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Fig.1 FEM model of six floor complicated structure
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Table 1 Comparison between two methods for solving the first ten complex eigen-value

of complicated frame structure

Modal order Iteration solution

Approximate solution

Exact solution The first five real eigenvalue

1,2 —0.3785 £ 13.768 0i —0.3788 £ 13.778 0i
3,4 —0.4246 £15.94311 —0.4248 £15.95361
5,6 —0.4442 £ 1715071 —0.4444 £ 17.16121i
7,8 —1.3612+£39.25641i —1.3628 £39.303 11

9, 10 —1.4703 £ 41.74101

—1.4722 £ 41.79361

—0.3788 £ 13.773 5i 13.7779
—0.4248 £15.94911 15.9536
—0.4444 £ 17.15701 17.1612
—1.3629 £ 39.284 21 39.3031
—1.4723 £41.77121 41.7936
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Table 2 Comparison between two methods for solving the first ten complex eigen-value

of soil layer with different material attributes

Modal order Iteration solution

Approximate solution

Exact solution The first five real eigenvalue

1,2 —1.2818 £28.8122i —1.284 3 £ 28.86901 —1.284 3 £ 28.84091i 28.8690
3,4 —2.7062 £ 68.058 8 i —2.7102 £ 68.163 91 —2.7103 £68.114 11 68.163 9
5,6 —3.1590 £ 75.029 51 —3.1643 £ 75.159 31 —3.1645 £ 75.098 41 75.1593
7,8 —4.0217+£100.90721 —4.0278 £101.06471 —4.0279 £ 100.98931 101.064 7
9, 10 —5.1098 £112.68251 —5.1201 £112.81151 —5.1201£112.70341i 112.8115
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A B 5 59 2R R 25 55k 4 ) BELJ. L 2 AR B A3 40 R s
BB v = o +iw/1— &, Hrf,
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BHJE Lt — B 7E 1%~10%, R 20%, FHit, W
£ 3 HAIE AT RS T RKBE J 450 1 A
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Table 3 Computational precision of real modal perturbation with different damping value

(relative error percentage of every modal frequency and damping ratio)

Modal & =0.12,& = 0.08 £ =0.18,& = 0.12

& =0.24,¢ = 0.16 & =0.36,¢ = 0.24

order [ wi & wi & wi & w &
1,2 0.3959 0.3911 0.8846 0.8728 1.8519 1.7889 3.4110 3.3603
3,4 0.3247 0.2892 0.7273 0.644 8 1.4129 1.3298 2.8404 2.506 7
5,6 0.366 2 0.3219 0.8197 0.7182 1.5551 1.5094 3.1947 2.7819
7,8 0.3021 0.3087 0.7261 0.6385 1.5335 1.4505 2.8166 2.480 1
9, 10 0.4278 0.3747 0.9552 0.8349 1.9111 1.7971 3.6679 3.1537
6 & it Guogqing, He Yuao. Matrix perturbation method for
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MODAL PERTURBATION METHOD FOR OBTAINING COMPLEX MODAL
CHARACTERISTICS OF NON-PROPORTIONAL DAMPING SYSTEMS "

Lou Menglin? Fan Yaoqing

(State Key Laboratory for Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract An approximate approach based on the direct modal perturbation method is suggested for analyzing
the complex modal characteristics of non-proportional damping structure systems. The proposed approach uses
the expansion of complex Ritz vectors. The procedure is in two steps. First, the subspace of the solution
based on the complex vectors is formed by using the conventional real modes of the structure. Then, a set
of solutions of non-linear complex algebraic equations is established to displace the solution of the complex
eigen-value equations. The results of two numerical examples show that the suggested method simplifies the
solving procedure and is of high precision and efficiency. It can be used for the solution of the complex modal

characteristics and dynamic responses of non-proportional damping structure systems.

Key words non-proportionally damping, complex modal characteristics, modal perturbation method, expan-

sion of complex Ritz vectors, complicated structure

Received 17 April 2006, revised 21 September 2006.
1) The project supported by the National Natural Science Foundation of China (50538050).
2) E-mail: lml@mail.tongji.edu.cn



