B R

fﬂ‘(jfei'%—i =] n-z_

EI12H B 2% pp. 81~86, 2000 64

HA gl o ok FAHA S 45
Estimation of Equivalent Hydrodynamic Coefficients
by Beam Permutation Technique

Han-Il Park* and Chun-Jun Piao**
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Abstract [} For offshore structures, dynamic analysis becomes increasingly important as the water depth
increases and the structural configuration becomes slenderer. In this study, an estimation method for equivalent
three dimensional (3D) hydrodynamic coefficients is introduced as a part of beam permutation technique develop-
ment. The beam permutation technique is being developed for obtaining an equivalent beam to a frame structure
in order to reduce the degrees of freedom and thus the analysis time significantly. Two 3D structures are used in
order to verify the obtained equivalent 3D hydrodynamic coefficients. Two commercial softwares, ANSYS and SACS.
are used for the verification. The results of the present analysis are found to be satisfactory in comparison with

those by the two softwares.

Keywords : equivalent hydrodynamic coefficients, beam permutation technique, offshore structures, reduction of
degrees of freedom
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Fig. 1. Normal component of a velocity.
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Table 1. Natural frequencies (Hz) of Model A.

Order BPM Exact Dev. (%)
1 22117 2.1677 20
2 22122 ” 2.0
3 12.734 12.401 2.7
4 12.734 " 2.7
5 29.172 30.466 -4.3(Ty*
6 31.630 30.632 33
7 31.630 " 33
8 49.683 50.503 -1.6
9 " " "
* T: Torsional vibration mode
Others: Bending vibration modes
Table 2. Natural frequencies (Hz) of Model B.
Orders BPM Exact Dev. (%)
1 3.8136 3.7302 22
2 ”" " "
3 18.0299 17.199 4.8
4 " " "
S 34,2096 34.683 -14
6 ” " "
7 41.0744 38.155 7.7
8 " " "
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Table 3. Displacements at the top of Model A for various
current speeds.

Current velocity Y-Displacement(m)

(m/s) (+Y) ANSYS Present Dev.(%)
2.0 0.1691 0.1709 il
5.0 1.201 1.180 47

Table 4. Displacements at the top of Model B for various
current speeds.

Current Velocity Y-Displacement (m)

(m/s) (+y) ANSYS Present Dev.(%)
2.0 0.05569 0.05632 11
5.0 0.3480 0.3520 1.1

Table 5. Displacements at the top of Model A for various
current direction(Current speed is 2 m/s).

Current Displacement (m)

angle () Dir. ANSYS Present  Dev.(%)

Y 0.1387 0.1396 0.65

30 z 0.08868 0.09973 12.5

Total 0.1646 0.1716 43

Y 0.1073 0.1095 2.1

45 z 0.1228 0.1305 63

Total 0.1631 0.1704 45

Y 0.0693 0.0719 3.8

60 Z 0.1496 0.1543 3.1

Total 0.1649 0.1702 32

T

Table 6. Displacements at the top of Model B for various
current directions (Current speed is 2 m/s).

Current Displacement (m)

angle () Dir. ANSYS Present Dev.(%)

Y 0.04921 0.05069 30

30 z 0.02179 0.02485 14

Total 0.05372 0.05646 5.1

Y 0.04043 0.04252 5.2

45 zZ 0.03456 0.03712 74

Total 0.05319 0.05644 6.1

Y 0.02921 0.03148 7.8

60 Z 0.04509 - 0.04687 4.0

Total 0.05382 0.05645 49
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Table 7. Response amplitudes at the top of Model A for various
wave periods (Wave direction is +y).

S7H AR 85

Table 10. Response amplitudes at the top of model B for
various wave directions (Wave period is 5 s).

Wave period Y-Amplitude (m)
(sec) SACS Present Dev.(%)
30 0.178E-4 0.168E-4 -5.6
5.0 0.201E-3 0.204E-3 1.5
8.0 0.336E-3 0.339E-3 0.8

Table 8. Response amplitudes at the top of Model B for various
wave periods (Wave direction is +y).

Y-Amplitude (m)
Wave period (sec)
SACS Present Dev.(%)
3.0 0.5927E-5 0.5797E-5 =22
5.0 0.6729E-4 0.6963E-4 35
8.0 0.1116E-3 0.1154E-4 34

Wave Amplitude (m)
angle(®)  Djr, SACS Present Dev.(%)

Y 0.6013E-4  0.5727E-4 4.8

30 z 0.3044E-4  0.3090E-4 1.5
Total  0.6740E-4  0.6509E-4 34

Y 0.5020E-4  04774E-4 4.9

45 z 0.4497E-4  0.4433E-4 14
Total  0.6740E-4  0.6515E-4 33

Y 03685E-4  0.3496E-4 5.1

60 Z 0.5644E-4  0.5474E-4 3.0
Towl  0.6740E-4  0.6495E-4 3.6

Table 9. Response amplitudes at the top of Model A for various
wave directions (Wave period is 5 s).

Wave Amplitude (m)
angle(®)  pir. SACS Present Dev.(%)
Y 0.1788E-3 0.1867E-3 4.4
30 Z 0.930E-4 0.1007E-3 8.3
Total 0.2015E-3 0.2121E-3 5.3
Y 0.1489E-3 0.1488E-3 -0.07
45 V4 0.1363E-3 0.1459E-3 6.5
Total 0.2019E-3 0.2084E-3 32
Y 0.1086E-3 0.1136E-3 4.6
60 Z 0.1703E-3 0.1635E-3 -4.0

Total 0.2020E-3 0.1991E-3 -1.4
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