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(67)  The invention relates to a method for providing
a foundation for a high-voltage electricity tower. The
method comprises the steps of excavating a pit in the
ground for receiving a ground foundation and forming the
ground foundation in the pit. The method comprises plac-
ing two or more tower foundations on the ground foun-
dation, in such away thatthe ground foundation connects
the tower foundations to one another across a distance.
The method comprises placing a high-voltage tower pile
on each of the tower foundations, wherein the high-volt-

age tower piles carry cable lines at a predetermined ori-
entation of the cable lines with respect to the high-voltage
tower piles. The ground foundation is provided with one
or more beams in abeam pattern. The method comprises
the step of determining the beam pattern. Determining
the beam pattern is based on a distribution of forces on
the ground foundation resulting from axial forces in the
cable lines and the orientation of the cable lines with re-
spect to the high-voltage tower piles.
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Description

[0001] The invention relates to a method for providing
a foundation for a high-voltage electricity tower, to a net-
work of high-voltage electricity towers provided with a
foundation and to a high-voltage electricity tower provid-
ed with a foundation.

[0002] High-voltage electricity towers, also referred to
as high-voltage power pylons, are used to support cable
lines, such as high-voltage cables through which elec-
tricity is transported from a first location to a second lo-
cation at high voltage.

[0003] High-voltage electricity towers are divided into:

* Angle towers: in this case, the cable line, viewed in
the horizontal plane, makes an angle. That is to say
that a longitudinal direction of an incoming section
of the cable line is at an angle to a longitudinal di-
rection of an outgoing section of a cable line, with
the incoming section and outgoing section belonging
to the same cable line.

e Suspension towers: in this case, the direction of the
incoming section of the cable line is identical to the
direction of the outgoing section of the cable line.

¢ Dead-end towers: in this case, the direction of the
incoming section of the cable line is also identical to
the direction of the outgoing section of the cable line,
but one of the sections of the cable line ends near
the tower.

[0004] Inthe Netherlands, most high-voltage electricity
towers are configured as lattice towers. These lattice tow-
ers are composed of a very large number (tens or hun-
dreds of) metal angle profiles, also referred to as lattices.
These angle profiles are attached to each other by means
of bolts. The bottom part of the lattice tower has four legs
which support the lattice tower on piles. The legs may be
short, but may also be very tall, so that agricultural vehi-
cles can pass under them. On top of this bottom part, the
so-called tower is placed, which is usually of a tapering
design, at least in the Netherlands. Arms are fitted to the
tower, also referred to as crossbars, which project on
either side of the tower and carry the cable lines.
[0005] In addition to lattice towers, there are also tube
towers, also called duct towers. The construction of tube
towers is in the shape of a pile, and they are referred to
in the remainder of this application as a high-voltage tow-
er pile. This high-voltage tower pile is provided with arms
from which the cable lines are suspended. The high-volt-
age tower pile is usually configured as a metal structure
which often, but not always, tapers. A recent further de-
velopment of the tube tower is the so-called Wintrack
tower. A single Wintrack tower consists of two high-volt-
age tower piles which, viewed in a direction at right angles
to the longitudinal direction of the cable lines, are ar-
ranged next to each other at a distance of approximately
8-20 metres apart.

[0006] The presentinventionrelates totubetowersand
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in particular to tube towers comprising two juxtaposed
high-voltage tower piles per tower.

[0007] High-voltage electricity towers are provided
with a foundation in the ground. In this case, the high-
voltage electricity tower has to be able to transmit the
forces exerted by the supported cable lines to the ground.
A good foundation or anchoring in the ground is therefore
necessary.

[0008] With regard to tube towers, it is known to first
excavate a pit in the ground and to place the foundation
of the tube tower therein. This pit, also known as a con-
struction pitand/or excavation, has to be sufficiently large
to accommodate a concrete foundation. It is known to
configure the foundation as a concrete slab which may,
in turn, be provided with a further foundation in the form
of piles. With high-voltage electricity towers comprising
two high-voltage tower piles per tower, such as the Win-
track tower, each high-voltage tower pile is provided with
a separate foundation in the form of a concrete slab,
which may, for example, be rectangular or circular and
have a diameter of 7.5 m (m = metre) and which may be
provided with a further foundation in the form of piles in
order to absorb the forces which are exerted on the foun-
dation by the high-voltage tower pile. With so-called an-
gle towers, the high-voltage tower piles may be too close
together to allow for a separate foundation slab for each
high-voltage tower pile and it is known to make use of a
single rectangular concrete foundation slab which may
or may not be provided with a further foundation in the
form of piles. Thus, a common foundation consisting of
a rectangular concrete slab of approximately 17 m x 11
mis known, comprising two tower foundations ata mutual
centre-to-centre distance of approximately 9 m.

[0009] A problem when providing a foundation for a
high-voltage electricity tower is that this is expensive and
time-consuming.

[0010] Inregions where groundwater rises to high lev-
els, there is the additional problem, when providing a
foundation for a high-voltage electricity tower, that the
excavation has to be dewatered continuously. During ex-
cavation, the pit fills with groundwater, which makes it
difficult to place the foundation slab. This is a significant
risk, in particular in regions where the groundwater rises
to high levels.

[0011] Notonly does groundwater collect in the pit, but
with clay soil there is the further problem of a significant
risk of the ground bursting. In particular with clay soil, for
example in low-lying polders, there is a so-called aquifer
underneath a sealing layer, often a clay layer. When dig-
ging is taking place, the load on the sealing layer is re-
duced and the aquifer may exert an upward pressure
which causes the ground to burst. As the water in the
aquifer is often salty, it is highly undesirable for this water
to end up in the fresh groundwater situated above it, as
this has drawbacks for public health. Authorities, such
as for example district water boards in the Netherlands,
put stringent requirements in place to prevent such burst-
ing. In the prior art, it is possible to reduce the water
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pressure underneath the sealing layer by means of so-
called vacuum-assisted dewatering. This is a costly so-
lution, in particular since the salt water cannot be dis-
charged everywhere, necessitating long transport lines
or ‘closed-circuit’ dewatering.

[0012] Itis an object of the presentinvention to provide
amethod for providing a foundation for high-voltage elec-
tricity towers, a network of high-voltage electricity towers
provided with a foundation, and a high-voltage electricity
tower provided with a foundation, in which one or more
of these problems are at least partially eliminated or to
at least provide a usable alternative for such a method,
such a network and such a high-voltage electricity tower,
respectively.

[0013] Itis aparticular objectof the invention to provide
a method and foundation for high-voltage electricity tow-
ers which makes is possible to produce the foundation
of high-voltage electricity towers in a less expensive and
quicker way and which can also be readily used in cases
where a ground layer comprises an aquifer.

[0014] According to the invention, this object is
achieved by the method for providing a foundation for
high-voltage electricity towers according to claim 1.
[0015] The method comprises the step of excavating
a pit in the ground for receiving a ground foundation. Ex-
cavating is also referred to as digging (out), in which case
the pit is an excavation or also an open excavation. The
term ’open’ is intended to refer to the fact that the top of
the pit is open, in such a manner that the ground foun-
dation can be received or placed. The ground may be of
any type, but is in particular clay soil with an aquifer sit-
uated underneath it.

[0016] The method furthermore comprises the step of
forming the ground foundation in the pit and placing two
or more tower foundations on the ground foundation, in
such away thatthe ground foundation connects the tower
foundations to one another across a distance. The tower
foundations are often placed a distance apart which is
significantly smaller than the distance between two high-
voltage electricity towers. The tower foundations are, for
example, cylindrical, but may also be shaped differently,
such as frustoconical or pyramidal, but may also be box-
shaped.

[0017] The method furthermore comprises the step of
placing a vertically oriented high-voltage tower pile on
each of the tower foundations.

