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(57) Abstract: The present invention provides a sensor unit (1) insertable in an open-
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ing (2) of a formwork wall (3) of a lost formwork (4) for building material (M) con-
struction, comprising an arrangement (16) for fastening and releasing the sensor unit
(1) in the opening (2) of the formwork wall (3), comprising an expansion member (18)
and an actuating device (20) adapted to actuate the expansion member (18), wherein
the expansion member (18), in the actuated state (S1), is adapted to fasten the sen-
sor unit (1) in the opening (2) of the formwork wall (3), and wherein the expansion
member (18), in a non- actuated state (S2), is adapted to release the sensor unit (1)
from its fastening in the opening (2) of the formwork wall (3). The present invention
further provides a lost formwork for concrete construction comprising the sensor unit
according to the invention.
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Description

Title

Sensor unit and lost formwork for concrete construction

Background

The present invention relates to a sensor unit.
Furthermore, the present invention relates to a lost
formwork for concrete construction comprising the sensor

unit.

Lost formwork in the context of concrete construction is
a semi-prefabricated concrete element consisting of two
reinforced concrete walls. The two walls are held
together with reinforcement rods creating a void in
between them. The individual walls are cast against a
steel form in the factory creating a very fine surface
that needs little or no additional work before adding the

finishing layer of paint or wall-paper.

The formwork walls are transported to the construction
side by lorry and are then hoisted into place with the
use of a crane. They are secured in an upright position
using props and struts and additional reinforcement is
added in the joints between the individual elements.
Concrete is then poured from the top to fill the void
between adjacent formwork walls creating a solid concrete

wall.
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A limiting factor when it comes to the speed of pour and
the amount of concrete to fill in one pour is the lateral
concrete pressure exerted between the formwork walls.
Concrete does not work like an ideal fluid when it comes
to exerted lateral pressure. The lower the rate of pour,
measured in meters versus time, the lower the exerted

lateral pressure.

The rate of pour must be kept low enough in order to not
exceed the maximum concrete pressure defined by the
manufacturer of the formwork wall. Since the actual
concrete pressure is normally not known the void enclosed
by the formwork walls is filled very slowly and many
times not all the way up so as to not exceed the maximum

design pressure of the formwork walls.

US 2004/0244321 Al discloses an elongated building
element to form a series of walls. The elements each have
longitudinally extending flanges that snap engage with
longitudinally extending grooves in the next adjacent
element. Accordingly the wall is constructed by joining
the elements in a direction transverse their general
direction of extension. If so required the elements may

be filled with concrete.

Consequently, there is a need to further improve the
process of adjusting a speed of pouring concrete. If the
concrete worker can get information on the actual
concrete pressure while pouring the rate of pour can be
held at a maximum while still maintaining the lateral

pressure below the maximum design pressure of the
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formwork walls. This would save time and increase the

safety on the construction side.

Disclosure of the invention

The present invention relates to a sensor unit insertable
into an opening of a formwork wall of lost formwork for
building material construction in accordance with claim
1. Furthermore, the present invention relates to a lost
formwork for concrete construction comprising the sensor
unit of the present invention in accordance with claim

14.

Further embodiments of the present invention are subject
of the further sub-claims and of the following

description, referring to the drawings.

An aspect of the present invention relates to a sensor
unit insertable into an opening of a formwork wall of
lost formwork for building material construction, said
sensor unit being configured to measure a lateral
pressure exerted on formwork walls by building material
filled into a space enclosed by the formwork walls,
comprising a pressure chamber, a pressure transducer
connected to the pressure chamber, a control unit
configured to control the pressure transducer and an
arrangement for fastening and releasing the sensor unit
in the opening of the formwork wall, comprising an
expansion member and an actuating device adapted to
actuate the expansion member, wherein the expansion
member, in an actuated state, is adapted to fasten the

sensor unit in the opening of the formwork wall, and
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wherein the expansion member, in a non-actuated state, is
adapted to release the sensor unit from its fastening in

the opening of the formwork wall.

A further aspect of the present invention relates to a
lost formwork for concrete construction comprising a
first formwork wall and a second formwork wall aligned in
parallel and connected to each other by a plurality of
reinforcement rods, and at least one sensor unit
according to the present invention configured to acquire
data in relation to a lateral pressure exerted on the
formwork walls by building material being filled in a

space enclosed by the formwork walls.

