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METHOD AND DEVICE FOR PRODUCING AND MEASURING A BOREHOLE

The invention relates to a method for producing and measuring a borehole in the

ground in accordance with the preamble of claim 1 and to an arrangement for

producing and measuring a borehole in the ground in accordance with the

preamble of claim 9.

When producing a borehole in the ground, deviations from a desired alignment

or location of the borehole can occur due to various influencing factors.

Especially in the production of a bored pile wall for instance, in which several

bored piles are produced adjacent to each other by filling a borehole, a precise

alignment of the individual bored piles is necessary in order to ensure the

desired leak-tightness of the bored pile wall. Hence, for each individual borehole

it must be ensured that this runs precisely along a predetermined direction.

The invention is based on the o b j e c t to provide a method and an

arrangement for producing and measuring a borehole in the ground which

enable a reliable production and measurement of the borehole.

In accordance with the invention the object is achieved by a method having the

features of claim 1 and by a device having the features of claim 9. Preferred

embodiments of the invention are stated in the respective dependent claims.

According to the invention the method is characterized in that the borehole is

produced through drilling, that between a carrier unit above a ground surface

and a measuring body a measuring rope is tensioned, that the measuring body

is inserted so as to fit into the borehole in the ground and lowered, that by means

of angle and distance measurements the positions of at least two vertically

spaced rope points of the tensioned measuring rope are ascertained and in that
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preamble of claim 1 and to an arrangement for producing and measuring a borehole in the ground in
accordance with the preamble of claim 9. When producing a borehole in the ground, deviations from a
desired alignment or location of the borehole can occur due to various influencing factors. Especially in
the production of a bored pile wall for instance, in which several bored piles are produced adjacent to
each other by filling a borehole, a precise alignment of the individual bored piles is necessary in order
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which enable a reliable production and measurement of the borehole. In accordance with the invention
the object is achieved by a method having the features of claim 1 and by a device having the features
of claim 9. Preferred embodiments of the invention are stated in the respective dependent claims.
According to the invention the method is characterized in that the borehole is produced through
drilling, that between a carrier unit above a ground surface and a measuring body a measuring rope is
tensioned, that the measuring body is inserted so as to fit into the borehole in the ground and lowered,
that by means of angle and distance measurements the positions of at least two vertically spaced rope
points of the tensioned measuring rope are ascertained and in that  - 2 - on the basis of the
ascertained positions of the rope points the position of the measuring body in the borehole is
determined as a measure for the location of the borehole. 
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on the basis of the ascertained positions of the rope points the position of the

measuring body in the borehole is determined as a measure for the location of

the borehole.

The arrangement for producing and measuring the borehole in the ground is

characterized in accordance with the invention in that a drilling tool drivable in a

rotating manner is provided for producing the borehole, that a measuring body is

provided which can be inserted so as to fit into the borehole and lowered,

wherein the measuring body is in contact with a borehole wall, that a measuring

rope is provided which can be tensioned between a linkage point on a carrier

unit above a ground surface and the measuring body in the borehole, that a

measuring device is provided, through which the positions of at least two

vertically spaced rope points of the tensioned measuring rope can be

ascertained by means of angle and distance measurements and that an

evaluation means is provided, with which, as a measure for the location of the

borehole, the position of the measuring body in the borehole can be determined

on the basis of the ascertained positions of the rope points.

A first fundamental idea of the invention can be seen in the fact that between the

carrier unit above the ground surface and the measuring body in the borehole a

measuring rope is tensioned. The alignment of the measuring rope in space is

ascertained. Based on the ascertained alignment of the measuring rope, the

position of the measuring body in the borehole and thus the position of a

corresponding section of the borehole is determined.

According to the invention the spatial positions of at least two rope points of the

measuring rope are determined. Basically, these rope points can be selected

freely, arranged preferably, however, above the ground surface. Between the

The arrangement for producing and measuring the borehole in the ground is characterized in
accordance with the invention in that a drilling tool drivable in a rotating manner is provided for
producing the borehole, that a measuring body is provided which can be inserted so as to fit into the
borehole and lowered, wherein the measuring body is in contact with a borehole wall, that a measuring
rope is provided which can be tensioned between a linkage point on a carrier unit above a ground
surface and the measuring body in the borehole, that a measuring device is provided, through which
the positions of at least two vertically spaced rope points of the tensioned measuring rope can be
ascertained by means of angle and distance measurements and that an evaluation means is provided,
with which, as a measure for the location of the borehole, the position of the measuring body in the
borehole can be determined on the basis of the ascertained positions of the rope points. A first
fundamental idea of the invention can be seen in the fact that between the carrier unit above the
ground surface and the measuring body in the borehole a measuring rope is tensioned. The alignment
of the measuring rope in space is ascertained. Based on the ascertained alignment of the measuring
rope, the position of the measuring body in the borehole and thus the position of a corresponding
section of the borehole is determined. According to the invention the spatial positions of at least two
rope points of the measuring rope are determined. Basically, these rope points can be selected freely,
arranged preferably, however, above the ground surface. Between the  - 3 - mutually spaced rope
points a mathematical vector is spanned, the alignment of which is used to determine the position of
the measuring body. By tensioning the measuring rope a course of the measuring rope along a
straight line is ensured so that the linkage point of the rope on the measuring body is situated in the
extension of the vector spanned by the rope points. The vector between the rope points is extrapolated
up as far as the measuring body and in this way the position of the measuring body is determined.
Providing that the measuring rope runs in a straight line, by way of the direction of extension of the
measuring rope and the position of a rope point with respect to a given reference point, the position of
the measuring body or of the linkage point of the measuring rope on the measuring body can be
determined. In a preferred embodiment of the method according to the invention at least two
measuring ropes are tensioned between the measuring body and the carrier unit. The arrangement of
several measuring ropes makes it possible not only to determine the sheer position of the measuring
body but also its spatial alignment. In particular, by way of several measuring ropes a lateral tilting of
the measuring body, especially a deviation from the vertical can be detected. To determine a depth
profile or a course of the borehole at least two positions of the measuring body are preferably
determined at different depths in the borehole. It is particularly preferred that a first position of the
measuring body is determined in the area of a drill start, i.e. at the upper end of the borehole, and a
second position of the measuring body is determined at a given depth below the drill start. Through
this, a deviation or an offset of the borehole from the drill start can be reliably detected. 
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mutually spaced rope points a mathematical vector is spanned, the alignment of

