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We are working on the development of suction foundation for the reduction of construction cost.

Development flow to the practical application
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1 Features of the suction foundation 2 Method to submerge the Suction Foundation
. L . . ' o The suction foundation is located on the seabed soil facing the aperture of the foundation unit downward. When
Suction foundation is a base structure in shape of an upside-down teacup. The foundation unit is directly the inside of the foundation unit is sealed with the seabed surface, the inside water is drained forcibly using a
embedded onto the seabed. It is considered that it has a high stability with significant resistance against pump. This will result in difference of hydraulic pressure between inside and outside of the foundation unit. This
slide, over-turn, and pull-out. suction force generated by the difference of hydraulic pressure is used as a press force to submerge the founda-

tion unit onto the seabed soil. Accordingly, the foundation can be submerged (embedded) in a shorter time.

Advantages of Suction Foundation

Gravity-type coastal structures are commonly used in the conventional breakwaters and quays. They can
resist slide and over-turn by its own weight. To support the own weight of the main body including cais-
son, a base is constructed with rubble-mound on the seabed. At some sites with a weak sea-bed, how-
ever, seabed excavation and replacement are needed to reinforce the sea-bed.

On the other hand, the suction foundation is directly embedded onto the seabed and accordingly
doesn’t need such base. The advantages of the suction foundation are as follows.

drainage drainage

1. No need of rubble-mound, seabed excavation, and replacement will result in smaller cross-section of the structure
and shorter construction period.

2. No need of specific construction machine.
It can be constructed in principle at least with drainage pumps to supply the suction power and crane ships to in-
stall in good arrangement.

3. Against any external force including wave pressure causing the structures to slide, a sufficient resistant force to

withstand against sliding can be ensured by the frictional force of the bottom soil under the foundation and also

the earth pressure at the back wall of the foundation embedded onto the seabed. In addition, against any pull-out 3 1 _ 1 1 1 o

force causing the foundation to turn-over, a suction force will be generated to resist it as the inside of the founda- Appllcable StrUCtureS POSSIbIe appllcatlons'

tion is airtight. 2

These will result in reduction of the construction cost. | - Foundation of breakwater: Moundless
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Example of applications: Quay (Integrated unit of suction foundation and upper caisson)



4 Mechanism of submerging

The press force at the suction foundation can be computed with the suction force, which is generated by the
difference of hydraulic pressures between the inside and the outside of the foundation, caused by the forced
water drainage, as well as the sum of the weights of the foundation and the upper structure. When the suc-
tion foundation is submerged, a resistance force is acted from the seabed supporting it. Such resistance force
includes skin frictions (inside and outside) generated on the surface contacting the seabed and tip resistance
forces (see the figure below).

In addition, with the decrease in the pressure inside of the foundation caused by the forced water drainage
when the suction foundation is submerged, the overburden pressure in the seabed and the earth pressure
onto the contacting surface of the foundation will vary. As the result, the decrease in the tip resistance and
the skin friction will help facilitate pressing the foundation.
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Relationship between forces needed to submerge the foundation:
Press force (suction force + own weights) > Penetration resistance force (Tip resistance + skin friction)
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Decrease in skin friction and tip resistance

It is considered that a skin friction is decreased due to decrease in the earth pressure onto
the inside surface and that a tip resistance is decreased due to decrease in the overburden
pressure.
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Overview of the breakwater for verification test <Naoetsu Port>

Some issues on the design and construction of the suction foundation have not yet solved. As for items
that cannot be known by numerical analysis or model experiment, verification test should be implement-
ed to solve the issues.

For this purpose, two units of suction foundation breakwaters have been experimentally constructed at
a section of the breakwater area in the operation site of the Naoetsu Port, Niigata prefecture. The verifica-

tion tests have been implemented there. Various data obtained from these tests are used as valuable veri-
fication data to solve the issues.

Naoetsu Port coastal area
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Location for suction foundation verification test
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Parameters Designed values
1. Tidal level HW.L D.L. +0.50 m
LW.L D.L.+-0.00 m
2. Depth D.L.-10.00 m
3. Sea-bottom slope 1/120
4. Wave Incidence angle 0deg.
Significant wave height H1/3 57m
Maximum wave height Hmax 83m
Frequency T1/3 12.1 sec.
5. Crown height 7.5m
6. Soil condition Sand layer
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Steps to construct the breakwater for verification test
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nfiguration of the suction foundation ocation of the instruments

A structure separated into the suction foundation and the upper caisson was adopted. The suction foundation and the upper caisson are provided with instruments to obtain various measure-
Two types of materials, steel and RC (reinforced concrete), were adopted to allow us to study the construc- ment data. [Major instruments used in each verification]

tion performance, the stability of the breakwater body, and the economics, comparing the difference in - Verification for suction force when submerging: Pore water pressure gauge; Earth pressure gauge

. T . . - Verification for penetration resistance: Cutting-edge load gauge; Skin friction gauge; Earth pressure gauge
Welght’ ngldlty’ and side wall thickness. - Verification for behavior of the breakwater body: Inclinometer; Speed meter; Strain gauge

- Verification for wave pressure under wave action: Wave pressure gauge; Pore water pressure gauge, etc.

Standard cross section view (Steel foundation) Standard cross section view (RC foundation) Layout of the measuring instruments
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