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Design and Feasibility Study on Bio-inspired Isolation
System with Case Study

SHI Zhiguo ,SHAN Jiazeng ,ZHANG Quanwu ,SHI Weixing

(Research Institute of Structural Engineering and Disaster Reduction, Tongji University, Shanghai, China,200092 )

Abstract: To validate the feasibility of innovative base isolation system ( BIO isolation system)
BIO isolation system was adopted in a frame structure in ETABS software. The BIO component
can be assembled with Multi-Linear Elastic element and Plastic ( Wen) element which are soft-
ware-provided. The results of BIO isolation system are compared with linear isolation system.
Time-history result indicates that assembled BIO component is able to simulate the BIO mechanical
behavior and energy dispersion mechanism well. The period of isolated-structure is about 3. 7 times
that of original structure, and the earthquake-reduction coefficient is about 0. 29. Maximum base
drift of BIO isolation in severe earthquake is 219 mm,which is within standard limits (350 mm).
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The improvement of base shear force is about 10% ~25% ,and the improvement of base drift is a-

bout 10% ~25% . BIO isolation can meet the design requirement in Earthquake resistant design
code ( GB50011-2010) . Furthermore , compared with the traditional linear isolation, BIO isolation
system has better energy dissipation capacity and can decrease the base shear and base drift that is

within standard limits.

Key words : Bio-inspired , isolated structure , time-history analysis, ETABS software
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Fig.1  Simple mechanical model of the bio-in-

spired isolator
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Fig. 2 Force-displacement-velocity plots of BIO force
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Fig.3 Three-dimensional structure model
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Table 1

Comparison of base shear with time-history

and response spectrum analysis

WA ALRI/AN ”g;?ft?gg
ChiChi 32 317 85
X SanFernando 31 694 83
art4 27 336 72
ChiChi 31 432 86
Y San Fernando 32 827 90
art4 26 948 74
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Table 2 Parameters of isolators

N W/ FiLfe/
Ay 5t /K
Ll (KN-mm~') ((kN-s)-m~") Faio/kN
BIO i B4 5% 1.85 56.2 44

e 1.85 56.2 0
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Table 3 MultiLinear Elastic element define
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500 = fanax/2
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Table 4 The first five period of structure with

and without isolation

B Ji#/s
B -
K= BIO #iflpam kM=
1 0. 653 2.443 2.443
2 0.638 2.391 2.391
3 0. 566 2.267 2.267
4 0.226 0.323 0.323
5 0.222 0.321 0.321

M 4 AT LU B Jm R 45 4 A 1)
FER LR IR EE R I 3.7 A5 AR 4 72 5% ) R

Boh £ mT LLTH 345 B i e R B
0.322, fRE J5 % 224K 0. 104, FEAIK T 4514
M 137 . BIO 37 1 b 7% 55 2 M B 7 (R A 25 o0 i
GERLSE 4 F ] BIO BATT R4S R A 1%
AR,
3.2 KEBEREH

HCEE FL T Wi ) (GBS50011—
2010) AT, k52 0B 72 I b 7% 15 B B %
iK1 B2 H Ax, B K = R FUN T
0. 40, X% F Z 2@, K Ik 5= R BON 45
P TR 1 BE R SRR E AR R E BT 1
K LUAE. 235 7 2R T R 2 B R B
A GAEMR L AREE A 25 2 )2 E 5T 1 K b
{E. FIH ETABS JE4k Mt 2 0 #r, 5k 45 8 &
BB HLRAE T iz st iR S AR R i oL
()2 6] 85y e An ke 5 .



198

Tk B B OR E eE R (A SRR )

o534 3

7£ ChiChi 7 . San Fernando ¥ 1 art J%
T, X K55 7 A Bk 0.24 0,24 Al
0.29,Y [a 59 J7 Lk 40504 0. 23 0. 23 1 0. 29.
B3 SRR T 00T B RAE, R L X 1] (1)

KU AE R ECK 0,29, Y 1] (9 7K -0 72 2 4k
h0.29, G5 BN 7 908 R R B N T
0. 4,7 CRESAPUE T ILE ) (GB50011—
2010 ) ZLK.

x5 JRMBIIILL

Table 5 Shear ratio in direction

. X 125 1 1 Y 1 2] 5 1 1
- ChiChi San Fernando artd ChiChi San Fernando art4
4 0.24 0.24 0.28 0.23 0.21 0.26
3 0.20 0.22 0.26 0.20 0.21 0.25
2 0.19 0.20 0.27 0.19 0.20 0.27
1 0.20 0.23 0.29 0.20 0.23 0.29
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Fig.7 Base shear of Linear isolation system and

BIO innovative isolation in direction X
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Fig.8 Base shear of Linear isolation system and

BIO innovative isolation in direction Y
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Table 6 Base drift in severe earthquake

BIO @i 32 (L Fs/ mm

A G LA R 52 SO FS / mm

R B X Tyl Y J7 1] X Jiln) Y J51h)
TN f/ME IEYNEN /M SENIEN f/MA TN f/ME
ChiChi 146. 44 -181.89 143. 36 -178.12 189.02  -200.632  210.5 -223.86
San Fernando 192. 36 -168.79 190. 74 -174.58  226.17 -203.55 256. 61 -227.07
artd 218.23 -166.89  218.82 -174.98  261.84  -225.36 280. 21 -230. 89
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Fig.9 Time history of base drift under severe San

Fernando earthquake
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Fig. 10  Hysteresis curve of BIO isolation under

severe San Fernando earthquake
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Fig. 11 Hysteresis curve of BIO conponent under

severe San Fernando earthquake
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