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1. Stability of Armour Units of Composite Breakwater
Mound against Oblique Waves

Shigeo TAKAHASHI*
Katsutoshi KIMURA**
Katsutoshi TANIMOTO***

Synopsis

The rubble mound of composite breakwaters is usually covered with armour stones or
armor concrete blocks. These armour materials must have enough weight to withstand
heavy wave actions. The Hudson formula with the Stability Number Ns is standard one to
evaluate the minimum weight of the armour units. Tanimoto et al. proposed a calculation
method of the minimum weight using a formula of the Hudson type. . However the method
is only for normal incident waves and not for oblique waves.

In the present report, the minimum weight of armour stones against oblique incident
waves is formulated based on the relation between the weight and the water particle veloc-
ity on the rubble foundation. The small amplitude wave theory is employed to calculate
the water particle velocity for oblique waves. For the breakwater head section, numerical
calculations using a kind of mild slope equation are conducted to disclose the velocity dist-
ributions around corners of the vertical wall. A series of model experiments are conducted
in a wave basin to investigate the water.particle velocity and the damage of the armour
stones, and the minimum necessary weight of the stones.

The major conclusions are as follows; '

1) The damage of armour stones appears in' the area where the water particle velocity
on the rubble mound is high. It is found that the minimum weight of armour units is
generally proportional to the sixth power of the velocity on the mound.

2) The calculation method of the minimum weight of the armour stones is proposed for
oblique waves. The method is extended to evaluate the minimum weight of the armour
stones at the breakwater head. The experimental results confirm the calculation method.

3) The damaged area of the armour stones depends on the incident wave angle. The
armour stones in front of the vertical wall suffer from damage by oblique waves. Larger
armour stones for oblique waves with the large incident angle are required than those for
normal incident waves.

4) The damage of the armour stones at breakwater head is limited to the area near the
corner of the vertical wall. The damage is progressive by the sequence of wave attacks
even with a constant significant wave height. The minimum armour stone weight at head
sections becomes larger than that at trunk sections for the longer significant wave period.

Key Words: Composite Breakwaters, Rubble Mound Foundation, Armour Stones, Armour
Layer, Stability Number, Breakwater Head, Oblique Waves

* Chief of Maritime Structures Lab., Hydraulic Engineering Div.
** Member of Maritime Structures Lab., Hydraulic Engineering Div.
*** Director, Hydraulic Engineering Div.
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