The idea of the present invention is to measure the
concrete pressure while pouring the concrete. This
information enables a fast pour and saves time on the
construction site. It is also very easy to install the
sensor unit of the present invention since it does not
need any fasteners to be mounted in the concrete wall.
All that is needed is a hole into which the sensor unit

can be inserted inside one of the formwork walls.

The hole can either be drilled on site or prepared while
manufacturing the formwork wall at the factory. Due to
the provision of the arrangement for fastening and
releasing the sensor unit that is built into the sensor
unit comprising the expansion member and the actuating
device adapted to actuate the expansion member, a secure
and easy to handle sensor unit is advantageously provided
that enables guick and easy installation into the

formwork wall of the lost formwork.
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According to an embodiment, the actuating device
comprises at least one lever arm, an end portion of which
is pivot mounted to a first plate, wherein the end
portion has a substantially rectangular shape with first
opposite sides having a first length and second opposite
sides having a second length greater than the first

length.

When tilting the pivot arms around their pivot axis the
orientation of the rectangle-shaped end portion of the

lever arm can thus advantageously be changed.

According to a further embodiment, the actuating device
further comprises a second plate, said second plate
having an opening through which the pressure chamber
extends, wherein the second plate forms a support surface

for the end portion of the at least one lever arm.

Thus, when tilting the lever arm around its pivot axis
the second plate advantageously forms the support surface
for the end portion of the at least one lever arm
consequently moving the first plate due to the rectangle-
shaped end portion of the lever arm having different

lengths according to how the lever arm is oriented.

According to a further embodiment, the at least one lever
arm, in a non-actuated position, is oriented
substantially in parallel to a longitudinal axis of the
pressure chamber, and in an actuated position, is
oriented substantially perpendicular to the longitudinal

axis of the pressure chamber. The at least one lever arm
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can thus advantageously be tilted by an angle of 90° from

the non-actuated position to the actuated position.

According to a further embodiment, in the non-actuated
position, the second opposite sides of the end portion of
the at least one lever arm are oriented in parallel to
the first plate and the second plate, and wherein in the
actuated position, the first opposite sides of the end
portion of the at least one lever arm are oriented in

parallel to the first plate and the second plate.

Thus, when the orientation of the first opposite sides
and the second sides of the end portion of the lever arm
changes in response to the tilting of the lever arm,
their orientation with respect to the first plate and the

second plate thus also changes.

Therefore, by tilting the lever, a distance between the

first plate and the second plate can be changed.

According to a further embodiment, the expansion member
is formed by a substantially cylindrical rubber element
fitted around the substantially cylindrical pressure
chamber. Due to the material choice, the expansion member
can advantageously be elastically deformed and thereafter

assume its original shape.

According to a further embodiment, the expansion member
is arranged between the second plate and a ring-shaped
element having, at least in portions, an equal diameter

than the expansion member. The expansion member is thus
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advantageously sandwiched between the second plate and

the ring-shaped element in a securely held position.

According to a further embodiment, in the non-actuated
position of the at least one lever arm, the expansion
member 1is in the non-actuated state, and wherein in the
actuated position of the at least one lever arm, the end
portion of the actuating device is adapted to move the
first plate in an axial direction, thereby exerting an
axial force on the expansion member causing the expansion

member to expand in a radial direction.

In doing so, the sensor unit can advantageously be

fastened within the opening of the formwork wall.

According to a further embodiment, at least some of the
sides of the end portion of the at least one lever arm
have rounded edges, and wherein the first plate has an
opening through which the pressure chamber extends. The
provision of the end portion with rounded edges enables
advantageously a frictionless actuation of the lever arm

with respect to the first plate and the second plate.

According to a further embodiment, the actuating device
comprises a first lever arm and a second lever arm that
are arranged opposite to each other, wherein each lever
arm has a U-shape having two end portions pivot mounted
to the first plate, wherein the end portions have a
substantially rectangular shape with first opposite sides
having a first length and second opposite sides having a

second length greater than the first length.
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By providing two separate lever arms, the force exerted
by the lever arms on the first plate in order to compress
the expansion member is thus advantageously symmetrical
with respect to the longitudinal axis of the pressure

chamber, thus creating a balanced force.

