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(54) ASSEMBLY OF CONCRETE BLOCKS FOR COVERING A DYKE

(57) In an assembly of concrete blocks for covering
a dyke for protection against wave attacks, comprising
at least two concrete blocks, each substantially having
the form of a polygonal prism comprising a ground sur-
face and a prism perimeter surface having a contiguous
series of at least six side surfaces, in particular eight side
surfaces, wherein the concrete blocks are placed at a
distance from each other so as to form interstices be-
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tween the blocks, at least two blocks are interconnected
by means of a connecting beam integrally formed with
said at least two blocks, said connecting beam having a
ground surface that is aligned with the ground surface of
said at least two blocks and having a height that corre-
sponds to 50-80%, preferably 65-75%, of the height of
said at least two blocks.
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Description

[0001] The invention refers to an assembly of concrete
blocks for covering a dyke for protection against wave
attacks, comprising at least two concrete blocks, each
substantially having the form of a polygonal prism com-
prising a ground surface and a prism perimeter surface
having a contiguous series of at least six side surfaces,
in particular eight side surfaces, wherein the concrete
blocks are placed at a distance from each other so as to
form interstices between the blocks.

[0002] Further, the invention refers to a covering for a
dyke for protection against wave attacks, comprising a
plurality of concrete blocks arranged side by side, where-
in the interstices between the blocks are filled with a gran-
ular material.

[0003] Dyke bodies are exposed to heavy loads due
to the movements of waves and/or water. Where the
waves are too high or the current too strong for a grass
cover, setting a stone covering provides an enhanced
stability. It has been common practice to make such cov-
erings of stone blocks by using so-called basaltic col-
umns of natural stone, each column having a cross-sec-
tional area differing from that of a further column. The
stone columns have been placed against each other so
that they support each other. This resulted in a relatively
smooth dyke cover with a much greater stability, as if the
stones had simply been poured loose on the embank-
ment.

[0004] Nowadays, itis common to use blocks made of
concrete instead of natural stone, such as basalt. Con-
crete blocks for use as a protection of water banks have
been described, e.g., in WO 2011/096795 A2. Concrete
blocks may be produced as precast elements, so that
their production may be done in a cost-efficient way and
under controlled manufacturing conditions. Concrete
blocks are usually laid onto the dyke by means of ma-
chines, that grab and lay a plurality of blocks at once so
as to increase the working speed. After the laying proc-
ess, the interstices between the individual blocks are
filled with granular material that holds the stones in their
position relative to each other by frictional forces and
increases the stability of the covering. Further, the gran-
ular material ensures the permeability of the covering so
that water can drain. A drawback of such a system, how-
ever, is that the granular material arranged between the
blocks is gradually washed out over time by the forces
acting upon the granular material by the waves. As the
granular material is washed out, the stability of the cov-
ering reduces substantially. Thus, there is a constant
need to replace the granular material that has been
washed out by new material, which involves high costs.
[0005] In acovering as described, comprising a plural-
ity of blocks with granular material being arranged in the
interstices, the individual blocks are interlocked with the
granular material being interposed. In contrast, another
known system for covering dykes comprises a number
of blocks that interlock directly with each other in a form-
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locking manner resulting in a very rigid and stable struc-
ture that is able to spread the load on the covering to a
bigger area. However, due to said direct interlocking sys-
tem, sea water cannot easily flow off from the covering
after a wave impact. Further, uplift forces can become
high under the blocks of this interlocking system.
[0006] Therefore, the instantinvention aims atimprov-
ing a concrete block coverage of a dyke for protection
against wave attacks, that reduces the wash-out of gran-
ular material and therefore provides anincreased stability
and reduced maintenance requirements.

