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Shaking table test study on suspended structure
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Abstract; In order to investigate the seismic performance of the suspended structure with viscous damper during
earthquakes, the shaking table tests were carried out on two 1/20 scaled models of suspended structures, which
were equipped with rigid rods and viscous dampers respectively. The dynamic characteristics, damping ratio,
structural response and damping effect of model structures were researched. The test results show that compared with
the common suspended model structure, the natural frequency of the suspension damping model structure is
reduced, while the damping ratio is improved, especially the first frequency and the corresponding damping ratio.
The peak accelerations of the top of the main structure and the fifth suspended-floor of the suspension damping
model structure are less than those of the common suspended model structure, but the damping amplitude of the
peak acceleration of the fifth suspended-floor is even up to 94.34%. The maximum displacement of the top of the
main structure is also distinctly smaller than that of the common suspended model structure. Different seismic wave
input has different damping effect, in which the effect of Taft wave is the best, the El Centro wave is the second,
and the last is artificial wave. However, the maximum relative displacement between the main structure and the
suspended-floor is greater than that of the common suspended model structure, which shows that the stronger the
connection between the main and secondary structures, the smaller the relative displacement. It also indicates that
the suspension damping model structure takes advantage of the swing of the suspended-floors and the viscous
dampers to consume energy, so that the suspended structure with viscous dampers has better effect of energy

dissipation and vibration reduction.

s H#A:2023-07-15; f&[E HH:2024-01-02
HETH . BR ARP2EIL4EH (51508491)
TEFRIAN 2B (1978—) , Lo, B 287, 1+ E NS BUETEREMTFT . E-mail ; caiwenhual 0@163.com



72 woE T OB 5 TR ik 3 44 %

Key words; suspension damping structure; viscous dampers; shaking table test; damping effect; vibration

reduction amplitude

0 55§

o JE ISR — BT Z RSO 20, B fE R T, @ ST A IR 3l 2 0 s A AR
M, HE s M IR, AR GE I T5 TR R i Y SR A A AR B R | R ASEME R B S A M T Xl
TR BTRSE AR T TR S, s TRRES AR TARKRA R E . Sy 7B FioiR B, T2
IHER AR R B HUR AR R W R A2 b Be A S B2 p 1 BHai ik =7 2 —Fh
BB RARZ LSRR 2 2 th =R LA, 23 Bl K AR M AF BRI R . X as 1A
FAIFEAERE R AT EahPiRR , BA RIFRIDURNERE, (RN R SR JURIEH R 2 2 18] SO T4 1 15 75 19
LA SRR RAF R RS 2 A R R

RIS 450 22 1 JEk 8 P MR R 4 1 IR H) (R AR T) SR8 43 SRy 28 . A0 BT R RUARE 451 AR
FEEE X B R AE SRR A HEA T TR B 7 T Y

% BRI HEGR RS, [ NS T A T BRI B A AR A B R
GBI R RE , Rl e AE B ZATE 5B R 2 Z (W) 223 B A Jm | ST B A MU FE RERE ), #R )= L
S0 B S /N DR, (45 52 P T AR A SC BU L A7k, (R I 2 AR D (UL AR E 9 SR [ 15-16 ] 11
BRI R A MBS RN, O 4 2 B RHESUE R Y, HAARARMT ARG — R T LU R A 1
TIRESLMIE AL 2 Z R RBHLIE & , X AR 5 5B nd i J 2= L SRAS A AR 22 LUK, I HLM SR AU E PRI SE 17X
TR T RIRPE T AR . o 1 AT B RUAE QAR 45 M B DS IR R , A SO 223 Bl BELJE 4 1/20
26 R SR S A A TR 3l 1, I Bl IRES A A8 3 1 | SRR ISR AR

1 HIEHLR
1.1 ANt

I A 10 |2 CFRP R E RINESLEFEAE 4 R LA 1720, S5 s A IR E R 55 9 .10 )Z N
FOAHESR B R TR 2 B R 2 B A B A2 50 3~ 8 2RI B HARZE A 1 s,

=

(| R

[ =

' i =!

