Design of the Storm Surge Barrier Ramspol, The Netherlands

Ir. Aad Q.C. van der Horst

Managing Director of Delta Marine Consultants,

Engineering Department of Hollandsche Beton- en Waterbouw bv
Ir. Nico H. Révekamp

Lead Engineer at Delta Marine Consultants

H.J. Nederhorststraat 1

P.O. Box 63

2800 AB Gouda

Telephone +31 182 590600

Telefax +31 182 585705

Abstract

The north-western part of the province Overijssel is subjected to the risk of flooding due to
high waters from Lake lJsselmeer and Lake Ketelmeer.

To protect this area an inflatable storm surge barrier will be provided. The scheme is
presently under development and partly under construction.

Once completed the dam will be the largest of its kind. The dam consists of a nylon
reinforced rubber sheet, anchored by clamps into a reinforced concrete foundation. Design
conditions are extreme: the overall probability of failure should be 3.5 * 10™/year.

To analyse the expected stresses in the rubber sheet extensive finite element runs had to be
performed in combination with scale model tests in a hydraulic laboratory. The FEM
calculation required a significant amendment of calculation procedures due to the
phenomenon of large strains and the non-linearity of material properties and geometry.

Also the capacity tests appeared to be complex. FEM calculations were required to conclude
the capacity of the tested sample. The developed models appeared strong tools to optimise

geometry and as such to avoid unnecessary stress concentrations.

1. Introduction
The province of Overijssel is located in the north-east of the Netherlands. Although mainly
surrounded by land, the north-western part of the province is exposed to the risk of flooding



due to high waters from Lake |Jsselmeer and Lake Ketelmeer. To protect this part of the
province a storm surge barrier will be provided.

The barrier, presently under development and partly under construction, consists of inf_latable
rubber dams. In total three dams, interconnected by dikes, will be provided. The dam will be
unique in terms of size, application as storm surge barrier and design conditions. Contrary to
previous applications the dam will be filled with both water and air. This has been chosen to
minimise dimensions and to optimise the inflation/deflation procedure of the dam. The rubber
sheet is armoured with nylon inlays.

The project has been tendered as a design-construct project. The Client, local water
authority Groot Salland, awarded the contract to Hollandsche Beton- en Waterbouw [HBW],
an operating company of Hollandsche Beton Groep [HBG]. The Engineering Department of
HBW provided the tender design and carries out detailed design.

2. Brief description of the project

The storm surge barrier Ramspol is located near the city of Kampen in the north-west of the
province Overijssel. Under storm conditions, two waterways shall be closed: both the
Ramsdiep and the Ramsgeul. The Ramsgeul will be closed by two dams [fig. 1]
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fig. 1 Elevation of the storm surge barrier

Each dam is 75 m long, 13 m wide and has a design height of 8.35 m. The waterhead is 4.4
m. These conditions are based on the design requirements that extreme hydraulic
circumstances should be used with a probability of occurrence of once in 10 000 yearé.
Under normal conditions the dam is deflated and stored in the sill [fig. 2]. When the water
level reaches the alarm level of NAP +0.5 m, the inflation procedure starts.

Pipelines in between the upstream water and the interior of the dam are opened and
simultaneously compressors blow air from both edges near the dikes in the dam. This will
result in an interior air overpressure of 0.1 — 0.2 bar.
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Fig. 2 Typical cross section

The waterhead difference between free water outside the dam and the interior, together with
the increased interior volume, let water freely flow into the interior while the compressors
continue to pump volumes of air into the dam. Upon completion of the inflation procedure the
air valves are closed. The internal overpressure of air is 0.2 — 0.3 bar and the crest of the
dam is above the upstream water level.

Under these conditions the waterhead is relatively low [< 1 m]. When the upstream water
level is rising [fig. 2 and 3] the dam will be further deformed because of higher loads. As a
consequence the air overpressure will also increase and will automatically reach the required
overpressure of 0.44 bar to withstand the extreme hydraulic conditions. As such a self
regulating system has been achieved.

After the storm the dam will be deflated by starting the water pumps and opening the air
valves simultaneously. To allow safe storage of the sheet when the dam is not in use, a
specific configuration of the sill has been designed and provided with rollers. The
configuration allows full storage of the sheet. The rollers are required to move the sheet
equally over the width of the sill [fig. 4].






