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(57)  The description relates to a method for manu-
facturing concrete revetment elements, comprising of:
- arranging concrete material in the mould cavity of a
mould;
- heating at least a part of the mould at one or more
locations so that at least some of the concrete material
adjacent to the inner side of the mould is removed;
- removing the mould from the revetment element.

The description also relates to a device for manu-

METHOD AND SYSTEM FOR MANUFACTURING CONCRETE REVETMENT ELEMENTS

facturing a concrete revetment element, comprising:

- a mould (7) with one or more displaceable mould parts
(13, 14);

- heating elements (30, 31) configured to heat the wall
of the mould (7) for at least partially evaporating concrete
material adjacent to the inner side of the mould;

- a displacing unit for displacing the mould part (13, 14)
between a closed and opened position.
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Description

[0001] The invention relates to a method and a system
for manufacturing concrete revetment elements, and to
a thus manufactured revetment element.

[0002] For the purpose of revetting slopes of embank-
ments, such as dikes, seawalls and the like, use can be
made of concrete paving stones, also referred to as con-
crete revetment elements. These revetment elements
are placed on the ground surface (for instance directly
on the slope or on a separate substrate) in a determined
pattern and protect the slopes against external influenc-
es, for instance against the impact (for instance under
the influence of the wave action) of water of a water mass
(sea, lake, waterway) present adjacently of the embank-
ment or excavation.

[0003] Different types of paving stone are applied in
practice, such as block-like paving stones and column-
like paving stones. The different types of paving stone
are used to realize different types of revetment, more
particularly a closed revetment (alsoreferred to as closed
slope) and an open revetment (also referred to as an
open slope).

[0004] It is known to make use of a large number of
concrete paving stones, which are placed in a pattern of
rows such that the sloping side of the embankment or
excavation is revetted over at least a part of its surface.
The pattern in which the paving stones are placed in com-
bination with the type of paving stone can result in the
above stated different types of revetment. The above
stated block-like paving stones are used for the purpose
ofrealizing a closed slope, i.e. an inclining surface where
the water flows substantially only against the upper side
(i.e. side facing toward the water). These paving stones
have a cross-section such that they can be placed against
each other substantially without intermediate space. In
the case of a revetted water defence this means that the
water tends not to flow along the sides of the block-like
paving stones, or does so only to a very small extent.
[0005] Use can be made of above stated column-like
paving stones or column-like revetment elements for the
purpose of providing an open slope. These column-like
revetment elements are formed such thatan intermediate
space forms between the revetment elements placed ad-
jacently of each other. Water can flow via this intermedi-
ate space, which can result in lower overpressure under
the revetment elements as a result of water movements.
For the purpose of realizing an open slope use can also
be made of a type of revetment element formed with a
relatively wide head part, a relatively narrow neck part
and then again a relatively wide base part. When the
revetment elements are placed adjacently of each other,
the neck parts form an intermediate space which forms
as itwere a laterally extending channel along which water
can flow. The head parts have here a cross-sectional
surface area such that openings are present between
the revetment elements. These openings form a connec-
tion to the above stated channel so that water can flow
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from the water mass, via the openings and into the chan-
nel (or the channels), and this water can conversely also
flow out of the channel again. Water can further flow in
between the base parts.

[0006] The above stated flowing of water subdues the
effects of the water on the revetment, which has a positive
effect on the defensive capacities of the revetment. An
example of such revetment elements is described in the
Netherlands patent NL 2004345 C, the content of which
should be deemed incorporated herein. It is essential for
these known revetment elements that they are embodied
as two half elements parts which are placed with their
flat sides against each other during use so as to together
form an assembled revetment element. Such concrete
revetment elements however have the drawback that
they are difficult to produce due to their specific form and
dimensions.

[0007] Manufacturing the known revetment element
with the specific form and dimensions described herein
takes place by manufacturing two half part-elements and
then placing them against each other so that together, in
the situation in which they are placed against each other,
they form a single revetment element. The specific meth-
od of manufacture of the known revetment elements is
shown in figure 5 of said Netherlands patent publication
NL 2004345 C, in which two identical part-elements are
manufactured in lying position by arranging concrete in
a horizontal mould and allowing the concrete to cure
therein. After (partial) curing, the part-elements are tilted
to an upright position and they can be placed against
each other so as to form said single revetment element.
[0008] A drawback of the known revetment element is
that, once they have been placed on the bank, the two
part-elements sometimes have a tendency to shift or tilt
relative to each other. This sometimes does not enhance
the appearance of the bank revetted with these revet-
ment elements. The known revetment element has fur-
ther been found to be susceptible to cracks in the neck
as a result of operations performed on the elements dur-
ing transport. It is possible to envisage here the picking
up and placing of the elements in the factory, the placing
of the elements in a transport means (truck, ship), the
transporting itself and the picking up and placing thereof
on the bank. If the two part-elements are for instance
gripped with a gripper, a crack can result in the neck of
the block as aresult of the stresses occurring in the block.
[0009] A further drawback of the revetment elementis
that the form of the revetment element which can be cho-
sen has determined limitations as a result of the applied
method of manufacture, i.e. pouring concrete into a lying
mould for the purpose of forming two identical half parts
and then placing the two half parts upright and against
each other. The form of the known revetment element
thus may not be wholly rotation-symmetrical relative to
an imaginary vertical rotation axis (i.e. a rotation axis
through the centre of the base, neck and head) in prac-
tice. This means that the position in which the revetment
elements are placed on the bank can be of importance,
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and that this must be taken into consideration when plac-
ing the revetment elements.