which is used to determine the position of the measuring body.

By tensioning the measuring rope a course of the measuring rope along a

straight line is ensured so that the linkage point of the rope on the measuring

body is situated in the extension of the vector spanned by the rope points. The

vector between the rope points is extrapolated up as far as the measuring body

and in this way the position of the measuring body is determined.

Providing that the measuring rope runs in a straight line, by way of the direction

of extension of the measuring rope and the position of a rope point with respect

to a given reference point, the position of the measuring body or of the linkage

point of the measuring rope on the measuring body can be determined.

In a preferred embodiment of the method according to the invention at least two

measuring ropes are tensioned between the measuring body and the carrier unit.

The arrangement of several measuring ropes makes it possible not only to

determine the sheer position of the measuring body but also its spatial

alignment. In particular, by way of several measuring ropes a lateral tilting of the

measuring body, especially a deviation from the vertical can be detected.

To determine a depth profile or a course of the borehole at least two positions of

the measuring body are preferably determined at different depths in the

borehole. It is particularly preferred that a first position of the measuring body is

determined in the area of a drill start, i.e. at the upper end of the borehole, and a

second position of the measuring body is determined at a given depth below the

drill start. Through this, a deviation or an offset of the borehole from the drill start

can be reliably detected.

- 4 - Furthermore, in accordance with the invention it is preferred that in addition to the positions of the
rope points a depth location of the measuring body is determined. Based on the known depth location
and the known vector between the rope points the position of the measuring body in the borehole can
be calculated precisely. The depth location of the measuring body can be ascertained, for example, by
way of a measuring means on the measuring body or by determining the rope length on the basis of a
reference point. The rope length of the measuring rope between a known reference point, for instance
situated on the carrier unit, and the linkage point on the measuring body can be determined, for
example, by a length unwound from a rope winch. In an advantageous embodiment of the method
provision is made in that a drilling tool which is used for producing the borehole is withdrawn from the
borehole and that after withdrawal from the borehole the drilling tool is pivoted out of a borehole axis
and the separate measuring body is pivoted into the borehole axis. The measuring body can then be
inserted along the borehole axis into the borehole and lowered therein. By preference, both the drilling
tool and the measuring body are held by a pivotable mast of the carrier unit and can be pivoted out of
the borehole axis or into the borehole axis through a pivoting motion of the mast. The insertion of the
measuring body into the produced borehole can therefore be effected in an especially simple manner.
In a further preferred embodiment use is not made of a separate measuring body but the measuring
body is constituted by the drilling tool which is employed for producing the borehole. In the borehole,
the drilling tool makes contact with the borehole wall and is therefore centered within the borehole. It is
thus forcibly fitted into place in the borehole so that the position of the drilling tool in the borehole
reliably represents the location of the borehole at the relevant place.  - 5 - When using a combined or
integrated drilling tool and measuring body it is preferred that the drilling tool is withdrawn from the
borehole and that subsequently the measuring rope is fixed on the drilling tool and the drilling tool with
the measuring rope fixed thereon is lowered again into the borehole in order to measure the borehole.
Hence, in a first method step the drilling tool serves for the production of the borehole and in a second
method step it serves as a measuring body for measuring the borehole. In the second method step the
drilling tool is preferably not driven in a rotating manner. By preference, the determination of position of
the drilling tool in the borehole takes place when the drilling tool is at a standstill. It is preferred that
during the drilling process the measuring rope is detached from the drilling tool, which constitutes the
measuring body at the same time, and is stowed away on the carrier unit. After withdrawal of the
drilling tool from the borehole the measuring rope is fixed on the drilling tool, the drilling tool is lowered
again into the borehole and the measuring rope is tensioned. According to another preferred
embodiment the borehole is filled with a hardenable medium in order to produce a pile in the ground.
For the production of a bored pile wall several boreholes can be produced side-by-side in an each
other overlapping manner and filled with a hardenable medium. 
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Furthermore, in accordance with the invention it is preferred that in addition to

the positions of the rope points a depth location of the measuring body is

determined. Based on the known depth location and the known vector between

the rope points the position of the measuring body in the borehole can be

calculated precisely. The depth location of the measuring body can be

ascertained, for example, by way of a measuring means on the measuring body

or by determining the rope length on the basis of a reference point. The rope

length of the measuring rope between a known reference point, for instance

situated on the carrier unit, and the linkage point on the measuring body can be

determined, for example, by a length unwound from a rope winch.

