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(54) Apparatus and method for casting a concrete product by slipform casting

(57) The invention relates to a slipform casting ap-
paratus, comprising at least one feed screw (1) and at
least one guide element (4) for balancing the supply of

[ 1

concrete mix between the top and bottom surfaces of the
concrete product to be cast, in which apparatus at least
one guide element (4) is placed in a troweling beam (3)
at and above said at least one feed screw (1).
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Description

[0001] Theinventionrelatesto anapparatus and meth-
od for casting concrete products by an substantially hor-
izontal slipforming technique, where concrete mix is fed
through a restricted transversal surface for manufactur-
ing a concrete product with a desired shape. More pre-
cisely, the invention relates to intensifying the concrete
mix feed of at least one feed screw used in the casting
process, and to improving the feed balance.

[0002] Currently used slipform casting arrangements
are generally based either on the extruder or the slip-
former technique. In conventional extruder type casting
machines, concrete mix is fed from the concrete mix con-
tainer under hydrostatic pressure onto feed screws,
which feed screws extrude the concrete mix by interme-
diation of both rotary and reciprocating motion through a
restricted transversal surface in order to obtain a con-
crete product with a desired shape. When casting hollow-
core slabs, the feed screw is provided with a core-forming
mandrel that creates a hollow core in the product to be
cast. Moreover, the entity formed by the feed screw and
the core-forming mandrel also performs a reciprocating
compacting motion for compacting the concrete mix. Un-
derneath the feed screw, and partly around it, there is
arranged a feed trough for guiding the concrete mix
around the core-forming mandrel. On top of the core-
forming mandrel, and partly also on top of the feed screw,
restricting the top surface of the product to be cast, there
is located a top surface compacting beam that comprises
a back and forth moving troweling beam for compacting
and leveling the top surface of the cast product. The sides
ofthe cast product areinthe longitudinal direction defined
by back and forth moving side walls, the motion whereof
compacts and levels the side surfaces of the cast product.
The casting apparatus moves along the casting bed ow-
ing to the effect of the reacting force of the feed screws,
resting on the wheels provided in the apparatus. More-
over, a separate actuator can be provided for balancing
the speed of the casting arrangement. The ready made
casting product remains on the casting bed.

[0003] In solutions based on the slipformer technique,
concrete mix is fed, along with the casting process, first
to the lower part of the mold formed by the side walls
moving along with the casting machine and the casting
bed. As the casting process proceeds, said first feeding
of concrete mix is followed by the use of vibrating shoes,
which by vibrating the mix compact the concrete mix cast
in the mold and form hollow cores in the product as re-
gards the already supplied concrete mix. After the vibrat-
ing shoes, there are arranged core-forming mandrels that
ensure the formation of a hollow core in the cast product.
Ontop of the end part of the core-forming mandrels, there
is fed a second supply of concrete mix for casting the top
part of the product to be cast, and this concrete mix is
compacted by means of a vibrating plate placed on top
of the end part of the core-forming mandrel. The ready
made product remains on the casting bed.
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[0004] In a combined extruder and slipformer casting
method, the concrete mix flows from the concrete mix
container onto feed screws that feed concrete mix around
the vibrating shoes. The vibrating shoes compact the
concrete mix by vibration and form preliminary hollow
cores in the product to be cast. After the vibrating shoes,
there are arranged core-forming mandrels for ensuring
that the hollow core maintains the desired form also when
the vibrating effect is settling. The progress of the casting
apparatus is realized by a separate driver.

[0005] Generally slipforming techniques are used for
manufacturing long products that are sawed into suitable
lengths after the casting is cured.