[0010] A way of obviating the above stated drawbacks
would be to place the part-elements against each other
after manufacture thereof and attach them to each other,
for instance by glueing them to each other. This however
involves an additional manufacturing step, which entails
higher manufacturing cost and/or alonger manufacturing
time. The revetment elements are moreover subjected
to severe and variable conditions (wave action, temper-
ature fluctuations and the like) for many years, and it is
therefore difficult to attach the part-elements to each oth-
er sufficiently durably. The risk is that the part-elements
will nevertheless begin to shift relative to each other in
the course of time.

[0011] The revetment elements could also be manu-
factured in one piece (of concrete). Because such a re-
vetment element consists of one piece and is therefore
a monolithic revetment element, the chance of cracking
of the neck during transport is generally considerably re-
duced. Cracks will almost no longer occur in practice.
Such a revetment element in one piece is further struc-
turally stronger than a revetment element consisting of
two parts. The appearance of a number of revetment
elements manufactured in one piece is often also much
more uniform and thereby more attractive than when the
revetment elements are constructed from two part-ele-
ments. Finally, the wave-absorbing and wave-breaking
action of such an integrally formed revetment element
often remains better preserved, also after prolonged use
and/or in the case of settlement in the ground.

[0012] Manufacturing a monolithic revetment element
of the form described herein (i.e. with complex external
features characteristic for such revetment elements,
such as a base and head which are relatively wide in
cross-section compared to a relatively narrow neck lying
therebetween) is not possible with the above described
method of manufacture of NL 2004345 C, since this al-
ways requires a multi-part manufacture. The known
method of manufacture further limits the form which can
be realized, since not all forms can be manufactured with
this method of manufacture.

[0013] The revetment elements should for instance be
able to take an at least partially rotation-symmetrical
form. It is hereby not possible in practice to manufacture
the revetment elements in the usual manner in a lying
mould. In some situations it is advantageous to manu-
facture the revetment elements in upright position by
placing two (or more) mould parts against each other for
the purpose of forming an (almost) wholly enclosed
mould cavity and by filling the mould cavity with concrete
from the top. Such an upright method of manufacture
however entails a number of problems in practice, which
have nevertheless resulted in the idea that the upright
manufacture of revetment elements was not possible, or
in any case could not be readily applied in practice. Such
problems entailed, among other things, the concrete
which was poured into the mould sticking locally to one
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or more mould parts, so that the revetment element does
not obtain the desired form. When the mould parts are
shifted away, some of the concrete material will some-
times for instance remain behind on a mould part, par-
ticularly at the position of the peripheral edges of the base
and/or the head, because the material sticks.

[0014] It is further difficult to fill the mould cavity prop-
erly. The mould cavity is sometimes not completely filled,
particularly at the position of said edges of the base
and/or the head, so that the resulting raw casting acquires
an unsuitable form. This is all the more the case when
the concrete material for manufacturing the revetment
element in the upright mould is relatively dry, for instance
concrete material from the consistency class "dry" (i.e.
Cy) or from the consistency class "earth-moist" (i.e. Cy)
(alsoreferred to as compacted concrete). The use of con-
crete material from one of these consistency classes is
advantageous, forinstance because the drying time (cur-
ing time) can be much shorter and the manufacturing
speed can therefore be higher than when concrete from
ahigher consistency classis used, althoughitdoes mean
that a proper filling of the mould cavity is difficult. This
has resulted in application of earth-moist or dry concrete
material in a manufacturing process, in which revetment
elements of the specific form stated herein are manufac-
tured in upright position, heretofore always being consid-
ered impossible or at least not readily applicable in prac-
tice.

[0015] The document JP S55 159110 U appears to
describe a method and apparatus whereby elements can
be manufactured. These elements have a specific form
with a head part and a base part which are relatively wide
relative to a neck part situated between the head part
and base part. The document does not describe the start-
ing material for these elements being formed by dry or
earth-moist concrete material. The minimum time re-
quired by the concrete material to cure in the mould cavity
before the mould can be removed (also referred to here
as the minimum demoulding time) without causing dam-
age is further relatively long. Along demoulding time also
means a long takt time (i.e. the rhythm in which the ele-
ments can be manufactured). The time interval between
successive filling, moulding and demoulding operations
of the device with which the elements are manufactured
is thus relatively great, which has a negative effect on
the production capacity of the device.

[0016] It is an object to provide a method and device
for manufacturing revetment elements with relatively
wide head and base parts relative to a neck part, wherein
a short demoulding time can be realized.

[0017] It is also an object to provide a device and a
method for manufacturing revetment elements whereby
high-quality revetment elements can be realized at rela-
tively low manufacturing cost.

[0018] Itis another object of the invention to provide a
method whereby concrete revetment elements of the
type stated herein can be manufactured in upright posi-
tion.
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[0019] Itis afurther object to provide a method for man-
ufacturing a monolithic revetment element wherein use
can be made of dry or earth-moist concrete material.
[0020] According to a first aspect, at least one of said
objects is at least partially achieved in a method for man-
ufacturing a concrete revetment element, wherein the
revetment element comprises a base part, a head part
and a neck part connecting the base part and the head
part to each other and wherein the head and base parts
are relatively wide and the neck part therebetween is
relatively narrow, the method comprising of:

- arranging concrete material in the mould cavity of a
mould, wherein the concrete material is dry concrete
or earth-moist concrete material;

- heating at least a part of the mould at one or more
locations;

- removing the mould from the revetment element;

wherein heating at least a part of the mould at one or
more locations comprises of increasing the temperature
of the concrete material in a boundary layer adjacent to
said part of the mould to a temperature of between 60
and 95 degrees Celsius for a heating period of 10-120
seconds for the purpose of removing at least some of the
moisture in the concrete material adjacent to the inner
side of the mould through evaporation.

