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The present invention refers to a method for building a concrete foundation for a wind power
tower pre-stressed by means of tendons, especially an externally pre-stressed wind power
tower made of precast concrete parts in which a formwork for the concrete foundation is
erected, in which core elements for making passage openings arc positioned and fixed in place
in the concrete foundation for the tendons on the formwork and into which the concrete
foundation is cast afterwards. Morcover, the invention refers to a concrete foundation for a
wind power tower pre-stressed by means of tendons and a positioning device for orienting core

elements in a concrete foundation.

Various wind power tower designs made of prefabricated segments have become known in the
state of the art. In these towers, the lowest tower segment and lowest tower section are
connected in a stable manner with a separately made foundation so the occurring forces can be
imnduced there. Thus, great importance 1s attached to the connection of the tower or lowest
tower segment to the foundation. Therefore, when the foundation 1s made in in-sttu concrete,
the corresponding fastening devices for the wind power tower must be provided. For example,
in wind power towers made of steel segruents, it 1s known that an anchor cage with mumerous
threaded rods is embedded in the concrete foundation, on which later the tower's foot section
with its fastening bore holes will be fastened. The anchor cage 1s prefabricated and maiches the
fastening points of the foot section.

For such a steel tower, DE 20 2009 013 844 Ul merely suggests casting in jacket pipes for
individual tie bolts instead of the anchor cage. The positioning of the individual jacket pipes
for the tic bolts takes place, in turn, with such an anchor cage. However, when tendons such as
tensioning strands, tensioning wires or teusioning chords are used, a very exact orientation of

the jacket pipes is necessary.

DE 101 26 912 Al describes a wind power tower made of pre-stressed concrete, which is pre-
stressed outside the tower's wall with tendons running between a top bearing and a foundation.
The difficult adjustment of emipty pipes in the formworks for the tower's wall deseribed there
can thus be dispensed with. This patent says nothing about the mstallation and oricntation of

jacket pipes in the foundation.

In practice, there are often problems when tendons are guided in tensioning channels, For
example, if the axis deviates a little bit between the tendon and tensioning channel, there can

already be bending during the guiding, and this damages the tendons. This occurs, for example,
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in transitional spots between two adjoining tensioning channel sections or between a freely
tensed tendon section and one running in a tensioning channel. For this reason, the jacket pipes
or tensioning channels are usually provided with funnel-shaped expaunsions in one end to
reduce such bending, DE 201 22 941 Ul shows segments of a wind power tower whose
tensioning channels are executed accordingly. The WO 00/14357 A2 also shows tensioning

channels and jacket pipes with a funnel-shaped expansion in a tensioning channel.

The task of the present invention is to improve a method of the type mentioned in the

beginning and to suggest a positioning aid for core cleraents.

The task is solved with the characteristics of the disclosure.

In a method to produce a concrete foundation for a wind power tower pre-stressed with
tendons, especially an externally pre-stressed wind power tower made of precast concrete parts,
a formwork is erected for a concrete foundation. In this process, core clements to make passage
openings 1 the concrete foundation for the tendons are positioned and fixed in the formwork

and afterwards the concrete foundation 1s cast.

According to the invention, to position the core elements in the precise location and exactly, at
least one first positioning aid with an adapter device for a core element and with at cast one
reference segment on the formwork is provided. The first positioning aid is positioned and
fixed exactly i the formwork by means of the reference segrnent and the core element to be

positioned is arranged on the adapter device of the positioning aid.

According to the present invention, by combining an adapter device for a core cleroent with at
least one reference segment in a positioning aid through the exact positioning of the
positioning aid, the core element itsclf 18 also positioned so cxactly in the formwork that no
deviations or only very slight ones can occur later between the actual position of the core
clement and 1its target position. Thus, through this combination, and with an exactly oriented
positioning aid, the core element is also automatically oriented in its intended fastening
position, at least with its lower end in the precise and exact position. Here, a reference segment
is understood to be a section of the positioning aid having a predefined position with regard to
the adapter device so¢ that the actual position of the core element can be determined by means

of the reference segruent(s). For example, the reference segmeunt can be formed by a scat for a
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measuring body, especially a measuring sphere or a measuring prism. However, the reference
segment can also be formed by a lay-on edge, a bearing surface or another device with which

the positioning aid can be positioned on the formwork.

It is especially advantageous if a measurement reference system is installed for the positioning
of the core elements, that at least one first positioning aid is calibrated in exact position in the
rocasurement reference systero with the target coordinates prescribed for the reference segment
and fixed in the formwork, and at least the lower end of the core element to be positioned is
placed in exact position in a prescribed fastening position by arranging it on the adapter device

of the positioning aid.

Furthermore, the present invention provides for a concrete foundation that has jacket pipes for
tendons cast into the concrete foundation for fastening the fastening positions intended for
fastening the wind power tower, whereby the jacket pipes are executed as one-part jacket pipes
with constant cross section. Since according to the present invention, the jacket pipes are
positioned with very high accuracy i their target position, then contrary to known state-of-the-
art jacket pipes, a funnel-shaped expansion in one end of the jacket pipes can be dispensed with
and instead, one-part jacket pipes with constant cross section can be used. Contrary to jacket
pipes with expansions, their one part can be made either of plastic or steel material, whereat
cconornical semi-finished products can be used. In this case, the jacket pipes must only be
lengthened to their intended length. As a result of this, both the manufacturing and mounting of
the jacket pipes in the formwork can be greatly simplified. Likewise, no crrors can appear in
connecting points, as is the case with multi-part jacket pipes. Naturally, the method according
to the invention can also be applied to position and cast in conventional jacket pipes with

funnel-shaped expansions.

