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Experimental Study on The Reduction of Uplift Wave Forces Acting on A
Submerged Gravity Base Building A Navigation Aid Tower

Kinji SEKITA, Yukio NOMOTO, Takehiko YOSHINARI, Yosuke KONDO and Akira SHIMOJI

Abstract

Navigation aid towers composed of a column and a submerged gravity base have been constructed on sloping
sea beds to shore. However, as large horizontal and vertical wave forces act on the base, there is a high probability
such structures will slide or overturn. In order to sustain stability, it is generally necessary to increase the weight or

extend the width of the base of the structure and reduce uplift wave pressures that form the vertical forces. In this

study we proposed increasing stability using a simple reduction method for perforating the base so as to decrease

uplift forces. A 1/16.3 scale model test was conducted on box shaped bases with five different sizes of penetrating
holes to examine the reduction effect on vertical wave forces. We also conducted a numerical analysis using potential
theory. This paper also describes the alpropriate inertia force coefficients of the experimental and theoretical wave
forces using a conventional formula, the Morison’s equation, to evaluate the vertical wave forces.
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Table1 Wave channel characteristics

Apparatus Dimension
Channel Width: 1.0m, Depth: 0.6m,
Length: 38m
Wave Piston Type (power 0.6kW)
generator Wave height: maximum 10cm
Period: 0.6~5.0s
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Fig.1 Models used for measurements (unit: mm)
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Fig.2 Setup of a model with measurement apparatus
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Fig.3 Schematic method of wave force measurements
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Table 2 Calibration values

Calibration Theoretical Measured Measured
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ah —1.085 —0.983 —0.972

ay —1.776 —1.793 —1.765
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Fig.4 Model for wave force analyses
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Fig.5 Vertical wave forces computed
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Fig.6 Measured and computed horizontal wave forces
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Fig.7 Measured and computed vertical wave forces
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Fig.10 Measured and computed vertical inertia coefficients
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Fig.11 Measured vertical inertia force coefficients vs. L,/L
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Table 3 Vertical inertia force coefficients

Opening ratio (h/D=0.19) Cmz'factor
B (%) a a
0.0 2.76 —0.56
3.6 2.67 —0.57
8.6 2.30 —0.61
14.4 1.98 —0.65
23.0 1.81 —0.69
Maximum h/D=0.19 2.27 —0.72
limits h/D=0.27 0.97 —1.01
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Table 4 Horizontal inertia force coefficients

Opening ratio Cmx (h/D=0.19) Cmx (h/D=0.27)
B (%) Average Maximum Average Maximum

0.0 1.34 1.66 1.40 1.64

3.6 1.30 1.74 1.42 1.81

8.6 1.49 1.77 1.50 1.79

14.4 1.52 1.85 1.64 1.82

23.0 1.60 2.00 1.54 1.63

all data 1.45 2.00 1.50 1.82
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