[0021] By evaporating the moisture in the boundary
layer in a relatively short period of time, it has unexpect-
edly been found that the risk of the concrete element
sticking to the mould during removal of the mould (which
canresultin damage to the concrete element) is reduced.
This makes it possible to still keep the demoulding time
limited, despite the requirements made of the quality of
the element. This means that the concrete elements can
be demoulded relatively quickly and can be displaced to
an area where further curing can take place undisturbed.
This enhances the production capacity of the method.
[0022] The method preferably comprises of removing
the revetment element from the mould immediately after
the heating period (for instance within 1 minute or even
within 1 or several seconds) and then allowing it to cure.
[0023] The revetment element is formed directly into
the desired final form and can be manufactured in one
piece. The revetment element is here also referred to as
monolithic since the revetment element forms one whole.
No individual parts of the revetment element need be
placed against each other, there is no risk of such indi-
vidual parts shifting relative to each other, and the chance
of problems during transport, for instance cracking as a
result of the revetment element being gripped with a grip-
per, is minimal. The local heating of the mould further
provides for a corresponding local heating of the bound-
ary layer of concrete material. This boundary layer com-
prises a relatively large amount of moisture. The inven-
tors have found that it is precisely this moisture which
can sometimes cause a mould part to stick to the concrete
material, for instance when the mould is opened and the
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mould part is displaced. Heating the boundary layer and
making the moisture partially disappear through evapo-
ration or in other manner (for instance by drying the con-
crete material in the boundary layer) reduces the chance
of sticking.

[0024] In determined embodiments, particularly when
dry or earth-moist concrete is used, the revetment ele-
ment is released by opening the mould immediately after
the concrete material has been heated to sufficient ex-
tent. In other embodiments, for instance in embodiments
in which more moist concrete is used, the method com-
prises of first allowing the concrete material to (continue
to) cure at least partially before the mould is removed
from the revetment element.

[0025] The mould cavity inthe mould is otherwise whol-
ly or partially closed. In the case of an only partially closed
mould cavity, the cavity is only open on the upper side.
The bottom of the mould can be formed by a flat support
element such as a support plank, but in other embodi-
ments can also be formed by a (steel) mould part. The
open upper side forms an inlet opening along which the
concrete material can be arranged in the mould cavity.
[0026] The sticking of concrete material to the mould
occurs in many cases at the position of the relatively
sharp peripheral edges of the revetment element. In a
preferred embodiment the mould is therefore heated only
or particularly at the position of one or more edges of the
mould cavity. This ensures that the amount of moisture
decreases as quickly as possible at a relatively critical
location, and the manufacturing time can remain limited.
[0027] Because of the specific form of the revetment
elements with wide base and head and narrow neck it
can be preferred to also heat the concrete material ex-
actly at the transition between the head part and neck
part and/or at the transition between the neck part and
base part.

[0028] The method comprises of locally heating atleast
a part of the mould for the purpose of increasing the tem-
perature of the concrete material in a boundary layer ad-
jacent to said part of the mould to a temperature of be-
tween 60 and 95 degrees Celsius, preferably about 75
degrees Celsius. It has been found that the chance of
sticking decreases rapidly at these temperatures. Heat-
ing for between 10 seconds and 2 minutes, for instance
for about 20 seconds, often suffices to make the chance
of sticking sufficiently small.

[0029] As stated above, the mould cavity is embodied
to form a monolithic revetment element with relatively
wide head and base parts, and a relatively narrow neck
part therebetween. In characteristic revetment elements
the smallest diameter of the head part and/or the smallest
diameter of the base part is here at least 1.5 times, pref-
erably at least 1.7 times or at least 2.5 times greater than
the greatest diameter of the neck part.

[0030] In a determined embodiment the method com-
prises of:

- only partially filling the mould cavity with a first quan-
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tity of concrete material;

- vibrating the first quantity of concrete material;

- furtherfilling the mould cavity with a second quantity
of concrete material.

[0031] The above stated steps (i.e. filling the mould
cavity and causing the concrete material to vibrate) can
be repeated one or more times. After the vibrating, or
without vibrating having occurred, a press can be
pressed into the mould cavity from the upper side in order
to compress the concrete material arranged therein.
[0032] According to a further aspect, a method is pro-
vided for manufacturing a concrete revetment element
in one piece, wherein the method comprises of:

- providing a concrete arranging unit above a mould
which rests on a flat support element and is provided
with one or more inlet openings and a mould cavity,
wherein the mould comprises one or more mould
parts displaceable between a closed position and an
opened position;

- having the concrete arranging unit arrange concrete
material for forming the revetment element in the
mould cavity via the one or more continuous inlet
openings when the mould parts are in the closed
position;

- having the heating elements remove at least some
of the moisture in a boundary layer formed on the
inner side of the mould;

- releasing the revetment element by displacing the
one or more mould parts of the mould from the closed
position to the opened position.

[0033] Displacing of the mould parts can entail shifting
of the mould parts in substantially horizontal direction for
the purpose of demoulding (shelling) at the position of
the narrowed portion formed by the neck part. When the
concrete material has cured sufficiently, this in the case
relatively moist concrete material is used, or with hardly
any curing, this in the case earth-moist or dry concrete
material is used, one or more of the mould parts can be
shifted away, whereby the revetment element is de-
moulded.

[0034] In a more specific embodiment, in which the
mould comprises a flat support element, a stationary
mould part and two mould parts displaceable relative to
the stationary mould part and the flat support element
between a closed and opened position, the method can
comprise of displacing the displaceable mould parts
away from each other to the opened position after the
concrete material has been arranged. One or more sta-
tionary mould parts here hold the revetment element sta-
tionary on the flat support element. The revetment ele-
ment is then ready to be transported further. The station-
ary partcan have the function, among others, of providing
support at the location where a press can press the con-
crete material. The stationary part generally takes a
structurally relatively strong form. The movable mould
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parts are necessary during shelling in respect of the nar-
rowed portion.

