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(1. School of Civil and Architectural Engineering, Guangxi University of Science and Technology,
Liuzhou, Guangxi 545006, P.R.China;
2. Collge of Civil and Architectural Engineering, Liuzhou Institute of Technology, Liuzhou, Guangxi 545616, P.R.China )

Abstract: A closed-form solution of responses of SDOF structures with SPIS- Il dampers under seismic excitation modeled
with the Clough-Pezien spectrum was proposed, and the shock absorption performance and influential factors of this system
were studied based on the proposed method. Firstly, the motion equation for the SPIS- 1l damper was established, and the
unified expressions of frequency domain solutions of structural responses, such as the structural displacement and the
inerter force, were obtained. Secondly, based on the rational expression decomposition and the residue theorem, the
quadratic orthogonal equations of the frequency response eigenvalue function and the Clough-Pezien spectrum were
obtained respectively, and in turn the quadratic orthogonal equation of the structural response power spectrum was deduced.
Thirdly, the concise closed-form solutions of the 0~2nd-order spectral moments of the structural responses were acquired.

The proposed method and the virtual excitation method were used to analyze a case respectively, which verifies the
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correctness of the proposed method. Finally, the proposed method was used to analyze the effects of the inerter parameters
on the seismic performances of the structure. The research shows that, the proposed method gives closed-form solutions
better than those given by the virtual excitation method in terms of computation efficiency and accuracy. The damping
performance will improve with the increase of u,, and u, for a constant u,, and the damping performance will reach the

optimum for x,=1.

Key words: inerter; Clough-Penzien spectrum; quadratic orthogonalization; spectral moment; closed-form solution
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Table 1 Comparison of spectral moments between the presented method and the virtual excitation method
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Table 2 Comparison of inerter forces between the virtual excitation method and this method

calculation method integration interval integration step inerter force error
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PEM [0, 500] 0.05 rad/s 2.466x10° kKN 0

0.5 rad/s 2.314x10* kN 4.6%

T AR BB RE ), KB AT IR A2 F 00 A% 5 AN I A O A R LR AR LU BT 3 T IR A
I RGO, S XL F S 0.013435035 m, Il LA 5 A5 A 24 X5 745 9 0.008 584412 m. (LA 1 Ik
RN 36.1%, VLI A REAR 4 Mt m 25 I DURe RE ).
5.2 RESHXHEEENRIS T

PABR [ py BE S5 A BB R 1T BUBUAIAR R G A 0 Z5H 5Tt 2 x 10" ks HUMIMIEE g 2.5 < 10" N'm™, 45
HBELIE N 2.65 x 10° Nes-m ' BIFFEBUA =SHO A IR TERE A2 MR, FIRTR G I B it A 2 280
Tt Pt AT L g, BELJE LU g XS5 UBH R A 6 1552 ) JBUAELSE FEL 4331028 0.005 ~ 0.05, 0.5 ~ 5, 0.2 ~ 2. Clough-
Penzien JE S HUBE U T : w,=15.71 rad/s, £,70.72, w=0.15w,, £70.72, $;=2.317 x 10° m*/s’. &l 4— 6 LA T I+
IWSERINIRE T 22 ()% LU, b 4% s R M u,, = 0.002 5,u,, = 0.25,ue = 0.1.

1P 4(a) FTRI, g, = 1, BRJE OSSN, 28R (082 5 22 R i HE 3 KM/, Bl 4 1 11 2% (]I
ATLLE H BLJE bl /N, S5 6 A Jr 22 28 (- 55 E e = 0.2, BHLJE HER/NVARAG S5 R AZ ML A R L
Kl 4(b) AT, Hue = 1.2, FERRAAZ, Z5F LA T5 22 B0 i FL g iz, Hu,, = 0.5 B LR ks
A . e, = 17508, FEHCR o W s 2 i L RE I, B LR S A2 T 228,

1 5(a) RTHL, 2w, = 0.03, BB HEANAZIT, 2548 A1 8% J7 22 REATR Sl Ve 38 KRR BLTE FUROR, 254
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PR TT 21N, P, = 1H pe = 2B SR ALME. H &L 5(b) AT, Mue = 1.2, FEBUEE L — @ B, 250 iR 7 25 Bl
PR L SEIB NE ISR, 1Ep, = IS SR (E; B HOBOR, S5H (A% 7 2580,

0.15
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Fig. 4 Effects of inerter coefficient mj, on structural displacements
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Fig. 5 Effects of inerter stiffness ks on structural displacements
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Fig. 6 Effects of inerter damping c4 on displacements

I 6(a) ATHT, M, = 0.03, TEAA LUASI, G541 3% 7 22 B4 FHLJE LRI R0/ S0 LEAN R,
SRR J5 22 WG IR LU AR R T/ T, = 0.5, 5H % J5 22 B B A8 (U AN Wi, 1R 22 80K, th 4] 6(b)
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AR, M, = 1, R H— 2, N85 ZBEEBHIE He A R 24 7E [Rl—BHJE Hei, B Fe iR, G544
T 2N,
6 4 B

AR S 1 BRI R GEIREE 1T L5 HITE Clough-Penzien it N B A2 HLZZ BhmA N 4T 1A%, IriS4sit
.

1) T UPRIER “RIEAARA I T 8 [ B A R GIREK T RIZE/TE Clough-Penzien 3% H-F- A2
2 S T ) T P A i, 0 R DLl K L B0 IS HE AR SOy A T RORS B SRR ARG T A
B . TR 0 R AL s, A S B Ty el T4 B R M SE M FE Clough-Penzien % Y- Fa b 2 3
Wi J7 T ) 23T

2) A SCITERE A T e A2 B A KRR X 18] A 52, 31 50KS B LU 00 i (o 25 4 5, vl 45 1)
BT A L BT B8 A, S A AT TR A .

3) Mt W2 3 BT, 45E G5 RE T 22 i 2 A8 AL AT 0. 0% LU AN AR I, Bt o B L RN BELJE
K, R PEREIG TR ; FHJE LU ARSI, 3R T & G SR L, R PR ARG I i F ARSI, 3R L FHJE L,
T VERERG S Y T U B LA AR, 7R [ 1 B B S D SR

M 2
TORT O S B T
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2 2
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2 2
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