[0007] In order to solve these and other objects, the
invention provides an improved assembly of concrete
blocks comprising at least two concrete blocks, wherein
said at least two blocks are interconnected by means of
a connecting beam integrally formed with said at least
two blocks, said connecting beam having a ground sur-
face that is aligned with the ground surface of said at
least two blocks and having a height that corresponds to
50-80%, preferably 65-75%, of the height of said at least
two blocks. By providing a rigid connection between at
least two concrete blocks, a relative movement between
said interconnected blocks is prevented so as to reduce
the risk of a wash out of the granular material that is
arranged in the interstices between the blocks. Further,
the connection beams divide the interstices into smaller
compartments, which results in additional lateral barriers
that hold the granular material in place. This minimizes
the wash-out of the granular material, wherein the in-
creased stability resulting therefrom enables to achieve
well protected and stabilized dykes with blocks having a
reduced height, therefore reducing the overall material
cost of the solution. Preferably, the blocks have a height
of 30-40cm.

[0008] Accordingtotheinvention, the heightofthe con-
necting beams is selected to be 50-80%, preferably
65-75%, of the total height of said at least two blocks,
which proved to produce optimal results with regard to
the prevention of a wash-out of granular material.
[0009] The total height of a block is defined as the per-
pendicular distance between the ground area of the block
and its highest point. If the at least two blocks that are
connected by means of a connecting beams are of dif-
ferent height, the average height of said two blocks is
used as said total height.

[0010] Itisimportantto arrange the connecting beams
so that their ground surface is aligned with the ground
surface of said at least two blocks, so that the assembly,
including the connecting beams, has a common ground
area, which preferably is designed as a flat surface. Oth-
erwise, granular material would tend to ingress into a gap
formed between the connecting beams and the bedding
layer, which would result in an undesired raising of the
blocks.

[0011] Preferably, each concrete block of the block as-
sembly is connected to the adjoining concrete block by
means of a connecting beam of the type mentioned
above.
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[0012] The invention provides an assembly of at least
two concrete blocks that forms a rigid structure so that
said assembly may be handled by a block laying machine
in an easier way when compared to the handling of a
corresponding plurality of loose blocks.

[0013] According to a preferred embodiment, the as-
sembly comprises at least four concrete blocks arranged
in a grid within a rectangular bounding box, each block
substantially having the form of a polygonal prism com-
prising a ground surface and a prism perimeter surface
having a contiguous series of at least six side surfaces,
in particular eight side surfaces, wherein the concrete
blocks are placed at a distance from each other so as to
form interstices between the blocks, wherein two of said
at least four blocks are each interconnected by means
of a connecting beam integrally formed with said two
blocks, said connecting beam having a ground surface
that is aligned with the ground surface of said two blocks
and having a height that corresponds to 50-80%, prefer-
ably 65-75%, of the height of said two blocks.

[0014] Preferably, the assembly consists of exactly
four blocks arranged in a 2x2 grid within a rectangular
bounding box.

[0015] Arranging the blocks of the assembly so that a
rectangular bounding box is formed enables the placing
of a plurality of such assemblies side by side in a regular
pattern.

[0016] Preferably, the blocks have the shape of irreg-
ularly formed prisms, the polygonal base of the prism
therefore having no symmetry and the edges of the po-
lygonal base having different lengths. Preferably, the
blocks are each formed as a right prism.

[0017] In particular, the blocks of an assembly are
shaped differently from one another, so that no block is
identical with another block within the assembly.

[0018] Preferably, the assembly comprises a first
group of blocks and a second group of blocks, the blocks
of the first group having a larger prism perimeter than the
blocks of the second group, wherein blocks of the first
group and blocks of the second group are preferably ar-
ranged alternately.

[0019] According to a preferred embodiment of the in-
vention, four connecting beams are provided each con-
necting two of said four blocks that are arranged consec-
utively along the direction of an edge of the bounding box.
[0020] As mentioned above, the concrete blocks are
placed at a distance from each other so as to form inter-
stices between the blocks. According to a preferred em-
bodiment, this means that the blocks of the assembly do
not touch each other except where they are connected
by said connecting beams.

[0021] Preferably, the connecting beams are extend-
ing parallel to the edges of the bounding box.