[0035] Stationary mould part is otherwise understood
to mean a mould part which remains stationary during
displacement of a displaceable mould part. This however
does not mean that the stationary mould part need there-
fore be stationary at all times. In determined embodi-
ments the stationary mould partis displaced together with
the displaceable mould parts in order to shell the concrete
material. In a determined embodiment the displaceable
mould parts are for instance first shifted away sideways
and the whole of displaceable mould parts and stationary
mould part is displaced upward, so that the shelled con-
crete material remains behind on the flat support ele-
ment.

[0036] Inthe above method the mould cavity is in prin-
ciple open on the underside, but is held closed by the
support element. The flat support element, for instance
a plank, in fact forms a temporary mould part here.
[0037] When two or more moulds with a shared flat
support element are applied and when the displaceable
mould parts are embodied to be displaceable by a shared
displacing unit, the method can for efficient manufacture
of large numbers of revetment elements comprise of:

- having the shared displacing unit displace the dis-
placeable mould parts of each of the moulds collec-
tively away from each other to the opened position
after concrete material has been arranged in the
moulds and allowed to cure, wherein a stationary
mould part simultaneously holds the respective re-
vetment element stably in place on the flat support
element.

[0038] According to a further aspect, a device is pro-
vided for manufacturing a concrete revetment element
with dry concrete or earth-moist concrete material,
wherein the revetment element comprises a base part,
a head part and a neck part connecting the base partand
head part to each other, and wherein the head and base
parts are relatively wide and the neck part therebetween
is relatively narrow, the device comprising:

- aframe;

- amould arranged on the frame and provided with a
mould cavity and with an inlet opening for infeed of
concrete material into the mould cavity, wherein the
wall of the mould comprises one or more mould parts
displaceable relative to the frame;

- one or more heating elements configured to heat at
least a part of the wall of the mould for atleast partially
removing at least some of the moisture in the con-
crete material adjacent to the inner side of the mould;

- displacing unit for displacing the one or more dis-
placeable mould parts, wherein the displacing unit
is configured to displace the mould part between a
closed position in which the mould part connects to
the rest of the mould and an opened position in which
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the mould is opened,

wherein the heating elements are configured to increase
the temperature of the concrete material in a boundary
layer adjacent to said part of the mould to a temperature
of between 60 and 95 degrees Celsius for a heating pe-
riod of 10-120 seconds at one or more locations, so that
at least some of the moisture in the concrete material
adjacentto theinner side of the mould is removed through
evaporation.

[0039] The heating element is configured (for instance
in respect of heating capacity, placing in or on the mould
and so on) to evaporate at least a part of the boundary
layer of liquid components (moisture) formed against the
inner side of the mould.

[0040] In the closed position the mould (optionally in
combination with a flat support element) forms a sub-
stantially closed mould cavity (with the exception of the
inlet opening along which the concrete material is sup-
plied). In the opened position the revetment element can
be removed easily and/or the mould can be lifted upward.
The displacement between the opened and closed posi-
tion takes place by utilizing a displacing unit. This can for
instance comprise several guides along which the mould
parts can be shifted away, as well as one or more actu-
ators, such as hydraulic cylinders, electric motors and
the like. The displacing unit contributes to the rapid and
efficient production of the revetment elements.

[0041] The heating elementis preferably configured to
heat in particular the boundary layer of concrete material
whichis adjacentto the inner side of the mould wall during
use, when the mould cavity is filled with concrete material.
As described above, this boundary layer consists of
aqueous concrete material, i.e. concrete material with a
relatively large amount of moisture (particularly water).
This moisture forms a boundary layer around the con-
crete material from which the revetment element is man-
ufactured and in practice may result in adhesion or stick-
ing of the concrete material to the inner side of the mould.
[0042] The one or more heating elements can be ar-
ranged in or on the wall of the mould, particularly in or
on the displaceable mould parts, and can for instance
comprise an electric heater coil. The heating elements
can here be in direct contact with the concrete material,
or only with the material of the mould itself. In the latter
case the wall of the mould is preferably manufactured
from heat-conducting material such as steel, so that the
heatgenerated by the heating element can be transferred
rapidly to the concrete material.

[0043] Avibrating mechanism can be provided in order
to enable compaction of the concrete. This vibrating
mechanism sets the mould into vibration. This causes
the concrete material present in the mould cavity to be
setinto vibration. A (compression) press can be provided
to enable the concrete to be compressed. This press can
be placed in the mould cavity via the inlet opening and
is configured to press down on the upper side of the con-
crete material arranged in the mould cavity. The above
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stated vibrating mechanism can further be embodied to
set the press into vibration as well for the purpose of
simultaneously vibrating and compressing the concrete
material.

[0044] The inner surface of the mould can be milled
and finished in usual manner. In a further embodiment
the mould however comprises on the surface facing to-
ward the mould cavity a special layer with non-stick com-
ponents. This layer can be applied to the inner side of
the mould cavity as a coating, and is both hard and
smooth. This results in the chance of the concrete ma-
terial sticking to the mould being reduced further. The
non-stick components can comprise a fluoropolymer
and/or PTFE particles. Examples of a suitable material
are described in the German utility model
DE202015006023 (U1), the content of which can be
deemed as incorporated herein.

[0045] Because the revetment element is now manu-
factured in one piece, the usual joint between the part-
elements of the known revetment elements which are
placed against each other is no longer present. There is
thus no longer any visual indication of the orientation of
the revetment element, and it is thus more difficult to
place the revetment elements on the ground surface in
a correct orientation. In the known revetment elements
it was necessary to determine the correct orientation,
since the method of manufacture in question rendered a
rotation-symmetrical form of the element practically im-
possible and the way in which the element was placed
on the ground surface therefore made a difference. The
new manufacture with two or more displaceable mould
parts, wherein the revetment element can be manufac-
tured upright, has enabled the mould cavity to be em-
bodied, if desired, rotation-symmetrically relative to an
imaginary rotation axis through the centre of the base
part, neck part and head part. Owing to the symmetry
the revetment element can thus no longer be set down
in an incorrect orientation. This makes the process for
placing the revetment elements on the bank much sim-
pler and less prone to error.

