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ABSTRACT

This paper introduces modeling and its modal analysis procedure for exact and closed form
solutions of in-plane vibrations of general Timoshenko frame structures using exact dynamic
element method(EDEM). The derivation procedure of the exact system dynamic matrices for

"~ Timoshenko beam frames is described. A new modal analysis procedure is also proposed since the
conventional modal analysis schemes are not adequate for the proposed, exact system dynamic
matrix. The proposed method provides exact modal parameters as well as all kinds of closed form
solutions for general frame structures. Two numerical examples are presented for validating and
illustrating the proposed method. The numerical study proves that the proposed method is useful
for dynamic analysis of frame structures.
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Table 1 Specifications of numerical model 1

Property Data
Span 20 m
Length

Pillar 10 m

Thickness 1m

Width 3m
Young's modulus 200 GN/m*

Poisson's ratio( v) 0.3

Shape factor ( &) 10(1+ v)/(12+11 v)

8000 kg/m®

Density
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Table 2 Comparison of natural frequencies from FEM and the proposed method for numerical

model 1
Natural frequency(rad/sec)
Mode # FEM FEM FEM Proposed method
(28 elements) (56 elements) (112 elements) (7 elements)
1 5.5026e+01 5.4980e+01 5.4974e+01 5.4972e+01
2 6.3829e+01 6.3757e+01 6.3748e+01 6.3746e+01
3 7.3931e+01 7.3819¢+01 7.3805e+01 7.3801e+01
4 7.8555e+01 7.8420e+01 7.8403e+01 7.839%+01
5 1.6243e+02 1.6146e+02 1.6133e+02 1.6130e+02
6 1.8044e+02 1.7905e+02 1.7887e+02 1.7883e+02
7 1.8056e+02 1.8028e+02 1.8022e+02 1.8021e+02
8 2.0071e+02 1.9877e+02 1.9851e+02 1.9845e+02
9 2.0892e+02 2.0664e+02 2.0634e+02 2.0627e+02
10 2.6193e+02 2.6046e+02 2.6024e+02 2.6018e+02
(a) 1st mode (b) 2nd mode
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el e W
%\ 1E-9
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Table 3 Specifications of numerical model 2

Property Data
Length 254 m
Area 0.00387096 m”
Young's modulus 200 GN/m*

Poisson’s ratio( v) 0.3
Shape factor( &) 1001+ v)/(12+11 »)
8000 kg/m"°

Density

S S S

(a) 1st mode (b) 2nd mode (c) 3rd mode

ST T

(d) 4th mode (e) 5th mode (f) 6th mode

S ST

(g) 7th mode (h) 8th mode (i) 9th mode
Fig. 10 Mode shapes for first 9 modes of numerical

model 2
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Fig. 11 Comparison of typical FRFs by the direct

inversion method and the mode synthesis
method for numerical model 2
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Table 4 Comparison of natural frequencies from FEM and the proposed method for numerical

model] 2
Natural frequency (rad/s)
Mode # FEM FEM FEM Proposed method
(8 elements) (16 elements) (32 elements) (2 elements)
1 1.1111e+03 1.1086e+03 1.1081e+03 1.1079e+03
2 1.1512e+03 1.1484e+03 1.1477e+03 1.1475e+03
3 2.328%+03 2.3086e+03 2.3042e+03 2.3028e+03
4 2.9982e+03 2.9773e+03 2.9723e+03 2.9706e+03
5 3.5413e+03 3.4791e+03 3.4651e+03 3.4606e+03
6 4.7011e+03 4,5696e+03 4.5382e+03 4.5280e+03
7 6.7451e+03 6.3816e+03 6.2882e+03 6.2580e+03
8 6.7567¢+03 6.5086e+03 6.4466e+03 6.4263e+03
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