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SCOUR PROTECTION FOR AN UNDERWATER BOTTOM ALONGSIDE A
QUAY WALL, AND METHOD FOR PROVIDING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a scour protection for an underwater bottom extending
alongside a quay wall. The invention further relates to a method for providing such

scour protection.

Marine transport is ever increasing, both in quantity and size. The last decade has seen
developments in the shipping industry characterized by an increase in capacity. Vessels
are becoming larger and larger in order to be able to carry as much load as possible. The
increasing size of freight carriers and cruise ships has an important impact on harbor
infrastructure, as docking basins need to be made deeper and quay walls stronger. In
addition, the larger vessels presently being developed are equipped with far more power
than known hitherto. The flow velocities against the quay walls and the harbor
underwater bottom in front of the quay wall that are associated with the larger and more
powerful propellers used on these vessels are anticipated to increase at such level that
important damage may be caused to the quay walls and harbor underwater bottoms in
particular. This damaging effect becomes more of a problem since modern vessels tend
to have secondary propulsion systems such as bow and stern thrusters in order to

increase their maneuverability, in particular while berthing.

Scour protection of underwater bottoms in harbors is known. Existing scour protection
at the toe of a quay wall may comprise a granular protection, to which may be added
liquid asphalt mastic for additional strength. Other known scour protection comprises
mattresses of concrete blocks, rock or fibrous stone asphalt. These mattresses are easily
applied to an underwater bottom, and for most applications provide sufficient strength,
among other factors due to the flexible nature of a mattress. These materials however

may not always provide adequate protection, or may not be available at the site.

FR2125826 AS discloses a scour protection for dikes that comprises a filtering mat
covered by interlocked prefabricated concrete blocks. The blocks have conical

protrusions at one side that interlock with conical cavities provided on an opposing side.
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According to page 2, lines 25-28, this way of interlocking and the relatively small size
of the blocks allow blocks to mutually pivot and adapt to unevenness of the subsoil.
Although a plurality of interlocked blocks provides protection and water permeability to
a dike, the protection offered to a bottom alongside a quay wall is subject to

improvement, given the above discussed increasingly large forces on such bottoms.

It is an aim of the present invention to provide a scour protection for an underwater
bottom extending alongside a quay wall that is more efficient than the known scour

protection.

BRIEF SUMMARY OF THE INVENTION

The above and other aims are provided by a scour protection for an underwater bottom
alongside a quay wall in accordance with claim 1. The scour protection of the invention
comprises a foundation/leveling layer of rocks with a size distribution conforming to
100 < Dys0 < 225 mm, and a plurality of prefabricated reinforced concrete slabs,
adjacently positioned on top of the foundation/levelling layer and leaving a gap between
edges of the slabs, the slabs having a lateral dimension of at least 3,5 m. It has turned
out that a foundation/leveling layer in accordance with the invention provides a reliable
and adequate support or foundation for the concrete slabs, and that the gap between
edges of the slabs is instrumental in the long term protection offered by the invention.
The claimed size distribution of the foundation/leveling layer provides said layer with
the combined function of adequate support and levelling, which inhibits breakage
and/or the occurrence of cracks in the slabs over time.

The known classically used scour protection in the form of mattresses or granular
protection requires large and heavy rocks up to 1-5 tons to withstand the typical thrust
forces generated by a vessel. These rocks may not be readily available and further need
to be applied in rather thick layers. This reduces the maximum available water depth
alongside the quay wall. The scour protection of the present invention does not have this
drawback. Known granular protection may also need accurate installation and leveling.
The scour protection thickness and density thus obtained is rather arbitrary and depends
to some extent on the experience of the crane driver. Quality control tests performed
upon completion of the works by the client or the contractor, in particular measurements

of minimal thickness and density may result in a wide and undesirable variation. The
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scour protection of the present invention does not have this problem and provides an
accurate thickness and density to the scour protection. This allows to accurately
defining the depth of the underwater bottom, at least over a distance of 3.5 m. Due to
the size of the slabs, their weight is such as to largely prevent rearrangement of the slabs
relative to each other. The accuracy of the underwater bottom depth may therefore be

maintained over larger distances than 3.5 m.