In a wind power tower, especially a wind power tower made of finished concrete parts that is
preferably externally pre-stressed with tendons, and that has a concrete foundation made
following the macthod according to the invention, an especially good guidance and anchoring of
the tendons can be achieved. The transition between the freely running tendon sections and the
sections running in the jacket pipes can be accomplished in an especially smooth way, so no

meore tendon damage can be feared.



10

15

20

25

30

4 DK/EP 3004467 T3

Inn addition, to execute the method according to the invention and manufacture a concrete
foundation according to the mvention, a position device to orient core clements in a formwork
is suggested that comprises at [east one first positioning aid with an adapter device for a core

element and at least one reference segment for calibrating the first positioning aid.

According to an advantageous execution of the invention, the first positioning aid of the
positioning device has a solid body that has a flat installation sarface on its underside and/or
the adapter device and/or the at least one reference segment, especially a seat for a measuring
body, incorporated into its upper side. Owing to the one-part fabrication of the positioning aid
as solid body, the adapter device for the core element and the reference segment can be placed
very exactly next to one another in it, so that assembly tolerances (as they occur if both parts
arc fabricated separately) no longer apply. Advantageously, a seat for a measuring reflector -
particularly for a measuring sphere or measuring prism - 18 used as a reference segment, the

measuring reflector being inserted into the seat when the first positioning aid is calibrated.

Preferably, the solid body 1s CNC-made, especially CNC-milled, to allow very accurate
production. Here, owing to CNC production, possible deviations between the adapter device
position and the reference segroent are i a range below one tenth of a millimeter. Likewise,
the installation surface on the underside has a very even surface and can thus serve for the

height positioning of the positioning aid without further action.

According to an advantageous further development of the method according to the invention,
an arca around the passage openings 1s provided, to be executed in each case as an abutment

for the tendons. Anchor plates, for example, can be braced in this area.

According to an advantageous further development of the method according to the invention,
jacket pipes, which remain in the concrete foundation atter it has been cast, are provided for

use as core clements.

According to another advantageous further development, formwork cores are used as core

elements, which are removed from the concrete foundation after it has been cast.

According to an advantageous further development of the method according to the invention,

several reference segments are provided for the first positioning aid, whereas several of the
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reference segments are used for calibrating the first positioning aid. Thereby the first

positioning aid can be calibrated in precisc position with respect to several directions.

According to an advantageous further development of the method according to the invention, a
first positioning aid 18 provided for cach core eleraent. The individual core clements can thus
be installed independently from one another.

In the method for manufacturing a concrete foundation, it is preferable to erect one formwork,
at least partially, by building at least one flat forrowork bottom for a subsequent underside of
the foundation. Here, a formwork bottom is a part of the formwork arranged horizontally. This
formwork bottom is preferably oriented parallel to a reference plane of the measureraent
system and installed at its prescribed target height. Afterwards, the at least one positioning aid
is provided on the formwork bottorn, mstalled at its target height, and as a result of this, a
bottom edge of the core element to be posttioned is in cach case positioned af its target height.
Thus, to position the positioning device cxactly, it 1s sufficient to place it on the formwork

bottom installed at its target height by means of its installation surface.

Inn doing s0, it is especially advantageous if one positioning device is provided in each
fastening position, which is theun also exactly positioned accordingly. However, it is likewise
also possible to orient merely one part of the core clements in this fashion, or to combine core

elements for tendons with other fastening elements.

Subsequently, the positioning aid placed at its target height with the help of at least two
reference segraents s positioned in its radial and angular target position and then fixed in
place, whereby the core element to be positioned afterwards in each case is fixed to the adapter
device, especially inserted or attached. Depending on the execution of the positioning aid and
depending on the specifications for the position and orientation of the core elements, it can
already be sufficient to provide two reference segments on the positioning aid and to calibrate

and position the latter with the two reference segments.

Preferably, target coordinates are then prescribed for the reference segments, and the
positioning aid 1s calibrated in the exact position according to the several prescribed target

coordinates and fixed to the formwork. If at least three reference segments are provided on the
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positioning aid, then the positioning aid can be adjusted correctly in its target position, both
with regard to its radial and angular target position as well as with regard to the inclination of

its surface.

To fix the positioning aid to the formwork bottom, it 1s advantageous for the first positioning
aid to have one fastening device, preferably at least two fastening bore holes, to fix the

positioning aid to the formwork.

