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Basic Investigation on Aseismic Properities of Fixed Ocean Structures
(1st report:Theoretical Approach)

by

Kazuo TAKAHASHI*, Takatoshi OKABAYASHI*, Hideyuki NISHINOKUBI* *
Masami HANAT* * *and Fumiaki ARIMA * * * *

This paper deals with the effects of interaction with surrounding water on the dynamic response
behavior of a fixed ocean structure with axis symmetric cross—section for aseismic design of offshore struc-
tures. Expressions for response to ground motions included hydrodynamic interaction are presented by us-
ing finite element method both for structure and water.

Numerical results are shown for uniform cylindrical tower and cylindrical tower with a circular disk.

The effect of surrounding water shifts its natural frequency and damping constant lower. These results

are compared with the experimental results.
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Fig. 1 Marine observation tower
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Table 1 Dimensions of the cylindrical tower(Type 1)

Height L (cm) 169.0
Diameter D (cm) 15.2
Thickness t (cm) 0.25
Young’s modulus E kg/cm? 3.0p0%
Poisson’s ratio v ' 0.36
Mass density kg/cm?3 1. 1573

Table 2 Frequencies of the cylindrical tower with

various water levels(Type 1)  Unit:Hz
Water level FEM v Analyt. | Exp.
H 1st 2nd 3nd 1st 1st
0 (in air) | 15.40 | 90.61 | 232.45 | 15.49 | 15.49
7.0D 10.50 | 42.36 | 114.60 { 10.26 | 10.30
8.0D 8.751 41.77 | 102.02 | 8.67 | 8.65
9.0D 7.28 | 39.18 | 94.45 | 7.31| 7.30
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—--—~ Modal shape in water (H=7D)
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Fig. 2 Modal shapes of the elastic cylindrical tower with various water levels (Type 1)
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Fig. 3 Distributions of the hydrodynamic pressures on the tower (Type 1)
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Table 4 — (a) Frequencies of the cylindrical tower

with various water levels

‘ (Type 2 —A)
#e 4 BB AL 1 5R TV 5. Table3 12 FIEO P Unit-Ha
ST AT LTe P FHam e 7D (D BiE) KR
Water level FEM Exp.
Table 3 Dimensions of the circular disk H 1st 9nd 3rd Ist
Disk name A B 0 14.23 | 83.06 | 218.67 | 14.20
_ 7.5D 8.95| 40.27 | 92.95| 8.95
Diameter(cm) 30.4 45.6 8.0D 8.30 | 41.09| 94.13| 8.30
Weight(ke) 0.45 110 8.5D 7.60 | 39.06| 93.84| 7.60
Thickness(cm) 2.5 2.5 9.0D 7.00 | 38.48| 94.09| 7.00
! — 1
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Fig. 5 Modal shapes of the elastic cylindrical tower with various water levels (Type 2—A)
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Table 4 — (b) Frequencies of the cylindrical tower
with various water levels

(Type 2—B)
Unit:Hz
Water level FEM Exp.
H st 2nd 3rd 1st
0 13.06 | 75.97 | 204.83 | 12.94
7.5D 8.32 | 34.82| 88.61 8.18
8.0D 8.01 | 34.67| 90.59 7.73
8.5D 7.32| 34.10| 90.32 7.20
9.0D 6.77 | 34.05| 90.22 6.68
g7 l | g
@ (H=9D) D
=
g (H=8D) v
gso - — 5 —
E H
®
w50 [~ —
g Type 2-A
E 0= Caluculation N
§ O--- Experiment(in air)
E @ --- Experiment (H=8D)
30 [ .
2 A --- Experiment{H=9D)
(H=0,in air)
/a
(]
.4

0.6 0.8 1.0 1.2 1.4
Frequency ratio w/w,

Fig. 6 Relative acceleration responses of the elastic
cylindrical tower with various water levels
(Type 2—A)
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