[0046] In an embodiment a mould part which is dis-
placeable relative to the frame takes a substantially U-
shaped form in cross-section. This makes it possible to
close the mould cavity in simple manner when the outer
ends of the displaceable mould part are placed against
each other. In a further embodiment the displaceable
mould parts are embodied to form the base part and the
neck part. One or more stationary mould parts are pro-
vided to form the head part. These stationary mould parts
are fixedly attached to the frame and thus cannot be dis-
placed relative to the frame (although the frame with the
mould parts attached thereto can be displaced in upward
and downward direction, as will be further elucidated be-
low). After the revetment element has been formed the
displaceable mould parts are shifted away, wherein the
revetment element remains held by the one or more sta-
tionary mould parts. In a determined embodiment the dis-
placeable moulds can be substantially formed by an up-
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right plate provided on the inner side with a thickened
portion at the position of the neck part.

[0047] According to a further aspect, a system is pro-
vided for manufacturing a concrete revetment element,
the system comprising:

- two or more devices as defined herein, provided on
a shared flat support element;

- ashared displacing unit which is configured to shift
the displaceable mould parts of each of the moulds
collectively over or above the flat support element
between a closed and opened position.

[0048] Owing to the shared displacing unit the mould
parts can be displaced collectively, optionally simultane-
ously, between the closed and opened position. The dis-
placing unit can be embodied in numerous ways, but in
an advantageous embodiment the shared displacing unit
comprises one or more hydraulic cylinders, wherein each
of the cylinders is configured to drive the displacement
of the mould parts of different moulds.

[0049] When the mould parts have been brought into
the closed position, a concrete arranging unit placed
above the mould can pour a quantity of concrete material
into the mould cavity. The mould cavity can be wholly
filled in one operation, although it is also possible to do
so in two or more steps, as elucidated above.

[0050] In a further embodiment said displacing unit is
configured to displace the displaceable mould parts in
transverse direction relative to the frame, for instance for
the purpose of locally demoulding only the neck part. The
same displacing unit (or a second displacing unit) can be
provided for displacing the frame and the stationary and
displaceable mould parts attached thereto in upward or
downward direction, for instance for the purpose of de-
moulding the revetment element in its entirety.

[0051] Further advantages, features and details of the
invention will be elucidated on the basis of the following
description of several embodiments thereof. Reference
is made in the description to the accompanying figures.

Figure 1is a perspective view of a revetment element
obtained according to the method;

Figure 2 is a longitudinal section of a revetment el-
ement of figure 1;

Figure 3 is a longitudinal section through a system
for simultaneously manufacturing a number of revet-
ment elements, with the moulds in closed position;
Figure 4 is a detail drawing of a cross-section of a
mould in closed position and with heated zones
shown in broken lines;

Figure 5 is a detail drawing of the mould of figure 4
in opened position;

Figures 6 and 7 are cross-sections of figure 3, where-
in the middle mould cavity is empty and wherein the
left-hand and right-hand mould cavity are cut at dif-
ferent heights (i.e. at the position of respectively the
base part and the neck part).
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[0052] The system and the method according to as-
pects of the invention are intended for manufacture of
concrete revetment elements of the type as shown in
figures 1 and 2. This type of revetment element 1 is char-
acterized by a relatively wide base part 2 with which the
revetment element comes to rest on a ground surface
during use, a relatively wide head part 4 forming the vis-
ible side of a bank revetted with revetment elements dur-
ing use, and a relatively narrow neck part 3 connecting
the base part and head part and forming one or more
throughflow channels during use and in combination with
adjoining revetment elements. The diameter (d;) (in
cross-section) of a head part can vary, for instance first
increasing from top to bottom and then decreasing again
in the case of a head part with a convex side. The same
is true for the diameter (d5) of the base part. The diameter
(d,) of the neck part can also vary, for instance first de-
creasing from top to bottom and then increasing again
for a neck part with a concave side. In determined em-
bodiments said type of revetment elementis further char-
acterized in that the smallest diameter (d4) of the head
part and/or the smallest diameter (d3) of the base part is
at least 1.5 times, preferably at least 1.7 times or more
than 2.5 times, or even more than 5 times greater than
the greatest diameter (d,) of the neck part.

[0053] The head part (and often also the base part) is
further formed such that when the revetment elements
are arranged on the ground surface in rows, there is suf-
ficient throughflow space between the water mass and
the channels formed by the neck parts, so that water can
flow into the channels and out of the channels. In other
words, the head parts of adjoining revetment elements
have to be embodied such, as seen from the visible side,
that there is sufficient throughflow area between the wa-
ter mass and the water discharge channels. A through-
flow area of at least 5% of the cross-section of the head
part (and preferably a maximum of 20%) can in many
cases ensure a correct degree of throughflow of water
to and from the channel formed by the neck parts. This
throughflow area can for instance be realized by embod-
ying the head part in the form of a polygon in cross-sec-
tion, wherein the number of corners is greater than or
equal to five. An example hereof is for instance a head
part with a substantially square or rectangular cross-sec-
tion, wherein the corners are chamfered such that
throughflow openings are realized at the position thereof.
Other embodiments are however also possible, for in-
stance embodiments in which the head parthas acurved,
for instance an oval form.