[0006] In casting arrangements comprising a feed
screw, the operation of the feed screw is based on the
fact that it generates in the concrete mix located at the
thread of the feed screw a force in the direction of the
longitudinal axis, which force moves the mix forward. De-
pending on the pitch of the thread, the concrete mix is
also subjected to a force that is effective in the rotary
direction of the feed screw, i.e. a force that is perpendic-
ular to the force mentioned above. Said force attempts
to rotate the concrete mix around the feed screw. Under-
neath the feed screw of the extruder, there is arranged
a concrete mix feed trough that generates a shear force
in the concrete mix. Said shear force prevents the mix
from rotating along with the feed screw, which means
that the mix moves forward. Naturally the shear force
also affects in the longitudinal direction, but it is not suf-
ficient for cancelling the force created by the feed screw.
[0007] Above the feed screw, there is arranged a trow-
eling beam, but it is located further away from the screw,
and it makes a troweling motion. It has occasionally been
found out that in cast concrete slabs obtained as end
products, there is formed a depression in the slab cover
over the hollow cores. This may be due to poor compact-
ing of the mix on top of the hollow core, which in turn may
be a consequence of the fact that above the feed screw,
the mix can also move in the transversal direction with
respect to the feed direction, i.e. that component in the
speed vector of the mix that is parallel to the casting di-
rection is on the lower half of the screw larger than on
the upper half.

[0008] From the Finnish patent publication F1 118 175,
it is known to use eccentric feed screw, by means of
which the compacting of the concrete mix can be inten-
sified, particularly in the lower part of the product to be
cast. This is based on an alternating expansion and re-
duction of the space left in between the screws, and of
the space left in between the screw and the concrete mix
feed trough, due to the eccentric nature of the feed
screws. As the above mentioned intermediate spaces
are at largest, they are filled with flowing concrete mix,
and as the feed screws continue rotating, the concrete
mix left in between them is compressed and compacted.
[0009] The patent publication EP 1 398 128 describes
a method and arrangement where in a substantially hor-
izontal slipform casting of a concrete product, the relative
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proportion of the concrete mix flow in the top part or bot-
tom part of the product is adjusted by shifting or tilting
the concrete mix feed trough located underneath the
feeder elements.

[0010] From the patent publication US 4,773,838, it is
known to improve the compacting of concrete mix in a
casting mold by moving mold walls provided with protru-
sions in a reciprocating, synchronized motion. In this
casting apparatus, at least two opposite mold walls are
provided with protrusions projecting into the mix. The pur-
pose is to tamp the concrete mix more compactly in the
mold element. The essential feature is the reciprocating
motion of the mold walls provided with protrusions, which
generates the motion and compacting of the mix. Accord-
ing to the embodiments described in said publication,
when the protrusions are wide in the transversal direc-
tion, extending even over the width of the slab, the recip-
rocal and synchronized motion of the mold walls takes
place in the longitudinal direction. On the other hand,
when the protrusions are sharp and narrow, the motion
takes place in the transversal direction.

[0011] The Finnish patent publication 48902 describes
a slipform casting machine where guide plates are ar-
ranged in between the feed screws in order to prevent
the mix from rotating along with the screws. The guide
plate extends along the whole length of the threaded part
of the feed screw. The plate can also be provided with
vibration.

[0012] By means of a solution according to the present
invention, there is realized an apparatus by which the
balance in the feeding of concrete mix is improved, i.e.
the distribution of the mix between the upper and lower
surfaces of the element to be cast is controlled so that a
sufficient quantity of mix is obtained also in the top half
of the element. At the same time the compacting of the
mix is improved, particularly in the top half of the concrete
product. Moreover, the balance in the feeding of concrete
mix can be improved in the transversal direction of the
product to be cast.

[0013] An apparatus according to the invention com-
prises at least one element arranged above the feed
screw, in the top part of the defining surface, i.e. in the
troweling beam, which element controls the motion of the
concrete mix, compacts it and simultaneously balances
the distribution of the mix between the upper and lower
halves of the product to be cast.

[0014] The apparatus and method according to the in-
vention can be applied in all types of slipform casting
arrangements that include at least one feed screw.
[0015] More precisely, the apparatus according to the
invention is characterized by what is set forth in the char-
acterizing part of Claim 1, and the method according to
the invention is characterized by what is set forth in the
characterizing part of Claim 11.

[0016] The inventionis describedin more detail below,
with reference to the appended drawings, where

Figure 1 is a schematical illustration representing a
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cross-section of an embodiment of an extruder slip-
form apparatus according to the invention, viewed
from the back along the line, and

Figure 2 is a schematical illustration of the embodi-
ment of Figure 1, viewed from the side.

Figures 3 (a) - 3 (d) are schematical illustrations of
various different models of guide elements accord-
ing to the invention, as viewed from the side (a), (b)
and (c), and as viewed from the top (d).

