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2. Experimental Study on Impulsive Forces by Breaking
Waves on Circular Cylinder

Katsutoshi TANIMOTO* Shigeo TAKAHASHI**
Tadao KANEkKO*** Keisuke SHI0TA*** Koichiro OGURA****

Synopsis

When breaking waves act on cylindrical members supporting coastal and off-
shore structures, impact forces are observed in addition to drag and inertia forces.
The characteristics of the impact forces by breaking wave, however, have not been
studied sufficiently yet, and the general estimation method of the forces has not
been established. A calculation method of the forces is proposed in the present
paper on the basis of the experimental results with some theoretical considerations.

Wave forces on the cylinder by both regular and irregular trains of waves are
measured in a large wave flume. The strains on a model cylinder to the shock
forces are also measured. The followings are found by the experiments:

1) The shape of the impact force distribution along the cylinder axis is tri-
angular.

2) The total forces by breaking waves increase as the breaker type varies
from spilling to plunging and as the cylinder inclines to seaward. A newly proposed
“breaking force parameter” can represent the variation of the force due to the
breaker type variation.

3) The maximum total forces by random waves are larger by 20 to 50% than
those by regular waves with the same period as that of the significant wave.

4) The duration time of the impact force is about 40 % of the value predicted
by Karman and is close to the value by the Wagner’s theory.

5) The strains on the model cylinder are small due to the response charac-
teristics including the higher order mode of the response.

In the proposed method of the force calculation, it is assumed that the im-
pulsive force acts on the upper half portion between the still water level and the
wave crest and that the distribution shape of the force is triangular. The peak
value in the distribution, fpm, is expressed by vfxm, where fgm is a factor to
adjust the difference between the Karman’s value and the experimental value. The
adjustment factor v is the function of the “breaking force parameter” and the
cylinder inclination. The breaking force parameter is evaluated by #/(Hmax/Lo)
for random waves, where { is the sea bottom slope, Hmsx is the highest wave
height and L, is the wavelength of the significant wave in deep water. The time
history of the impact force is given as a triangular pulse with a vertical rise.
The duration time is determined as 0.25 D/C,, where D is the diameter of cylin-
der and C, is the breaking wave velocity component perpendicular to the cylinder
axis.
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