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A Study on Wave Transformation and Wave Forces Acting on Gravity
Navigation Aid Towers Fixed onto a Sloping Seabed

Kinji SEKITA, Yukio NOMOTO, Takehiko YOSHINARI, Akira SHIMOJI and Hirokazu ISHIKAWA

Abstract

Navigation aid towers fixed onto the seabed have been constructed by Japan Coast Guard to indicate their
positions and avoid collisions of ships with offshore facilities such as manmade islands. These kind of structures,
composed of a column and gravity base, are often installed on reefs close to shore. While an impulsive wave pressure
is said to act on the circular column above sea surface, the large wave force also acts on the box shaped base. Though
the wave force on the column has been evaluated by a conventional formula, there is no appropriate formula
applicable to the base. Therefore, in order to develop an evaluation method, we conducted a series of model tests to
measure wave forces on a pipe and a box shaped base, together with pressures induced in the pipe. Furthermore, we
conducted numerical analyses by using the potential theory and Navier Stokes theory to simulate the measured wave
forces and wave transformations run-up on 1/30slope. The paper describes a comparison of experimental and
analytical results together with the evaluation of the wave force calculation method developed.
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Table1 Wave channel characteristics

Apparatus Dimension
Channel Width : 1.0m, Depth : 0.6m,
Length : 38m

Piston Type (power(.6kW)

Wave generator Wave height : maximum 10cm

Period : 0.6~5.0s

Table 2 Model Dimensions
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Items Prototype 1/16.3 Model

Tower length (cm) 730 449
Mass of Base (kg) 20,000 4.6
Width of base (cm) 270 16.6
Height of base (cm) 119 7.3
Submerged weight of base (kN) 110 25.0
Diameter of tower (mm) 406 25.0
Thickness of tower (mm) 8 0.49
Length of tower (mm) 6,000 369.1
Mass of tower (kg), (g) 630 146.7
Center of gravity (mm) 3,500 215

Table 3 Natural environmental conditions

Prototype 1/16.3 Model
Water depth- LWL (cm) 100 6.2
Water depth-HWL (cm) 300 18.5
3.5 21.5
Wave height (m), (cm) 2.0 12.3
1.0 6.2
8.0 2.0
Period (s) 5.0 1.2
3.0 0.7
Design wave force (kN), (N) 27.44 6.39
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Fig.1 Setup of model with measurement apparatus

Table 4 Analysis conditions

Time increment (s)

0.01

Boundary condition

Left : Wave generation
Right : Sommerfeld condition

Length (m)

400

Vertical distance (m)

7.5

Numbers of elements

Horizontal : 400
Vertical : 15

Size of element (m)

Horizontal : 1.0
Vertical : 0.5

Water depth (m) 3.51~4.74
Wave period (s) 1.90~6.32
Wave height (m) 0.4~1.0
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Fig. 6 Comparison of measured and computed run-up wave heights
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Fig.7 Comparison of measured and computed wave pressure coefficients
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