Figures 4 (a) - 4 (c) are schematical illustrations of
various embodiments of the invention, where the
guide element or elements are inclined with respect
to a defined vertical plane.

Figure 5 is a schematical illustration of an embodi-
ment of the invention, as regards one guide plate,
viewed from different directions (a), (b) and (c), in
which embodiment the direction of inclination of the
guide plate is changed.

[0017] The essential elements of the embodiment of
an extruder slipform casting equipment according to the
invention, illustrated in Figures 1 and 2, are feed screw
1, their number in Figure 1 being four, concrete mix feed
trough 2, top troweling beam, i.e. compacting beam 3,
elements 4a and 4b for balancing the concrete mix feed,
concrete mix container 5, core-forming mandrel 6, actu-
ator 7, side walls 8, casting bed 9 and mass plate 10.

[0018] In the extruder-type slipform casting machine
illustrated in Figures 1 and 2, concrete mix is fed from
the concrete mix container 5 under hydrostatic pressure
onto the feed screws 1, which extrude the concrete mix
by a rotary and reciprocating motion in the mold defined
by the casting bed 9, the side walls 8 and the top troweling
beam 3. When casting hollow-core slabs, as in the ex-
amples of Figures 1 and 2, at the end of the feed screws
are attached core-forming mandrels 6, which perform a
reciprocating motion together with the feed screws, and
thus form hollow cores in the concrete product to be cast.
Underneath the feed screws, there are set concrete mix
feed troughs 2 to intensify the concrete mix extrusion
carried out by the feed screws, and to guide the concrete
mix on the lower surface of the product to be cast. The
concrete mix feed troughs 2 do not extend to the area
located in between the screws, with makes it possible to
use top strands. According to the present invention, also
above the feed screws there are provided control ele-
ments, which in the case of Figures 1 and 2 are guide
plates 4a and 4b. Said guide plates 4a and 4b attached
to the top troweling beam 3 balance the concrete mix
feed, so that a sufficient quantity of concrete mix is ob-
tained both on the top and bottom surfaces of the product
to be cast. In addition, the guide plates 4a and 4b set in
troweling motion compact the concrete mix during the
casting process. In this context, the top surface of the
cast product during the casting process refers to that part
of the product surface that faces the top troweling beam
3 and/or the concrete mix container 5, and the bottom
surface of the cast product in turn refers to the opposite
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surface that faces the casting bed 9.

[0019] In this specification, the guide element accord-
ing to the invention is generally referred to with the ref-
erence number 4. In Figures 1 and 2, the reference num-
bers 4a and 4b are used for the guide plates, because
the sizes of the plates vary in different locations of the
screw. In these drawings, 4a refers to the guide plate
located in the middle of the feed screw, and 4b refers to
the plates located at the edges, which plates are mutually
identical. The number of guide elements 4 per feed screw
can be one or several. It or they are always located at
the screw, placed above it, and not for example in the
area left between two separate screws.

[0020] Three different dimensions are defined as fol-
lows for the guide element 4 according to the invention:
the length of the guide element refers to the dimension
defined in the longitudinal direction of the feed screw; the
width or thickness of the guide element refers to the di-
mension defined in the transversal direction of the feed
screw; and the height of the guide element refers to its
dimension in the vertical direction.

[0021] According to the invention, the guide element
4 is fastened to the troweling beam 3, and moves along
with the troweling motion of the beam in a reciprocating
motion, thus compacting the concrete mix during the
casting process. The fastening is carried out so that there
is substantially no gap left between the troweling beam
3 and the guide element 4.

[0022] According to the invention, the length of the
guide element or elements 4 may vary within the area
that begins halfway to the vertical channel formed by the
mass plate 10 and the troweling beam 3 and ends at the
end of the threaded part of the feed screw 1, i.e. at the
core-forming mandrel 6. In the longitudinal direction, the
guide element may cover for example about 30% of the
width of the vertical channel, and extend to a distance of
100 - 200 mm from the end of the threaded part of the
feed screw 1.