The foundation/leveling layer comprises rock with the claimed size distribution,
whereby the wording rock may encompass any granular material such as rocks and/or

stones, either natural and/or man-made.

The gap width between edges of the slabs may be chosen according to the selected size
distribution of the rocks of the foundation/leveling layer. A particularly preferred
embodiment of the invention provides a scour protection wherein the gap width ranges
from 10-100 mm, more preferably from 20-90 mm, and most preferably from 30-60
mm. The preferred embodiments help preventing washing out of underwater bottom
layers below the slabs, and add to the stability of the scour protection. The gaps between
the concrete slabs should be present along one edge of each of at least two slabs,
preferably along two edges of each of at least three slabs, more preferably along three
edges of each of at least four slabs, and most preferably along four edges of each of at
least five slabs. The gaps may be present along edges that extend substantially parallel
to an alongside direction of the quay wall, and/or may be present along edges that
extend substantially perpendicular to the alongside direction of the quay wall. The gap
width between slabs is preferably a constant but may vary along an edge of two
adjacently positioned slabs, preferably within 50% of the average gap width, more
preferably within 20% of the average gap width, and most preferably within 10% of the

average gap width.

The scour protection according to the invention advantageously allows maximizing the
available water depth alongside the quay wall. It has turned out that the average
thickness of the foundation/levelling layer and of in particular of the concrete slabs may
be selected much smaller than with the known granular scour protection for instance. In
an embodiment of the invention, a scour protection is provided wherein the slabs have a

thickness ranging from 200-500 mm, more preferably from 275-425 mm, and most
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preferably from 325-375 mm. These preferred thicknesses provide the required
protection against erosion, and further allow handling the slabs while positioning them

on an underwater bottom.

An important advantage of the invented scour protection relates to an embodiment
wherein concrete slabs are provided onto the foundation/leveling layer without
requiring mutual connection of slabs. This facilitates replacement of a damaged slab by
another slab. The relatively large size (and weight) of the slabs makes it possible to

reduce or even avoid interlocking the slabs by obstructing their mutual rearrangement.

The scour protection in accordance with the invention requires a gap between edges of
the concrete slabs. To facilitate a correct positioning an embodiment relates to a scour
protection wherein edges of the slabs are provided with distance holders or spacing
lugs. The spacing lugs may be separate or may be integral to the slab, and can be made
from concrete, wood, rubber or another polymer, metal, and other suitable materials.
The spacing lugs or distance holders are instrumental in maintaining the required gap

between slab edges.

The invented scour protection comprises a foundation/leveling layer of rocks with a size
distribution conforming to 100 < Dyso < 225 mm. With D,s, is meant the nominal rock
size that is exceeded by 50 wt.-% of the rocks. Other useful embodiments of the
invention provide a scour protection wherein the size distribution of the rocks conforms
to 100 < Dysp < 185 mm, more preferably to 100 < Dysp < 155 mm, and most preferably
to 110 < Dysp < 130 mm.

In another embodiment of the invention, a scour protection is provided wherein the size
distribution of the rocks is selected such that at most 10 wt.-% of the rocks has a size <
100 mm, and/or at most 10 wt.-% of the rocks has a size > 225 mm. In a particularly

useful embodiment, at least 80 wt.-% of the rocks has a size between 100-225 mm.

The foundation/leveling layer serves to support the concrete slabs, and distributes the
forces to the underlying soils. In a useful embodiment of the invention, a scour
protection is provided wherein the foundation/levelling layer is level to within 200 mm,

and more preferably to within 100 mm. The foundation/leveling layer may be horizontal
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but may also have a slope exhibiting an angle with the horizontal direction, whereby the
angle may be between 0-40 degrees, more preferably between 0-30 degrees, and most

preferably between 0-20 degrees.

The scour protection according to the invention may be provided at any depth under
water. In a preferred embodiment of the invention, a scour protection is provided
wherein at least some of the slabs are provided at a depth of at least 15 m, more

preferably at least 20 m, and most preferably at least 25 m.