B | o |Q

: } -

lI“E—‘\ !

N |

' & e
S B T FHER |
4480
(a) 1ESZIAT

Ct | Q2 @ @ @ cr
Cl M MI CI &

[l Q2 _C © Cl

(b) HEZRZEAR -1 E
f ]

I =l < 2 O 2 =1
f Cl > o Cl
ﬁi M| EhRBHIE SR X 7T M Cl%
toc1 [l \
i s - x - . = Cl Y47 mm

(¢) BAEtEEFmE
1 HFHERTFHSIETER

Fig.1 Schematic of structural plane and elevation
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Table 3  Similitude relations of test model
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Table 4 Seismic input condition

TH BARAK T Hb I Jin B VE(E S g
1 1 7 0.0500
2 7 EZ El Centro I \Taft 3 . A T.9% 0.0525
3 SV 0.0500
4 8 EZ il El Centro % \Taft 9% A\ T.0% 0.1050
5 S 0.0500
6 9 £ El Centro J \Taft J% A\ T.J% 0.2100
7 S 0.0500
8 7 BEAH El Centro I \Taft 9% A\ T3 0.3300
9 SV 0.0500
10 8 JiE i El Centro 3 \Taft % A\ T3 0.6000
11 Sl 0.0500
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Fig.8 Acceleration time-history curves at the top of main structure under 9 frequent earthquakes
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Table 7 Peak acceleration response of the fifth suspended floor

HRZ T Al o EE R/ (m/s?)  BHIBIR (m/s?) W/ %
El Centro 0.0525 0.555 0.079 85.77
0.1050 1.043 0.183 82.45
0.2100 3.978 0.268 93.26
0.3300 5.922 0.507 91.44
0.6000 6.815 0.940 86.21
Taft % 0.0525 1.031 0.128 87.58
0.1050 2.112 0.183 91.34
0.2100 4.754 0.269 94.34
0.3300 6.167 0.397 93.56
0.6000 7.034 0.604 91.41
ATk 0.0525 1.073 0.171 84.06
0.1050 2.121 0.256 87.93
0.2100 4.791 0.458 90.44
0.3300 6.518 0.873 86.61
0.6000 7.541 1.089 85.56
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Fig.9 Displacement at the top of main structure
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Fig. 10 The maximum displacement of a suspended floor relative to the main structure
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Table 8 Peak strain response of key parts

AN AR TRE - 0 A
HuFE P VA
i/ e AR/ e TN/ %% i/ pe AR/ e B/ %
El Centro J% (=39 17 14 17.6 23 18 21.7
35 5 3 40.0 11 7 36.4
P 8 6 25.0 12 9 25.0
Taft I (=359 25 20 20.0 28 22 21.4
i 10 6 40.0 15 9 40.0
Berp 7 5 28.6 10 7 30.0
NP R 28 23 17.9 20 17 19.0
i 8 5 37.5 12 8 33.3
grh 11 8 27.3 7 5 28.6

135 8 AT HEZRAE R (A0 ) A Dz A8 Sz 7 HEATE R R S o 0 | i v g g A8 S o7 49 R — 88 i A Al 1
A S TR R P I, 49 A D IR T 25 g P 7 7208 e 87 /N 5 0 A R TR 45 A, 7 726 W e 7 Dk
W858 17.6% ~40.0% , HEA RS Fe b BORIR A IR A% . MO A8 B dls X LI A | 445 g 07 2 R (AT /N
WAL, ZTFER, AR B RN Ty AN TR A ) (OB TR BB b ARk 22 ) RO BETT o B | DE TR i i
HRA T — LA SRR R Y AR

3 B R SR = FEELE

ARG B IR 2 F A 2 s i S B, s S R DR 5 A A 3 g 0 IR LA B 11 s e — > H
B



555 ) e A5 B AR 3 B IR AT 5T 79

G

B 11 SRz hamEess
Fig. 11  Simplified model of structural dynamic analysis
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Fig. 12 Seismic acceleration frequency response of main and suspended subordinate structures
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