[0023] The height of the guide element 4 in the area
of the troweling beam is defined on the basis of the dis-
tance between the troweling beam and the feed screw,
sothatthereis substantially no gap left between the guide
element 4 and the troweling beam 3, and it extends to
near the threadings of the feed screw; the distance from
the threadings may be 0 - 50 mm, preferably 5 - 10 mm.
Said distance remains substantially the same throughout
the threaded part of the feed screw.

[0024] Asisapparentfromthe embodimentsillustrated
in Figures 2 and 3, the guide element 4 extends, at the
vertical channel formed by the troweling beam 3 and the
mass plate 10, above the surface of the troweling beam
11 for the length L4. Ly may also be zero, in which case
the guide element continues, at the height of the surface
11 of the troweling beam also at said vertical channel. L,
can be 0 - 300 mm; preferably it is 50 - 200 mm and more
preferably 100 - 150 mm.

[0025] At said vertical channel, the angle of the guide
element can be inclined to a suitable degree (Figure 2).
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Onthe other hand, also a sharp angle is possible (marked
by a dotted line in Figures 3 (a) - 3 (c)).

[0026] In shape, a guide element 4 can be a plate 4a
and 4billustrated in Figures 1 and 2. The number of guide
plates per feed screw is optimized appropriately. In the
embodiment according to Figures 1 and 2, the number
of guide plates per one feed screw is three, and they
conform to the shape of the screw 1 both in the longitu-
dinal and transversal directions thereof. The number of
guide plates 4a and 4b can be for example one to twelve,
in the direction of the transversal axis of the feed screw,
preferably 1 - 5 and more preferably 2 - 3. The thickness
of the guide plate can vary within the range 3 - 15 mm,
and preferably it is 5 - 8 mm. The guide plate must be
sufficiently rigid in structure, so that it endures the strain
caused by the concrete mix without bending.

[0027] The fact that the guide element 4 conforms to
the feed screw 1 in the longitudinal direction means that
the distance of the element 4 from the feed screw remains
substantially the same along the whole width thereof. As
is apparentfromthe schematical figure 2, the guide plates
4a and 4b become lower as the diameter of the feed
screw becomes longer. The fact that the element 4 con-
forms to the feed screw 1 in the transversal direction
means that the distance of said element from the feed
screw remains substantially the same in the transversal
direction of the screw. In the embodiment illustrated in
Figures 1 and 2, i.e. with separate guide plates, this be-
comes apparent in that the plate 4a located at the middle
of the screw is throughout lower than the plates 4b locat-
ed at the edges of the screw. Depending on the shape
and structure of the guide element 4, its design conform-
ing to the feed screw 1 can be realized in various different
ways.

[0028] According to an embodiment, the guide ele-
ment 4 is a guide plate, the lower edge of which is pro-
vided with cogs or dents which, in addition to their guide
function, also effectively compact the concrete mix. The
side profile of a guide plate according to this embodiment
is illustrated in Figure 3 (c). On the other hand, at least
one of the side edges of the guide plate or plates may
be provided with cogs of the same type. Figure 3 (d) is
a schematical illustration of this kind of guide plate,
viewed from the top, which is provided with cogs at both
side edges. The number of these dented guide plates in
the direction of the transversal axis of the feed screw is
the same as was earlier defined in connection with a
guide plate with straight edges.