The concrete slabs of the scour protection may have any shape and may be curved or
flat. An embodiment of the invention relates to a scour protection wherein the slabs are
planar, and the edges of the slabs are straight and extend in a thickness direction
perpendicular to the plane of the slabs. A practical embodiment of the invention
provides a scour protection wherein the slabs have a lateral dimension of at least 5 m,
more preferably at least 6 m, and most preferably at least 7 m. A preferred scour
protection comprises at least some slabs having a size of 8 x 8 x 0.35 m, with a variation
of at most 40% of each dimension, more preferably at most 30% of each dimension, and

most preferably at most 20% of each dimension.

The scour protection may extend in a transverse distance perpendicular to the quay wall
over 1-10 meters only, over at least 10 meters, or over more than 100 m. The scour
protection may extend in a longitudinal direction parallel to (alongside) the quay wall
over a few meters only, preferably over more than 100 m, and more preferably over

more than 1 km.

The invention further provides an embodiment of a scour protection wherein the slabs
are provided with a number of holes that extend from a front surface of the slabs to a
back surface thereof. The holes interact with the gaps between the slabs in preventing
uplifting forces that may destabilize the slabs. The holes are further instrumental in

facilitating the placement of the slabs onto an underwater bottom.

The number of holes in the slabs may be chosen within a large range. In a preferred
embodiment of the invented scour protection, the number of holes in one slab ranges

from 10-100, more preferably from 20-90, and most preferably from 30-80. A preferred
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hole density ranges from 0,5 to 5 holes per m*, more preferably from 0,8 to 3 holes per
m?, and most preferably from 0,9 to 2 holes per m”. A cross-dimension of the holes (for
instance the diameter in case of cylindrical holes) may be chosen within large ranges
but is preferably selected between 20-200 mm, more preferably between 40-150 mm,

and most preferably between 50-100 mm.

In order to increase the ease of installation, an embodiment of the scour protection
according to the invention is characterized in that the slabs comprise lifting brackets.
The lifting brackets may be integrated into the concrete slabs during casting thereof, and

may for instance comprise steel brackets.

The concrete slabs of the invented scour protection are prefabricated, preferably at or
close to the site where the scour protection has to be provided. The slabs comprise
reinforcement in the form of a number of reinforcement bars (rebars), the number and
properties of which are determined according to well known calculation principles. The
rebars are instrumental in providing the slabs with the necessary strength when placed
under water but also during lifting and positioning of the slabs onto the

foundation/leveling layer.

An improvement of the scour protection is obtained in an embodiment that further
comprises a geotextile layer, preferably provided below the foundation/leveling layer.
The underwater bottom may first be provided with a ground filter layer that may partly
extend underneath the quay wall. The underwater bottom is in the present embodiment
covered with a geotextile layer. The geotextile layers are typically placed parallel to
each other and with a certain overlap, and the foundation/levelling layer is preferably

provided thereon.

The invention also relates to a method for providing an underwater bottom alongside a
quay wall with scour protection. The invented method comprises providing a
foundation/leveling layer of rocks with a size distribution conforming to 100 < Dyso <
225 mm on the bottom, and adjacently positioning a plurality of prefabricated
reinforced concrete slabs on top of the foundation/levelling layer such that a gap is left

between edges of the slabs. The scour protection is particularly advantageous for
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placement under water at considerable depths of at least 15 m, more preferably at least

20 m, and most preferably at least 25 m.

The foundation/leveling layer may conveniently be provided onto an existing
underwater bottom by dumping the rocks into the water from a vessel, preferably a
vessel with a fall pipe, from a crane, or from any other suitable tool or device. The
lifting of the slabs and subsequent positioning of the slabs onto the foundation/leveling
layer may conveniently be carried out by a lifting device that is preferably provided
with a lifting frame from which a slab may conveniently be suspended. The lifting
frame and/or the slab itself may be provided with positioning and/or measuring tools,

such as sonars, and the like.