[0022] Inordertoachieve asufficientdraining capacity,
the percentage of the open area, in a plan view, defined
as the sum of the area of the interstices present between
the blocks of the assembly and the interstices present
between the blocks of the assembly and the bounding
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box, with reference to the total area enclosed by the
bounding box may be selected to be 10-15%, preferably,
12-13%.

[0023] In order to decrease the tendency of the gran-
ular material to be washed out, a preferred embodiment
provides that two blocks that are interconnected by
means of a connecting beam have opposed side surfac-
es confining at least one interstice between them, said
opposed side surfaces extending in a non-parallel man-
ner. In this way the interstice between two interconnected
blocks narrows in one direction, which enhances the
wedging effect and thus the friction between the granular
material and the opposed side surfaces, said effect hold-
ing the granular material in place.

[0024] Preferably, two blocks that are interconnected
by means of a connecting beam have opposed side sur-
faces confining a first interstice at one side of said con-
necting beam and a second interstice at the other side
of said connecting beam, wherein the opposed side sur-
faces confining the first interstice are inclined relative to
each other and the opposed side surfaces confining he
second interstice are inclined relative to each other. Such
an embodiment also results in the interstices having a
narrowing geometry that increases the wedging of the
granular material.

[0025] While increasing the open area of the assembly
results in a desirable permeability for water, this also in-
creases the risk of the bedding material arranged below
the blocks to enterinto the interstices frombelow. In order
to prevent the bedding material from intruding into the
interstices, a preferred embodiment provides that the in-
terstices, inaplan view, are designed to allow a maximum
free space between the blocks corresponding to a circle
having a diameter of 50mm, preferably 40 mm. Here, it
is assumed that the bedding material comprises granular
material that has a particle size of bigger than 40 mm or
50 mm respectively.

[0026] As know per se, the side surfaces of the blocks
facing the outside of the assembly may taper inwardly
from the bottom to the top, in order to facilitate the de-
moulding of the concrete block from the mould.

[0027] In order to effectively dissipate the kinetic en-
ergy that is acting on the blocks when waves occur, each
block preferably comprises a top surface and inclined
surfaces each connecting an edge of the top surface with
the side surfaces.

[0028] Preferably, the top surface has the shape of a
rectangle that, in atop view, is arranged at an acute angle
with respect to the bounding box.

[0029] The concrete blocks are preferably made of a
concrete that has a high compressive strength. In partic-
ular, the compressive strength of the blocks after 28 days
of curing is > 60 N/mm2.

[0030] According to a second aspect of the invention,
a covering for a dyke for protection against wave attacks
is provided, comprising a plurality of assemblies of con-
crete blocks as describe above that are arranged side
by side, wherein the interstices between the blocks of
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each assembly and the interstices between adjoining as-
semblies are filled with a granular material.

[0031] Preferably, the side by side arrangementis con-
figured such that the blocks of one assembly rest against
the blocks of the adjoining assembly, thereby increasing
the overall stability of the covering.

[0032] Preferably, the assemblies of concrete blocks
are arranged on a filter layer comprising a granular ma-
terial, said filter layer preferably being arranged on a ge-
otextile and said geotextile preferably being arranged on
a layer of clay.

[0033] Preferably, the granular material arranged with-
in the interstices has a particle size of between 4 and 32
mm, preferably 16 and 32 mm.

[0034] In orderto increase the stability of the covering,
a granular material having a particularly high mass is
used. Preferably, the granular material arranged within
the interstices has a volumetric mass density of > 2’800
kg/m3, preferably 2°900-3'000 kg/m3.

[0035] Preferably, the granular material arranged with-
in the interstices is made of crushed or broken stone,
preferably basalt. Crushed or broken stone is character-
ized by anirregular shape, which enhances the interlock-
ing effect prevailing between the stones.

[0036] Preferably, the granular material of the filter lay-
er has a particle size distribution characterized by a D90
> 50 mm.

[0037] In particular, the interstices between the blocks
of each assembly and the interstices between adjoining
assemblies are dimensioned so as to prevent ingression
of the granular material of the filter layer.