So the core elements can be subsequently oriented exactly according to their prescribed target
position, it is advantageous for the positioning device to have a second positioning aid with a
second adapter device for the core element and at least one reference segment. The second
positioning aid is then fixed on place to the upper end of the core element to be positioned,
especially placed on top of 1t or inserted in it, and the reference scgment 1s used to orient the
upper end of the core element and/or a core element longitudinal axis according to the
prescribed orientation. In this case, the core clement longitudinal axis is oriented exactly on the
subsequent target course of the tendon longitudinal axis. Advantageously, the second
positioning aid, as a reference segment, has a scat for a measuring refiector, especially for a
rocasuring sphere or a measuring prism, in which case the measuring reflector is mserted in the
seat during calibration of the upper end or the longitudinal axis of the core clement to be

positioned.

According to an advantageous further development of the method according to the invention, it
1s provided for the first positioning aid and/or the second positioning aid to have scveral
reference segments and when the positioning atd is calibrated - and thus the core element as
well - several of the reference scgments arc used. If seats are provided as reference segments
for a measuring body, the measuring reflector is inserted successively in several seats.

Preferably, at least the first positioning aid has three or four reference scgments.

The core element longitudinal axis is preferably pivoted around an acute angle compared to the
perpendicular in the direction of the foundation center. Here, the acute angle can be up to 159,
preferably around 5°. In a positioning awd, the at least first adapter device for the core clement

is oriented at an acute angle compared to a perpendicular on the underside installation surface
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of the first positioning aid. Thus, the orientation of the adapter device towards the underside
mstallation surface corresponds already to the target course of the core clement axis as soon as
the positioning device is positioned in the fastening position. The work to calibrate and

position the core clement longitudinal axis can therefore be minimized even more.

Here, the position of the positioning aids and/or the position of the core elements is/are in e¢ach
case calibrated and positioned with +/- 2 mm accuracy, preferably +/- I mum. Thus, through
their simple insertion in their adapted device, the core elements are already in their correct
position with regard to the bottom end and their axial direction must merely be shightly

corrected subsequently.

Inn a positioning device, it is advantageous when the first and/or second adapter device for the
core clement 1s/are formed in cach case by a projection protruding from the surface of the
corresponding positioning aid on which the core element can be fixed in place, especially
mserted, or that can be plugged into the jacket pipe. However, it is also conceivablce to execute
the adapter device as recess in the respective positioning aid in which the core element can then

be inserted in its position.

It is furthermore advantageous if at least the second positioning aid is made of plastic waterial.
As a result of this, the second positioning aid can be made very economically. The first
positioning aid, on the other hand, is preferably made of steel material to allow precise

machining of the scats and adapter device.

I a method for manufacturing a concrete foundation, it is furthermore advantageous if the
reinforcement is fixed to the formwork and the core elements oriented in their prescribed axial
direction are fixed to the formwork too before the jacket pipe longitudinal axes are oriented.
Fixation parts can be used to accomplish this, which can be welded, clamped or screwed to the
reinforcement. It is also conceivable, however, to connect the core elements directly to the
reinforcement, for example to screw, weld or clamp them. Thus, in the cusuing coucrete

casting, no positional changes need to be feared any longer.
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it is furthermore advantageous if, before the reinforcement is fixed in place, at least one
formwork wall 18 erected on the first formwork bottom. Here, a formmwaork wall 1s a partof a
formwork that is arranged upright. In this way, the reinforcement can be fixed in lateral
direction so that the core clements fixed to it can also be maintained securely in their position

during concreting.

If the jacket pipes arc fully positioned with respect to their position and longitudinal axis and
fixed in place in the formwork, then it 1s advantageous it a height position of an upper edge of
the core clements is metrologically recorded in each case. As a result of this, the exact

orientation of the core elements can be checked once again,

it is furthermore advantageous if during concreting of the foundation a maximum filling height
of the formwork is determined from the height positions of the upper edges of the core
clements. Preferably, the filling height is determined in such a way that the core elements are

higher than the foundation surface by a certain space 1n the finished foundation.

Once the core clements have been fully oriented with respect to their position and longitudinal
axis, the formwork is finally completed and the foundation cast. In this process, it s
advantageous when at least the first positioning aid forms a part of the formwork during the
casting of the foundation. Thus, the positioning aid remains together with the core element to

prevent positional changes of the core element too while the concrete is being cast.

More advantages of the invention are described by means of the embodiments shown below:

Figure 1 is a schematic, cutaway drawing of a concrete foundation according to the

invention for a wind power tower

Figure 2 is a top view of a first positioning aid of a positioning device according to the

invention,

Figure 3 is a cutaway side view of the positioning aid of Figure 2,
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Figure 4 is a schematic cutaway view of a second positioning aid of a positioning device

according to the invention,

Figures 5a and Sb  arc drawings of a method according to the invention to

manufacture a foundation in a first step,

Figures 6a and 6b  arc additional steps of the method according to the invention to

manufacture a concrete foundation,

Figure 7 is a schematic cutaway view of a core element fully positioned and oriented in a

formwork, and

Figure 8 is an alternative embodiment of a positioning aid.

Figure 1 shows a schematic cutaway view of a concrete foundation 1 according to the
invention for a wind power tower 3. According to this drawing, the wind power tower 3
consists of many ring-shaped or ring segment-shaped precast concrete parts 4 arranged on top
of the foundation 1 and fastened with one another as well as to the foundation 1 with tendons 2.
According to the present drawing, the tendons 2 run externally, i.e. outside of the concrete
cross section of the precast concrete parts 4. However, the invention is also suitable for wind
power towers 3 whose tendons 2 run in tensioning channels inside the concrete cross section.
All known tendons, especially tensioning wires, tensioning steels, tensioning chords or

tensioning strands, can be considered as tendons 2.

