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Uplift Forces on a Ceiling Slab of Wave Dissipating
Caisson with a Permeable Front Wall

——Analytical Model for Compression
of an Enclosed Air Layer—

Katsutoshi TanivMoTo*
Shigeo TARAHASHI**
Tsutomu MuraNaGa**

Synopsis

Recently it is becoming popular to adopt the vertical caisson with a permeable wall and a
wave chamber as a sea wall structure, because of its wave absorbing capacity. From a view point
of the wave absorbing capacity, it is not necessary to close the top of wave chamber. However,
the ceiling slab of wave chamber is frequently installed because of structural and utilization
reasons.Then, the ceiling slab may be subjected to severe uplift forces.

In the present paper, uplift forces on the ceiling slab of wave chamber of vertical slit caisson
have been studied by model experiments and an analytical model is presented to estimate uplift
forces in the prototype. Principal conclusions are as follows: :

1) As high waves act on a slit caisson, an air layer is enclosed at the upper part of wave
chamber. Uplift forces on the ceiling slab are caused through 'the compression of this enclosed
air layer.

2) The uplift forces can be reduced by the air leakage through the air holes which are appro-
priately equipped in the ceiling slab. Too large air holes, however, cause larger uplift forces
than those on a ceiling slab without the air hole, since direct impact of watter mass becomes
_to predominate on the- ceiling slab. The suitable ratio of opening is 0.5~1.0 percent to the whole
surface area of ceiling slab.

3) The uplift forces caused by the compression of enclosed air layer can be analyzed by the

' Bagnold Mltsuyasu s model which was developed in the study of impact breaking wave pressures
on a vertical wall. In the present study, the effect of air leakage through the vertical slit wall
as well as air holes in the ceiling slab is considered in the analytical model.

4) An important non- dxmensxonal parameter to determine the pressure due to the au' compres-
sion is

’ By =puku[peD
Where Py is the mass density of water; & is the hypothetical thickness of water mass; z, is
the initial elevating speed of ,water surface; p, is the atmospheric pressure; D is the initial
thickness of enclosed air layer. This parameter B, is called the Bagnold’s number in the
present paper.

5) In case the uplift forces are investigated by model tests, the atmospheric pressure must be
scaled according to the Froude similitude law, since the exact relation between the pressure
and the Bagnold’s number is not linear. It is, however, difficult to control the atmospheric
pressure, because the test flume is generally opened to the air. Then, the prototype conversion
of uplift pressures obtained by the model tests m the ordinary atmospheric pressure can be
made with the aids of the analytical model.

6) ' It should be noted that the pressures are imposed on the vertical walls and the bottom slab
in the wave chamber at the same time when the uplift force acts on the ceiling slab. It may
be supposed that this pressure in the wave chamber is decreased linearly with the dxstance
from the ceiling slab.

* Chief of the Breakwaters Laboratory, Hydraulic Engineering Division
*+ Member of the Breakwaters Laboratory, Hydraulic Engineering Division
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