Preferred embodiments of the invention relate to a method wherein the slabs are
positioned such that the gap between edges of the slabs ranges from 20-100 mm, and
more preferably from 30-90 mm; wherein the slabs have a thickness ranging from 200-
500 mm, more preferably from 275-425 mm, and most preferably from 325-375 mm;
wherein edges of the slabs are provided with distance holders or spacing lugs; wherein
the size distribution of the rocks conforms to 110 < Dys¢ < 130 mm; wherein the size
distribution of the rocks is selected such that at most 10 wt.-% is < 100 mm, and/or at
most 10 wt.-% is > 225 mm; wherein the foundation/levelling layer is level to within
200 mm; wherein at least some of the slabs are provided at a depth of at least 15 m,
more preferably at least 20 m, and most preferably at least 25 m; wherein the slabs are
planar, and the edges of the slabs are straight and extend in a thickness direction
perpendicular to the plane of the slabs; wherein the slabs are provided with a number of
holes that extend from a front surface of the slabs to a back surface thereof, wherein the
number of holes ranges from 10-100, more preferably from 20-90, and most preferably
from 30-80; wherein the slabs have a lateral dimension of at least 5 m, more preferably
at least 6 m, and most preferably at least 7 m; wherein at least some slabs have a size of
8 x 8 x 0.35 m, with a variation of at most 40% of each dimension; wherein at least
some slabs comprise lifting brackets and the slabs are lifted by cables attached to the
brackets; and/or wherein a geotextile layer is provided, preferably below the

foundation/leveling layer.
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It is expressly stated that the embodiments of the invention disclosed in the present
application may be combined in any possible combination of these embodiments, and

that each embodiment separately may be the subject of a divisional application.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be elucidated in more detail with reference to the accompanying
figures, without otherwise being limited thereto. In the figures:

Figure 1 schematically shows a cross section of a quay wall, the foot of which is
provided with a scour protection in accordance with an embodiment of the invention;
Figure 2 schematically shows a cross section of a quay wall, the foot of which is
provided with a scour protection in accordance with another embodiment of the
invention;

Figure 3A schematically shows a side view of a part of the scour protection of figure 2;
Figure 3B schematically shows a top view of a part of the scour protection of figure 2;
Figure 3C schematically shows a side view of a concrete slab that is part of the scour
protection of figure 2;

Figure 3D schematically shows a detailed top view of part A of the scour protection of
figure 3B; and

Figure 4 schematically shows a perspective view of a lifting frame used for placing a
concrete slab of an embodiment of the present invention on an underwater bottom

alongside a quay wall.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

With reference to figure 1, a large vessel 1 is shown alongside a quay wall 2. The vessel
I may be any vessel of considerable size, and comprises a Malaccamax container ship
for illustrative purposes. A Malaccamax ship has the maximum dimensions that are still
permissible to pass the most restrictive area of the Malacca Strait. A Malaccamax
container ship typically has a draught of about 21 m, which is comparable to VLCC
(Very Large Crude Carriers) vessels for instance. A Malaccamax container ship
typically would have the following characteristics fully loaded:

Laden Draft — 21 m

Length over all (Loa) - 470 m
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Beam (B) - 61.5m

Freeboard (F) — 14 m

Length between perpendicular (Lbp) - 437.5 m

Displacement (Md) — 435000 tons

Deadweight (Dwt) — 370000 tons

Block coefficient 0.751

Windage Area — 18600 m*
The propulsion particulars of the vessel 1 in fully loaded state may be summarized as
follows:

Main Propeller (Twin) Diameter — 10 m

Power for Main Engine — propeller 90000 kW

Stern/ Bow Thrusters’ Diameter — 3.5 m

3 Stern/ 3 Bow Power — propeller 3700 kW
which generates considerable flow velocities against the quay wall and the underwater
bottom in front of the quay wall toe. Typical jet flow velocities at full power are about
14 m/s for the main propellers, and about 6 m/s for the combined thrusters. The scour
protection in accordance with the invention adequately protects these parts against

erosion.

The vessel 1 has a draught 11 of about 21 m, and extends above the water 10 over a
distance 12 of about 14 m. The water level is at 0.3 m CD (chart datum). The toe of the
quay wall 2 is at -23,5 CD, while the maximum depth of the water basin alongside the
quay wall 2 is at -26.5 m CD. The vessel 1 is at its stern equipped with two main

propellers 13. Stern thrusters are not shown.