In the completed wind power tower 3, the tendons 2 extend from the foundation 1 to a head
section of the wind power tower 3 (not shown here) and can be pre-stressed with a tensioning
device (not shown here as well). To induce the tensioning forces of the tendons 2 securely into
the concrete foundation, the tendons 2 are guided through passage openings that extend

between an upper side and underside of the foundation 1 and fixed in place on the underside of
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the foundation 1. To accomplish this, the concrete foundation 1 has a recess 11 on the

underside that forms an abutment for the tendons 2 fixed in place there.

To fasten the wind power tower 3 to the foundation 1, many fastening positions 28 are
provided, preferably distributed uniformly across the perimeter of the concrete foundation 1
(see also Figure 6b). According to this embodiment, one core element 12 is now cast into the
concrete foundation 1 in every one of the fastening positions 28 provided. In this process, the
core elements 12 are oriented and positioned in the formwork in the fastening positions 28
provided for fastening the wind power tower 3 and, as a result of that, cast in the fastening

positions 28 provided.

In the embodiments shown, the core elements 12 are hollow jacket pipes 12a that remain in the
concrete foundation 1 after the latter has been cast. Alternately, formwork cores can be used as

core elements 12, which are removed from the concrete foundation 1 after it has been cast.

In the embodiment, it is now provided to position the core elements 12 with such a high degree
of accuracy in the formwork 7 (see Figures 5 and 6) and to cast them into the foundation 1 with
such high accuracy that it is possible to dispense with funnel-shaped expanded jacket pipes 12a
or funnel-shaped expanded passage openings. Therefore, in the embodiment of the concrete
foundation 1, jacket pipes 12a have been cast in as one-part jacket pipes 12a with a constant
inner cross section. Such an exact casting in of the core elements 12 or jacket pipes 12a is
made possible by a very exact positioning device. Here, the core elements 12 have been
positioned with an accuracy of +/- 1 mm in the formwork and afterwards cast with a

correspondingly high accuracy of +/- 1 mm into the concrete foundation 1.

Figures 5a, 5b and 6a, 6b show various steps in the manufacturing of the foundation 1, each
one in a schematic cutaway view (Figures 5a, 6a) and in a schematic top view (Figures 5b, 6b).
To make the foundation, a granular sub-base 5 is made first on the ground in the area where the
installation is being planned. A bottom plate 29 for the foundation 1, can also be made if need
be. After completion of the granular sub-base 5, a measurement reference system is built (see
Figure 5b), which contains as measurement reference points, for example, a center 30 of the

planned installation and another reference point 31, located radially far away from the center
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30. The reference 31 can, for example, mark the direction of a door axis of the future wind
power station. With the aid of the two reference points 30 and 31, the measurement reference
system is now built with its calibration axes, thereby forming, for example, a height reference
plane 32 of the measurement reference system through the upper edge of the granular sub-base

5.

After the granular sub-base 5 has been built and the measurement reference system has been
set up, as shown in Figure 5a, a formwork bottom 8 (which in the example shown forms the
subsequent recess 11) is first erected on the upper edge of the granular sub-base 5. Here, the

formwork bottom 8 can be made in the usual way and braced on the granular sub-base 5.

According to this method (shown here in Figures 5 and 6), the height positioning of the core
elements 12 takes place not directly, but indirectly by arranging a positioning aid 13 that
determines in each case the position of the core elements 12 (in this case jacket pipes 12a) with
the help of an adapter device 16. Since the positioning aids 13 should be later positioned
merely by placing them down on the formwork bottom 8 exactly at their target height SHSB,
an exact height-wise installation of the formwork bottom 8 is therefore necessary as well. For
this reason, the formwork bottom 8 is exactly leveled on its prescribed target height SH by
means of several measurement points 6. According to the drawing shown in Figure 5b, the
formwork bottom 8 is made up of several segments 10, which are individually installed height-
wise by means of several measurement points 6. In this case, merely four segments with just
three measurement points are shown; however, depending on the size of the installation,
considerably more segments 10 can also be provided. Likewise, depending on the size of the
segments 10, several measurement points 6 can also be provided. Since the formwork 8
determines the height position of the positioning aids 13, the formwork bottom 8 has a large

even surface.

As can be seen in Figure 5a, the formwork bottom 8 is oriented parallel to the reference plane
32 of the measurement system. As a result of that, the arrangement of the first positioning aid
13 on the formwork bottom 8§ is facilitated. In principle, however, it is also possible to build the

formwork bottom & with an inclination.
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Figures 6a and 6b show the provision of a positioning device with at least one first positioning
aid 13 to orient the jacket pipes 12a. In this process, a positioning device is provided with at
least one first positioning aid 13 on the formwork bottom 8 installed height-wise for a
subsequent fastening of the fastening positions 28 provided for the wind power tower 3. In this
case, one positioning aid 13 or one positioning device is provided for each fastening position
28. However, deviating from the drawing shown, a combination of tendons 2 with other types
of fastening, such as anchors with anchor sleeves, is also conceivable. Each positioning aid 13
has one adapter device 16 for each core element 12, so that if the positioning aid 13 is correctly
oriented by connecting the core element (in this example, a jacket pipe 12a) with the adapter
device 16, at least one lower edge 22 of the core element 12 to be positioned is already exactly

positioned at its target height SHUK.