According to a further embodiment, the sensor unit
further comprises a bushing inserted between the pressure
chamber and the expansion member, and wherein the ring-
shaped element has a stepped shape comprising a first
axial portion arranged adjacent to the expansion element
having a first diameter and a second axial portion having
a second diameter less than the first diameter, wherein a
sealing ring is arranged at a collar of the ring-shaped

element.

The provision of the bushing advantageously enables that
the pressure chamber does not come into contact with the
first plate and the second plate, thus preventing
abrasion of the surface of the first plate, the second

plate and the pressure chamber.

According to a further embodiment, the sensor unit
further comprises a membrane arranged adjacent to the
ring-shaped element, and wherein a nose ring fastens the
membrane to the ring-shaped element by means of a

threaded connection.

The membrane can thus be securely held in position while
the sensor unit is sealed from the pressure side of the

formwork wall.
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According to a further embodiment, the control unit is
fixed to the second plate by a pair of screws, wherein
each screw is guided through a hollow spacer element
arranged between a wing flange of the control unit and
the second plate. The spacer elements advantageously
function to secure the control unit to the second plate
ensuring its stability while providing the advantage of
inserting screws into the spacer elements with which the

control unit can be attached to the second plate.

The herein described features of the sensor unit are also
disclosed in the lost formwork for concrete construction

comprising said sensor unit.

Brief description of the figures

For a more complete understanding of the present
invention and advantages thereof, reference is now made
to the following description taken in conjunction with
the accompanying drawings. The invention is explained in
more detail below using exemplary embodiments, which are
specified in the schematic figures of the drawings, in

which:

Fig. 1 shows a schematic view of a lost formwork for
concrete construction comprising a sensor unit
according to a preferred embodiment of the

invention;

Fig. 2 shows an exploded view of the sensor unit
according to the preferred embodiment of the

invention;
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Fig. 3a shows a schematic view of the sensor unit in a
non-actuated position according to the

preferred embodiment of the invention;

Fig. 3b shows a schematic view of the sensor unit in an
actuated position according to the preferred

embodiment of the invention;

Fig. 4a shows a schematic view of the sensor unit in an
actuated position according to the preferred

embodiment of the invention; and

Fig. 4b shows a schematic view of the sensor unit in a
non-actuated position according to the

preferred embodiment of the invention;

Unless indicated otherwise, like reference numerals or

signs to the figures indicate like elements.

Detailed description of the embodiments

Fig. 1 shows shows a schematic view of a lost formwork
for concrete construction comprising a sensor unit

according to a preferred embodiment of the invention.

The sensor unit 1 is insertable into an opening 2 of a
formwork wall 3 of a lost formwork 4 for building
material M construction. The sensor unit 1 is configured
to measure a lateral pressure P exerted on the formwork
walls 3, 5 by building material M filled into a space

enclosed by the formwork walls 3, 5.
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The formwork walls 3, 5 are aligned in parallel and
connected to each other by a plurality of reinforcement
rods 46. The sensor unit 1 will be described in more

detail in the following figures.

Fig. 2 shows shows an exploded view of the sensor unit

according to the preferred embodiment of the invention.

The sensor unit 1 comprises a pressure chamber 10, a
pressure transducer 12 connected to the pressure chamber
10, a control unit 14 configured to control the pressure
transducer 12 and an arrangement 16 for fastening and
releasing the sensor unit 1 in the opening 2 of the

formwork wall 3.

The sensor unit 1 may be embodied by different kinds of
pressure sensors available on the market as is known to a
person skilled in the art. In the present example, the
sensor unit comprises the pressure chamber filled with a
fluid enclosed by a membrane attached to an end portion
of the pressure chamber such that when said membrane is
exposed to building material being filled in the space
between adjacent formwork walls said membrane is moved,
thus generating a pressure of the fluid inside the

pressure chamber.

The pressure transducer 12 in turn then converts a
measured fluid pressure in the pressure chamber 10 into

an electrical signal as is known in the art.

The arrangement 16 for fastening and releasing the sensor

unit 1 in the opening 2 of the formwork wall 3 comprises
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an expansion member 18 and an actuating device 20 adapted

to actuate the expansion member 18.