As shown in figure 1, the quay wall itself comprises for illustrative purpose a number of
caissons 20, filled with dredged material 21. The caissons 20 are provided with a steel
top plate 22, and extend over several km in an alongside direction of the quay wall 2.
The caissons 20 rest on a foundation layer of compacted sand key 23, provided with a
top layer of rock mound 24. The sand key 23 is preferably compacted and has been
provided in a dredged volume of bottom material 25. The caissons 20 are on top
provided with a sand surcharge 26 that is retained by a retaining ridge member 27 that

extends alongside the quay wall 1.
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An embodiment of the scour protection 3 for the underwater bottom 25 alongside the
quay wall 1 is shown in figure 2 and comprises a foundation/leveling layer 4 of rocks
with a size distribution conforming to D50 = 120 mm and at most 10 wt.-% is < 100
mm, and at most 10 wt.-% is > 225 mm, and a plurality of prefabricated reinforced
concrete slabs 5, adjacently positioned on top of the foundation/levelling layer 4 and
leaving a gap 50 between edges 51 of the slabs 5. The slabs 5 comprise a number of
planar and square slabs 5a of 8 x 8§ m wide and 0.35 m thick. At the toe of the quay wall
2 are provided a number of reinforced concrete slabs of rectangular size, being 4 m
long, 8 m wide and 0.5 m thick. The other end of the scour protection 3 comprises a
number of reinforced concrete slabs of rectangular size, being 3.5 m long, 8 m wide and
0.35 m thick. The thickness 40 of the foundation/leveling layer 4 is about 0.5 m and
gradually increases in thickness towards the quay wall 2 to a thickness 41 close to the
quay wall toe of about 1.5 m. The slope 42 of the foundation/leveling layer 4 is about 11

degrees.

The scour protection 3 shown in figure 2 further comprises a geotextile layer 6,
provided between the foundation/leveling layer 4 and the bottom 25. The geotextile
layer comprises a PP geotextile fabric and extends from the toe of the quay wall 2 to an

opposite end of a deepened area 60 of the water basin 10.

As shown in figures 3A to 3D, the scour protection 3 according to an embodiment of the
invention comprises a foundation/leveling layer 4 with a thickness 40 of about 0.5 m
and a number of reinforced concrete slabs 5a having a thickness 50 of about 0.35 mm.
The gap width 51 between slabs 5a ranges from 40-80 mm. As shown in the top view of
figure 3B and in figure 3D, which shows detail A of the slabs 5 of figure 3B, the edges
58 of the slabs 5a are provided with spacing lugs 53 to provide the gap width 51.

Reinforcing strips 53 are provided at the corners of each slab Sa.

The slabs 5a are further provided with a number of holes 54 that extend from a front
surface 55a of the slabs 5 to a back surface 55b thereof. About 64 holes are regularly
distributed over the surfaces (55a, 55b). The slabs 5 also comprise lifting brackets 56, as

shown in the side view of figure 3C.



10

15

WO 2016/174029 11 PCT/EP2016/059277

With reference to figure 4, an embodiment of a method for providing an underwater
bottom 25 alongside a quay wall 2 with scour protection 3 is shown. The method
comprises providing a foundation/leveling layer 4 of rocks with a size distribution
conforming to 100 < Dyso < 225 mm on the bottom 25, and adjacently positioning a
plurality of prefabricated reinforced concrete slabs 5 on top of the foundation/levelling
layer 4 such that a gap 51 is left between edges 58 of the slabs 5. The slabs 5 are
conveniently placed on top of the foundation/leveling layer 4 by a suitable lifting
device, such as a crane (not shown) operated from the shore or from a vessel or
pontoon. A lifting frame 7 is suspended by wires 71 from a hook of the crane. To the
four corners of the lifting frame 7 are attached suspending wires 72 which may be paid
out or retracted by a suitable mechanism 73 provided on the frame 7. A slab 5 is
attached to the wires 72 and brought under water by lowering a crane boom and/or
paying out the wires (71, 72). The spacing lugs 52 allow to position the slabs 5 onto the
foundation/leveling layer 4 such that a suitable gap width is maintained between edges
58 of adjacently positioned slabs 5. The frame 7 further may be provided with sonar or
other positioning systems for accurate positioning of the slabs 5. The holes 54 in the
slabs 5 allow to let the water escape from underneath the slab 5 while lowering it into