Figure 2 shows a top view of a first positioning aid 13 of a position device according to the
invention and Figure 3 shows a cutaway view of the positioning aid 13 of Figure 2. In this
case, the positioning aid 13 has the adapter device 16, here formed by a projection protruding
from the surface of the positioning aid (Figure 3). The cross section dimensions of the
projection or adapter device 16 correspond here largely to those of the core element 12
provided, so that it can be connected to it by simple insertion in the adapter device 16. This
drawing shows an adapter device 16 for a rectangular or square jacket pipe 12a. However,
round jacket pipes 12a or core elements 12 with the corresponding round adapter devices 16

can also be considered.

Apart from the adapter device 16, the first positioning aid 13 has at least one reference segment
17, in this case a seat 17a for a measuring reflector 18. The positioning aid 13 seen here has
four seats 17a for measuring reflectors 18, as a result of which an especially accurate
orientation of the positioning aid 13 in its target position can take place. In the simplest case,
the seats 17a for the measuring reflectors 18 can be formed by bore holes. Furthermore, the
first positioning aid 13 still has fastening bore holes 27, here four fastening bore holes 27, with
which the exactly oriented positioning aid 13 can be fixed in its target position. The positioning
aid 13 contains advantageously a solid body 14, in which the adapter device 16 and the at least
one reference segment 17 have been incorporated as one single piece. On the underside, the
solid body 14 has a flat installation surface 15, so that, after precise height-wise installation of

the first formwork bottom 8 on its target height SHSB, the positioning aid 13 must only be
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placed on top of the formwork bottom 8. As a result of that, it is already positioned
automatically at its correct target height, which corresponds to the target height SHSB of the

formwork bottom §.

Figure 8 shows a variation of a first positioning aid 13, which also has an adapter device 16 for
a core element 12 (as shown in Figure 2), but here it contains merely one single seat 17a for a
measuring reflector 18 as reference segment 17. At least when core elements 12 with round
cross section are used, the only seat 17a found in the center makes it possible to already orient
the positioning aid 13 correctly and thus the lower end of the core element 12. Here, the
orientation of the adapter device 20 lies perpendicular to the lower installation surface 15.
Nonetheless, after placing the core element 12 on top of the adapter device 16, the lower edge
of the core element 12 is positioned with respect to its target height SHUK. The installation of
the core element longitudinal axis 21 can take place by pivoting the core element 12 on the

adapter device 20.

Figure 6b now shows the partially erected formwork 7, in which a formwork wall 9 has already
been mounted apart from the first formwork bottom 8. As can be seen in Figure 6b, a first
positioning aid 13 has been placed on top of every one of the fastening positions 28 provided

and already positioned in radial and angular target position SLR and SLW.

To position the solid body 14 of the first positioning aid 13, a measuring reflector 18 (here a
measuring sphere 18a indicated by a dot-dash line) is now inserted in the first seat 17a, the
solid body 14 is installed by means of the target coordinates for the first seat 17a and fixed in
place with respect to its position. Here, the target coordinates refer advantageously in each case
to the center of a measuring sphere 18a located in the seat 17a. Afterwards, the measuring
sphere 18a is inserted in the second seat 17a and the positioning aid 13 is installed and fixed in

place on its target position using the target coordinates prescribed for the second seat 17a.

According to the example of Figure 2, a total of four seats 17a are provided for a measuring
sphere 18a, in which one measuring sphere 18a is inserted and measured in succession. Thus,
one set of target coordinates is prescribed for each one of the four seats 17a. Since the solid

bodies 14 are already at their target height SHSB, each set contains merely two target



10

15

20

25

30

14 DK/EP 3004467 T3

coordinates, which determine the radial position and angular position of the respective

measurement body 18.

If correctly installed above the first and second seat 17a, the measurements for the third and
fourth seat 17a serve merely for checking. After the positioning aid 13 is calibrated fully also
with regard to its angular target position SLW and radial target position SLR and installed, it is
finally fixed to the first formwork bottom 8 by means of a fastening device. According to the
embodiment of a positioning aid 13 shown in Figure 2, the fastening bore holes 27 are
provided for it. Other fixing devices such as fixing parts, for example, which merely brace the

external edges of the positioning device 13, are also possible, however.

After the positioning aids 13 have been fully installed, the formwork wall 9 is finally mounted,
as shown in Figure 6a. Finally, the core element 12 to be positioned can be arranged on the
adapter device 16 with its lower end, inserted or placed on it, for example, so that the lower
end of the core element 12 is already positioned in its target position with regard to angle and
radius SLR and SLW and furthermore the bottom edge 22 is automatically also positioned at
its target height SHUK (see also Figure 7).

