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Investigation on anti-seismic performance of energy dissipation system
composed of high-rise structure and series-parallel layout II inerter dampers
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Abstract: Aim at the complexity of response analysis methods for energy dissipation systems composed of series-
parallel layout II inerter dampers ( SPID-IIs) in high-rise structures under random excitation, closed-form solutions
for structural displacements and damping force response of SPID-IIs are proposed. Based on the proposed solutions,
the influence of real mode number on analysis accuracy was studied, and the feasibility of the layout strategy of
SPID-Ils installed on floors with interlayer displacement exceeding the limit of the main structure was explored.
Firstly, based on the mechanical construction diagram of SPID-II and its setting method between adjacent floors in
structures, a differential constitutive relationship between the damper damping force of SPID-II and the horizontal
displacement of structural nodes was established, and the coupled seismic motion equation of the high-rise building

and SPID-II was reconstructed. Secondly, the real mode decoupling method is used to obtain the concise equivalent
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dynamic parameters of high-rise structures, and the power spectrum quadratic decomposition method is applied to
energy dissipation systems to derive the accurate quadratic solutions of the power spectrum of a series of responses
such as the absolute displacement of high-rise structure nodes relative to the ground, interlayer displacements of
vertical components of the high-rise structure and damping force of SPID-1Is. Then, a concise closed-form solutions
of the 0-2nd order spectral moments of those design parameters of the energy dissipation system subjected to random
seismic excitation modelled by double filtered white noise were derived. Finally, the correctness of the method
proposed in this paper was verified through numerical examples, and the influence of the number of real mode
shapes on the accuracy of energy dissipation system design parameter analysis was studied, as well as the influence
of the position of inertial dampers on the seismic reduction effect. Results shows that for the response analysis of
multi-degree of freedom energy dissipation structures, it is recommended to use the number of vibration modes
corresponding to the cumulative mass participation coefficient reaching 100% in the original structural free vibration
analysis, which can achieve stable accuracy and improve the analysis efficiency of energy dissipation systems with
SPID-IIs installed in large and complex high-rise structures. The proposed strategy for setting SPID-IIs with
appropriate mechanical parameters can effectively reduce the seismic response of high-rise structures by placing a
SPID-II in the floor where interlayer displacement of the original structure exceeds the limit or in the middle floor
between three adjacent floors where interlayer displacements of the original structure exceed the limit. The proposed
closed-form solutions method and the layout strategy of SPID-IIs in high-rise building can provide useful reference
value for the practical engineering application of SPID-IIs.

Key words: series-parallel layout Il inerter damper; quadratic decomposition method of power spectral density

function; closed-form solution; number of real mode shapes; damper setting strategy
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Table 1 Weight ratio of real lateral displacement in real modes

G5 H PR BIAFR/ (rad/s) /% Zit/% i H IR BIAFR/ (rad/s) /% 291/ %

1 3.09 75.97 75.97 10 60.20 0.75 97.86

2 8.89 10.69 86.67 11 74.38 0.65 98.51

3 15.43 4.46 91.13 12 74.49 0.00 98.51

4 23.36 2.50 93.63 13 74.71 0.13 98.64

5 31.54 1.55 95.18 14 90.83 0.39 99.03

6 41.10 1.23 96.41 15 108.20 0.66 99.69

7 51.40 0.69 97.10 16 134.65 0.01 99.70

8 52.47 0.00 97.10 17 135.71 0.30 100.0

9 55.68 0.00 97.10

F2 MEALBRINEHEERENISIEE
Table 2 Complex eigenvalues and equivalent eigenvalues in lateral displacement vibration
G5 52 RN FFIE(E SERE AR/ (rad/s)  ZEREBHIE L G5 SIRDEEME  ERAME/ (rad/s)  FRLE

1 -1.53+2.41j 2.86 0.537 13 -2.05+41.84 41.89 0.049
2 -1.53+2.52 j 2.95 0.518 14 -2.57+52.38 52.45 0.049
3 -1.51+2.59 j 3.00 0.504 15 -2.62+52.41j 52.47 0.050
4 -1.54+2.58 j 3.00 0.513 16 —2.78+55.61 j 55.68 0.050
5 -1.54+2.61j 3.04 0.508 17 -3.00+60.81 j 60.89 0.050
6 -1.54+2.67 j 3.09 0.500 18 -3.72+74.39 j 74.49 0.050
7 -1.54+2.67 j 3.09 0.500 19 -3.72+74.48 j 74.58 0.050
8 -0.19+3.13 j 3.14 0.062 20 -3.73+£74.76 j 74.85 0.050
9 -0.45+£9.20 j 9.21 0.049 21 -4.54+90.93 j 91.04 0.050
10 -0.77+15.8 j 15.87 0.048 22 -5.41+108.31 j 108.4 0.050
11 -1.17+23.9 j 23.98 0.048 23 -6.73+134.48 j 134.65 0.050
12 -1.57+32.4j 32.43 0.048 24 -6.78+135.79 j 135.96 0.050
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Table 3  Influence of the number of real mode shapes on the accuracy of structural displacement calculation