The expansion member 18 in an actuated state is adapted
to fasten the sensor unit in the opening (not shown in
Fig. 2) of the formwork wall, and wherein the expansion
member, in a non-actuated state, is adapted to release
the sensor unit from its fastening in the opening of the

formwork wall.

The actuating device 20 comprises according to the
present embodiment a first lever arm 22a, and a second
lever arm 22b. Referring to the first lever arm 22a, said
first lever arm 22a comprises an end portion 22al, 22a2

which is pivot mounted to a first plate 24.

The end portion 22al, 22a2 has a substantially
rectangular shape with first opposite sides 22c¢, 22d
having a first length L1 and second opposite sides 22e,
22f having a second length L2 which is greater than the
first length L1.

The second lever arm 22b has an analogous construction as
the first lever arm 22a and is arranged symmetrically to
the first lever arm 22a with respect to a central axis of

the first plate 24.

The actuating device 20 further comprises a second plate
26. The second plate 26 has an opening 26a through which
the pressure chamber 10 extends. The second plate 26

forms a support surface for the end portion 22al, 22a2 of
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the first lever arm and also forms a support surface for

the end portion 22bl, 22b2 of the second lever arm 22b.

Furthermore, the expansion member 18 is arranged between
the second plate 26 and a ring-shaped element 28 having,
at least in portions, an equal diameter than the

expansion member 18.

At least some of the sides, in the present embodiments
three sides, of the end portions 22al, 22a2 of the first
lever arm and the respective end portions 22bl, 22b2 of
the second lever arm have rounded edges. Moreover, the
first plate 24 has an opening 24a through which the

pressure chamber extends.

The first lever arm 22a and the second lever arm 22b are
furthermore arranged opposite to each other. Each lever
arm 22a, 22b has a U-shape having two end portions that
are pivot mounted to the first plate 24.

The sensor unit 1 further comprises a bushing 30 inserted
between the pressure chamber 10 and the expansion member
18. The ring-shaped element 28 has a stepped shape
comprising a first axial portion 28a arranged adjacent to
the expansion element having a first diameter D1 and a
second axial portion 28b having a second diameter D2 less
than the first diameter D1, wherein a sealing ring 32 is

arranged at a collar 30 of the ring-shaped element 28.

The sensor unit 1 furthermore comprises the membrane 34

arranged adjacent to the ring-shaped element 28.
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Moreover, a nose ring 36 fastens the membrane 34 to the

ring-shaped element 28 by means of a threaded connection.

Fig. 3a shows a schematic view of the sensor unit in a
non-actuated position according to the preferred

embodiment of the invention.

Fig. 3a shows the first lever arm 22a and the second
lever arm 22b in a non-actuated position S3. In said non-
actuated position S$3, the first lever arm 22a and the
second lever arm 22b are oriented substantially in
parallel to the longitudinal axis A of the pressure

chamber 10.

Moreover, in the depicted non-actuated position, the
second opposite sides of the end portion of the lever
arms are oriented in parallel to the first plate 24 and

the second plate 26.

The expansion member 18 is formed by a substantially
cylindrical rubber element fitted around the

substantially cylindrical pressure chamber 10.

Moreover, in the depicted non-actuated position S3 of the
lever arms 22a, 22b, the expansion member 18 is in the

non-actuated state S2.

Fig. 3b shows a schematic view of the sensor unit in an
actuated position according to the preferred embodiment

of the invention.
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In said depiction, the first lever arm 22a and the second
lever arm 22b are shown in the actuated position S4. In
said actuated position S4, the first lever arm 22a and
the second lever arm 22b are oriented substantially
perpendicular to the longitudinal axis A of the pressure

chamber 10.

Furthermore, in said actuated position, the first
opposite sides of the end portions of the first lever arm
22a and the second lever arm 22b are oriented in parallel

to the first plate 24 and the second plate 26.

Moreover, in said actuated position S4 of the first lever
arm 22a and the second lever arm 22b, the respective end
portions of said lever arms 22a, 22b are adapted to move
the first plate 24 in an axial direction, thereby
exerting an axial force F on the expansion member 18
causing the expansion member 18 to expand in a radial
direction due to being compressed in its axial direction
since it is held between the first plate and the ring-

shaped element 28.

Fig. 4a shows a schematic view of the sensor unit in an
actuated position according to the preferred embodiment

of the invention.