So the core element longitudinal axis 21 can now be oriented in its target position with regard
to its angle W compared to the perpendicular, the positioning device comprises a second
positioning aid 19. The orientation of the core element longitudinal axis 21 is shown

schematically in a cutaway view in Figure 7 and explained further below.

The second positioning aid 19 is shown in a schematic cutaway view in Figure 4. The second
positioning aid 19 also has an adapter device 20 for a core element 12, which is also executed
here as a projection of the positioning aid 19. As a result of that, in this example it can also be
placed on the jacket pipe 12a or inserted in the jacket pipe with the help of the adapter device
20. The cross section of the adapter device 20 corresponds largely to the cross section of the
jacket pipe 12a. After placing the second positioning aid 19 on top, a stop 33 lies next to the
upper edge 23 of the jacket pipe 12a. In addition, the second positioning aid 19 also has a
reference segment 17, here a seat 17a, for a measuring reflector 18 that can be, for example, a

measuring prism 18b, which can be placed on top of the seat 17a of the second positioning aid
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19. Variations in the shape of the second positioning aid 19 are possible. Thus, the positioning
aid 19 could also have a recess as adapter device 20, so that the positioning aid 19 would be

pluggable with its recess over the core element 12.

The schematic cutaway view of Figure 7 shows the setup of the core element longitudinal axis
21. After the core elements 12 have been plugged into the positioning aids 13, a reinforcement
24 - shown here only partially for clarity reasons - is mounted on the formwork 7. It is
advantageous if, as shown here, an anchor plate 26 is connected (e.g. welded) to the core
clement 12 already before the latter is plugged in. As a result of this, the plate is later cast on
the correct place into the foundation 1 so a substantial force can be initiated in the foundation
1. Figure 1 shows core elements 12 executed as jacket pipes 12a with the anchor plates 26

fastened to them in cast-in state.

The core element longitudinal axis 21 is now set up to its angle W compared to the
perpendicular by means of the measuring reflector 18 with the help of the target coordinates
prescribed for this measuring reflector 18, whereat owing to the angular position of the core
element longitudinal axis 21 next to the radial target position SLR and the angular target
position SLW of the measuring reflector 18, its height must also be considered. Therefore, for a
measuring reflector 18 located in the seat 17a of the positioning aids 19, one set of target
coordinates consisting of three coordinates is prescribed in each case. The installation of the
core element 12 takes place initially in a first direction and the core element is already fixed to
the reinforcement 24 with respect to this first direction. According to this drawing, fixation
parts 25 are provided for this, placed on the outer edges of the core element 12 located in its
target position and attached to the reinforcement (e.g. screwed, clamped or welded to it).
However, the core element 12 can also be directly attached to the reinforcement (e.g. screwed,
clamped or welded to it). If the core element 12 is made of steel, it can also be welded directly
to the reinforcement 24 in its target position. In the second step, the setup of the core element
longitudinal axis 21 can take place with regard to its second direction perpendicular to the first
one. After the core element longitudinal axis 21 has been fully oriented, the core element 12
can, in turn, be fixed to the reinforcement 24 by means of additional fixation parts 25.
Naturally, the fixation of the core elements 12 can also take place in this step in another way,

as already described above.
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The angle W of the core element longitudinal axis 21 compared to the perpendicular is here up
to 15°, preferably about 5°, the core element axis 21 being pivoted in the direction of the
foundation center 30 or the foundation middle axis, as shown here, and the formwork bottom 8
is installed flat and parallel to the height reference plane 32. Thus, it is advantageous if the
orientation of the adapter device 16 already corresponds exactly to the subsequent position of
the core element longitudinal axis 21 with regard to its angle W (cf. Figure 3 too). After the
core elements 12 are now fully positioned and fixed in place and the reinforcement 24 has been

built in, the formwork 7 is completed if still not done yet.

For the subsequent concreting of the concrete foundation 1, it is advantageous if the height of
the upper edge of the core elements 12 SHOK is metrologically recorded and then a maximum
filling height FH of the formwork 7 is determined from it. In this case, a distance A of several
centimeters between the maximum filling height FH and the target height of the upper edge of
the core elements 12 SHOK is provided. When the foundation 1 is concreted, the positioning
aid 13 remains in the formwork 7, forming a part of it as a result of that. On the other hand,
after the core element 12 has been positioned and fixed, the second positioning aid 19 can be
taken out and reused in another location. After concreting and dismantling the formwork 7, the
positioning aid 13 can be removed so that the anchor plate 26 now forms the lower edge of the
foundation 1 in the fastening positions 28, as can be seen in Figure 1, and can serve there for

anchoring the tendons 2.

The location of the core elements 12 is measured and positioned by means of the method
according to the invention and with the positioning aids according to the invention with an
accuracy of +/- 1 mm, so that core elements 12 can also be used now without funnel-shaped
expansions in their ends. Due to the exact orientation of the core elements 12, there are no
deviations or only very slight ones between the subsequent course of the tendon axis and the
course of the axis of the passage openings. Bending and close fitting of the tendons 2 against
the walls of the passage openings or the jacket pipe 12a can be largely prevented as a result of

this, so that damages to the tendons 2 can no longer occur.
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The invention is not restricted to the embodiments shown. As far as technically possible and
useful, variations and combinations within the scope of the patent claims also fall under the

invention.