[0054] Because of the above described specific form
of these revetment elements, i.e. with relatively wide
base and head parts in relation to a relatively narrow neck
part, it has been found difficult to produce them in an
efficient and reproducible manner. As stated above, such
revetment elements have heretofore always been man-
ufactured by manufacturing two identical half revetment
elements and placing these part-elements against each
other at a later time. The half part-elements are made by
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arranging concrete mortar in a mould which is open on
the upper side, levelling off the mortar on the upper side
and then allowing it to cure. The mould has a form such
that the part-elements are made in lying position. This
requires a tilting step in which the half part-elements are
tilted upward so that they can be placed against each
other. In the proposed new method of manufacture the
revetment elements are however made in one piece by
arranging concrete material in an upright mould and then
allowing this concrete material to cure in the mould. This
has the advantage, among others, that the step of tilting
and the step of placing against each other can be omitted.
[0055] Referring to figures 3- 6, in a first stage of the
manufacturing process a row of flat support elements 6
is supplied on a feed conveyor (not shown). The flat sup-
port elements can for instance consist of a flat wooden
board, although other types of material are of course also
possible. A flat support element 6 is then placed under
a system 10 for manufacturing the revetment elements.
In the shown embodiment system 10 comprises a frame
23 which can be displaced upward and downward and
on which are arranged three devices 11 for manufactur-
ing revetment elements. This number can be greater or
smaller in other embodiments. Each of the three devices
comprises a heatable steelmould 7, 7°, 7" and a displac-
ing unit whereby one or more parts of the mould are dis-
placeable relative to frame 23. In this embodiment sys-
tem 10 is thus embodied to manufacture three concrete
revetment elements at the same time. Each of the devic-
es 11 comprises a mould 7 with atleast a stationary mould
part 12 (i.e. stationary relative to displaceable frame 23)
for forming and holding at least a part of head part 4 of
revetment element 1 and two mould parts 13, 14, mutu-
ally displaceable relative to frame 23, for forming the neck
and base parts.

[0056] As shown infigure 3, stationary mould parts 12
are mutually connected via the above stated shared dis-
placeable frame 23. This frame is provided with openings
25 above each of the moulds, this such that concrete
material can be poured into the mould cavities of moulds
7 from the top. Figure 3 further shows a schematically
shown press 26 whereby the upper side of the concrete
material can be pressed down. This press is arranged
for displacement in upward and downward direction (P5)
via a known mechanism (not shown). The shown press
is provided with a heating element 32, but in other em-
bodiments the heating element in the press is omitted.
[0057] Each of the displaceable mould parts 13, 14
takes a substantially U-shaped form as seen from the
upper side. Seen in section (as shown in figures 5 and
6), each mould part 13, 14 has an upright flat part 15 and
thereabove an inward protruding thickened portion 16.
Thickened portion 16 is embodied to form neck part 3 of
revetment element 1 and in the shown embodiment has
a substantially convex form in order to be able to form a
hollow neck part. In other embodiments thickened portion
16 of displaceable mould part 13, 14 can have a different,
for instance more angular, form in order to form a more
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angular transition between head part or base part 2 and
neck part 3.

[0058] Each of the displaceable mould parts 13, 14 is
embodied for being shifted in a transverse direction.
Mould parts 13 can be shifted in direction P, and mould
parts 14 in direction P,, to the opened position. Each of
the mould parts 13, 14 can for this purpose be shifted
along a number of transverse rods 17, which are embod-
ied as guide for mould parts 13, 14. A guide tongue 18
is further provided at the position of outer mould parts
13, 14, i.e. the first and the last mould parts of the shown
row of moulds 7. Mould parts 13, 14 are further attached
in longitudinal direction to longitudinal beams 19 and 20.
Longitudinal beam 19 is coupled to each of the first mould
parts 13 and longitudinal beam 20 is coupled to each of
the second mould parts 14 of the row of moulds 7. Lon-
gitudinal beams 19, 20 are attached at both their outer
ends to extending cylinders 21 and 22. These extending
cylinders extend substantially in transverse direction and
are embodied to displace longitudinal beams 19, 20 in
their respective transverse directions (P4, P,) and back.
Figure 6 for instance shows the situation in which the two
longitudinal beams 19, 20 are in the closed position with
retracted extending cylinders 21, 22. Infigure 7 extending
cylinders 21, 22 are drawn in extended position. In this
position longitudinal beams 19, 20 have been displaced
in their respective extending directions P4, P, until they
are in the opened position. The whole of extending cyl-
inders 21, 22, longitudinal beams 19, 20 and transverse
rods 17 together forms a shared displacing unit whereby
the mould parts of the different moulds can be operated
collectively.

[0059] The figures further show that one or more heat-
ing elements are arranged at determined positions in the
mould, more particularly in mould parts 13, 14. In the
shown embodiment heating elements 31 are situated at
the position of the transition between neck part 3 and
base part 2 and heating elements 30 at the position of
the transition between neck part 3 and head part 4. The
heating elements can be situated over the whole periph-
ery, but in other embodiments the heating elements are
provided at only one or more positions along the periph-
ery. Heating elements 30, 31 are preferably (only or also)
arranged at the position of the relatively sharp edges in
displaceable mould parts 13, 14, where the chance of
concrete material sticking to the mould during displacing
thereof to the opened position is greatest.

[0060] Heating elements 30, 31 for instance comprise
electric heater coils arranged inside mould 7, 7°, 7" and
connected to an electric power source (in a manner not
shown). The mould can be heated locally by conducting
currentthrough these heating elements. When the mould
is manufactured from sufficiently heat-conducting mate-
rial, the inner surface of the mould wall facing toward the
mould cavity will be heated in local heating by the heating
elements. This heating of the mould wall can be local or,
in the case of sufficient heat conduction in the mould,
can also apply to the whole mould.
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[0061] The heating elements are embodied and set
such that the concrete material adjacent to the mould
wall is heated locally to a temperature of between 60 and
95 degrees Celsius, preferably between 70 and 80 de-
grees Celsius, preferably about 75 degrees Celsius. The
heating time may vary, but in practice a heating time of
about 20 to 40 seconds suffices to greatly reduce the
chance of the concrete material sticking to the inner side
of the mould.

