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An Experimental Study on the Stability of Rubble Mound
Structures by Wave Directionality
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Abstract (] Phenomena induced by waves, such as overtopping, sediment transport, vibration/fluctuation and
destruction of structures are highly influenced by the directionality of wave propagation. These phenomena are
often dominated by non-linearity, and so hydraulic model experiments are widely adopted for stability analysis
rather than numerical modeling. Thus, stability of rubble mound breakwaters(RIMB) due to wave directionality
was experimentally investigated in this study. The incident wave angte 30 ° was found more risky on the damage
rate of RMB under directional regular waves, and the incident wave angle 40 ° was found relatively risky under
directional irregular waves. These results clarified the wave directionality effect on the stability of RMB. These
facts were found correspondent to the occurrence of the peak between 20 °~40" with the directional frequency
distribution of 1/10 maximurm water particle velocity,
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Table 1. The principal factor of wave-maker system

Terms Serpent-type wave-maker
Number of paddle 10 ea.
Width of wave-maker 7 m (0.7 mX 10 ea.)
board
Motor Hydraulic servo motor (1.3 kWiea)

Max. wave height 0.3 m at water depth 0.8 m
Effective max, stroke =30 cm (piston type)
Mobile velocity of max. 60 cm/sec

wave-maker board

) 2.0
1 Y&k 4.6
0.7 F1_E| Principal wave I -----
7 TET T direction : 6, 04

{unit : m)

Fig. 1. General description of experimental conditions.
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Fig. 2. Wave height ratio distribution in the wave-maker basin.
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Fig. 3. Wave direction distribution in the wave-maker basin.
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Fig. 4. The distribution of directional spectrum under the directional waves.
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Table 2. Results and condition of permeability test

Grain size Density Porosity Permeability
{cm; dso) (g/em’) (%) (em/sec)
0.15 2.58 44 1.1
0.7 3.00 45.83 6
1.05 2.90 43.30 7.46
1.35 2.80 44.00 9.09
1.71 2.82 44.10 10.64
223 2,70 4330 12.53
295 293 4580 14.52
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Fig, 5. Permeability as representative diameter.
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Photo 2. An example of destroyed TTP dueto higher waves.
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Table 3. The experimental conditions of breakwater models to analyze the stability and the wave control functions

Terms W, W, Slope(ex) hdcm} wave type | Spectrum type Remarks
20 5~10 i
Scale £ — £ 15 11.0~19.0 Regular, | Bretschneider- N];Jgglf:zllflzg
(1:100) 20 g only build a o ’ ’ Irregular Mitsuyasu \ P
TTP(2 layers) (i) = 1:30
Tin (sec) Hyp {cm) W lan Hip/Ln Ly (cm) B
0.7-1.5 2.0~50 0.1-0.2 0.01~0.04 60.8~147.4 70° 907 1140

Notes;, W,, W. are the weight of armour unit of revetment, core layer respectively, A, is the water depth at the toe of the
breakwater, T is the period of incident wave and H is the incident wave height.

All models are scaled with Froude criterion of similitude.
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