[0018] The high-voltage tower piles carry the cable
lines at a predetermined orientation of a longitudinal di-
rection of the cable lines with respect to the high-voltage
tower piles. This is understood to mean that the cable
lines which are carried by the high-voltage tower piles
come in from a certain direction and exit in a certain di-
rection. This results in an orientation of the longitudinal
direction ofthe cable lines with respect to the high-voltage
tower piles. For example, the incoming direction is iden-
tical to the outgoing direction. This is the case with a so-
called suspension tower. In another example, the incom-
ing direction is notidentical to the outgoing direction. This
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is the case with a so-called angle tower.

[0019] The ground foundation is provided with one or
more beams in a beam pattern and the method further-
more comprises the step of determining the beam pat-
tern. Determining the beam pattern is based on a distri-
bution of forces on the ground foundation which results
from axial forces in the cable lines and the orientation of
the longitudinal direction of the cable lines with respect
to the high-voltage tower piles. The advantage of laying
a ground foundation in the form of beams in a beam pat-
tern compared to a foundation slab is that significantly
less soil has to be excavated and that the excavation is
significantly less wide. This makes it possible to provide
a foundation in a less expensive and quicker way. As
less soil has to be excavated, the risk of the ground burst-
ing is reduced. These advantages are made possible by
the fact that the beam pattern takes into account the load
or distribution of forces generated by or resulting from
the cable lines.

[0020] Due to their own weight, the cable lines which
are carried by the high-voltage tower piles exert an axial
force. This axial force has to be transmitted to the ground
via the high-voltage electricity tower, that is to say via the
high-voltage tower pile, the tower foundation and the
ground foundation. The way in which the axial force acts
on the high-voltage tower pile depends on the orientation
of the longitudinal direction of the cable lines with respect
to the high-voltage tower pile. Since this orientation is
known beforehand, it is therefore also possible to deter-
mine the beam pattern beforehand. Consequently, on
the one hand, a reduced pit to be excavated is possible
and, on the other hand, the ground foundation is suffi-
ciently large and strong to absorb the distribution of forces
resulting from the cable lines.

[0021] In an embodiment of the method for providing
afoundation for a high-voltage electricity tower according
to the invention, the method furthermore comprises the
step of producing one or more ground foundation troughs
and placing the ground foundation troughs in the pitin a
pattern, wherein the pattern of the ground foundation
troughs corresponds to the beam pattern. Subsequently,
concrete is poured into the ground foundation troughs in
order to form the ground foundation. This is particularly
advantageous, as this makes it possible to place the
ground foundation in situ more quickly and easily. The
ground foundation troughs form a skeleton of the ground
foundation, as it were. Several ground foundation troughs
can form the final desired shape of the ground foundation.
The ground foundation troughs may, for example, be in
the form of beams and be placed in such a manner that
the beam pattern is produced. In addition, due to their
own weight, the ground foundation troughs provide a di-
rect counterweight to the possible bursting of the ground.
Due to the fact that the ground foundation troughs can
be placed immediately after the pit has been excavated,
i.e. in the wet, it is even possible to immediately fill in the
ground next to the troughs. This results in a further re-
duction in costs and makes it possible to work more quick-
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ly.

[0022] The ground foundation troughs are preferably
open at the top and comprise side walls, which define a
shape of a beam, as well as a bottom. Preferably, the
ground foundation troughs are made of concrete. How-
ever, they may also be made of wood and/or steel.
[0023] The ground foundation troughs may be modular
and/or prefabricated.

[0024] In a particular embodiment, the bottom of the
ground foundation troughs has holes foraccommodating
piles.

[0025] In an embodiment of the method for providing
afoundation for a high-voltage electricity tower according
to the invention, the step of determining the beam pattern
comprises choosing a beam pattern having an I-shape,
in which the axial forces and the orientation of the longi-
tudinal direction of the cable lines correspond to those
at suspension towers. In this way, a suspension tower is
produced.

[0026] Theterml-shapeisunderstoodtomeanasingle
beam, preferably a slender and thin beam which has a
beam width which is equal to or smaller than a largest
diameter, viewed in the horizontal plane, of the tower
foundation.

[0027] More preferably, the beam width is equal to or
smaller than a smallest diameter, viewed in the horizontal
plane, of the tower foundation.

[0028] The corresponding beam pattern is such that it
comprises a single beam whose longitudinal direction is
at right angles to the longitudinal direction of the cable
lines. The advantage of such a beam pattern is that a
distribution of forces resulting from and originating from
cable lines which are oriented in such a way can be trans-
mitted to the ground foundation in an optimum manner
and that the ground foundation has a beam pattern which
makes it possible to excavate less soil.

[0029] In this case, viewed in the horizontal plane, the
cable line is at right angles to an imaginary perpendicular
bisector between a first high-voltage tower pile and a
second high-voltage tower pile. In particular, a suspen-
sion tower corresponds to a cable line having a longitu-
dinal direction which is, viewed in the horizontal plane,
at right angles to an imaginary perpendicular bisector
between two high-voltage tower piles. This results in a
firstbending moment on the high-voltage tower pile about
a first moment axis, in which the first moment axis is at
right angles to the imaginary perpendicular bisector
which extends parallel to the single beam between the
two high-voltage tower piles.

[0030] In an embodiment of the method for providing
afoundation for a high-voltage electricity tower according
to the invention, the step of determining the beam pattern
comprises choosing a beam pattern having an H-shaped
pattern, in which the axial forces and the orientation of
the longitudinal direction of the cable lines correspond to
those at dead-end towers. In this way, a high-voltage
electricity tower is produced which is a dead-end tower.
In this case, viewed in the horizontal plane, a cable line
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ends near the high-voltage tower pile. That is to say that
an incoming cable line exerts a greater axial force than
a corresponding outgoing cable line.

[0031] The dead-end tower is adapted to carry such a
cable line. In this case, the method preferably further-
more comprises the step of positioning the cable line on
the high-voltage tower pile at such an orientation. The
corresponding beam pattern is such that a first beam is
fitted in a longitudinal direction at right angles to the lon-
gitudinal direction of the incoming cable lines and a sec-
ond beam and third beam are fitted in a longitudinal di-
rection parallel to the longitudinal direction of the cable
lines.

[0032] The advantage of such a beam pattern is that
adistribution of forces resulting from and originating from
cable lines which are oriented in this way can be trans-
mitted to the ground foundation in an optimum manner
and that the ground foundation has a beam pattern which
makes it possible to excavate less soil.

[0033] In particular, a dead-end tower which is config-
ured in this way corresponds to a cable line which ends
near the dead-end tower, viewed in the horizontal plane.
This results in a second bending moment on the high-
voltage tower pile about a second moment axis, wherein
the second moment axis is parallel to an imaginary per-
pendicular bisector which extends parallel to the beam
pattern between two high-voltage tower piles.

[0034] In an embodiment of the method for providing
afoundation for a high-voltage electricity tower according
to the invention, the step of determining the beam pattern
comprises choosing a beam pattern having a cruciform
pattern, in which the axial forces and the orientation of
the longitudinal direction of the cable lines correspond to
those at angle towers. In this way, a high-voltage elec-
tricity tower is produced which is an angle tower. In this
case, the cable line, viewed in the horizontal plane,
makes an angle. Thatis to say that alongitudinal direction
of an incoming section of the cable line is at an angle to
a longitudinal direction of an outgoing section of a cable
line, with the incoming section and outgoing section be-
longing to the same cable line.

[0035] In this case, the angle tower is adapted to carry
such a cable line. In this case, the method preferably
furthermore comprises the step of positioning the cable
line on the high-voltage tower pile at such an orientation.
[0036] A cruciform pattern is understood to mean that
the beams form at least one cross. Preferably, the beam
pattern comprises two crosses which are connected to
each other by means of a leg of the two crosses, respec-
tively.

[0037] In particular, beams have been positioned in a
cruciform beam pattern underneath each separate tower
foundation, wherein the intersection of the cruciform
beam pattern coincides with an imaginary vertical axis
of the tower foundation, or the vertical axis of the respec-
tive high-voltage tower pile. As the high-voltage electricity
tower comprises two high-voltage tower piles, the re-
spective cruciformly positioned beams are integrally con-
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nected to each other. Preferably, the legs of the beams
are connected and form one integral elongate beam.
[0038] The advantage of such a beam pattern is that
a distribution of forces resulting from and originating from
cable lines which are oriented in this manner can be
transmitted to the ground foundation in an optimum man-
ner and that the ground foundation has a beam pattern
which makes it possible to excavate less soil.