[0062] The figures further show that a relatively hard
and smooth non-stick layer 35 is arranged against the
inner side of the mould facing toward mould cavity 5. This
layer 35 is composed such that the surface facing toward
the mould cavity takes a very hard and very smooth form.
The layer can be manufactured from material provided
with one or more non-stick components. Examples of
such materials comprise fluoropolymer and/or PTFE par-
ticles. The material can be chemically inert, and the ma-
terial released in the case of wear does not react with
the concrete material.

[0063] The operation of system 10 will be further elu-
cidated hereinbelow. Using a concrete arranging unit (not
shown) which is positioned above the moulds a quantity
of concrete is firstly arranged in each of the mould cavities
5 of the mould by pouring it in via openings 25. When a
layer of concrete material has been arranged in the mould
cavities, for instance a layer with a height corresponding
to that of base part 2 of the revetment element, the pour-
ing is interrupted and the concrete material in the mould
cavity is compacted using the vibrating mechanism (not
shown).

[0064] A second quantity of concrete material is then
arranged in mould cavity 5, and further vibration of the
concrete material takes place. After the final quantity of
concrete material has been arranged in the mould cavity,
the revetment element to be formed is pressed down on
the upper side using the above stated press 26 so that
a compact and strong whole results. In a subsequent
step (simultaneously or subsequently) heating elements
30, 31 are operated so that the mould is locally or wholly
heated. Ata given momentthe concrete material willhave
cured to sufficient extent and the mould will have heated
up to sufficient extent to make the above stated boundary
layer between the more solid concrete material and the
moisture which accumulates on the inner side of the wall
of the mould evaporate.

[0065] When this boundary layer has become sulffi-
ciently small, the moisture has at least partially evapo-
rated and/or the concrete material has cured, the extend-
ing lifting cylinders 21, 22 are operated so that mould
parts 13, 14 are shifted apart in horizontal direction (di-
rection P4, P, in figure 5) until the opened position shown
in figure 5 has been reached. Displaceable frame 23 with
the whole mould attached thereto, i.e. both the stationary
parts 12 and the displaceable parts 15, can then be lifted
as one whole by lifting means (not shown) from the start-
ing position shown in figure 4 to and end position in which
the revetment element is released from the mould as a

10

15

20

25

30

35

40

45

50

55

whole. The revetment elements now stand unsupported
on the support elements and are ready to be transported
further. Instead of displacing frame 23 and mould parts
12, 15 upward, in other embodiments support element 6
with the revetment elements present thereon is con-
versely displaced downward and the mould remains in
place. After a support element has been displaced suffi-
ciently far downward, the revetment elements stand un-
supported and have therefore been released from the
mould. As soon as the revetment elements have been
released from the moulds they can be transported further
(optionally together with support element 6). As soon as
the thus formed revetment elements 1 have been carried
away, extending cylinders 21, 22 are once again operat-
ed in order to shift mould parts 13, 14 toward each other
and close the mould, and frame 23 is once again moved
downward until the original starting position has been
reached. The process of filling and demoulding of the
mould cavities can then be repeated.

[0066] The concrete material arranged in the mould is
dry concrete or, preferably, earth-moist concrete, i.e.
concrete in a consistency range of zero or one. This con-
sistency can be determined in accordance with the stand-
ard NEN 12350-4 "Testing fresh concrete - Part 4: De-
gree of compactability". Despite the use of such concrete
material with relatively low liquid content, elements with
the complex forms described herein can still be made by
correct heating of the mould.

[0067] The invention is not limited to the embodiments
thereof described here. The rights sought are defined by
the following claims, within the scope of which many mod-
ifications can be envisaged.

Claims

1. Method for manufacturing a concrete revetment el-
ement, wherein the revetment element comprises a
base part, a head part and a neck part connecting
the base part and the head part to each other and
wherein the head and base parts are relatively wide
and the neck part therebetween is relatively narrow,
the method comprising of:

- arranging concrete material in the mould cavity
of a mould, wherein the concrete material is dry
concrete or earth-moist concrete material;

- heating at least a part of the mould at one or
more locations;

- removing the mould from the revetment ele-
ment;

wherein heating at least a part of the mould at one
or more locations comprises of increasing the tem-
perature of the concrete material in a boundary layer
adjacent to said part of the mould to a temperature
of between 60 and 95 degrees Celsius for a heating
period of 10-120 seconds for the purpose of remov-
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ing at least some of the moisture in the concrete ma-
terial adjacent to the inner side of the mould through
evaporation.

Method as claimed in claim 1, comprising of remov-
ing the revetment element from the mould immedi-
ately after the heating period and then allowing it to
cure.

Method as claimed in claim 1 or 2, wherein the small-
est diameter of the head part and/or the smallest
diameter of the base part is at least 1.5 times, pref-
erably at least 1.7 times or at least 2.5 times greater
than the greatest diameter of the neck part and/or
wherein removing the moisture comprises of drying
the concrete material adjacent to the mould and/or
wherein the concrete element is formed in an upright
position, with the head part above the neck part and
the neck part above the base part.

Method as claimed in any of the foregoing claims,
wherein the local heating comprises of heating the
mould at the position of one or more edges of the
mould cavity and/or heating the mould only at the
transition between the head part and neck part
and/or at the transition between the neck part and
base part.

