Calculation formula for limit state related losses
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Table 3  Ground motion parameters
e i i ] 35 BRAM, | ¥ HEE AR I [i] bl R M,
GM1 San Fernando 1971 4 Whittier Narrows Dam  6.61 GM5 Chi-Chi 1999 4E CHY062 7.62
GM2  Imperial Valley-06 1979 4F Calipatria Fire Station  6.53 GM6 Hector Mine 1999 4 Anza-Tripp Flats Training ~ 7.13
GM3  Imperial Valley-06 1979 4E  EI Centro Array #13 6.53 GM7 Hector Mine 1999 4 Lytle Creek Fire Station 7.13
GM4  Imperial Valley-06 1979 4 Niland Fire Station 6.53
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Fig.4 Influence of mass ratio on structural earthquake damage losses
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Fig.5 Influence of period ratio on structural earthquake damage losses
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Fig. 6  Influence of isolation damping on structural earthquake damage losses
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Fig.7 Influence of isolation stiffness on structural earthquake damage losses
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Fig. 8 Schematic diagram of subway upper cover structure
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Fig.9 Finite element model of tunnel and soil
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Table 4  Soil parameters

=% SR pgm  ERBR AR L HE/(Vm') AR

/MPa /MPa /MPa /(m/s) /(m/s)
1)2 ANTH+ 5 2.8 152.67 61.11 2.00 0.25 302 174.8
2 2 R 1 5 14.2 251.62 100.72 2.04 0.25 384 2222
32 EHFEE L 10 6.0 209.48 83.80 1.94 0.25 359 207.9
4 )z wEhEE L 10 9.8 265.05 106.10 1.99 0.25 399 230.9
52 EHEFL 9 11.6 369.20 147.78 1.98 0.25 472 273.2
6 )2 R 6 18.4 412.93 165.29 1.99 0.25 498 288.2
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Fig. 10  Vibration isolation benefits analysis
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JEHTT, e REORME N 5 BRI FEARIRRIRZHN saseee BEYITHERE C/((N - 5)/mm)

RELJE H T &5 48 88 a4 sl 1, AN (5] B i )2 BELJE EE X 19 0.01 84.81
1/3 REAIAL LI 11, bR R 45 M BELJE L 2% 0.03 254.43

P 11 T B AR 2 5 1 o BELJE Ll 4, 0.5 424.06
SR ) R SR A T OB 5 158 1 1 R 2 T LA R AT 007 29368

40~80 HABLYIRE) , (HIe2x—E R FACR 1~30 Hz B SE a4 5l 3 i T4540 S [ iR S 7E 1~ 30 Hz
BIBLIN , DRI 38 16 4 Sl 7 42 A0 20 4 8 [ iR Sl 33 (00 BE PR S WA, B 68 o IR Sl 7 205 4w A e 23 il
M B PR3l 4

0857
10T —— Rl A= = -RHIR -2 -£,=0%K3
OF o 821%  —wom &=3% -+e--E=5%

10t o £27%
201

N R/ dB

10 100
FRULR Hz

11 AEERBL 1/3 E5mBIREXT

Fig. 11  Comparison of 1/3 octave band vibration levels with different damping ratios
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Table 6 The maximum and minimum limit values of earthquake damage losses
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Fig. 15 Comparison of seismic response between the optimized structure and the original structure
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Table 7 Comparison between the optimized horizontal isolation structure and the original structure

S 45K 1 45k 2 |
JA 2.25 2.50 2.50
Fis=qia 0.8 1.0 1.0
FaRZ 2RI/ (X108 N/m) 1.9 2.5 1.793
MR 0 0.050 0.093
MR A Cy/ (x10%) 1.599 1.443 1.639
HBBIRIL C g/ (x10%) 3.603 3.519 2.546

FRRMBRLL v 1.8280 1.8541 1.8895
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Table 8 Optimization results of vertical vibration isolation parameters

ZH L5 1 4t 2 etk ghty
U IR EE/ (x10° N/m) 9.800 1.900 1.667
FaRIZHA Cy/ (x10%) 7.2679 3.7487 42727
LR RARYL Vi, dB 68.91 74.32 72.97
FRRAL T L 1.9551 2.309 1 2.3551
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Table 9  Optimization results of seismic and vibration dual control parameters

IEES SRR R S, =2 SRR REL S, =3 S —IEIRREL S, =4

A A, It Bk BE % Attt RN BiRbt BE/% gt R Bt EEH/% ki
0.1 0.9 250 1.00 10.7 1.098 250 1.00 10.5 1.074 250 1.00 10.9 1.042
02 0.8 250 0.77 10.8 1.156 250 0.70 10.9 1.130 2.50  0.70 10.1 1.084
03 07 250 1.00 10.5 1.219 250 1.00 10.0 1.191 2.50  1.00 10.2 1.125
04 0.6 250 1.00 10.3 1.287 250 1.00 11.0 1.257 2.50 1.0 10.3 1.167

0.5 0.5 2.50 1.00 9.7 1.361 2.50 1.00 10.0 1.329 2.50 1.00 10.2 1.209
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0.6 0.4 2.50 1.00 10.3 1.445 2.50 1.00 9.9 1.411 2.50 1.00 10.2 1.251
0.7 0.3 2.50 1.00 9.7 1.540 2.50 1.00 10.1 1.507 2.50 1.00 10.2 1.292
0.8 0.2 2.39 1.00 9.5 1.658 2.49 0.90 9.6 1.623 2.49 0.90 10.3 1.347
0.9 0.1 2.38 0.94 9.4 1.822 2.37 1.00 9.9 1.793 2.37 1.00 9.6 1.472
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