[0039] In particular, an angle tower which is configured
in this way corresponds to a cable line which, viewed in
the horizontal plane, makes an angle with the high-volt-
age tower pile. This results in a third bending moment on
the high-voltage tower pile about a third moment axis and
a fourth bending moment on the high-voltage tower pile
about a fourth moment axis. The moment axes are at
right angles to and parallel to, respectively, the imaginary
perpendicular bisector which extends parallel to the
beam pattern between two high-voltage tower piles.
[0040] In an embodiment according to the method for
providing a foundation for a high-voltage electricity tower
according to the invention, each of the beams has abeam
length and beam width, viewed in a horizontal plane, in
which the beam width is smaller than a largest diameter
of ahorizontal foundation surface of the tower foundation.
This is particularly advantageous, as this minimizes an
amount of soil to be excavated. Currently, large founda-
tion slabs are used as ground foundation, but a lot of sail
has to be excavated for these. Slender, thin beams in a
beam pattern reduce the requirement to excavate. This
is not only quicker and less expensive, but also reduces
the risk of the ground bursting, as a result of which less
dewatering is required.

[0041] In an embodiment according to the method for
providing a foundation for a high-voltage electricity tower
according to the invention, the method furthermore com-
prises the step of ramming one or more piles into the
ground in order to support the ground foundation and
placing the ground foundation on a first end of the one
or more piles. The piles serve to anchor the ground foun-
dation into the ground. The piles are, for example, made
of wood, concrete and/or steel. The ground foundation
rests on one or more piles.

[0042] In afurther embodiment, the piles are arranged
inthe ground at an angle to the vertical such that a second
end of the one or more piles projects beyond an outer
periphery of the ground foundation, viewed in a vertical
plane.

[0043] In another embodiment, the one or more piles
are arranged in a centre of two tower foundations, viewed
in a vertical plane.

[0044] In an embodiment according to the method for
providing a foundation for a high-voltage electricity tower
according to the invention, the method furthermore com-
prises the steps of placing high-voltage electricity towers
at a mutual distance apart and mutually connecting high-
voltage electricity towers by cable lines which are carried
by the high-voltage electricity towers. Furthermore, the
method comprises providing a foundation for each of the
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high-voltage electricity towers according to one of the
above embodiments.

[0045] The invention furthermore relates to a network
of spaced-apart high-voltage electricity towers. In partic-
ular, these are high-voltage electricity towers which have
been installed according to the method of providing a
foundation according to one of the above embodiments.
[0046] The network comprises at least a first high-volt-
age electricity tower and a second high-voltage electricity
tower.

Each of the high-voltage electricity towers comprises two
or more spaced-apart vertically oriented high-voltage
tower piles which can carry cable lines.

[0047] Furthermore, each of the high-voltage electric-
ity towers comprises tower foundations placed under-
neath the respective high-voltage tower piles in order to
support the high-voltage tower piles.

[0048] The high-voltage electricity towers also com-
prise a ground foundation placed underneath the tower
foundations in order to connect the two or more tower
foundations to each other across a distance, with the
tower foundations resting on the ground foundation. The
first high-voltage electricity tower is connected to the sec-
ond high-voltage electricity tower by means of the cable
lines, a longitudinal direction of the cable lines being ori-
ented with respect to the high-voltage tower piles of the
first and the second high-voltage electricity tower.
[0049] The ground foundation of each of the high-volt-
age electricity towers comprises one or more beams in
a beam pattern, the beam pattern being based on a dis-
tribution of forces resulting from and originating from the
orientation of the longitudinal direction of the cable lines
with respect to the high-voltage tower piles. This is ad-
vantageous because this reduces the amount of soil
which has to be excavated in order to accommodate the
ground foundation therein. This makes it possible to pro-
duce the foundation of the high-voltage electricity towers
in a less expensive and quicker way. In addition, such
high-voltage electricity towers can be installed quickly
and inexpensively in a soil layer above an aquifer, as less
vacuum-assisted dewatering which reduces the pres-
sure in the aquifer is required as the ground foundation
is reduced.

[0050] Inanembodiment of a network according to the
invention, each of the beams, viewed in the horizontal
plane, has a beam length and beam width, and the beam
width is smaller than a largest diameter of a horizontal
foundation surface of the tower foundation. This has the
advantage that the ground foundation can be reduced in
size even further. In addition, itis possible to dig trenches
which form the pit. Digging trenches has the advantage
that undesired excavation of soil can be prevented more
efficiently, or that soil situated between the trenches can
be left in situ and does not have to be excavated.
[0051] Inanembodiment of a network according to the
invention, each of the high-voltage tower piles is tubular.
In this case, a horizontal foundation surface of the tower
foundation is larger than the cross-sectional surface of
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the high-voltage tower pile. This has the advantage that
the transmission of forces from the high-voltage tower
pile to the tower foundation is improved.

[0052] Inanembodiment of a network according to the
invention, in which the high-voltage tower piles can carry
one or more cable lines, the longitudinal direction of the
cable lines, viewed in the horizontal plane, is at right an-
gles to an imaginary perpendicular bisector which ex-
tends parallel to the single beam between a first high-
voltage tower pile and a second high-voltage tower pile.
The ground foundation comprises a single beam having
a longitudinal direction at right angles to the longitudinal
direction of the cable lines. This has the advantage that
a very significant reduction in the size of the ground foun-
dation is possible with suspension towers.

[0053] According to a further embodiment, the beam
pattern of the ground foundation is I-shaped. The corre-
sponding high-voltage electricity tower is a suspension
tower.

[0054] In another embodiment of a network according
to the invention, in which the high-voltage tower piles can
carry one or more cable lines, a separate cable line,
viewed in the horizontal plane, ends near the high-volt-
age tower pile. The corresponding ground foundation
comprises several beams. The beam pattern is such that
a first beam is arranged in a longitudinal direction at right
angles to the longitudinal direction of an incoming section
of the cable line, and a second beam and third beam are
arranged in a longitudinal direction parallel to the longi-
tudinal direction of the cable lines. In this case, the axial
forces in the incoming section of the cable line are greater
than the axial forces in the outgoing section of the cable
line. The reason for this is that the outgoing section of
the cable line is configured to end near the high-voltage
electricity tower. This has the advantage that a reduction
in the size of the ground foundation is possible with dead-
end towers.

[0055] According to a further embodiment, the beam
pattern of the ground foundation is H-shaped in this case.
The corresponding high-voltage electricity tower is a
dead-end tower.

[0056] Inyetanother embodiment of a network accord-
ing to the invention, in which the high-voltage tower piles
can carry one or more cable lines, a separate cable line
makes an angle, viewed in the horizontal plane. The cor-
responding ground foundation comprises several
beams. The beam pattern is such that a first beam is
arranged in a longitudinal direction at right angles to the
longitudinal direction of an incoming section of the cable
line. A second beam and third beam are arranged in a
longitudinal direction at right angles to the longitudinal
direction of the first beam. This has the advantage that
areduction in the size of the ground foundation is possible
with angle towers.

[0057] According to a further embodiment, the beam
pattern of the ground foundation is cruciform in this case.
The corresponding high-voltage electricity tower is an
angle tower.
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[0058] In an embodiment, the lowest point of the
ground foundations is situated at 1.5 m below a ground
surface.

[0059] Inanembodiment of a network according to the
invention, the tower foundation has a horizontal radial
periphery smaller than the respective tube diameter in-
creased by half the respective tube diameter. In particu-
lar, the tower foundation has a horizontal radial periphery
smaller than the respective tube diameter increased by
2.0m.

[0060] Inanembodiment of a network according to the
invention, the tube diameters of the high-voltage tower
piles are of equal size.

