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Abstract: The traditional modal superposition method cannot be used to model mixed structures
because the damping matrix of mixed structures does not meet the classical damping condition. In
addition, the complex damping theory cannot be applied in time domain calculations because of
the divergence in structural free vibration response. To solve these problems, in this paper, a
mathematical optimization model for solving Rayleigh damping coefficients is constructed based
on the frequency domain equivalence principle. Modal mass participation factors are used as
weighting function and the coefficients are used as variables, which can be calculated by the
mathematical model. The Rayleigh damping motion equation, which is equivalent to complex

damping theory, is obtained. The calculated results show that the correctness of Rayleigh damp-
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ing motion equation is proved according to the displacement-time history response and structural

equivalent damping ratio. Based on the results of this study, the Rayleigh damping motion equa-

tion of mixed structures, which is equivalent to complex damping theory, can directly use the

modal superposition method. Combined with structural equivalent damping ratios, it can provide

a theoretical basis for mode-superposition response spectrum methods of mixed structures.

Keywords: mixed structures; complex damping; frequency domain equivalent principle; Rayleigh

damping; equivalent damping ratio
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Fig.1 Mass and stiffness distribution of the hybrid

frame structure

fi#%/cm

0 2 4 6 8 10
it &) /s
(@) =W ARG EAEH TEMTUEN B R

fr#%/em
T

0 2 4 6 8 10
] /s
(b) El Centroifi Fg b 4r EAEFH T4 TR A 245 R
B 2 A A Rayleigh FLJE % b 5 #7
Fig.2 Comparative analysis of complex damping and

Rayleigh damping



986 m

==
=

T

B R 2018 4F

BEL J& #218 45 21 9 40 7% g 7 e A — B0 E I T s 2
FHJE B Rayleigh BHJE B A4 1E 8 4, 08 11 4 75 1R &
SR B sl 7 e 07 SR i Tl LA R R A R A o i v
STER

2 FEHMpERME R XL 53T

13X (6) AT ISR A4S g0 & R R AL 1L . 2
LMW RCR  DIB SR B 1 B B2 5 R AR
PR B X 2548 1) 25 4R 0 45 AR FE BEA T IS 27
ARIR G A SR

Zr,&
£, ="
27’1
VAR K AR 3OO 35 R R A AR 1 Al LA 7 15
A B A 45 34T X8 L, i — 25 S IE A R R B JE
1 Rayleigh BHJE B 1IE 8P,
VA T BoR 5 J2 9 -18 6 59 U0 RUAE 22 9 1], 8%
B 73 R R A A AL 1 B i S BEL T2 LE 23 S O 0,05
10,02, 3K 0.05 F1 0.02 112 AR 454 LIS HE Y 1
FIR B AT FRAKL , MR 4 8 3C 75 3 (FR %) SCHRL 16 5
TRLAERERR (ND 35)  SCHRL 17 JRI[18 4 T 5 4 %
i (FPD ) 715545 21 14 4% 9 U 257 28 B J2 B A 45 4
SRR E Loy Bl 1.3 2 .
®1 FRAAFRTENIREERMERL
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different methods
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1 0.045 8 0.040 2 0.050 0
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Fig.3 Comparison between top displacement responses
of the structure under east-west component of

Qianan wave
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