0 Bt/ % 1 Wit s/ % 2 Wi/ %

B2 Twm msm mom m7B LB WK AI0K M7 BB Ri3B w106 176
wEEE RE W wE e e R R e e e

1 75.2 101.1 100.2 100.0 45.5 99.5 100.5 100.0 18.2 88.5 100.9 100.0
2 78.2 101.0 100.0 100.0 50.3 100.8 99.9 100.0 22.7 95.6 99.7 99.9
3 81.9 100.6 100.0 100.0 56.7 100.8 99.8 100.0 28.7 98.9 99.5 100.0
4 86.0 100.0 100.0 100.0 64.3 99.7 100.1 100.0 36.7 98.5 100.2 100.0
5 90.0 99.5 100.0 100.0 72.2 98.4 100.1 100.0 46.1 95.9 100.1 100.0
6 94.0 99.4 100.0 100.0 81.3 98.2 99.9 100.0 58.5 94.9 99.8 100.0
7 97.1 99.8 100.0 100.0 89.2 99.2 100.0 100.0 71.9 97.5 100.0 100.0
8 98.7 100.1 100.0 100.0 94.6 100.2 100.0 100.0 83.5 100.2 100.1 100.0
9 99.0 100.2 100.0 100.0 97.0 100.3 100.0 100.0 91.1 99.8 99.9 100.0
10 97.5 100.1 100.0 100.0 95.5 100.0 100.0 100.0 92.4 98.6 100.0 100.0
11 95.0 100.0 100.0 100.0 90.4 99.9 100.0 100.0 83.8 99.6 100.0 100.0

12 93.0 99.8 100.0 100.0 85.6 99.5 100.0 100.0 73.4 98.3 100.0 100.0
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Table 4 Influence of the number of real mode shapes on the accuracy of structural interlayer calculation

0 Bt/ % 1 Bt/ % 2 it/ %

B2 Thm wam @06 @076 BB M3B m 0B 7B W 1B 3B B10B 17 B
U RE SR R RE R R Y e R R R

1 75.2 101.1 100.2 100.0 45.5 99.5 100.5 100.0 18.2 88.5 100.9 100.0
2 79.3 100.6 99.8 100.0 52.1 100.2 99.2 100.0 24.0 94.6 96.8 99.9
3 84.9 98.8 99.9 100.0 61.8 95.8 99.6 100.0 32.4 86.5 98.3 100.0
4 89.9 96.7 100.2 100.0 70.3 88.5 100.5 100.0 38.6 67.6 100.1 100.0
5 91.1 96.3 100.0 100.0 71.4 87.0 99.9 100.0 36.8 64.2 98.9 100.0
6 86.2 98.7 99.8 100.0 63.0 94.3 99.7 100.0 29.7 81.4 98.8 100.0
7 74.2 100.3 100.1 100.0 48.5 97.4 100.0 100.0 21.7 87.1 99.5 100.0
8 60.5 99.0 100.0 100.0 35.7 92.2 99.9 100.0 15.6 75.4 99.2 100.0
9 46.8 98.1 100.0 100.0 24.9 91.4 100.0 100.0 10.6 74.7 99.4 100.0
10 32.3 99.2 100.0 100.0 14.6 96.9 100.0 100.0 5.7 89.2 99.9 100.0
11 21.8 97.7 100.0 100.0 8.1 93.8 100.0 100.0 2.6 85.3 100.0 100.0
12 16.4 89.5 100.0 100.0 4.9 75.5 100.0 100.0 1.2 55.8 100.0 100.0

5 TESREMHREER N ER R0

Table 5 Influence of the number of real mode shapes on the accuracy of forces of SPID-II

0 Britsse/ % 1 B/ % 2 Bk %

e RILBT O RT3 BT ETI0BY ETI7EY BULBY O RU3BC BT IOBY BT I17BY AU LB B3 B BT 10T AU 17 B

1 87.8 100.6 99.8 100.0 65.2 100.3 99.4 100.0 34.1 96.0 97.4 100.0
2 42.1 99.4 100.0 100.0 21.0 97.6 100.0 100.0 8.5 91.0 99.9 100.0
3 30.6 98.0 100.0 100.0 12.5 94.8 100.0 100.0 4.2 87.0 100.0 100.0
4 24.3 91.4 100.0 100.0 8.0 78.4 100.0 100.0 2.0 58.8 100.0 100.0
5 87.8 100.5 99.8 100.0 65.2 100.3 99.4 100.0 34.1 95.8 97.3 100.1
6 56.6 99.1 99.9 100.0 33.5 94.0 99.9 100.0 15.3 79.5 99.4 100.0
7 24.3 91.4 100.0 100.0 8.0 78.4 100.0 100.0 2.0 58.6 100.0 100.0
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L 1 IR B 2 BELJE 2 4 38 PR R0 M 28 2R e 7= A I BELJE. ) B T L P s A I B, 38 B 7 )2 (R) s )2
[ RSB, R AR AT, A SR A BHLJE #5158 5 A SR 45 4 23 (B RS R B8 R AE S R A BELE #8007 1
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