[0061] Inanembodiment of a network according to the
invention, each of the high-voltage electricity towers fur-
thermore comprises one or more piles anchored in the
ground in order to support the ground foundation, with
the ground foundation resting on the one or more piles.
In a further embodiment, the piles are arranged in the
ground at an angle to the vertical such that a second end
of the one or more piles projects beyond an outer periph-
ery of the ground foundation, viewed in a vertical plane.
In an alternative further embodiment, the one or more
piles are arranged in a centre of two tower foundations,
viewed in a vertical plane.

[0062] In an alternative further embodiment, the one
or more piles are arranged in the ground at an angle to
the vertical based on the orientation of the longitudinal
direction of the cable lines with respect to the high-voltage
tower piles.

[0063] Theinventionfurthermore relates to a high-volt-
age electricity tower provided with afoundation according
to claim 16.

[0064] Further embodiments of the invention are de-
fined in the dependent claims.

[0065] Some embodiments of the invention will be ex-
plained in more detail by means of the attached figures,
in which:

Figure 1 shows a top view of a foundation of a high-
voltage electricity tower according to a first embod-
iment according to the invention;

Figures 2a and 2b show a front view and a side view,
respectively, of a foundation of a high-voltage elec-
tricity tower according to the first embodiment ac-
cording to the invention;

Figure 3 shows cable lines carried by a high-voltage
electricity tower according to the first embodiment
according to the invention;

Figure 4 shows a top view of a foundation of a high-
voltage electricity tower according to a second em-
bodiment according to the invention;

Figure 5 shows a side view of a foundation of a high-
voltage electricity tower according to the second em-
bodiment according to the invention;

Figure 6 shows cable lines carried by a high-voltage
electricity tower according to the third embodiment
according to the invention,
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Figure 7 shows a top view of a foundation of a high-
voltage electricity tower according to a third embod-
iment according to the invention;

Figure 8 shows a front view of a foundation of a high-
voltage electricity tower according to the third em-
bodiment according to the invention; and

Figure 9 shows cable lines carried by a high-voltage
electricity tower according to the third embodiment
according to the invention.

[0066] Figure 1 shows a ground foundation 7 with two
tower foundations 4a, 4b arranged thereon according to
a first embodiment. This is the result of a method for
providing a foundation for a high-voltage electricity tower.
[0067] The method comprises the step of digging a pit
3 in the ground 9, as is shown more clearly in Fig. 2,
which shows a front and side view. The ground founda-
tion 7 is accommodated in the pit 3.

[0068] Digging the pitis carried out in such a way that
the pit is not significantly larger than the dimensions of
the ground foundation 7.

[0069] The ground foundation 7 is formed in the pit 3.
This can be effected by placing the entire ground foun-
dation 7 in the pit, but is preferably effected by first pro-
viding ground foundation troughs which are subsequent-
ly filled with concrete. These ground foundation troughs
are preferably prefabricated, so that they can easily be
placed in situ in the pit 3. The pattern of the ground foun-
dation troughs corresponds to the beam pattern of the
ground foundation 3. After the ground foundation troughs
have been placed, they are filled with concrete in order
to form the ground foundation 3.

[0070] On the ground foundation, two or more tower
foundations 4a, 4b are placed. Here, a first tower foun-
dation 4a and a second tower foundation 4b are placed
on the ground foundation 3. The ground foundation 3
connects the tower foundations 4a, 4b to each other
across a distance.

[0071] As is illustrated in Fig. 2, a vertically oriented
high-voltage tower pile 10a, 10b is placed both on the
first and the second tower foundation 4a, 4b. The high-
voltage tower piles 10a, 10b carry cable lines 20a, 21 a;
20b, 21 b, as illustrated in Figure 3. The cable lines 20a,
21 a; 20b, 21 b have a predetermined orientation of a
longitudinal direction of the cable lines with respect to
the high-voltage tower piles 10a, 10b.

[0072] The ground foundation 3 is provided with one
or more beams 11 in a beam pattern which, in the em-
bodiment according to Figs. 1-3, consists of a single
beam 11 and which, in the embodiments according to
Figs. 4-9, consists of several beams. The method com-
prises the step of determining the beam pattern, with de-
termining the beam pattern being based on the distribu-
tion of forces on the ground foundation 3 resulting from
axial forces in the cable lines 20a, 21 a, 20b, 21 b and
the orientation of the longitudinal direction of the cable
lines 20a, 21 a, 20b, 21 b with respect to the high-voltage
tower piles 10a, 10b.
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[0073] Inafirstembodimentaccording to the invention,
a so-called suspension tower is installed, that is to say
the foundation for the suspension tower is placed in a
construction pit 3. This is illustrated in Figures 1 and 2.
The associated orientation of the cable lines 20a, 20b is
illustrated in Figure 3.

[0074] The method for providing a foundation for the
suspension tower comprises selecting a beam pattern
having an |-shape during the step of determining the
beam pattern. This is illustrated in Figure 1. The orienta-
tion of the longitudinal direction of the cable lines 20a,
20b corresponds to the orientation in the case of the sus-
pension towers, as illustrated in Figure 3.

[0075] In Figure 3, a first cable line 20a is carried by a
first high-voltage tower pile 10a and a second cable line
20b is carried by a second high-voltage tower pile 10b.
Although the high-voltage tower piles 10a, 10b are not
illustrated in Figure 3, the corresponding tower founda-
tions 4a, 4b are illustrated.

[0076] With the suspension tower, viewed in the hori-
zontal plane, the longitudinal direction of the cable lines
20a, 21 a; 20b, 21 b is situated at right angles to an im-
aginary perpendicular bisector 12 between the first and
the second high-voltage tower piles 10a, 10b. This results
in a bending moment on the first high-voltage tower pile
10a about a moment axis which is at right angles to the
imaginary perpendicular bisector 12 between the firstand
the second high-voltage tower pile 10a, 10b. The same
analogously applies to the second cable line 20a and
corresponding second high-voltage tower pile 10b.
[0077] With the suspension tower, the axial forces in
the cable lines 20a, 21 a; 20a, 20b are such that they do
not generate a bending moment about a moment axis
which is situated parallel to the imaginary perpendicular
bisector 12 between the first and the second high-voltage
tower pile 10a, 10b. The axial forces of an incoming sec-
tion 20a, 20b and an outgoing section 21 a, 21 b of the
cable lines cancel each other out.

[0078] Inaccordance with a beam pattern having a sin-
gle beam 11, the ground foundation 7 is such that the
bending moment, whose moment axis is at right angles
to the imaginary perpendicular bisector 12 between the
first and the second high-voltage tower pile 10a, 10b, can
be absorbed by the ground foundation 7. In this case,
the longitudinal direction of the single beam 11 is situated
parallel to the abovementioned perpendicular bisector
12.

[0079] Figures 1, 2a, 2b and 3 show a so-called sus-
pension tower, at least a foundation and associated ori-
entation of cable lines are illustrated which correspond
to that at a suspension tower.

[0080] In a second embodiment according to the in-
vention, a so-called dead-end tower is installed, that is
to say the foundation of the dead-end tower is placed in
a construction pit 103. This is illustrated in Figures 4 and
5. The associated orientation of the cable lines 120a, 121
a, 120b, 121 b is illustrated in Figure 6. Components of
the second embodiment which are similar to components
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in the first embodiment are denoted by the same refer-
ence numeral, but increased by 100. The advantages
and description of components with the first embodiment
accordingly also apply to the second embodiment.
[0081] The method for providing a foundation for the
dead-end tower comprises choosing a beam pattern hav-
ing an H-shaped pattern during the step of determining
the beam pattern. This is illustrated in Figure 4. The ori-
entation of the longitudinal direction of the cable lines
120a, 121 a, 120b, 121 b corresponds to the orientation
of the dead-end towers, as illustrated in Figure 6.
[0082] With the dead-end tower, the cable line 120a,
121a, 120b, 121 b ends near the dead-end tower, viewed
in the horizontal plane, which results in a bending mo-
ment on the high-voltage tower pile 110a, 110b about a
moment axis which runs parallel to the imaginary per-
pendicular bisector 112 between the two high-voltage
tower piles 110a, 110b.