In an advantageous embodiment of the method provision is made in that a

drilling tool which is used for producing the borehole is withdrawn from the

borehole and that after withdrawal from the borehole the drilling tool is pivoted

out of a borehole axis and the separate measuring body is pivoted into the

borehole axis. The measuring body can then be inserted along the borehole axis

into the borehole and lowered therein. By preference, both the drilling tool and

the measuring body are held by a pivotable mast of the carrier unit and can be

pivoted out of the borehole axis or into the borehole axis through a pivoting

motion of the mast. The insertion of the measuring body into the produced

borehole can therefore be effected in an especially simple manner.

In a further preferred embodiment use is not made of a separate measuring body

but the measuring body is constituted by the drilling tool which is employed for

producing the borehole. In the borehole, the drilling tool makes contact with the

borehole wall and is therefore centered within the borehole. It is thus forcibly

fitted into place in the borehole so that the position of the drilling tool in the

borehole reliably represents the location of the borehole at the relevant place.

With regard to the arrangement according to the invention it is preferred that the measuring body has a
body with a diameter corresponding to the borehole. This ensures an accurately fitting insertion and
alignment of the measuring body in the borehole. An accurately fitting or defined position of the
measuring body in the borehole is understood, in particular, as an arrangement, in which the
measuring body, by making contact with the borehole wall, is arranged in a defined manner, more
particularly centered in the borehole cross-section so that  - 6 - the location of the measuring body
permits a direct conclusion as to the corresponding borehole section. The measuring rope can be
tensioned, for example, in that the carrier unit has a mast and a sledge supported in a movable
manner on the mast and in that a linkage point for the measuring rope is arranged on the sledge
supported in a movable manner along the mast. Hence, through an upward movement of the sledge
along the mast, for example, the measuring rope can be tensioned between the linkage point on the
sledge and the opposite lying linkage point on the measuring body. The linkage point on the sledge
can be constituted by a fixed point, a deflection pulley or a rope winch for example. By preference, the
sledge movable along the mast has a drill drive for driving a drill rod in a rotating manner. The linkage
point for the measuring rope is preferably provided on a non-rotating part of the sledge, for instance on
a base body of the sledge or a housing of the drill drive. According to the invention the insertion of the
measuring body into the borehole can be facilitated in that the carrier unit has a mast, that the mast is
supported in a pivotable manner on a base and in that through a pivoting of the mast the drilling tool
for producing the borehole or the separate measuring body can be optionally arranged in a borehole
axis of the borehole. The base of the carrier unit can be a carrier vehicle, for example, that is movable
on the ground surface. In a further preferred embodiment of the arrangement according to the
invention the measuring body is constituted by the drilling tool drivable in a rotating manner. The
measuring rope can thus be fixed directly on the drilling tool drivable in a rotating manner, with the
measurement of the borehole being preferably carried out when the drilling tool is at a standstill. For
the purpose of measuring the borehole the drilling tool can initially be withdrawn from the  - 7 - 
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When using a combined or integrated drilling tool and measuring body it is

preferred that the drilling tool is withdrawn from the borehole and that

subsequently the measuring rope is fixed on the drilling tool and the drilling tool

with the measuring rope fixed thereon is lowered again into the borehole in order

to measure the borehole. Hence, in a first method step the drilling tool serves for

the production of the borehole and in a second method step it serves as a

measuring body for measuring the borehole. In the second method step the

drilling tool is preferably not driven in a rotating manner. By preference, the

determination of position of the drilling tool in the borehole takes place when the

drilling tool is at a standstill.

It is preferred that during the drilling process the measuring rope is detached

from the drilling tool, which constitutes the measuring body at the same time,

and is stowed away on the carrier unit. After withdrawal of the drilling tool from

the borehole the measuring rope is fixed on the drilling tool, the drilling tool is

lowered again into the borehole and the measuring rope is tensioned.

According to another preferred embodiment the borehole is filled with a

hardenable medium in order to produce a pile in the ground. For the production

of a bored pile wall several boreholes can be produced side-by-side in an each

other overlapping manner and filled with a hardenable medium.

With regard to the arrangement according to the invention it is preferred that the