Method as claimed in any of the foregoing claims,
comprising of:

- only partially filling the mould cavity with a first
quantity of concrete material;
- vibrating the first quantity of concrete material;
- further filling the mould cavity with a second
quantity of concrete material,

preferably comprising of repeating the filling of the
mould cavity with concrete material and the vibrating
of the concrete material one or more times and/or
preferably pressing a press into the mould cavity
from the upper side in order to press down the con-
crete material arranged therein.

Method for manufacturing a concrete revetment el-
ement in one piece, wherein the revetment element
comprises a base part, a head part and a neck part
connecting the base partand head partto each other,
preferably a method as claimed in any of the fore-
going claims, wherein the method comprises of:

- providing a concrete arranging unit above a
mould which rests on a flat support element and
is provided with one or more inlet openings and
a mould cavity, wherein the mould comprises
one or more mould parts displaceable between
a closed position and an opened position;

- having the concrete arranging unit arrange
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10

concrete material for forming the revetment el-
ement in the mould cavity via the one or more
continuous inlet openings when the mould parts
are in the closed position;

- having the heating elements remove at least
some of the moisture in a boundary layer formed
on the inner side of the mould;

- releasing the revetment element by displacing
the one or more mould parts of the mould from
the closed position to the opened position.

Method as claimed in any of the foregoing claims,
wherein the mould comprises a support element and
a frame with a stationary mould part and two mould
parts displaceable relative to the frame between a
closed and opened position, the method comprising
of displacing the displaceable mould parts away from
each other to the opened position after the concrete
material has been arranged and the revetment ele-
ment has been formed,

preferably comprising two or more moulds with a
shared flat support element, all displaceable mould
parts of which are displaceable by a shared displac-
ing unit, the method further preferably comprising of:

- having the shared displacing unit displace the
displaceable mould parts of each of the moulds
collectively away from each other to the opened
position after concrete material has been ar-
ranged in the moulds, wherein a stationary
mould part simultaneously holds the respective
revetment element stably in place on the flat
support element.

Device for manufacturing a concrete revetment ele-
ment with dry concrete or earth-moist concrete ma-
terial, wherein the revetment element comprises a
base part, a head part and a neck part connecting
the base part and head part to each other, and
wherein the head and base parts are relatively wide
and the neck part therebetween is relatively narrow,
the device comprising:

- aframe;

- a mould arranged on the frame and provided
with a mould cavity and with an inlet opening for
infeed of concrete material into the mould cavity,
wherein the wall of the mould comprises one or
more mould parts displaceable relative to the
frame;

- one or more heating elements configured to
heat at least a part of the wall of the mould for
at least partially removing at least some of the
moisture in the concrete material adjacent to the
inner side of the mould;

- displacing unit for displacing the one or more
displaceable mould parts, wherein the displac-
ing unit is configured to displace the mould part
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between a closed position in which the mould
part connects to the rest of the mould and an
opened position in which the mould is opened,

wherein the heating elements are configured to in-
crease the temperature of the concrete material in a
boundary layer adjacent to said part of the mould to
atemperature of between 60 and 95 degrees Celsius
for a heating period of 10-120 seconds at one or
more locations, so that at least some of the moisture
in the concrete material adjacent to the inner side of
the mould is removed through evaporation.

Device as claimed in claim 8, wherein the displacing
unit is configured to remove the revetment element
from the mould immediately after the heating and
then allow it to cure.

Device as claimed in claim 8 or 9, wherein the small-
est diameter of the head part and/or the smallest
diameter of the base part is at least 1.5 times, pref-
erably at least 1.7 times or at least 2.5 times greater
than the greatest diameter of the neck part.

Device as claimed in any of the claims 8-10, wherein
at least a heating element is arranged at the position
of one or more of the edges of the mould cavity and/or
wherein at least a heating element is arranged at the
transition between the head part and neck part
and/or at the transition between the neck part and
base part.

Device as claimed in any of the claims 8-11, wherein
the mould cavity is embodied to form a monolithic
revetment element and/or wherein the at least one
heating element is arranged in or on the wall of the
mould, particularly in or on the displaceable mould
parts, and/or wherein the heating element comprises
an electric heater coil and/or wherein a heating ele-
ment is arranged inside the wall and the wall is man-
ufactured from heat-conducting material.

Device as claimed in any of the claims 8-12, com-
prising:

- a press which can be arranged in the mould
cavity via the inlet opening and which is config-
ured to press down on the upper side of the con-
crete material arranged in the mould cavity;

- a layer with non-stick components applied to
the surface of the mould facing toward the mould
cavity, wherein the non-stick components pref-
erably comprise a fluoropolymer and/or PTFE
particles.

Device as claimed in any of the claims 8-13, wherein
the mould cavity is embodied rotation-symmetrically
relative to animaginary rotation axis through the cen-
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15.

20

tre of the base part, neck part and head part and/or
wherein a displaceable mould part is substantially
U-shaped in cross-section and/or wherein in closed
position the outer ends of the displaceable mould
part are placed against each other, the device pref-
erably comprising a stationary mould part fixedly at-
tached to the frame, wherein the mould parts which
are displaceable relative to the frame are configured
to form the base part and the neck part and wherein
the stationary mould part is embodied to form the
head part.

System for manufacturing a concrete revetment el-
ement, wherein the revetment element comprises a
base part, a head part and a neck part connecting
the base partand head partto each other, the system
comprising:

- two or more devices as defined in any of the
claims 8-14, provided on a shared flat support
element;

- a shared displacing unit which is configured to
shift the displaceable mould parts of each of the
moulds collectively between a closed and
opened position,

wherein the shared displacing unit is preferably con-
figured to displace the displaceable mould parts in
transverse direction and/or wherein the system pref-
erably comprises a further displacing unit for displac-
ing the frame and the stationary and displaceable
mould parts attached thereto in upward or downward
direction and/or wherein the system preferably com-
prises a concrete arranging unit placed above the
moulds.
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