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Development of "Flap gate type water damage prevention equipment”
that does not require power or human operation.

Hitachi Zosen Co., Ltd. Sluice Design Manager
Kyoichi Nakayasu

Abstract
(1) Background of technology development
Japan has repeatedly suffered severe damage from tsunamis and storm surges
in the past. The Great East Japan Earthquake in March 2011 caused
unprecedented tsunami damage, and in January 2024, the Noto Peninsula
Earthquake caused tsunami damage. Furthermore, there are concerns about
tsunami damage in the near future caused by major earthquakes at zones, Tokai
(region south of Tokyo on the Pacific Ocean side of Japan), Nankai (region in the
Southsea), and To-Nankai (Tokai and Nankai).
Also, it is now necessary to prepare for sea level rise due to global warming and
storm surges that are expected to become stronger in the future. As a measure
against these tsunami and storm surge, development of the flap gate type flood
prevention equipment (hereinafter referred to as this technology) began in 2003
in Japan. This technology utilizes rising tides and flooding caused by tsunamis or
storm surges and, with the buoyancy of floats, automatically closes the opening
without power or human operation. In this presentation, | will explain the outline
and characteristics of this technology, and report on its practical application status
and latest information.

(2) Technology overview

This technology is available in three types, depending on where the equipment is
installed: Submarine Installation Type, On-Shore Type, and Building Installation
Type.

The first type was a Submarine Installation Type, which development began in
2003. Then development of a On-Shore Type began in 2009. After the damage
caused by the Great East Japan Earthquake, the Building linstallation Type was
constructed in 2011. In 2013, the Building linstallation Type was first put to a
practical use, followed by the On-Shore Type in 2014 and the Submarine
Installation Type in 2017.

Of these three types, this presentation mainly explain the technical overview and
characteristics of the Submarine Installation Type.



The type consists of Door Bodies, Box Bodies, Tension Rods, and etc. Arranged
in a row in the opening, the Door Bodies form a continuous breakwater by pivoting
and standing up around the bottom rotation axis. The door bodies are always
lying on the seabed. The buoyancy necessary for surfacing the bodies can be
achieved by supplying air into the door air chambers under normal conditions.
The tips of the doors are moored using hooks provided on the boxes so that the
doors do not float up at all times. By releasing the hooks, the buoyancy of the
doors themselves allows them to float to a height where the tips are on the water
surface. The technology uses the water level difference caused by the tide to
stand up to a predetermined height (angle) without power, hence preventing
tsunamis and high rises.

Other than manual operation by the facility manager, it supports automatic
operations to trigger the release operation when the nationwide instant warning
system and the abnormal rise in the tide level inside the port. With this technology,
the movable structures are always placed on the seabed, making it difficult to
visual inspections. This requires to equip as standard "Condition Monitoring
Systems" to quickly investigate causes when any abnormality is detected and to
monitor the state of equipment deterioration over time. This system monitors and
records the normal mooring conditions, functions of drive units, and movable
structures at the time of maintenance inspections. Outcomes obtained here are
expected to visualize the states of deterioration of equipment or to formulate
rational maintenance management plans.

If this technology is applied to the mouths of ports and fishing ports, as well as at
the mouths of bays and estuaries, the extension of the battlements along
coastlines and rivers can be shortened, making it possible to form more rational
sea defense lines.

(3) Practical status

In Japan, two sets of Submarine Installation Types and approximately 200 or
more of On-Shore Types have been installed and in operation. Some numbers of
Building linstallation Types have been used at nuclear power plants.

In the future, we will continue to make further improvements to this technology,
monitor data from conditions using actual equipment installed on the seabed, and
analyze them from various perspectives. We hope to visualize the states of
equipment deteriorations and implement more rational maintenance
management.