[0029] According to another embodiment, the guide el-
ement 4 can be a row of bars or pins in shape, so that
said row of pins is attached to the troweling beam and
conforms to the shape of the feed screw in the longitu-
dinal direction. It could for instance be possible that the
plates of Figures 1 and 2 were replaced by rows of bars,
as is schematically illustrated in Figures 3 (a) and 3 (b).
The bars may be placed in straight rows, or they may
form a zigzag pattern. The number of bar rows in the
longitudinal direction of the screw can be equal to the
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number of guide plates, and they conform to the shape
of the screw in the transversal direction in a correspond-
ing way. The number of separate bars per each row of
bars may vary, and it can be defined by a man skilled in
the art, for example on the basis of the structure of the
equipment and the shape of the bars. In cross-section,
a bar or pin can be for example a lozenge, a rectangle,
a square, a circle, an oval or a droplet. The bars are
placed so that their balancing effect on the concrete mix
feed is as intensive as possible, for example in the case
of a lozenge the sharp corner is directed forwards, sym-
metrically in the direction of the flow. When viewed from
the side, a bar can be a half-ellipse, a circle, a triangle,
a rectangle or some other shape. The measures of a bar
row or rows in the longitudinal direction and in the height
and width directions, with their fluctuation ranges, are
equal to those earlier defined in connection with plates.
[0030] The guide plates, bars/bar rows or guide ele-
ments with some other shape are typically installed sub-
stantially in parallel with the vertical plane proceeding in
the direction of the central axis of the feed screw. Ac-
cording to the invention, it is also possible that at least
one guide element is inclined with respect to the vertical
plane proceeding in the direction of the central axis of
the feed screw. The inclination may take place both in
the horizontal and vertical direction with respect to the
defined vertical plane. Figures 4 (a) -4 (c) represent sche-
matical illustrations of various different embodiments ac-
cording to the invention, where the position of the guide
elements differs from the defined vertical plane. Accord-
ing to the embodiment illustrated in Figure 4 (a), those
guide elements 4b that are located farthest at the edges
are inclined with respect to the vertical direction of the
defined vertical plane, so that each deviates from it to
the same degree, but in opposite directions. The guide
element 4a located in the middle is substantially parallel
to the vertical plane. The guide plates 4 described in the
embodiment of Figure 4 (b) deviate from the defined ver-
tical plane in the horizontal direction. Also in this embod-
iment, the angle of inclination is identical with both plates,
but in opposite directions. In the embodiment illustrated
in Figures 4(c) and (¢’), the angle of the pins constituting
the guide element 4 is in the area of the vertical channel
different from the angle located underneath the troweling
beam. In the area of the vertical channel, the pins are
inclined in the vertical direction of the defined vertical
plane (Figure 4(c’)). On the other hand, below the trow-
eling beam 3, the pins are inclined, with respect to the
plane passing via the front edge 12 of the troweling beam,
in the direction of the concrete mix flow.

[0031] According to an embodiment, the tilt angle of
the guide plate can change along the width thereof, i.e.
for instance in the area of the vertical channel formed by
the mass plate 10 and the troweling beam 3, it may be
different than below the troweling beam 3. Figure 5 rep-
resents a schematical illustration of one such embodi-
ment, as regards one guide plate 4. Figures 5 (a), (b) and
(c) illustrate the same guide plate from different angles,
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so that (a) illustrates the situation when viewed in the
direction of the feed screw 1, (b) illustrates the situation
when viewed from the side of the feed screw, and (c)
illustrates the situation when viewed from the top of the
feed screw. According to Figure 5, the guide plate is in
the area of said vertical channel inclined in the vertical
direction of the earlier defined vertical plane, whereas
below the troweling beam the guide plate is inclined in
the horizontal direction of the defined vertical plane. Pref-
erably the guide element is inclined at an angle of 0 - 5°
with respect to the vertical plane passing via the center
axis of the feed screw, and at largest the angle can be
about 30°. With respect to the plane passing via the front
edge of the troweling beam, the inclination can also be
of the same degree as was mentioned above (Figure 4
(c)). By means of guide elements placed at a defined
angle, the progress of the concrete mix can be guided in
the desired direction.

[0032] Asis apparent from the discussion above, part
of several different guide elements 4 placed above one
and the same feed screw 1 can be inclined in different
directions, in different ways, and part can be placed in
parallel with the defined vertical plane. Various different
combinations are possible, and the appropriate structure
and shape of the guide element or elements can be de-
fined separately in each case.

[0033] Accordingtoa particularembodiment, when the
slipform casting equipment comprises more than one
feed screw 1, said at least one guide element 4 is placed
in a different way above each different feed screw 1. In
other words, at least one set of guide elements 4 of feed
screws 1 located at the edges can be different and/or
inclined in a different way than at least one set of guide
elements 4 of feed screw or screws 1 located in the mid-
dle. Thus the feeding of concrete mix can be efficiently
balanced in the transversal direction of the slipform cast-
ing equipment. According to the invention, it is also pos-
sible, when the slipform casting equipment comprises at
least two feed screws 1, that said at least one guide el-
ement 4 is not placed above every feed screw. The es-
sential feature is that at least one feed screw 1 comprises
at least one guide element 4 placed above the screw.
[0034] According to yet another embodiment of the in-
vention, the top troweling beam is designed to conform
to the shape of the screw, both in the longitudinal and in
the transversal direction. This design can be realized ei-
ther by a separate guide element attached to the trowel-
ing beam, or the troweling beam itself is shaped appro-
priately. In this embodiment, the extension of the element
4 in the area of the orifice of the concrete mix container
must be optimized, so that it does not disturb the flowing
of the mix from the concrete mix container 5, but it causes
an optimal distribution of the concrete mix on the top and
bottom surfaces of the product to be cast.