[0038] The inventive covering and the inventive as-
sembly of blocks can notonly be used for covering dykes,
but for covering any water-exposed slopes in general,
such as banks, coasts, etc.

[0039] The invention will now be described in more de-
tail by reference to an exemplary embodiment illustrated
in the attached drawings. In the drawings, Fig. 1 shows
a perspective view of an assembly consisting of four
blocks, Fig. 2 is a top view of the assembly of Fig. 1, Fig.
3 is a sectional view along the line A-A of Fig. 2, Fig. 4
is a sectional view along the line B-B of Fig. 2, Fig. 5 is
a sectional view along the line C-C of Fig. 2, Fig. 6 is a
top view of a plurality of assemblies of Fig. 1 arranged
side by side and Fig. 7 is a sectional view of a dyke with
an inventive covering.

[0040] Fig. 1 illustrates an assembly 1 of four concrete
blocks 2, 3, 4 and 5. The blocks are each formed as right
prisms having an irregularly formed polygonal ground
surface 6 and a prism perimeter surface having a con-
tiguous series of eight side surfaces 7. The blocks have
a rectangular top surface 8 that extends parallel to the
ground surface 6. The top surface 8 is smaller than the
ground surface 6, wherein inclined surfaces 9 each con-
nect an edge of the top surface 8 with two adjoining side
surfaces 7.

[0041] The concrete blocks are placed at a distance
from each other so as to form interstices 10 and 11 be-
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tween the blocks, as can be seen in the top view accord-
ing to Fig. 2. The blocks 2, 3, 4 and 5 are arranged in a
grid of 2x2 blocks, wherein adjoining blocks are each
interconnected by means of a connecting beam 12, 13,
14 and 15. In particular, blocks 2 and 3 are interconnected
by a connecting beam 13, and blocks 3 and 4 are inter-
connected by a connecting beam 14, and blocks 4 and
5 are interconnected by a connecting beam 15, and
blocks 5 and 2 are interconnected by a connecting beam
12. In this way, the blocks and the connecting beams
together form a rigid ring-like structure, wherein the four
blocks and the four connecting beams are cast as one
single piece. The diagonally arranged blocks 2 and 5 are
smaller than the diagonally arranged blocks 3 and 5.
[0042] A first group of interstices 10 is formed on the
exterior side of the connecting beams and a second
group of interstices 11 is formed on the interior side of
the connecting beams, wherein the interstices 11 are
joined to form a single central compartment.

[0043] As can be seen in Fig. 2 the blocks 2, 3, 4 and
5 of assembly 1 are arranged within the rectangular
bounding box 16, which facilitates the arrangement of a
plurality of assemblies 1 as depicted in Fig. 6. The as-
semblies 1 are placed side by side in a manner that ad-
joining assemblies rest against each other except of
block 4, which comprises a lateral extension beam 17,
which rests against block 3 of an adjoining assembly. As
can be seen in Fig. 6, interstices 18 are formed between
the blocks of adjoining assemblies 1. Further, Fig. 6
shows that the blocks of adjoining assembilies interlock
with each other by having edges of the blocks of one
assembly extendinginto the bounding box of an adjoining
assembly.

[0044] The open area of the dyke covering that is
formed by the plurality of assemblies 1 is defined as the
percentage of the accumulated areas, in a top view, of
the interstices 10, 11 and 18, with reference to the total
area covered by the assemblies or their bounding boxes
respectively. In the present example, the open area is
12.35 %.

[0045] The open area, in a top view, is shaped so as
to prevent the granular material of a filter layer arranged
below the blocks from entering into the interstices. There-
fore, the interstices 10, 11, and 18 allow for a maximum
free space between the blocks corresponding to a circle
having a diameter of d, as shown in Fig. 2, which in the
present example is 50 mm.