measuring body has a body with a diameter corresponding to the borehole. This

ensures an accurately fitting insertion and alignment of the measuring body in

the borehole. An accurately fitting or defined position of the measuring body in

the borehole is understood, in particular, as an arrangement, in which the

measuring body, by making contact with the borehole wall, is arranged in a

defined manner, more particularly centered in the borehole cross-section so that

borehole. Afterwards, the measuring rope can be fixed on the drilling tool and the latter can be lowered
into the borehole again in order to carry out a measurement. To this end, the measuring rope can
preferably be fixed on the drilling tool in a detachable manner, i.e. temporarily. According to another
preferred embodiment a winch is provided for receiving the measuring rope. The winch can be
arranged on the carrier unit, in particular on its base or mast, or on a separate unit next to the carrier
unit. On the mast the winch can be fixed by way of a cross-member. In addition to permitting the
secure reception of the measuring rope, especially in-between single measurements of the borehole or
during the drilling process, the winch also allows for a reliable tensioning of the measuring rope by
winding the measuring rope onto the rope winch. In a further preferred embodiment the measuring
rope is guided via a deflection pulley situated, in particular, on the sledge. In this way, the measuring
rope can be guided for example from a rope winch on the base of the carrier unit via the deflection
pulley on the sledge into the borehole axis. Here, the deflection pulley on the sledge constitutes a
linkage point of the measuring rope on the sledge. In an advantageous embodiment of the invention
the measuring device is arranged on or above the ground surface with unobstructed view of the
measuring rope. The measuring device locates the measuring rope and, by making use of at least two
measured values, ascertains the location of the rope in space. The two measuring points are situated
at different heights above the ground surface. In accordance with the invention it is preferred that for
angle and distance measurement a measuring device is used that permits angle measurements in the
vertical as well as horizontal direction and, in addition, the measurement of a  - 8 - distance. By
preference, a tachymeter is used as a measuring device. The measuring rope is sighted optically by
the tachymeter. To determine the position of the located rope point the measuring device emits an
electromagnetic beam, for example a light beam that is reflected by the located rope point. Basically,
the rope point can be any chosen point on the measuring rope. A measurement of the distance of the
rope point to the measuring device is carried out, for instance by means of running time measurement
or phase shift. Furthermore, the angle of the light beam directed onto the rope point is determined with
respect to a given reference axis. As a result of the distance and angle measurement thus carried out
it is possible to determine the position of the located rope point in space. The ascertainment of the
position of the at least one further rope point is carried out in the same way. Preferably, the light beam
is light in the infrared range and by preference a laser beam. To locate the rope points e.g. the rope
center can be sighted using a crosshairs of the tachymeter for example. By preference, the sighting is
not carried out until the ropes are steadied, i.e. preferably when the ropes are at a standstill. 
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the location of the measuring body permits a direct conclusion as to the

corresponding borehole section.

The measuring rope can be tensioned, for example, in that the carrier unit has a

mast and a sledge supported in a movable manner on the mast and in that a

linkage point for the measuring rope is arranged on the sledge supported in a

movable manner along the mast. Hence, through an upward movement of the

sledge along the mast, for example, the measuring rope can be tensioned

between the linkage point on the sledge and the opposite lying linkage point on

the measuring body. The linkage point on the sledge can be constituted by a

fixed point, a deflection pulley or a rope winch for example.

By preference, the sledge movable along the mast has a drill drive for driving a

drill rod in a rotating manner. The linkage point for the measuring rope is

preferably provided on a non-rotating part of the sledge, for instance on a base

body of the sledge or a housing of the drill drive.

According to the invention the insertion of the measuring body into the borehole

can be facilitated in that the carrier unit has a mast, that the mast is supported in

a pivotable manner on a base and in that through a pivoting of the mast the

drilling tool for producing the borehole or the separate measuring body can be

optionally arranged in a borehole axis of the borehole. The base of the carrier

unit can be a carrier vehicle, for example, that is movable on the ground surface.

In a further preferred embodiment of the arrangement according to the invention

the measuring body is constituted by the drilling tool drivable in a rotating

manner. The measuring rope can thus be fixed directly on the drilling tool

drivable in a rotating manner, with the measurement of the borehole being

preferably carried out when the drilling tool is at a standstill. For the purpose of

measuring the borehole the drilling tool can initially be withdrawn from the

In the following the invention is described further by way of preferred embodiments illustrated in the
accompanying schematic drawings, wherein shows: Fig. 1:a first embodiment of an arrangement
according to the invention and Fig. 2:a second embodiment of an arrangement according to the
invention. In all Figures identical components or those having the same effect are designated with the
same reference signs.  - 9 - A first embodiment of an arrangement 10 according to the invention for
producing and measuring a borehole 60 is shown in Fig. 1. The arrangement 10 comprises a carrier
unit 12, in particular a drilling apparatus, with a base 14, a mast 20 and a sledge 30. In the illustrated
embodiment the base 14 is constituted by a carrier vehicle, comprising an undercarriage 16 and an
upper carriage 18 supported in a rotatable manner on the undercarriage 16 about a vertical axis of
rotation. The mast 20 is pivotably supported on the base 14. Along a mast axis 22 guide rails 24 are
provided, on which the sledge 30 is guided in a movable manner. The sledge 30 comprises a drill drive
32 with a housing 34. A drill rod 36, at the lower end of which a drilling tool 38 is arranged, is drivable
in a rotating manner by the drill drive 32. Between the carrier unit 12 and the drilling tool 38 a
measuring rope 40 is tensioned. Starting off from a winch 28 on the base 14 of the carrier unit 12, the
measuring rope 40 is guided via a deflection pulley 26 on the sledge 30 to the drilling tool 38. The
deflection pulley 26 is situated on the drill drive 32, which is a rotary drive head in particular, and
constitutes an upper linkage point 31 for the measuring rope 40. On the drilling tool 38 a lower linkage
point 39 is provided. From the deflection pulley 26 the measuring rope 40 is guided downwards. A
straight connecting line between the upper linkage point 31 and the lower linkage point 39 runs parallel
to the drill string or drill rod 36. The measuring rope 40 can be a steel rope in particular. In principle,
provision can also be made for several measuring ropes 40, especially two measuring ropes 40, as
shown schematically in Fig. 1 on the right side of the drill rod. Arranged at a distance from the carrier
unit 12 above a ground surface 58 is a measuring device 50 that can be a tachymeter in particular. By
means of the 
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borehole. Afterwards, the measuring rope can be fixed on the drilling tool and the

latter can be lowered into the borehole again in order to carry out a

measurement. To this end, the measuring rope can preferably be fixed on the

drilling tool in a detachable manner, i.e. temporarily.