[0083] Figure 6 shows two cable lines, a first cable line
120a, 121 a and a second cable line 120b, 121 b which
are oriented with respect to a first high-voltage tower pile
110a and a second high-voltage tower pile 110b, respec-
tively. The respective first tower foundation 104a and
second tower foundation 104b are also illustrated in Fig-
ure 6.

[0084] The first cable line 120a, 121 a consists of an
incoming section 120a and an outgoing section 121 a.
Axial forces in the incoming section are smaller than the
axial forces in the outgoing section 121 a. The reason
for this is that the incoming section 120a is smaller be-
cause it ends. A smaller incoming section 120a means
less weight and thus smaller axial forces.

[0085] Therefore, the resulting bending moment in the
high-voltage tower pile 110a has to be transmitted to the
ground via the ground foundation 107. As a consequence
thereof, an H-shaped pattern is chosen during the selec-
tion of the beam pattern, as a result of which the ground
foundation 107 can absorb the bending moment.
Figures 4, 5 and 6 show a so-called dead-end tower, at
least a foundation and associated orientation of cable
lines are illustrated which correspond to those at a dead-
end tower.

[0086] In a third embodiment according to the inven-
tion, a so-called angle tower is installed, that is to say the
foundation of the angle tower is placed in a construction
pit 203. This is illustrated in Figures 7 and 8. The asso-
ciated orientation of the cable lines 220a, 220b is illus-
trated in Figure 9. Components of the third embodiment
which are similar to components in the preceding em-
bodiments are denoted by the same reference numeral,
but increased by a multiple of 100, i.e. starting with 200.
The advantages and description of components of the
preceding embodiment accordingly also apply to the third
embodiment.

[0087] In Figures 7, 8 and 9, the beam pattern is cru-
ciform, i.e. the beams 211 a, 211 b, 211 c, viewed in a
horizontal plane, have a cruciform pattern, as can be
seen in Figure 7 and Figure 9. Here, the axial forces and
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the orientation of the longitudinal direction of the cable
lines correspond to those at so-called angle towers,
which carry cable lines 220a, 221 a, 220b, 221 b, as
illustrated in Figure 9.

[0088] A first cable line 220a, 221 a consists of an in-
coming section 220a of the cable line and an outgoing
section 221 a of the cable line. The incoming section
220a of the cable line makes an angle with the outgoing
section 221 aofthe cable line. This results in a distribution
of forces on the high-voltage tower pile 210a and there-
fore on the ground foundation 203. The distribution of
forces is absorbed by the ground foundation 203 by the
beam pattern comprising the beams 211 a,211 b, 211 c.
[0089] The above has the advantage that the beam
pattern is such that the amount of soil to be excavated
to produce the pit 203 is minimized, while the distribution
of forces can be absorbed to a sufficient degree by the
tower foundation 203.

[0090] In addition, it is possible to dig out trench-
shaped pits which correspond to the beam pattern, in-
stead of a large pit. As a result thereof, it is possible to
prevent aquifers underneath a sealing soil layer from be-
ing penetrated.

[0091] Figures7,8and9show aso-called angle tower,
at least a foundation and associated orientation of cable
lines are illustrated which correspond to those at anangle
tower.

[0092] Itis particularly advantageous for all preceding
embodiments that the beam width is smaller than a larg-
est diameter of a horizontal foundation surface of the
tower foundation 4a, 4b, 104a, 104b, 204a, 204b. For
each beam 11,111 a, 111 b, 111c¢,211a, 211 b, 211 ¢,
the beam length and beam width are defined as lying in
a horizontal plane.

[0093] For all preceding embodiments, it is also par-
ticularly advantageous that the method furthermore com-
prises the step of ramming one or more piles 5a, 5b,
105a, 205ainto the ground in order to support the ground
foundation 7, 107, 207. In this case, the ground founda-
tion 7, 107, 207 is placed on a first end of the one or more
piles 5a, 5b, 105a, 205a. In this case, the ground foun-
dation 7, 107, 207 rests on the one or more piles 5a, 5b,
105a, 205a.

[0094] In particular, piles 5a, 105a, 205a are arranged
in the ground at an angle to the vertical, such that a sec-
ond end of the one or more piles 5a, 105a, 205a projects
beyond an outer periphery of the ground foundation,
viewed in a vertical plane. This can be seen in the front
and side views of Figures 2a, 2b, 5, and 8.

[0095] Furthermore, in particular one or more piles 5b
are arranged in a centre of two tower foundations, viewed
in a vertical plane. This can be seen in the front and side
views in Figures 2a and 2b, in which one pile 5a is ar-
ranged centrally between the first tower foundation 4a
and the second tower foundation 4b of the first embodi-
ment.

[0096] Many variants are possible in addition to the
illustrated embodiments. Thus, itis for example possible
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to combine all embodiments with each other, depending
on whether certain advantages are desired.

[0097] Thus, a method for providing a foundation for
high-voltage electricity towers is obtained, in which the
risk of the ground bursting is reduced, less soil has to be
excavated, and in which less vacuum-assisted dewater-
ing has to be used. These advantages are, in particular,
the result of a smaller ground foundation, the smaller
dimensions of which are made possible by the fact that
a distribution of forces of cable lines on the high-voltage
tower pile has been taken into account.

[0098] The presentinvention and embodiments there-
of can also be expressed as indicated in the clauses be-
low:

1] Method for providing a foundation for a high-volt-
age electricity tower, comprising the following steps:

e excavating a pit in the ground for receiving a
ground foundation;

e forming the ground foundation in the pit;

e placing two or more tower foundations on the
ground foundation, in such a way that the ground
foundation connects the tower foundations to
one another across a distance;

* placing a vertically oriented high-voltage tower
pile on each of the tower foundations, wherein
the high-voltage tower piles carry cable lines at
a predetermined orientation of a longitudinal di-
rection of the cable lines with respect to the high-
voltage tower piles characterized by the fact that
the ground foundation is provided with one or
more beams in a beam pattern and the method
furthermore comprises the step of determining
the beam pattern, in which determining the
beam pattern is based on a distribution of forces
on the ground foundation resulting from axial
forces in the cable lines and the orientation of
the longitudinal direction of the cable lines with
respect to the high-voltage tower piles.

2] Method for providing a foundation for a high-volt-
age electricity tower according to one of the preced-
ing clauses, in which the method furthermore com-
prises the following step:

e producing one or more ground foundation
troughs;

* placing the ground foundation troughs in the pit
in a pattern, wherein the pattern of the ground
foundation troughs corresponds to the beam
pattern;

e pouring concrete into the ground foundation
troughs in order to form the ground foundation.

3] Method for providing a foundation for a high-volt-
age electricity tower, being a suspension tower, ac-
cording to one of the preceding clauses, in which the
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step of determining the beam pattern comprises
choosing a beam pattern having a |-shape, in which
the axial forces and the orientation of the longitudinal
direction of the cable lines correspond to those at
suspension towers.

4] Method according to the preceding clause, in
which suspension towers correspond to a cable line
having a longitudinal direction which is, viewed in
the horizontal plane, at right angles to an imaginary
perpendicular bisector between two high-voltage
tower piles, resulting in a first bending moment on
the high-voltage tower pile about a first moment axis,
in which the first moment axis is at right angles to
the imaginary perpendicular bisector between the
two high-voltage tower piles.

5] Method for providing a foundation for a high-volt-
age electricity tower, being a dead-end tower, ac-
cording to one of the preceding clauses, in which the
step of determining the beam pattern comprises
choosing a beam pattern having an H-shaped pat-
tern, in which the axial forces and the orientation of
the longitudinal direction of the cable lines corre-
spond to those at dead-end towers.

6] Method according to the preceding clause, in
which dead-end towers correspond to a cable line
which ends near the dead-end tower, viewed in the
horizontal plane, resulting in a second bending mo-
ment on the high-voltage tower pile about a second
moment axis, wherein the second moment axis is
parallel is to an imaginary perpendicular bisector be-
tween two high-voltage tower piles.