In the depiction of Fig. 4a, the U-shape of the first

lever arm 22a and the second lever arm 22b 1s shown.

This construction advantageously enables easier gripping
of the lever arms by a user while at the same time

exerting a uniform force on the second plate 26 due to
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the fact that each lever arm 22a, 22b has two end
portions 22al, 22a2, 22bl, 22b2 that are adapted to exert

a force on the first plate 24 and the second plate 26.

Fig. 4b shows a schematic view of the sensor unit in a
non-actuated position according to the preferred

embodiment of the invention.

In Fig. 4b, a crosslink bar 25 is shown linking the
adjacent end portions 22al, 22a2 of the first lever arm
22a together, thus advantageously providing an enhanced
stability of the first lever arm 22a. The second lever

arm 22b is constructed in an analogous fashion.

Although the aforementioned sensor unit has been
described in connection with formwork walls of a lost
formwork structure, a person skilled in the art is aware
of the fact that the herein described sensor unit can of
course be applied in other structures in which a lateral
pressure of a medium against a constraining structure is

to be measured.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of
ordinary skill in the art that a variety of alternate

and/or equivalent implementations exist.

It should be appreciated that the exemplary embodiment or
exemplary embodiments are only examples, and are not
intended to limit the scope, applicability, or

configuration in any way.
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Rather, the foregoing summary and detailed description
will provide those skilled in the art with a convenient
road map for implementing at least one exemplary
embodiment, it being understood that various changes may
be made in the function and arrangement of elements
described in an exemplary embodiment without departing
from the scope as set forth in the appended claims and

their legal equivalents.

Generally, this application is intended to cover any
adaptations or variations of the specific embodiments

discussed herein.



WO 2020/114722

PCT/EP2019/080839

Reference List

> w N

10
12
14
16
18
20
22a
22b
22al,
22¢c,
22e,
24
25
26
28
28a
28b
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38a,
40a,
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46

22a2,
22d
22f

22bl, 22b2

38b
40b

sensor unit

opening

formwork wall

lost formwork
formwork wall
pressure chamber
pressure transducer
control unit
arrangement
expansion member
actuating device
first lever arm
second lever arm
end portions
opposite sides
opposite sides
first plate
crosslinkage bar
second plate
ring-shaped element
first axial position
second axial position
collar

sealing ring
membrane

nose ring

Screws

spacer elements
ring flange

reinforcement rods
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_19_
A longitudinal axis
D1 first diameter
D2 second diameter
F force
L1 first length
L2 second length
M building material
P lateral pressure
S1 actuated state
52 non-actuated state
S3 non-actuated position

sS4 actuated position
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Claims

1. Sensor unit (1) insertable into an opening (2) of a
formwork wall (3) of a lost formwork (4) for building
material (M) construction, said sensor unit (1) being
configured to measure a lateral pressure (P) exerted on
formwork walls (3, 5) by building material (M) filled
into a space enclosed by the formwork walls (3, 5),
comprising a pressure chamber (10); a pressure transducer
(12) connected to the pressure chamber (10); a control
unit (14) configured to control the pressure transducer
(12); and an arrangement (16) for fastening and releasing
the sensor unit (1) in the opening (2) of the formwork
wall (3), comprising an expansion member (18) and an
actuating device (20) adapted to actuate the expansion
member (18), wherein the expansion member (18), in an
actuated state (Sl1), is adapted to fasten the sensor unit
(1) in the opening (2) of the formwork wall (3), and
wherein the expansion member (18), in a non-actuated
state (S2), is adapted to release the sensor unit (1)
from its fastening in the opening (2) of the formwork

wall (3).

2. The sensor unit of claim 1, wherein the actuating
device (20) comprises at least one lever arm (22a, 22b),
an end portion (22al, 22a2, 22bl, 22b2) of which is pivot
mounted to a first plate (24), wherein the end portion
(22al, 22a2, 22bl, 22b2) has a substantially rectangular
shape with first opposite sides (22c, 22d) having a first
length (L1) and second opposite sides (22e, 22f) having a
second length (L2) greater than the first length (L1).
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3. The sensor unit of claim 1 or 2, wherein the
actuating device (20) further comprises a second plate
(26), said second plate (26) having an opening (26a)
through which the pressure chamber (10) extends, wherein
the second plate (26) forms a support surface for the end
portion (22al, 22a2, 22bl, 22b2) of the at least one
lever arm (22a, 22b).