According to another preferred embodiment a winch is provided for receiving the

measuring rope. The winch can be arranged on the carrier unit, in particular on

its base or mast, or on a separate unit next to the carrier unit. On the mast the

winch can be fixed by way of a cross-member. In addition to permitting the

secure reception of the measuring rope, especially in-between single

measurements of the borehole or during the drilling process, the winch also

allows for a reliable tensioning of the measuring rope by winding the measuring

rope onto the rope winch.

In a further preferred embodiment the measuring rope is guided via a deflection

pulley situated, in particular, on the sledge. In this way, the measuring rope can

be guided for example from a rope winch on the base of the carrier unit via the

deflection pulley on the sledge into the borehole axis. Here, the deflection pulley

on the sledge constitutes a linkage point of the measuring rope on the sledge.

In an advantageous embodiment of the invention the measuring device is

arranged on or above the ground surface with unobstructed view of the

measuring rope. The measuring device locates the measuring rope and, by

making use of at least two measured values, ascertains the location of the rope

in space. The two measuring points are situated at different heights above the

ground surface.

In accordance with the invention it is preferred that for angle and distance

measurement a measuring device is used that permits angle measurements in

the vertical as well as horizontal direction and, in addition, the measurement of a

- 10 - measuring device 50 rope points 42 can be sighted in particular optically and their spatial
positions can be determined as measured values. The measuring or rope points 42 are situated above
the ground surface or rather outside or above the borehole 60. By determining the spatial location of at
least two rope points 42 on the measuring rope 40 a vector 46 can be calculated, in the extension of
which the linkage point 39 of the measuring rope 40 on the drilling tool 38 is situated. If the depth
location of the drilling tool 38 is known, together with the ascertained rope points 42 it is possible to
ascertain the precise position of the drilling tool 38. In the embodiment according to Fig. 1 the drilling
tool 38 constitutes a measuring body 48 for measuring the borehole 60. The drilling tool 38 or the
measuring body 48 rests against a borehole wall 62 of the borehole 60. Consequently, the drilling tool
38 or the measuring body 48 is arranged in an accurately fitting manner, i.e. at a defined location in
the cross-section of the borehole 60. Knowing the position of the drilling tool 38 or the measuring body
48, a conclusion can thus be drawn as to the position of the relevant borehole section. For
measurement checking a further rope point 42 can be determined as a measurement checkpoint 44
between two rope points 42 that are also referred to as measuring points. If all rope points 42 lie on a
straight line, it can be assumed that the measuring rope 40 runs all in all in a straight manner. On the
construction site a fixed construction site coordinate system can be installed as a reference system. By
preference, the position of the measuring device 50 in relation to the construction site coordinate
system is known. The construction site coordinate system can have one or several fixed points as
reference points. By preference, the positions of the rope points 42 of the measuring rope 40 can be
ascertained in relation to the construction site  coordinate system. Through this, it is possible to
calculate the spatial position of the drilling tool 38 or the measuring body 48 in relation to the
construction site coordinate system. This permits a precise measurement of the produced borehole 60.
For the production and measurement of the borehole 60 the following method steps can be carried out
in the embodiment according to Fig. 1: 
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distance. By preference, a tachymeter is used as a measuring device. The

measuring rope is sighted optically by the tachymeter.

To determine the position of the located rope point the measuring device emits

an electromagnetic beam, for example a light beam that is reflected by the

located rope point. Basically, the rope point can be any chosen point on the

measuring rope. A measurement of the distance of the rope point to the

measuring device is carried out, for instance by means of running time

measurement or phase shift. Furthermore, the angle of the light beam directed

onto the rope point is determined with respect to a given reference axis. As a

result of the distance and angle measurement thus carried out it is possible to

determine the position of the located rope point in space. The ascertainment of

the position of the at least one further rope point is carried out in the same way.

Preferably, the light beam is light in the infrared range and by preference a laser

beam. To locate the rope points e.g. the rope center can be sighted using a

crosshairs of the tachymeter for example. By preference, the sighting is not

carried out until the ropes are steadied, i.e. preferably when the ropes are at a

standstill.

In the following the invention is described further by way of preferred

embodiments illustrated in the accompanying schematic drawings, wherein

shows:

Fig. 1: a first embodiment of an arrangement according to the invention and

Fig. 2: a second embodiment of an arrangement according to the invention.

In all Figures identical components or those having the same effect are

designated with the same reference signs.

1. At least a partial area of the borehole 60 is produced by driving the drill rod 36, on which the drilling
tool 38 is situated, in a rotating manner. 2. The drilling process is terminated. 3. The measuring rope
40 is fixed on the drilling tool 38, for example a drill flight or a drilling bucket. 4. The drilling tool 38 is
moved into the borehole 60 up to an intended measuring depth. 5. Unless already done, the
measuring rope 40 is tensioned. 6. Through angle and distance measurements by means of the
measuring device 50 the positions of at least two spaced rope points 42 of the measuring rope 40 are
determined. 7. The drilling tool 38 is withdrawn from the borehole 60. 8. The measuring rope 40 is
removed from the fixed point or linkage point 39 on the drilling tool 38. 9.The drilling process can be
continued.  
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A first embodiment of an arrangement 10 according to the invention for

producing and measuring a borehole 60 is shown in Fig. 1. The arrangement 10

comprises a carrier unit 12, in particular a drilling apparatus, with a base 14, a

mast 20 and a sledge 30. In the illustrated embodiment the base 14 is

constituted by a carrier vehicle, comprising an undercarriage 16 and an upper

carriage 18 supported in a rotatable manner on the undercarriage 16 about a

vertical axis of rotation.