7] Method for providing a foundation for a high-volt-
age electricity tower, being an angle tower, accord-
ing to one of the preceding clauses, in which the step
of determining the beam pattern comprises choosing
a beam pattern having a cruciform pattern, wherein
the axial forces and the orientation of the longitudinal
direction of the cable lines correspond to those at
angle towers.

8] Method according to the preceding clause, in
which angle towers correspond to a cable line which,
viewed in the horizontal plane, makes an angle with
respect to the high-voltage tower pile, resulting in a
third bending moment on the high-voltage tower pile
about a third moment axis and a fourth bending mo-
ment on the high-voltage tower pile about a fourth
moment axis, in which the moment axes are at right
angles to or parallel to an imaginary perpendicular
bisector between two high-voltage tower piles.

9] Method according to one of the preceding clauses,
in which each of the beams is provided with a beam
length and beam width, viewed in a horizontal plane,
the beam width being smaller than a largest diameter
of a horizontal foundation surface of the tower foun-
dation.

10] Method according to one of the preceding claus-
es, in which the method furthermore comprises the
following step:
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* ramming one or more piles into the ground in
order to support the ground foundation;

e placing the ground foundation on a first end of
the one or more piles, with the ground foundation
resting on the one or more piles, wherein the
piles are arranged in the ground at an angle to
the vertical such that a second end of the one
or more piles projects beyond an outer periphery
of the ground foundation, viewed in a vertical
plane.

11] Method according to one of the preceding claus-
es, in which the method furthermore comprises the
following step:

* ramming one or more piles into the ground in
order to support the ground foundation;

e placing the ground foundation on a first end of
the one or more piles, with the ground foundation
resting on the one or more piles, wherein the
one or more piles are arranged in a centre of
two tower foundations, viewed in a vertical
plane.

12] Method for producing a network of high-voltage
electricity towers, comprising the following steps:

* placing high-voltage electricity towers at a dis-
tance apart;

e connecting high-voltage electricity towers to
each other by cable lines which are carried by
the high-voltage electricity towers;

*  providing a foundation for each of the high-volt-
age electricity towers according to one of the
preceding clauses.

13] Network of spaced-apart high-voltage electricity
towers, in particular high-voltage electricity towers
provided with a foundation according to one of the
preceding clauses, in which the network comprises
a first high-voltage electricity tower and a second
high-voltage electricity tower, in which each of the
high-voltage electricity towers comprises:

e two or more spaced-apart vertically oriented
high-voltage tower piles which can carry cable
lines;

e tower foundations placed underneath the re-
spective high-voltage tower piles in order to sup-
port the high-voltage tower piles,

e aground foundation placed underneath the tow-
er foundations in order to connect the two or
more tower foundations to one another across
a distance, with the tower foundations resting
on the ground foundation, wherein the first high-
voltage electricity tower is connected to the sec-
ond high-voltage electricity tower by means of
the cable lines, a longitudinal direction of the ca-
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ble lines being oriented with respect to the high-
voltage tower piles of the first and the second
high-voltage electricity tower, characterized in
that the ground foundation of each of the high-
voltage electricity towers comprises one or more
beams in a beam pattern, the beam pattern be-
ing based on a distribution of forces resulting
from the orientation of the longitudinal direction
ofthe cable lines with respect to the high-voltage
tower piles.

14] Network according to one of the preceding claus-
es, in which each of the beams is provided with a
beam length and beam width, viewed in a horizontal
plane, the beam width being smaller than a largest
diameter of a horizontal foundation surface of the
tower foundation.

15] Network according to one of the preceding claus-
es, in which each of the high-voltage tower piles is
tubular and has a cross-sectional surface and in
which a horizontal foundation surface of the tower
foundation is greater than the cross-sectional sur-
face of the high-voltage tower pile.

16] Network according to one of the preceding claus-
es, in which the high-voltage tower piles can carry
one or more cable lines, in which a longitudinal di-
rection of the cable lines, viewed in the horizontal
plane, is at right angles to an imaginary perpendic-
ular bisector between a first high-voltage tower pile
and a second high-voltage tower pile, in which the
ground foundation comprises a single beam having
a longitudinal direction at right angles to the longitu-
dinal direction of the cable lines.

17] Network according to the preceding clause, in
which the beam pattern of the ground foundation is
I-shaped and the corresponding high-voltage elec-
tricity tower is a suspension tower.

18] Network according to one of the preceding claus-
es, in which the high-voltage tower piles can carry
one or more cable lines, in which a separate cable
line makes an angle, viewed in the horizontal plane,
in which the ground foundation comprises several
beams, in which the beam pattern is such that a first
beam is arranged in a longitudinal direction at right
angles to the longitudinal direction of an incoming
cable line and a second beam is arranged in a lon-
gitudinal direction at right angles to the longitudinal
direction of an outgoing cable line.

19] Network according to the preceding clause, in
which the beam pattern of the ground foundation is
cruciform and the corresponding high-voltage elec-
tricity tower is an angle tower.

20] Network according to one of the preceding claus-
es, in which the high-voltage tower piles can carry
one or more cable lines, in which a separate cable
line ends near the high-voltage tower pile, viewed in
the horizontal plane, in which the ground foundation
comprises several beams, in which the beam pattern
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is such that a first beam is arranged in a longitudinal
direction at right angles to the longitudinal direction
of an incoming cable line and a second beam is ar-
ranged in a longitudinal direction at right angles to
the longitudinal direction of an outgoing cable line.
21] Network according to the preceding clause, in
which the beam pattern of the ground foundation is
H-shaped and the corresponding high-voltage elec-
tricity tower is a dead-end tower.

22] Network according to one of the preceding claus-
es, in which a lowest point of the ground foundations
is situated at 1.5 m under a ground surface.

23] Network according to one of the preceding claus-
es, in which the tower foundation has a horizontal
radial periphery smaller than the respective tube di-
ameter increased by half the respective tube diam-
eter, in particular has a horizontal radial periphery
smaller than the respective tube diameter increased
by 2.0 m.

24] Network according to one of the preceding claus-
es, in which the tube diameters of the high-voltage
tower piles are of equal size.

25] Network according to one of the preceding claus-
es, in which each of the high-voltage electricity tow-
ers furthermore comprises:

e one or more piles anchored in the ground in or-
der to support the ground foundation, with the
ground foundation resting on the one or more
piles and with the piles being arranged in the
ground at an angle to the vertical such that a
second end of the one or more piles projects
beyond an outer periphery of the ground foun-
dation, viewed in a vertical plane.

26] Network according to one of the preceding claus-
es, in which each of the high-voltage electricity tow-
ers furthermore comprises:

e one or more piles anchored in the ground in or-
der to support the ground foundation, with the
ground foundation resting on the one or more
piles and with the one or more piles being ar-
ranged in a centre of two tower foundations,
viewed in a vertical plane.

27] Network according to one of the preceding claus-
es, in which each of the high-voltage electricity tow-
ers furthermore comprises:

* one or more piles anchored in the ground in or-
der to support the ground foundation, with the
ground foundation resting on the one or more
piles and with the piles being arranged in the
ground at an angle to the vertical depending on
the orientation of the longitudinal direction of the
cable lines with respect to the high-voltage tower
piles.
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28] High-voltage electricity tower provided with a
foundation, comprising:

* two spaced-apart vertically oriented high-volt-
age tower piles 10a, 10b; 110a, 110b; 210a,
210bwhich can carry cable lines 20a, 20b; 120a,
120b; 220a, 220b;

* twotowerfoundations 4a, 4b; 104a, 104b; 204a,
204b, each placed underneath said respective
high-voltage tower pile 10a, 10b; 110a, 110b;
210a, 210b in order to support the high-voltage
tower piles 10a, 10b; 110a, 110b; 210a, 210b,

e aground foundation 7; 107; 207 placed under-
neath the tower foundations 4a, 4b; 104a, 104b;
204a, 204b, in which the ground foundation 7;
107; 207 connects the spaced-apart tower foun-
dations 4a, 4b; 104a, 104b; 204a, 204b to one
another, in which the tower foundations 4a, 4b;
10443, 104b; 204a, 204b rest on the ground foun-
dation 7; 107; 207, characterized in that the
ground foundation 7; 107; 207 comprises one
or more beams 11; 111a, 111b, 111c; 211a,
211b, 211c in a beam pattern.