[0046] The connecting beams are integrally formed
with the blocks that they interconnect and have a ground
surface that is aligned with the ground surface of the
blocks. Further, the connecting beams have a height that
corresponds to 50-80%; preferably 65-75%, of the height
of the blocks, as can been seen in the cross sectional
view according to Fig. 3. The same applies for the lateral
extension beam 17 as shown in Fig. 4.

[0047] Fig. 5 illustrates that the transition from a con-
necting beam 12 to the adjoining concrete blocks 2 and
5 is formed by a sharp edge x, i.e. a right angle. The
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same applies to the other connecting beams 13, 14 and
15 and for the extension beam 17.

[0048] Fig. 7 illustrates a dyke 19 that has a covering
consisting ofa base layer 20 of clay, a geotextile arranged
on the layer 20, a filter layer 21 consisting of a granular
bed material and a layer 22 of assemblies 1 of blocks.
[0049] The covering as shown in Fig. 7 was subjected
to the following stability test. The test was conducted in
an artificial testing facility having a flume that is 300 m
long, 5 mwide and 9.5 m deep. Waves can be generated
with a significant wave height of up to 2 m, with individual
highest waves up to 5 m. The stability of the covering in
wave attacks must be tested on a large scale, because
the damage mechanism is highly influenced by scale ef-
fects.

[0050] The objective of the investigation was to deter-
mine the stability factor of the inventive covering.
[0051] The tests have been carried out on a scale of
1:1.5, which means that the dimensions of the blocks
were 1.5 times smaller than in reality. Also the wave
height was 1.5 times smaller than in reality. The slope
angle and density of the blocks are on scale 1:1 according
to the scaling laws derived from basic physics.

[0052] The dimensions of the scale model were as fol-
lows:

- slope angle: 1:3.6

- height of blocks: 0.199 m

- average density of blocks: 2262 kg/m3

- layer thickness of the filter layer 21: 0.08 m

- grain size of the granular material of the filter layer
21:11-35 mm, Dsy5 = 13 mm

- grain size of the granular material filled into the in-
terstices of the assemblies 1: 5-20 mm, D;q5 = 6 mm

[0053] Three test series have been carried out:

Test 1: short duration tests with small wave steep-

ness (relatively low waves)

Test 2: short duration test with large wave steepness

(relatively short waves)

Test 3: long duration test with large wave steepness

(relatively short waves).

[0054] In the first two test series the wave height has
been increased step-by-step, starting at a significant
wave height of 1.5 m and ending at 1.9 m. These were
short duration tests of approximately 1.5 hours each (at
least 1000 waves).

[0055] The third test series was a long duration test,
lasting 26 hours.

No damage was identified at all after all of these tests.
In particular, the wash-out of the granular material ar-
ranged in the interstices of the assemblies 1 was very
low. The covering withstood the severe wave attack very
well.
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Claims

1. Assembly of concrete blocks for covering a dyke for
protection against wave attacks, comprising at least
two concrete blocks, each substantially having the
form of a polygonal prism comprising a ground sur-
face and a prism perimeter surface having a contig-
uous series of at least six side surfaces, in particular
eight side surfaces, wherein the concrete blocks are
placed at a distance from each other so as to form
interstices between the blocks, wherein said at least
two blocks are interconnected by means of a con-
necting beam integrally formed with said at least two
blocks, said connecting beam having a ground sur-
face that is aligned with the ground surface of said
at least two blocks and having a height that corre-
sponds to 50-80%, preferably 65-75%, of the height
of said at least two blocks.

2. Assembly according to claim 1, wherein the assem-
bly comprises at least four concrete blocks arranged
in a grid within a rectangular bounding box, each
block substantially having the form of a polygonal
prism comprising a ground surface and a prism pe-
rimeter surface having a contiguous series of at least
six side surfaces, in particular eight side surfaces,
wherein the concrete blocks are placed at a distance
from each other so as to form interstices between
the blocks, wherein two of said at least four blocks
are each interconnected by means of a connecting
beam integrally formed with said two blocks, said
connecting beam having a ground surface that is
aligned with the ground surface of said two blocks
and having a height that corresponds to 50-80%,
preferably 65-75%, of the height of said two blocks.