The mast 20 is pivotably supported on the base 14. Along a mast axis 22 guide

rails 24 are provided, on which the sledge 30 is guided in a movable manner.

The sledge 30 comprises a drill drive 32 with a housing 34. A drill rod 36, at the

lower end of which a drilling tool 38 is arranged, is drivable in a rotating manner

by the drill drive 32.

Between the carrier unit 12 and the drilling tool 38 a measuring rope 40 is

tensioned. Starting off from a winch 28 on the base 14 of the carrier unit 12, the

measuring rope 40 is guided via a deflection pulley 26 on the sledge 30 to the

drilling tool 38. The deflection pulley 26 is situated on the drill drive 32, which is a

rotary drive head in particular, and constitutes an upper linkage point 31 for the

measuring rope 40. On the drilling tool 38 a lower linkage point 39 is provided.

From the deflection pulley 26 the measuring rope 40 is guided downwards. A

straight connecting line between the upper linkage point 31 and the lower linkage

point 39 runs parallel to the drill string or drill rod 36. The measuring rope 40 can

be a steel rope in particular. In principle, provision can also be made for several

measuring ropes 40, especially two measuring ropes 40, as shown schematically

in Fig. 1 on the right side of the drill rod.

Arranged at a distance from the carrier unit 12 above a ground surface 58 is a

measuring device 50 that can be a tachymeter in particular. By means of the

- 12 - All in all, a measurement of at least one measuring rope 40 is thus effected above the borehole
60 at at least two points. A vector 46 formed between these rope points 42 is transferred to the current
drilling depth. In this way, it is possible to obtain an offset from the starting point of drilling up to the
measuring depth. The measuring rope 40 guided from the deflection pulley 26 in the downward
direction is fixed on the drilling tool 38 on a retaining or linkage point 39 solely for the purpose of a
measuring run of the drilling tool 38. A second embodiment of an arrangement according to the
invention is shown in Fig. 2. In contrast to the previous embodiment, in this embodiment a separate
measuring body 48, which can be a cylindrical body in particular, is used in addition to the drilling tool
38. The measuring body 48 is designed as a measuring bomb in order that the measuring rope 40 is
arranged at least almost centrically in the borehole 60 at the desired measuring depth. The linkage
point 39 for the measuring rope 40 is situated centrically on the measuring body 48. The drill drive 32
can be pivoted out of the borehole axis so that the separate measuring body 48 can be inserted in
place of the drilling tool 38 into the borehole 60. Fig. 2 shows a state with a pivoted mast axis 22 and a
drill drive 32 pivoted out of the borehole axis. The measuring body 48 is suspended by way of a
measuring rope 40 on a linkage point 31 on the mast 20. The linkage point 31 is situated next to or
offset from an axis of rotation of the drill rod 36. In the embodiment according to Fig. 2 the following
method steps can be carried out for producing and measuring the borehole 60: 1.By driving the drill
rod 36, on which the drilling tool 38 is situated, in a rotating manner at least a partial area of the
borehole 60 is produced.  - 13 - 2. The drilling process is terminated and the drilling tool 38 is
withdrawn from the borehole 60. 
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measuring device 50 rope points 42 can be sighted in particular optically and

their spatial positions can be determined as measured values. The measuring or

rope points 42 are situated above the ground surface or rather outside or above

the borehole 60.

By determining the spatial location of at least two rope points 42 on the

measuring rope 40 a vector 46 can be calculated, in the extension of which the

linkage point 39 of the measuring rope 40 on the drilling tool 38 is situated. If the

depth location of the drilling tool 38 is known, together with the ascertained rope

points 42 it is possible to ascertain the precise position of the drilling tool 38.

In the embodiment according to Fig. 1 the drilling tool 38 constitutes a measuring

body 48 for measuring the borehole 60. The drilling tool 38 or the measuring

body 48 rests against a borehole wall 62 of the borehole 60. Consequently, the

drilling tool 38 or the measuring body 48 is arranged in an accurately fitting

manner, i.e. at a defined location in the cross-section of the borehole 60.

Knowing the position of the drilling tool 38 or the measuring body 48, a

conclusion can thus be drawn as to the position of the relevant borehole section.

For measurement checking a further rope point 42 can be determined as a

measurement checkpoint 44 between two rope points 42 that are also referred to

as measuring points. If all rope points 42 lie on a straight line, it can be assumed

that the measuring rope 40 runs all in all in a straight manner.

On the construction site a fixed construction site coordinate system can be

installed as a reference system. By preference, the position of the measuring

device 50 in relation to the construction site coordinate system is known. The

construction site coordinate system can have one or several fixed points as

reference points. By preference, the positions of the rope points 42 of the

measuring rope 40 can be ascertained in relation to the construction site

3. The drill drive 32 is pivoted out of the borehole axis. 4. A measuring body 48 suspended on the
measuring rope 40 is pivoted into the borehole axis. 5. The measuring body 48 is moved into the
borehole 60 up to an intended measuring depth. 6. Through angle and distance measurements carried
out by means of the measuring device 50 the positions of at least two spaced rope points 42 of the
measuring rope 40 are determined. 7. The measuring body 48 is withdrawn from the borehole 60 and
pivoted out of the borehole axis. 8. The drill drive 32 is pivoted into the borehole axis. 9. The drilling
process can be continued. For the measurement of several borehole sections the above steps can be
repeated at different measuring depths of the measuring body 48. By measuring at least two points of
the borehole 60 at different depths a course of the borehole 60 can be determined and in particular a
deviation of the borehole 60 from the vertical can be detected. By preference, an upper measuring
depth is situated in the area of the drill start, i.e. in an upper area of the borehole 60 close to the
ground surface 58.  - 14 - 
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coordinate system. Through this, it is possible to calculate the spatial position of

the drilling tool 38 or the measuring body 48 in relation to the construction site

coordinate system. This permits a precise measurement of the produced

borehole 60.