[0035] According to the present invention, the shape
and structure of the guide element 4 can be designed
and measured individually for each application of usage.
[0036] From the point of view of the invention, it is es-
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sential that the concrete mix is guided in a balanced way,
so that the mix flow is evenly distributed on the top and
bottom surfaces of the product to be cast, in the longitu-
dinal direction of the whole product. This is partly due to
the fact that the component of the mix speed vector that
is transversal to the casting direction, i.e. the rotary mo-
tion of the mix along with the screw, is minimized also
above the feed screw.

Claims

1. Aslipform casting apparatus comprising at least one
feed screw (1) and at least one guide element (4) for
balancing the supply of concrete mix between the
top and bottom surfaces of the concrete product to
be cast, in which apparatus said at least one guide
element (4) is attached to a troweling beam (3), char-
acterized in that the at least one guide element (4)
is placed at and above said feed screw (1), so that
in the longitudinal direction of the slipform casting
apparatus, said atleast one element (4) extends sub-
stantially from the halfway of the vertical channel
formed by a mass plate (10) and the troweling beam
(3) substantially to the end of the threaded part of
said feed screw (1), and in the vertical direction, said
at least one element (4) extends, from the troweling
beam and in the area of said vertical channel, from
the height of no more than 300 mm above the surface
(11) of the troweling beam, substantially to the im-
mediate vicinity of the threadings of said feed screw,
along the whole length of said guide element (4).

2. A slipform casting apparatus according to claim 1,
comprising at least two guide elements (4) placed
above said feed screw (1).

3. A slipform casting apparatus according to claim 1,
comprising three guide elements (4) placed above
said feed screw (1).

4. Aslipform casting apparatus according to any of the
preceding claims, where said at least one guide el-
ement is a guide plate (4a/4b).

5. A slipform casting apparatus according to claim 4,
where the lower edge of the guide plate (4a/4b) is
provided with cogs.

6. A slipform casting apparatus according to claim 4,
where at least one of the side walls of the guide plate
(4a/4b) is provided with cogs.

7. Aslipform casting apparatus according to any of the
preceding claims, where said at least one guide el-
ement (4) extends in the vertical direction, in the area
of said vertical channel, for the height of 50 - 200
mm, and preferably for the height of 100 - 150 mm
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10.

11.

above the surface (11) of the troweling beam.

A slipform casting apparatus according to any of the
preceding claims, where said guide element (4) ex-
tends in the vertical direction for the distance of O -
50 mm, preferably for the distance of 1 - 20 mm of
the threadings of the feed screw.

A slipform casting apparatus according to any of the
preceding claims, where said at least one guide el-
ement (4) is substantially parallel with the vertical
plane passing in the direction of the center axis of
the feed screw (1).

A slipform casting apparatus according to any of the
claims 1 - 8, where said at least one guide element
(4) is inclined with respect to a vertical plane passing
inthe direction of the center axis of the feed screw (1).

A method for casting a concrete product with a slip-
form casting apparatus, said concrete product hav-
ing a top surface and a bottom surface, said method
comprising the following steps:

a) concrete mix is fed from a concrete mix con-
tainer (5) under hydrostatic pressure to at least
one feed screw (1);

b) said concrete mix is extruded in a mold de-
fined by a casting bed (9), side walls (8) and a
top troweling beam (3), by means of arotary and
reciprocating motion of said at least one feed
screw (1),

characterized in that the method also includes
the following step:

c) the supply of said concrete mix is balanced
by means of at least one guide element (4) at-
tached to the troweling beam (3) above said at
least one feed screw (1).
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