the water, which further helps in accurate placement of the slabs 5.
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Scour protection (3) for an underwater bottom along-
side a quay wall, comprising a foundation/leveling
layer of rocks (4) and a plurality of prefabricated re-
inforced concrete slabs (5,5a,5b,5¢), the foundation/
leveling layer of rocks providing adequate support
and leveling for the plurality of prefabricated rein-
forced concrete slabs, wherein the slabs have been
adjacently positioned on top of the foundation/lev-
eling layer of rocks whereby a gap (51) has been |eft
between edges (58) of the slabs, characterised in
that the foundation/leveling layer of rocks has a size
distribution conforming to 100 < D g < 225 mm, and
in that the slabs have a |ateral dimension of at least
3.5m.

Scour protection according to claim 1, wherein the
gap width ranges from 10-100 mm, mare preferably
from 20-90 mm, and mast preferably from 30-60 mm.

Scour protection according to claim 1 or 2, wherein
the slabs have a thickness ranging from 200-500
mm, more preferably from 275-425 mm, and most

preferably from 325-375 mm,

Scour protection according to any one of the preced-
ing claims, wherein edges of the slabs are provided
with distance holders or spacing lugs (52).

Scaour protection according to any one of the preced-
ing claims, wherein the size distribution of the rocks
conforms to 110 < D55 < 130 mm,

Scaour protection according to any one of the preced-
ing claims, wherein the size disfribution of the rocks
is selected such that at most 10 wt.-% of the rocks
has a size < 100 mm, and/or at most 10 wt.-% of the
rocks has a size > 225 mm.
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Scour protection according to any one of the preced-
ing claims, wherein the foundation/levelling layer is
level to within 200 mm.

Scour prolection according to any one of the preced-
ing claims, wherein at least some of the slabs are
provided at a depth of at least 15 m, more preferably
at least 20 m, and most preferably at least 25 m.

Scour protection according to any one of the preced-
ing claims, wherein the slabs are planar, and the
edges of the slabs are straight and extend in a thick-
ness direction perpendicular to the plane of the
slabs.

Scour protection according to any one of the preced-
ing claims, wherein the slabs are provided with a
number of holes (54) that extend from a front surface
(55a) of the slabs to a back surface (55b) thereof,

Scour protection according to claim 10, wherein the
number of holes ranges from 10-100, more prefera-
bly from 20-90, and most preferably from 30-80.

Scour protection according to any one of the preced-
ing claims, wherein the slabs have a lateral dimen-
sion of at least 5 m, more preferably at least 6 m,
and most preferably at least 7 m.

Scour protection according o any one of the preced-
ing claims, wherein at least some slabs have a size
of 8 x 8 x 0.35 m, with a variation of at most 20% of
each dimension.

Scour protection according to any one of the preced-
ing claims, wherein the slabs comprise lifting brack-
ets (56).
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Scour protection according to any one of the preced-
ing claims, further comprising a geotextile layer (6),
preferably provided below the foundation/leveling
layer.

Method for providing a scour protection (3) for an
underwater bottomn alongside a quay wall, the meth-
od comprising providing a foundation/leveling layer
of rocks (4) on the bottom, and adjacently positioning
a plurality of prefabricated reinforced concrele slabs
(5,5a,5b,5¢) on top of the foundationfleveling layer
such that a gap (51) is left between edges (58) of
the slabs, whereby the foundation/leveling layer pro-
vides the combined function of adequate supportand
leveling for the concrete slabs, characterised in
that the foundation/leveling layer of rocks has a size
distribution conforming to 100 < D gn = 225 mm, and
in that the slabs have a lateral dimension of at least
3.5m.



