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Tab.1 The first 10 eigenvalues, natural frequencies and damping ratios when c,,,=0. 1, 0. 2

Coom=0.1 Coom=0.2
A REAE(E ﬁ}jfg}f,ﬁji}]z/ _— AR ﬁy&@ﬁ%/ LI
F2 B JE 7 (rad-s ") 2 JE T8 (rad-s )
1 —0.1966 1.93 1.94 0.10 —0.3964 1.91 1.95 0.20
2 —0.4384 14.33 14.34 0.03 —0.8851 14.34 14.37 0.06
3 —0.4460 28.24 28.25 0.02 —0.9010 28.25 28.26 0.03
4 —0.4475 42.24 42.25 0.01 —0.9041 42.25 42.26 0.02
5 —0.4480 56.27 56.27 0.01 —0.9052 56.27 56.28 0.02
6 —0.4483 70.31 70.31 0.01 —0.9057 70.31 70.31 0.01
7 —0.4484 84.35 84.35 0.01 —0.9060 84.35 84.35 0.01
8 —0.4485 98.39 98.39 0.00 —0.9062 98.39 98.39 0.01
9 —0.4485 112.43 112.43 0.00 —0.9063 112.43 112.44 0.01
10 —0.4486 126.48 126.48 0.00 —0.9064 126.48 126.48 0.01
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Tab.2 The first 10 eigenvalues, natural frequencies and damping ratios when c,,,=0. 3, 0. 4
Coorm—0.3 Coorm—0.4
P FHAEAE e FHAEAE Y
‘ m”—‘bf: BLJZ Lt ‘ m"—”f WL He

S i (rad-s ™) S i (rad-s™")
1 —0.6030 1.87 1.96 0.31 —0.8208 1.81 1.98 0.41
2 —1.3497 14.35 14.41 0.09 —1.8438 14.37 14.49 0.13
3 —1.3751 28.25 28.29 0.05 —1.8810 28.27 28.33 0.07
4 —1.3801 42.25 42.28 0.03 —1.8885 42.26 42.30 0.04
5 —1.3819 56.28 56.29 0.02 —1.8911 56.28 56.31 0.03
6 —1.3827 70.31 70.32 0.02 —1.8924 70.32 70.34 0.03
7 —1.3832 84.35 84.36 0.02 —1.8931 84.35 84.38 0.02
8 —1.3835 98.39 98.40 0.01 —1.8935 98.40 98.41 0.02
9 —1.3836 112.44 112.44 0.01 —1.8937 112.44 112.46 0.02
10 —1.3838 126.48 126.49 0.01 —1.8939 126.48 126.50 0.01
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Fig. 3 The effects of the damping in the boundary on the first 5 mode shapes
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Fig.6 Magnitude of displacement frequency response of the top in the discrete model based on the forced decoupling method
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Fig. 7 Magnitude of support reaction force frequency response in the discrete model based on the forced decoupling method
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Complex mode superposition method for distributed-parameter systems
with non-classical damping

CHEN Hua-ting'*, TAN Ping"*
(1.Key Laboratory of Earthquake Resistance, Earthquake Mitigation and Structural Safety, Ministry of Educa-
tion, Guangzhou University, Guangzhou 510405, China; 2.Guangdong Provincial Key Laboratory of Earthquake
Engineering and Applied Technology, Guangzhou University, Guangzhou 510405, China)

Abstract: One-dimensional bar or shear-type beam with additional energy dissipation devices is a distributed-parameter system with
non-classical damping. For its dynamic analysis, the conventional way is to construct an equation of motion for each segment and
obtain the dynamic response by using the real mode superposition method and the continuous condition. In essence, this method is
a component mode synthesis based on undamped modes of substructure. Even though approximated dynamic responses can be esti-
mated, it cannot consider the effect of damping on the dynamic behavior. To consider the discontinuity of damping and stiffness re-
sulting from the additional damper, utilizing the generalized function theory, one non-dimensional equation of motion for the whole
system is constructed in this paper. Then, using the Laplace integral transformation, the eigen function (complex mode) and eigen-
value equation are derived. Finally, the complex mode superposition method for distributed-parameter systems with non-classical
damping is developed based on the derived orthogonality condition of eigen functions. In addition, the eigenvalue equation is a very
complex transcendental equation, in order to get several natural frequencies, an equivalent polynomial method based on the Cauchy
integral theorem is proposed, in which the eigenvalue equation is transformed into a set of linear equations such that their solutions
can be obtained more easily. In the last section of this paper, the application of the proposed method is illustrated in a base-isolated
shear-type beam and some useful information for the design of base-isolated structures is provided. To summarize, the complex
mode superposition method is an extension of the conventional real mode superposition method for classically damped continuous

and distributed-parameter systems, which is meaningful and valuable in the theory and application.

Key words: linear vibration; non-classical damping; distributed-parameter systems; dynamic analysis; complex mode superposi-

tion method
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