For the production and measurement of the borehole 60 the following method

steps can be carried out in the embodiment according to Fig. 1:

1. At least a partial area of the borehole 60 is produced by driving the drill

rod 36, on which the drilling tool 38 is situated, in a rotating manner.

2. The drilling process is terminated.

3. The measuring rope 40 is fixed on the drilling tool 38, for example a drill

flight or a drilling bucket.

4. The drilling tool 38 is moved into the borehole 60 up to an intended

measuring depth.

5. Unless already done, the measuring rope 40 is tensioned.

6. Through angle and distance measurements by means of the measuring

device 50 the positions of at least two spaced rope points 42 of the

measuring rope 40 are determined.

7. The drilling tool 38 is withdrawn from the borehole 60.

8. The measuring rope 40 is removed from the fixed point or linkage point

39 on the drilling tool 38.

9. The drilling process can be continued.

CLAIMS 1 Method for producing and measuring a borehole in the ground, wherein the borehole is
produced through drilling, between a carrier unit above a ground surface and a measuring body at
least one measuring rope is tensioned, the measuring body is inserted so as to fit into the borehole in
the ground and lowered, by means of angle and distance measurements the positions of at least two
vertically spaced rope points of the tensioned measuring rope are ascertained and on the basis of the
ascertained positions of the rope points the position of the measuring body in the borehole is
determined as a measure for the location of the borehole. 2 Method according to claim 1, wherein 
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All in all, a measurement of at least one measuring rope 40 is thus effected

above the borehole 60 at at least two points. A vector 46 formed between these

rope points 42 is transferred to the current drilling depth. In this way, it is

possible to obtain an offset from the starting point of drilling up to the measuring

depth. The measuring rope 40 guided from the deflection pulley 26 in the

downward direction is fixed on the drilling tool 38 on a retaining or linkage point

39 solely for the purpose of a measuring run of the drilling tool 38.

A second embodiment of an arrangement according to the invention is shown in

Fig. 2. In contrast to the previous embodiment, in this embodiment a separate

measuring body 48, which can be a cylindrical body in particular, is used in

addition to the drilling tool 38. The measuring body 48 is designed as a

measuring bomb in order that the measuring rope 40 is arranged at least almost

centrically in the borehole 60 at the desired measuring depth. The linkage point

39 for the measuring rope 40 is situated centrically on the measuring body 48.

The drill drive 32 can be pivoted out of the borehole axis so that the separate

measuring body 48 can be inserted in place of the drilling tool 38 into the

borehole 60.

Fig. 2 shows a state with a pivoted mast axis 22 and a drill drive 32 pivoted out

of the borehole axis. The measuring body 48 is suspended by way of a

measuring rope 40 on a linkage point 31 on the mast 20. The linkage point 31 is

situated next to or offset from an axis of rotation of the drill rod 36.

In the embodiment according to Fig. 2 the following method steps can be carried

out for producing and measuring the borehole 60:

1. By driving the drill rod 36, on which the drilling tool 38 is situated, in a

rotating manner at least a partial area of the borehole 60 is produced.

between the measuring body and the carrier unit at least two measuring ropes are tensioned. 3
Method according to claim 1, wherein to determine a course of the borehole at least two positions of
the measuring body are determined at different depths in the borehole. 4 Method according to claim 1,
wherein in addition to the positions of the rope points a depth location of the measuring body is
determined.  - 15 - 5 Method according to claim 1, 
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2. The drilling process is terminated and the drilling tool 38 is withdrawn

from the borehole 60.

3. The drill drive 32 is pivoted out of the borehole axis.

4. A measuring body 48 suspended on the measuring rope 40 is pivoted

into the borehole axis.

5. The measuring body 48 is moved into the borehole 60 up to an intended

measuring depth.

6. Through angle and distance measurements carried out by means of the

measuring device 50 the positions of at least two spaced rope points 42

of the measuring rope 40 are determined.

7. The measuring body 48 is withdrawn from the borehole 60 and pivoted

out of the borehole axis.

8. The drill drive 32 is pivoted into the borehole axis.

9. The drilling process can be continued.

For the measurement of several borehole sections the above steps can be

repeated at different measuring depths of the measuring body 48. By measuring

at least two points of the borehole 60 at different depths a course of the borehole

60 can be determined and in particular a deviation of the borehole 60 from the

vertical can be detected. By preference, an upper measuring depth is situated in

the area of the drill start, i.e. in an upper area of the borehole 60 close to the

ground surface 58.