4, The sensor unit of claim 2 or 3, wherein the at
least one lever arm (22a, 22b), in a non-actuated
position (S3), is oriented substantially in parallel to a
longitudinal axis (A) of the pressure chamber (10), and
in an actuated position (S4), is oriented substantially
perpendicular to the longitudinal axis (A) of the

pressure chamber (10).

5. The sensor unit of claim 4, wherein in the non-
actuated position, the second opposite sides (22e, 22f)
of the end portion (22al, 22a2, 22bl, 22b2) of the at
least one lever arm (22a, 22b) are oriented in parallel
to the first plate (24) and the second plate (26), and
wherein in the actuated position, the first opposite
sides (22c, 22d) of the end portion (22al, 22a2, 22bl,
22b2) of the at least one lever arm (22a, 22b) are
oriented in parallel to the first plate (24) and the
second plate (26).

6. The sensor unit of any of the preceding claims,
wherein the expansion member (18) is formed by a
substantially cylindrical rubber element fitted around

the substantially cylindrical pressure chamber (10).
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7. The sensor unit of any one of claims 3 to 6, wherein
the expansion member (18) is arranged between the second
plate (26) and a ring-shaped element (28) having, at
least in portions, an equal diameter than the expansion

member (18).

3. The sensor unit of any one of claims 2 to 7, wherein
in the non-actuated position (S3) of the at least one
lever arm (22a, 22b), the expansion member (18) is in the
non-actuated state (S2), and wherein in the actuated
position (S4) of the at least one lever arm (22a, 22b),
the end portion (22al, 22a2, 22bl, 22b2) of the actuating
device (20) is adapted to move the first plate (24) in an
axial direction, thereby exerting an axial force (F) on
the expansion member (18) causing the expansion member

(18) to expand in a radial direction.

9. The sensor unit of any one of claims 2 to 8, wherein
at least some of the sides of the end portion (22al,
22a2, 22bl, 22b2) of the at least one lever arm (22a,
22b) have rounded edges, and wherein the first plate (24)
has an opening (24a) through which the pressure chamber

(10) extends.

10. The sensor unit of any one of the preceding claims,
wherein the actuating device (20) comprises a first lever
arm (22a) and a second lever arm (22b) that are arranged
opposite to each other, wherein each lever arm (22a, 22b)
has a U-shape having two end portions (22al, 22a2, 22bl,
22b2) pivot mounted to the first plate (24), wherein the
end portions (22al, 22a2, 22bl, 22b2) have a
substantially rectangular shape with first opposite sides

(22c, 22d) having a first length (L1) and second opposite
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sides (22e, 22f) having a second length (L2) greater than
the first length.

11. The sensor unit of any one of claims 7 to 10,
further comprising a bushing (30) inserted between the
pressure chamber (10) and the expansion member (18), and
wherein the ring-shaped element (28) has a stepped shape
comprising a first axial portion (28a) arranged adjacent
to the expansion element having a first diameter (D1) and
a second axial portion (28b) having a second diameter

(D2) less than the first diameter (D1l), wherein a sealing
ring (32) is arranged at a collar (30) of the ring-shaped
element (28).

12. The sensor unit of claim 11, further comprising a
membrane (34) arranged adjacent to the ring-shaped
element (28), and wherein a nose ring (36) fastens the
membrane (34) to the ring-shaped element (28) by means of

a threaded connection.

13. The sensor unit of any one of the preceding claims,
wherein the control unit (14) is fixed to the second
plate (26) by a pair of screws (38a, 38b), wherein each
screw is guided through a hollow spacer element (40a,
40b) arranged between a wing flange (42) of the control
unit (14) and the second plate (26).

14. Lost formwork for concrete construction comprising a
first formwork wall (3) and a second formwork wall (5)
aligned in parallel and connected to each other by a
plurality of reinforcement rods (46); and at least one
sensor unit (1) of any one of claims 1 to 13 configured

to acquire data in relation to a lateral pressure (P)



WO 2020/114722 4 PCT/EP2019/080839

exerted on the formwork walls (3) by building material
(M) being filled in a space enclosed by the formwork

walls (3).
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