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Abstract

For offshore structures, dynamic analysis becomes increasingly important as water depth
increases and structural configuration becomes more slender. In the case of dynamic
analysis of frame structures, much computer time and high cost are required due to many
degrees of freedom. In this paper, a new technique of permutating a segment of frame
structure to a beam is developed, which is called here Beam Permutation Technique. The
technique is based on definition of stiffness matrix of the beam which is obtained by
defining the actions(or forces) required to obtain unit translation or rotation for each degree
of freedom with all other degree of freedom restrained to zero displacement or rotation. In
the technique, an assumption is made that relative positions of nodes in the ends of the
segment are not variable. The technique can significantly reduce the degrees of freedom of
frame structures and thus the computing time in dynamic analysis. The natural frequencies
and static displacements of the permutated beam are obtained and compared to those of
ANSYS with a good agreement.
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Fig. 1 (a) Substructure, (b) End section of the

substructure
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Table 1 Characteristics of the model

Parameters Values
Out-diameter(m) sztzilsl;ln;nnbﬁr gf
Thickness(m) 0.01
Steel density(kg/m®) 7800
Grav. accel.(m/sec’) 938
Young modulus.(N/m®) 0.2x10*
Poison ratio 0.3
Depth(m) 25.0
Inertia coefficient, C,, 2.0
Drag coefficient, Cp 12
Water density(kg/m”) 1025
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Table 2 Results of static analysis of the model

Displacements at mid pt.(m)
x-Dir. y-Dir. z—-Dir.
0 |-0571x10 0
0 |-0560x10°} 0
1.93

Type of analysis

Beam Permutation
ANSYS
Difference (%)
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Table 3 Natural frequencies of the structure with
six segment (out-diameter is 0.2m)

Freq. by | Freq. by Diff.
Order| authors ANSYS (%) Direction
(Hz) (Hz)
1 1.4456 1.4077 2.62 Y. Z
2 1.4456 1.4077 2.62 Y. Z
3 2.7927 2.7204 2.59 Y. Z
4 2.7927 2.7204 2.59 Y. Z
5 3.9495 3.9001 125 Y. Z
6 3.9495 3.9001 1.25 Y, Z
7 48372 48072 (0620 Y, Z
8 48372 48072 | 0620 Y, Z
9 5.3951 53818 102471 Y, Z
10 5.3911 53818 (0247 Y, Z
11 65.174 65.060 | 0.169 X
12 12590 12500 | 0.723 X
13 178.06 175.07 1.68 X
14 218.08 216.60 297 X
15 243.23 233.01 4.20 X
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Table 4 Natural frequencies of the structure with
5 segments (out-diameter is 0.2m)

Freq. by | Freq. by pitte. | . .
Order { authors | ANSYS ©6) Direction
(Hz)  (Hz)

1 1.7260 1.6914 2.01 Y, Z
2 1.7260 1.6914 2.01 Y, Z
3 3.2831 3.2222 185 Y. Z
4 3.2831 3.2222 1.85 Y. Z
5 45187 44841 | 0676 Y, Z
6 45187 44841 | 0676 Y, Z
7 5.3121 52066 | 0.292 Y. Z
8 53121 52966 | 0.292 Y, Z
9 77.814 77618 | 0.252 X
10 148,01 146.45 1.06 X
11 203.72 198.77 243 X
12 239.49 229.79 3.99 X
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Table 5 Natural frequencies of the structure with
4 segments (out-diameter is 0.2m)
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Table 6 Natural frequencies of the structure with H1Ed
6 segments (out-diameter is 0.1m)
1) Noor AXK, “Continuum Modeling for
Order I;:Jet?{o:)sy IXISIQSY?SY D(log;a Direction Repetiti\fe La.ttice Structures”,  Applied
(Hz)) (Hz) Mechanics Review, Vol. 41, pp.285-196, 1938
1 1.5979 1.4545 8.79 Y. Z 2) Sun C.J,, and Juang J.N., "Modeling Global
2 1.5979 1.4545 8.79 Y. Z Structural Damping in Trusses Using Simple
3 3.0870 2.8352 7.51 Y. Z Continuum Models”, American Institute of
4 3.0870 2.8552 751 Y. Z Aeronautics and Astronautics Journal, Vol.
5 4.3656 4.1629 4.64 Y. Z 24, No. 1, pp.144-150, 1986
6 | 43656 | 41629 | 464 | Y. Z 3) Skaar KT. and Carsen CA, "Modelling
! 53168 52220 233 Y.z Aspects for Finite Element Analysis of Ship
8 5.3468 5.2220 233 Y. Z
9 59536 59212 | 0604 | Y. Z Vibration”, Computer and Structure, Vol.12,
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14 241.04 216.21 103 X John Wiley & Sons, New York, 1984
15 268.85 254.34 5.40 X