10

15

20

10

11

12

12a

13

14

15

16

17

17a

18

18

List of Reference Characters

Concrete foundation

Tendon

Wind power tower

Precast concrete part

Granular sub-base

Measurement point

Formwork

Formwork bottom

Formwork wall

Foundation body

Recess

Core element

Jacket pipe

First positioning aid

Solid body of the first positioning aid
Installation surface

Adapter device of the first positioning aid
Reference segment

Seat for the measuring reflector

Measuring reflector
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18a Measuring sphere

18b Measuring prism

19 Second positioning aid

20 Adapter device of the second positioning aid

21 Core element longitudinal axis

22 Lower edge of the core element

23 Upper edge of the core element

24 Reinforcement

25 Fixation piece

26 Anchoring plate

27 Fastening bore holes

28 Fastening position

29 Bottom plate

30 Center

31 Reference point

32 Height reference plane

33 Stop

SHSB Target height of formwork bottom and first positioning aid
SHUK Target height of lower edge of the core element
SHOK Target height of upper edge of the core element
SLR Radial target position

SLW Angular target position
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Angle of the core element longitudinal axis
Maximum filling height of the formwork
Distance

Angle
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Patentkrav

1. Fremgangsmade til fremstilling af et betonfundament (1) til et med spa&ndelementer (2)
forspendt vindmelletdrn (3), navnlig et eksternt forspandt vindmelletérn (3) af betonferdigdele
(4), hvori en forskalling (7) til betonfundamentet (1) opferes, hvori kerneelementer (12) til
fremstilling af passagedbninger 1 betonfundamentet (1) til spendelementerne (2) positioneres
og fikseres pé forskallingen (7), og hvor betonfundamentet (1) efterfelgende stebes,
kendetegnet ved, at, til positionering af spandelementerne, mindst en forste
positioneringshjelp (13) tilvejebringes pé forskallingen (7) med en adapteranordning (16) til et
kerneelement (12) og med mindst ét referencesegment (17), navnlig en ansats (17a) til en
malereflektor (18), sdledes at den forste positioneringshjelp (13) positioneres og fikseres
precist 1 forskallingen (7) ved hjelp af referencesegmentet (17), og ved, at det tilsvarende
kerneelement (12), der skal positioneres, anbringes pad positioneringshjelpens (13)

adapteranordning (16).

2. Fremgangsméde ifelge det foregdende krav, kendetegnet ved, at et
mélereferencesystem indrettes til positionering af kerneelementerne (12), ved, at mindst en
forste positioneringshjalp (13) kalibreres ved hjelp af et referencesegment (17) 1 den nejagtige
position af mélkoordinater i malereferencesystemet foreskrevet til referencesegmentet (17) og
fikseres 1 forskallingen (7), og ved, at det tilsvarende kerneelement (12), der skal positioneres,
positioneres ved anbringelse af det pd positioneringshjlpens (13) adapteranordning (16) med

dets nedre ende praecist i en foreskreven fastgerelsesposition (28).

3. Fremgangsmade ifelge et af de foregéende krav, kendetegnet ved, at mindst én plan
forskallingsbund (8) til Dbetonfundamentet (1) fortrinsvis opferes parallelt med et
hojdereferenceplan (32) af mélesystemet, forskallingsbunden (8) opferes pd dens foreskrevne
mélhgjde (SHSB) og den mindst ene positioneringshjelp (13) tilvejebringes pé
forskallingsbunden (8) opfert 1 dens mélhejde (SHSB), og som felge heraf positioneres en
nedre kant (22) af det tilsvarende kerneelement (12), der skal positioneres, i dets mélhejde

(SHUK).

4. Fremgangsmédde ifelge et det foregdende krav, kendetegnet ved, at
positioneringshjelpen (13) positioneret i dens mélhgjde (SHSB) positioneres i dens radiale

(SLR) og vinkelmélposition (SLW) og derefter fikseres ved hjzlp af to referencesegmenter
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(17), og ved, at det tilsvarende kerneelement (12), der skal positioneres, derefter tilvejebringes,

navnlig indszattes eller fastgores, pd den tilsvarende adapteranordning (16).

5. Fremgangsméde ifelge et af de foregdende krav, kendetegnet ved, at mélkoordinater
foreskrevet til referencesegmenterne (17) og positioneringshjelpen (13) kalibreres pa det
nejagtige sted ifolge mélkoordinaterne foreskrevet til referencesegmenterne (17) og fikseres i

forskallingen (7).

6. Fremgangsmade ifelge et af de foregdende krav, kendetegnet ved, at en anden
positioneringshjelp (19) med en anden adapteranordning (20) til kerneelementet (12) og
mindst ¢t referencesegment (17), navnlig en ansats (17a) til en mélereflektor (18), fikseres pa
den ovre ende af det tilsvarende kerneelement (12), der skal positioneres, navnlig
indsattes 1 ansatsen (17a), og ved, at, ved hjelp af det mindst ene referencesegment (17), den
ovre ende af det tilsvarende kerneelement (12), der skal positioneres, og/eller en

kerneelementlengdeakse (21), orienteres 1 dets/dens foreskrevne vinkel (W).