29] High-voltage electricity tower according to clause
28, in which the beam pattern comprises a first beam
11; 111a; 211a which connects the two tower foun-
dations 4a, 4b; 104a, 104b, 204a, 204b to one an-
other.

30] High-voltage electricity tower according to clause
29, in which the beam pattern comprises a second
beam 111b; 211b whichintersects with the first beam
111a; 211a in a direction at right angles to the lon-
gitudinal direction of the first beam 111a; 211a, and
comprises a third beam 111c¢; 211c which intersects
with the first beam 111a; 211a in a direction at right
angles to the longitudinal direction of the first beam
111a; 211a, and in which the one tower foundation
is placed at the intersection of the first beam 111a;
211aandthe secondbeam 111b;211b and the other
tower foundation is placed at the intersection of the
firstbeam 111a;211aandthe thirdbeam 111c;211c.
31]High-voltage electricity tower according to clause
30, in which the first beam 211a, the second beam
211b and the third beam 211c together form a beam
pattern comprising two crosses.

32] High-voltage electricity tower according to clause
30, in which the first beam 111a, the second beam
111b and the third beam 111c together form an H-
shaped beam pattern.

33] High-voltage electricity tower according to clause
29, in which the beam pattern consists of said single
first beam 11.

34] High-voltage electricity tower according to one
of clauses 28-33, in which each of the beams 11;
111a, 111b, 111c; 211a, 211b, 211c of the beam
pattern has a beam length and a beam width, and in
which the beam width, viewed in the horizontal plane,
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is smaller than a largest diameter of the tower foun-
dation 4a, 4b; 104a, 104b; 204a, 204b.

Claims

Method for providing a foundation for a high-voltage
electricity tower comprising two or more high-voltage
tower piles (10a, 10b; 110a, 110b; 210a, 210b), com-
prising the following steps:

* excavating a pit (3; 103; 203) in the ground (9;
109; 209) for receiving a ground foundation (7;
107; 207);

« forming the ground foundation (7; 107; 207) in
the pit (3; 103; 203);

* placing two or more tower foundations (4a, 4b;
104a, 104b; 204a, 204b) on the ground founda-
tion (7; 107; 207), in such a way that the ground
foundation (7; 107; 207) connects the tower
foundations (4a, 4b; 104a, 104b; 204a, 204b) to
one another across a distance;

* placing a vertically oriented high-voltage tower
pile (10a, 10b; 110a, 110b; 210a, 210b) on each
of the tower foundations (4a, 4b; 104a, 104b;
204a, 204b), wherein the high-voltage tower
piles (10a, 10b; 110a, 110b; 210a, 210b) carry
cable lines (20a, 20b; 120a, 120b; 220a, 220b)
at a predetermined orientation of a longitudinal
direction of the cable lines (20a, 20b, 21a, 21b;
120a, 120b, 121a, 121b; 220a, 220b, 221a, 221
b) with respect to the high-voltage tower piles
(10a, 10b; 110a, 110b; 210a, 210b) character-
ized in that the ground foundation (7; 107; 207)
is provided with one or more beams (11, 111a,
111b,111c,211a,211b, 211c) in abeam pattern
and the method furthermore comprises the step
of determining the beam pattern, in which the
beam pattern is determined based on a distri-
bution of forces on the ground foundation (7;
107; 207) originating from the cable lines (20a,
20b; 120a, 120b; 220a, 220b) or resulting from
axial forces in the cable lines (20a, 20b, 21a,
21b; 120a, 120b, 121a, 12b; 220a, 220b, 221a,
221b) and the orientation of the longitudinal di-
rection of the cable lines (20a, 20b, 21a, 21b;
120a, 120b, 121a, 121b; 220a, 220b, 221a,
221b) with respect to the high-voltage tower
piles (10a, 10b; 110a, 110b; 210a, 210b).

2. Method for providing a foundation for a high-voltage

electricity tower according to claim 1, in which the
method furthermore comprises the following step:

» producing one or more ground foundation
troughs;

* placing the ground foundation troughs in the
pit (3; 103; 203) in a pattern, wherein the pattern
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of the ground foundation troughs corresponds
to the beam pattern;

* pouring concrete into the ground foundation
troughs in order to form the ground foundation
(7; 107; 207).

Method for providing a foundation for a high-voltage
electricity tower according to one of claims 1-2, in
which the step of determining the beam pattern com-
prises choosing a beam pattern having a |-shape, in
which the axial forces and the orientation of the lon-
gitudinal direction of the cable lines (20a, 20b, 21 a,
21 b) correspond to those at suspension towers.

Method for providing a foundation for a high-voltage
electricity tower according to one of claims 1-2, in
which the high-voltage electricity tower to be provid-
ed with a foundation is a dead-end tower comprising
two spaced-apart high-voltage tower piles (110a,
110b), in which the step of determining the beam
pattern comprises choosing a beam pattern having
an H-shaped pattern, in which the axial forces and
the orientation of the longitudinal direction of the ca-
ble lines (120a, 120b, 121 a, 121 b) correspond to
those at dead-end towers.

Method for providing a foundation for a high-voltage
electricity tower, according to one of the preceding
claims, in which the high-voltage electricity tower to
be provided with a foundation is an angle tower com-
prising two spaced-apart high-voltage tower piles
(210a, 210b), in which the step of determining the
beam pattern comprises choosing a beam pattern
with two crosses, the beams (211a, 211b, 211c) of
which are integrally connected to each other, in
which the axial forces and the orientation of the lon-
gitudinal direction of the cable lines (220a, 220b,
221a, 221b) correspond to those at angle towers.

Method according to one of the preceding claims, in
which, viewed in a horizontal plane, each of the
beams (11; 111a, 111b, 111c, 211a, 211b, 211c)
has a beam length and beam width, the beam width
being smaller than a largest diameter of a horizontal
foundation surface of the tower foundation (4a, 4b;
104a, 104b; 204a, 204b).

Method according to one of the preceding claims, in
which the method furthermore comprises the follow-
ing step:

* ramming one or more piles into the ground (9;
109; 209) in order to support the ground foun-
dation (7; 107; 207);

« placing the ground foundation (7; 107; 207) on
a first end of the one or more piles, with the
ground foundation (7; 107; 207) resting on the
one or more piles,
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in which:

+ the piles are arranged in the ground (9;
109; 209) at an angle to the vertical such
that a second end of the one or more piles
projects beyond an outer periphery of the
ground foundation (7; 107; 207), viewed in
a vertical plane;

and/or

« the one or more piles are arranged in the
centre of two tower foundations (4a, 4b;
104a, 104b; 204a, 204b), viewed in a verti-
cal plane.

Network of spaced-apart high-voltage electricity tow-
ers provided with a foundation, in particular high-volt-
age electricity towers provided with a foundation ac-
cording to one of the preceding claims,

in which the network comprises a first high-voltage
electricity tower and a second high-voltage electricity
tower,

in which each of the high-voltage electricity towers
comprises:

 two or more spaced-apart vertically oriented
high-voltage tower piles (10a, 10b; 110a, 110b;
210a, 210b) which can carry cable lines (20a,
20b, 21a, 21b; 120a, 120b, 121a, 121b; 220a,
220b, 221a, 221b);

« tower foundations (4a, 4b; 104a, 104b; 2044,
204b) placed underneath the respective high-
voltage tower piles (10a, 10b; 110a, 110b; 210a,
210b) in order to support the high-voltage tower
piles (10a, 10b; 110a, 110b; 210a, 210b),

+ a ground foundation (7; 107; 207) placed un-
derneath the tower foundations (4a, 4b; 104a,
104b; 204a, 204b) in order to connect the two
or more tower foundations (4a, 4b; 104a, 104b;
204a, 204b) to one another across a distance,
in which the tower foundations (4a, 4b; 104a,
104b; 204a, 204b) rest on the ground foundation
(7; 107; 207),

in which the first high-voltage electricity tower is con-
nected to the second high-voltage electricity tower
by means of the cable lines (20a, 20b; 120a, 120b;
220a, 220b),

in which a longitudinal direction of the cable lines
(20a, 20b, 21a, 21b; 120a, 120b, 121a, 121b; 220a,
220b, 221a, 221b) is oriented with respect to the
high-voltage tower piles (10a, 10b; 110a, 110b;
210a, 210b) of the first and the second high-voltage
electricity tower, characterized in that the ground
foundation (7; 107; 207) of each of the high-voltage
electricity towers comprises one or more beams (11;
111a, 111b, 111¢c, 211a, 211b, 211c) in a beam pat-
tern, in which the beam pattern is based on a distri-
bution of forces resulting from the orientation of the
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longitudinal direction of the cable lines (20a, 20b,
21a,21b;120a, 120b, 121a, 121b; 2204, 220b, 221a,
221b) with respect to the high-voltage tower piles
(10a, 10b; 110a, 110b; 210a, 210b).