To calculate the position of the measuring body 48 or the drilling tool 38 on the

basis of the rope points 42 an evaluation means 70 is provided.

wherein a drilling tool which is used for producing the borehole is withdrawn from the borehole and
after withdrawal from the borehole the drilling tool is pivoted out of a borehole axis and the separate
measuring body is pivoted into the borehole axis. 6 Method according to claim 1, wherein the
measuring body is constituted by a drilling tool which is used for producing the borehole. 7 Method
according to claim 6, wherein the drilling tool is withdrawn from the borehole and subsequently the
measuring rope is fixed on the drilling tool and the drilling tool with the measuring rope fixed thereon is
lowered again into the borehole in order to measure the borehole. 
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CLAIMS

1. Method for producing and measuring a borehole in the ground,

w h e r e i n

- the borehole is produced through drilling,

- between a carrier unit above a ground surface and a measuring body

at least one measuring rope is tensioned,

- the measuring body is inserted so as to fit into the borehole in the

ground and lowered,

- by means of angle and distance measurements the positions of at least

two vertically spaced rope points of the tensioned measuring rope are

ascertained and

- on the basis of the ascertained positions of the rope points the position

of the measuring body in the borehole is determined as a measure for

the location of the borehole.

2. Method according to claim 1,

w h e r e i n

between the measuring body and the carrier unit at least two measuring

ropes are tensioned.

3. Method according to claim 1,

w h e r e i n

to determine a course of the borehole at least two positions of the measuring

body are determined at different depths in the borehole.

4. Method according to claim 1,

w h e r e i n

in addition to the positions of the rope points a depth location of the

measuring body is determined.

8 Method according to claim 1, wherein the borehole is filled with a hardenable medium in order to
produce a pile in the ground. 9 Arrangement for producing and measuring a borehole in the ground, in
particular for carrying out the method according to claim 1, wherein a drilling tool drivable in a rotating
manner is provided for producing the borehole,  - 16 - a measuring body is provided which can be
inserted so as to fit into the borehole and lowered, wherein the measuring body is in contact with a
borehole wall, a measuring rope is provided which can be tensioned between a linkage point on a
carrier unit above a ground surface and the measuring body in the borehole, 
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5. Method according to claim 1,

w h e r e i n

- a drilling tool which is used for producing the borehole is withdrawn

from the borehole and

- after withdrawal from the borehole the drilling tool is pivoted out of a

borehole axis and the separate measuring body is pivoted into the

borehole axis.

6. Method according to claim 1,

w h e r e i n

the measuring body is constituted by a drilling tool which is used for

producing the borehole.

7. Method according to claim 6,

w h e r e i n

- the drilling tool is withdrawn from the borehole and

- subsequently the measuring rope is fixed on the drilling tool and the

drilling tool with the measuring rope fixed thereon is lowered again into

the borehole in order to measure the borehole.

8. Method according to claim 1,

w h e r e i n

the borehole is filled with a hardenable medium in order to produce a pile in

the ground.

9. Arrangement for producing and measuring a borehole in the ground, in

particular for carrying out the method according to claim 1,

w h e r e i n

- a drilling tool drivable in a rotating manner is provided for producing the

borehole,

a measuring device is provided, through which the positions of at least two vertically spaced rope
points of the tensioned measuring rope can be ascertained by means of angle and distance
measurements and an evaluation means is provided, with which, as a measure for the location of the
borehole, the position of the measuring body in the borehole can be determined on the basis of the
ascertained positions of the rope points. 10. Arrangement according to claim 9, wherein the measuring
body has a body with a diameter corresponding to the borehole. 11 Arrangement according to claim 9,
wherein the carrier unit has a mast and a sledge supported in a movable manner on the mast and the
linkage point for the measuring rope is arranged on the sledge supported in a movable manner along
the mast. 12 Arrangement according to claim 9, 
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- a measuring body is provided which can be inserted so as to fit into the

borehole and lowered, wherein the measuring body is in contact with a

borehole wall,

- a measuring rope is provided which can be tensioned between a

linkage point on a carrier unit above a ground surface and the

measuring body in the borehole,

- a measuring device is provided, through which the positions of at least

two vertically spaced rope points of the tensioned measuring rope can

be ascertained by means of angle and distance measurements and

- an evaluation means is provided, with which, as a measure for the

location of the borehole, the position of the measuring body in the

borehole can be determined on the basis of the ascertained positions

of the rope points.

10. Arrangement according to claim 9,

w h e r e i n

the measuring body has a body with a diameter corresponding to the

borehole.

11. Arrangement according to claim 9,

w h e r e i n

- the carrier unit has a mast and a sledge supported in a movable

manner on the mast and

- the linkage point for the measuring rope is arranged on the sledge

supported in a movable manner along the mast.

12. Arrangement according to claim 9,

w h e r e i n

- the carrier unit has a mast,

- the mast is supported in a pivotable manner on a base and

wherein the carrier unit has a mast, the mast is supported in a pivotable manner on a base and  - 17 -
through a pivoting of the mast the drilling tool for producing the borehole or the separate measuring
body can be optionally arranged in a borehole axis of the borehole. 13. Arrangement according to
claim 9, wherein the measuring body is constituted by the drilling tool drivable in a rotating manner. 14.
Arrangement according to claim 9, 
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- through a pivoting of the mast the drilling tool for producing the

borehole or the separate measuring body can be optionally arranged in

a borehole axis of the borehole.

13. Arrangement according to claim 9,

w h e r e i n

the measuring body is constituted by the drilling tool drivable in a rotating

manner.

14. Arrangement according to claim 9,

w h e r e i n

a winch is provided for receiving the measuring rope.

15. Arrangement according to claim 9,

w h e r e i n

the measuring rope is guided via a deflection pulley.

wherein a winch is provided for receiving the measuring rope. 15. Arrangement according to claim 9,
wherein the measuring rope is guided via a deflection pulley. 