7. Fremgangsméade ifelge krav 6, kendetegnet ved, at, for kerneelementlaengdeakserne
(21) orienteres, en armering (24) fikseres 1 forskallingen (7), og ved, at kerneelementerne (12)
orienteret i den foreskrevne vinkel (W) fikseres til armeringen (24), hvor fortrinsvis, for
fiksering af armeringen (24), mindst ¢én forskallingsveg (9) opferes pd den ferste

forskallingsbund (8).

8. Fremgangsmade ifelge et af de foregdende krav, kendetegnet ved, at
kerneelementakserne (21) orienteres drejet omkring en spids vinkel (W), navnlig omkring en
spids vinkel (W) pa op til 15°, i forhold til den vertikale i retningen af fundamentets midtpunkt
(30).

9. Fremgangsmade ifelge et af de foregdende krav, kendetegnet ved, at, efter
kerneelementerne (12) er fuldt positioneret 1 forhold til deres position og pa deres
kerneelementakse (21), én aktuel hejde af en evre kant (23) af kerneelementerne (12) maéles 1
hver tilfeelde, og ved, at, nar fundamentet (1) er stobt 1 beton, en maksimal fyldningshejde (FH)
af forskallingen (7) bestemmes ud fra de aktuelle hejder af de ovre kanter (23).

10.  Fremgangsméade ifelge et af de foreglende krav, kendetegnet ved, at, efter
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kerneelementerne (12) er fuldt justeret 1 forhold til deres position og deres
kerneelementleengdeakse (21), forskallingen (7) afsluttes og betonfundamentet (1) stebes,

hvorved mindst den ferste positioneringshjlp (13) danner en del af forskallingen (7).

11.  Betonfundament (1) til et ved hjelp af speendelementer (2) forspandt vindmelletarn (3),
navnlig til et cksternt forspendt vindmelletdrn (3) fremstillet af betonferdigdele (4),
kendetegnet ved, at betonfundamentet (1) fremstilles efter en fremgangsmade ifelge et af de

foregdende krav.

12.  Betonfundament (1) til et ved hjelp af speendelementer (2) forspandt vindmelletarn (3),
navnlig til et cksternt forspendt vindmelletdrn (3) fremstillet af betonferdigdele (4),
kendetegnet ved, at betonfundamentet (1) har indkapslingsrer (12) beregnet til spendelementer
(2), hvilke indkapslingsrer (12) er stebt ind 1 betonfundamentet (1) 1 fastgerelsespositioner (28)
til fastgorelse af vindmelletarnet (3), og spandelementerne er i hvert tilfelde udfert som

¢éndels- indkapslingsror (12) med et konstant tvaersnit.

13.  Vindmelletdrn (3), navnlig et vindmelletdrn (3) fremstillet af betonferdigdele (4), der
er forspaendt med spendelementer (2), navnlig eksternt forspendt, kendetegnet ved, at det har

et betonfundament (1) ifelge et af kravene 11 eller 12.

14.  Positioneringsanordning til justering af kerneelementer (12) i et betonfundament (1),
navnlig et betonfundament (1) til et vindmelletirn (3) forspandt ved hjzlp af spendelementer
(2), navnlig et cksternt forspandt vindmelletdrn (3) fremstillet af betonferdigdele (4),
kendetegnet ved, at positioneringsanordningen omfatter mindst én positioneringshjelp (13)
med en adapteranordning (16) til et kerneelement (12) og med mindst ét referencesegment
(17), navnlig en ansats (17a) til en madlereflektor (18) til kalibrering af den ferste
positioneringshjelp (13).

15.  Positioneringsanordning ifelge et det foregdende krav, kendetegnet ved, at den forste
positioneringshjaelp (13) fortrinsvis har et CNC-fraeeset volumenlegeme (14), der har en flad
monteringsoverflade (15) pa dets nedre side, og/eller hvori adapteranordningen (16) og/eller

det mindst ene referencesegment (17) er inkorporeret, fortrinsvis indfraeset, 1 den evre side.
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16.  Positioneringsanordning ifelge et af kravene 14 til 15, kendetegnet ved, at
positioneringsanordningen har en anden positioneringshjelp (19) med en anden
adapteranordning (20) til kerneelementet (12) og med mindst ét referencesegment (17), navnlig

en ansats (17a) til en mélereflektor (18) til kalibrering af den anden positioneringshjelp (19).

17.  Positioneringsanordning ifelge et af kravene 14 til 16, kendetegnet ved, at den forste
og/eller den anden adapteranordning (16, 20) til kerneelementet (12) i hvert tilfeelde er dannet af
et fremspring, der rager frem fra overfladen af den tilsvarende positioneringshjelp (13, 19),
hvorpd kerneelementet (12) kan fastgores, eller kan indsettes 1 kerneelementet (12), hvor
fortrinsvis mindst den ferste adapteranordning (16) til kerneelementet (12) er orienteret i en spids
vinkel (W) 1 forhold til den vinkelrette pa undersiden af positioneringshjelpens (13)
monteringsoverflade (15), navnlig i en spids vinkel (W) pé op til 15°.
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Fig. 1
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