3. Assembly according to claim 1 or 2, wherein the as-
sembly consists of four blocks arranged in a 2x2 grid
within a rectangular bounding box.

4. Assembly according to claim 2 or 3, wherein four
connecting beams are provided, each connecting
two of said four blocks that are arranged consecu-
tively along the direction of an edge of the bounding
box.

5. Assembly according to any one of claims 1 to 4,
wherein the blocks of the assembly do not touch each
other except where they are connected by said con-
necting beams.

6. Assembly according to any one of claims 2 to 5,
wherein the connecting beams are extending paral-
lel to the edges of the bounding box.

7. Assembly according to any one of claims 2 to 6,
wherein the percentage of the open area, in a plan
view, defined as the sum of the area of the interstices
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present between the blocks of the assembly and the
interstices present between the blocks of the assem-
bly and the bounding box, with reference to the total
area enclosed by the bounding box is 10-15%, pref-
erably, 12-13%.

Assembly according to any one of claims 1 to 7,
wherein the assembly comprises a first group of
blocks and a second group of blocks, the blocks of
the first group having a larger prism perimeter than
the blocks of the second group, wherein blocks of
the first group and blocks of the second group are
preferably arranged alternately.

Assembly according to any one of claims 1 to 8,
wherein two blocks that are interconnected by
means of a connecting beam have opposed side sur-
faces confining at least one interstice between them,
said opposed side surfaces extending in a non-par-
allel manner.

Assembly according to any one of claims 1 to 9,
wherein two blocks that are interconnected by
means of a connecting beam have opposed side sur-
faces confining a first interstice at one side of said
connecting beam and a second interstice at the other
side of said connecting beam, wherein the opposed
side surfaces confining the first interstice are inclined
relative to each other and the opposed side surfaces
confining he second interstice are inclined relative
to each other.

Assembly according to any one of claims 1 to 9,
wherein the interstices, in a plan view, are designed
to allow a maximum free space between the blocks
corresponding to a circle having a diameter of 50mm,
preferably 40mm.

Assembly according to any one of claims 1 to 11,
wherein the side surfaces of the blocks facing the
outside of the assembly taper inwardly from the bot-
tom to the top.

Assembly according to any one of claims 1 to 12,
wherein each block comprises a top surface and in-
clined surfaces each connecting an edge of the top
surface with the side surfaces.

Assembly according to claim 13, wherein the top sur-
face has the shape of a rectangle that, in a top view,
is arranged at an acute angle with respect to the
bounding box.

Covering for a dyke for protection against wave at-
tacks, comprising a plurality of assemblies of con-
crete blocks according to any one of claims 1 to 14
arranged side by side, wherein the interstices be-
tween the blocks of each assembly and the interstic-
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16.

17.

18.

19.

20.

21.

es between adjoining assemblies are filled with a
granular material.

Covering according to claim 15, wherein the assem-
blies of concrete blocks are arranged on afilter layer
comprising a granular material, said filter layer pref-
erably being arranged on a geotextile and said ge-
otextile preferably being arranged on a layer of clay.

Covering according to claim 15 or 16, wherein the
granular material arranged within the interstices has
a particle size of between 4 and 32 mm, preferably
16 and 32 mm.

Covering according to claim 15, 16 or 17, wherein
the granular material arranged within the interstices
has a volumetric mass density of > 2’800 kg/m3, pref-
erably 2°900-3'000 kg/m3.

Covering according to any one of claims 15 to 18,
wherein the granular material arranged within the
interstices is made of crushed or broken stone, pref-
erably basalt.

Covering according to any one of claims 16 to 19,
wherein the granular material of the filter layer has
a particle size distribution characterized by a D90
> 50mm.

Covering according to any one of claims 16 to 20,
wherein the interstices between the blocks of each
assembly and the interstices between adjoining as-
semblies are dimensioned so as to prevent ingres-
sion of the granular material of the filter layer.
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