Network according to claim 8, in which, viewed in a
horizontal plane, each of the beams (11; 111 a, 111
b,111c,2114a,211b, 211 c) has abeam length and
beam width, and in which the beam width is smaller
than a largest diameter of a horizontal foundation
surface of the tower foundation (4a, 4b; 104a, 104b;
204a, 204b).

Network according to one of the preceding claims
8-9, in which each high-voltage electricity tower con-
tains two of said high-voltage tower piles (10a, 10b)
which carry one or more cable lines (20a, 20b, 21a,
21b), in which, viewed in the horizontal plane, a lon-
gitudinal direction of the cable lines (20a, 20b, 21a,
21b) is at right angles to an imaginary perpendicular
bisector (12) on and between a first high-voltage tow-
er pile and a second high-voltage tower pile, in which,
with said high-voltage electricity tower, the beam pat-
tern contains a single beam (11) having a longitudi-
nal direction at right angles to the longitudinal direc-
tions of the cable lines (20a, 20b, 21a, 21b), in which
the two high-voltage tower piles (10a, 10b) of said
high-voltage electricity tower are supported on the
single beam (211) by means of said two tower foun-
dations (4a, 4b).

Network according to one of the preceding claims
8-9, in which each high-voltage electricity tower con-
tains two of said high-voltage tower piles (110a,
110b) which carry one or more cable lines (120a,
120b, 1214, 121b), in which, viewed in the horizontal
plane, a separate cable line (120a, 120b, 121 a, 121
b) ends near said high-voltage electricity tower, in
which the beam pattern of the ground foundation
(107) of said high-voltage electricity tower is an H-
shaped pattern comprising a first (111 a), a second
(111 b) and a third (111 c) beam, with the first beam
(111 a) extending between the second beam (111
b) and third beam (111c).

Network according to one of the preceding claims
8-9, in which each high-voltage electricity tower con-
tains two of said high-voltage tower piles (210a,
210b) which carry one or more cable lines (220a,
220b; 221 a, 221 b), in which, with said high-voltage
electricity tower and viewed in the horizontal plane,
a separate cable line (220a, 221 a) has an incoming
section (220a) which makes an angle with an outgo-
ing section (221 b) of said separate cable line (2203,
221 a), in which the beam pattern of the ground foun-
dation (207) of said high-voltage electricity tower is
a cruciform pattern of a first (211 a), a second (211
b) and a third (211 c) beam (211 a, 211 b, 211 ¢),



13.

14.

15.

25 EP 2 799 623 A2 26

said beam pattern being such that the second beam
(211 b) is arranged in a longitudinal direction at right
angles to the longitudinal direction of the first beam
(211a) and the third beam (211c) is arranged in a
longitudinal direction at right angles to the longitudi-
nal direction of the first beam (211 a).

Network according to claim 11 or 12, in which the
tower foundations (104a, 104b; 204a, 204b) of the
high-voltage tower piles (110a, 110b; 210a, 210b)
of said high-voltage electricity tower are placed at
the intersection of the second beam (111b; 111b)
and the first beam (111a, 211a) and at the intersec-
tion of the third beam (111¢; 111c) and the firstbeam
(111a, 211a).

Network according to one of the preceding claims
8-13,
in which

+ a lowest point of the ground foundations (7;
107; 207) is situated at 1.5 m below a ground
surface;

and/or

« the high-voltage tower piles (10a, 10b; 110a,
110b; 210a, 210b) are tubular and have a cross-
sectional surface, and in which a horizontal foun-
dation surface of the tower foundation (4a, 4b;
104a, 104b; 204a, 204b) is greater than the
cross-sectional surface of the high-voltage tow-
er pile (10a, 10b; 110a, 110b; 210a, 210b);
and/or

the towerfoundation (4a, 4b; 104a, 104b; 2044,
204b) has a horizontal radial periphery smaller
than the respective tube diameter increased by
half the respective tube diameter, in particular a
horizontal radial periphery smaller than the re-
spective tube diameter increased by 2.0 m;
and/or

« the tube diameters of the high-voltage tower
piles are of equal size.

Network according to one of the preceding claims
8-14, in which each of the high-voltage electricity
towers furthermore comprises one or more piles an-
chored in the ground (9; 109; 209) in order to support
the ground foundation (7; 107; 207), with the ground
foundation (7; 107; 207) resting on the one or more
piles, and

in which

« the piles are arranged in the ground (9; 109;
209) at an angle to the vertical such that a sec-
ond end of the one or more piles projects beyond
an outer periphery of the ground foundation (7;
107; 207), viewed in a vertical plane;

and/or

« in which the one or more piles are arranged in
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a centre of two tower foundations (4a, 4b; 104a,
104b; 20443, 204b), viewed in a vertical plane;
and/or

« in which the piles are arranged in the ground
(9; 109; 209) at an angle to the vertical based
on the orientation of the longitudinal direction of
the cable lines (20a, 20b, 21 a, 21b; 120a, 120b,
121a, 121b; 220a, 220b, 221 a, 221 b) with re-
spect to the high-voltage tower piles (10a, 10b;
110a, 110b; 210a, 210b).

16. High-voltage electricity tower provided with a foun-

dation, comprising:

« two spaced-apart vertically oriented high-volt-
age tower piles (10a, 10b; 110a, 110b; 210a,
210b) which can carry cable lines (20a, 20b;
120a, 120b; 220a, 220b);

» two tower foundations (4a, 4b; 104a, 104b;
204a, 204b), each placed underneath said re-
spective high-voltage tower pile (10a, 10b;
110a, 110b; 210a, 210b) in order to support the
high-voltage tower piles (10a, 10b; 110a, 110b;
210a, 210b),

+ a ground foundation (7; 107; 207) placed un-
derneath the tower foundations (4a, 4b; 104a,
104b; 204a, 204b), in which the ground founda-
tion (7; 107; 207) connects the spaced-apart
tower foundations (4a, 4b; 104a, 104b; 204a,
204b) to one another, in which the tower foun-
dations (4a, 4b; 104a, 104b; 204a, 204b) rest
on the ground foundation (7; 107; 207), charac-
terized in that the ground foundation (7; 107;
207) comprises one or more beams (11; 111 a,
111b, 111 ¢; 211 a, 211 b, 211 ¢) in a beam
pattern.

17. High-voltage electricity tower according to claim 16,

in which the beam pattern comprises a first beam
(11; 111 a; 211 a) which connects the two tower foun-
dations (4a, 4b; 104a, 104b, 204a, 204b) to one an-
other; in which the beam pattern comprises a second
beam (111b; 211b) which intersects with the first
beam (111 a; 211 a) in a direction at right angles to
the longitudinal direction of the first beam (111a;
211a), and comprises a third beam (111c; 211c)
which intersects with the first beam (111 a; 211 a) in
adirection at right angles to the longitudinal direction
of the firstbeam (111 a; 211 a), and in which the one
tower foundation is placed at the intersection of the
firstbeam (111 a; 211 a)and the second beam (111b;
211b) and the other tower foundation is placed at
the intersection of the first beam (111a; 211a) and
the third beam (111c; 211c).
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