-1- 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 {gtithie 1 ANRI¢SES¢ I Bl eisre RIS Is e Adire ¢lieA JUR IR AR PABRIIEON the 0
bject 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. Freéeiedrrivhodimestal th@thty@mdﬂ[)r@tm&tﬁgédﬁd theasanagta®ddrieNdentiaims.
According to the invention th metho character Patt e borehole is roduced through
drilling, that$8 Waaé?&ﬂ{ AORR X0 éhgd}{ﬁﬂ{ﬂ Er c‘é éﬂrﬂ{b %689%‘9”?85%&59 rope is
tensioned, thasdbeingeasidingdecdyiimginaenedtiolesito fidntyrduedoreadedrddnecerawitiel anel lowered,
that by means of le and distance measurements the positions of at least two vertically spaced rope
points of thepfgﬁg%l%(? rﬁl?agh Ing 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 \&hameasiue igr aheduatatieninfttiee poreitieleviations 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 ¢ 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



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 i lQn: [s provided,
i vinich, B e o e oLy e e s o are e
borehole cam&astieirgniindy tntie: berdbaetie deiesrmanasdasosittoasifrthéaiofie Joration fifst
fundamentaghig%% Brinvention 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 poSiforRBPAREEMEBRSIRARPHIMEIRINBbIBRERIARS tHIR BRIGARIIA dha R dRding

section of thehriekeieds fleierBuRfthARCAMING thliepidveriiaiing saka RRYbevamEahleast two
rope points of the measuring rope are determined. Basically, these rope points can be selected freely,

arranged pritEHRY MYAETdP RISHESH 4 Bratisingbe BeiGhalR tHat-smeqsiEng §05vds rope
points a magheniatiaalNRETS FRRANAS sl alNERERS oW iR 4ISRsHEmSIBtesmIng ey Basition of

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

straight line ¥ 8FRIGERFSTSRZUHROIRRIYSHENRUT AR YEEE DRFENELEHNTBES TEERUER in the

extension oféhe VegiesiBaaNgHibk %f%éetéﬁglﬁérﬁ@é‘@@é@hbﬁtWﬂ%@ﬁéﬂﬂe@P@@dﬁ@ﬁmpo|ated
up as far as the measuring body and in this way the position of the measuring body is determined.

Providing th4?i{h@RA%asArHG YEHeSeHaGh 2Rt diyRt MeasSH P eth NdiRs R el dgiedbof the

measuring fipeasiehtedestdonsoird@ae it BilhresRE ttha ghaitrisresicamdaiaisthevposition of
the measuring body or of the linkage point of the measuring rope on the measuring body can be

determined Vi1 U Bl e RRACEM bR e MO e FhelBd IRRIRNRE (NPRSHUBALJARE 12T nh

measuring rgaesindangpnasthatvesn dhgleeasdriasReme antbl cantigitdniinbherairaagement of
several measuring ropes makes it possible not only to determine the sheer position of the measuring

body but al&Y Y ehenaMaR e R WY iR, W ie Ay Bt SeNGAPHIEAQIrIHG 185BL A Ptilting of

the measuringrenels, aRpasilition A viad andeanrihg MOtiC! tae berertretedn Tredfiasminged depth
profile or a course of the borehole at least two Positions of the measuring body are preferably

determined ¥t H¥cPaHTIBHIAE ASRRLBEIBAMRSIHIND AHIALAYHRALHE 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 poshAidimstfftimel amastainddaooftiredeterntioedan dgiseardepthdilottiiae ieilvetant tHdrough
this, a deviation. or an. offget of the borehd)Ie from the rill1l start can.he vbeliéabli)(1 theBted.
carrier unit-above the ground surface and the measuring body e 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



- 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 Tope 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, b e Wi %%551 Jagl= thod
provision is@;&gﬂ?ﬁ%‘@g Qﬁ%ég%ﬂ‘ \{/é)r%cﬁq%sﬂﬁé;rg? %?@%ﬁ%ﬁ% the b%%%ﬂé??%mgﬁwgﬁrom the
borehole andhith isfieseditodieieiniioentiitenssitinolefttiedrigimsiidey iBgsiyoted out of a borehole axis
and the separate measuring body is pivoted into the borehole axis. The measuring body can then be
inserted alogg t%?@fﬁh@'ﬁﬁé'?ﬂ@ﬁémmﬁoféﬁe'eaaﬂgd%’ée@dtﬂ'@rﬁiﬁa@rﬁfﬁf%@éc%l&%h ghe drilling
tool and the measuring body are held by a pivotable mast of the carrier unit and can be pivoted out of

the borehol EEXIBrIiAfL IthEBRHEDIELXSHMU JRKPBR ARIGIROHOR 6PRR: PRAKIETHEASSENBN of the

measuring IHHAROWeRE bRieRsistan theredetsrbspalinelebhinhr espegRIiMtsinple manner.
In a further preferred embodiment use is not made of a separate measuring body but the measuring

body is con¥BEHICRSMES IR GABBIRATIER I8 BMIABPERISH AR ER Rt EBIRGRIETIEtREBbrehole,
the drilling tgabmakas GritaE WEsitmkareRolgaallang o teie e aameted within the borehole. It is

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

liabl he | ' f the borehol he rel . = 5-Wh [ bined
intograted deTTHUIO) 54 IRGASEA Ly e HETaF ARG ) 8B PR R the

borehole ancf thrtesisime giehdynteasoeaguropgerapd théxsssviothef drilopgetpolrtnditheabpkey tool with
the measuring rope fixed.thereon is.lowered again into the borehole in order to Sl1re the borehole.
Hence, in afi& BIURbEFLFARTAG BPho S0P SEia Rl e BISRICHER BPAY APl MEHE 2 second
method stepdiseofeheamaasadagriogdaytier mezsurimg oeypeerhbée detéhaisedond method step the
drilling tool is preferably not driven in a rotating manner. By preference, the determination of position of

the drilling tgolL r ?ﬁ‘?ﬁ il i I ispreferred that
during the dri I%@Fgfgge%sfI%m%r(%elasuﬁ{%ﬁcﬁ{p\gﬁ%ﬁﬁgﬂ%ﬁ%ﬁgﬁét%@%hrl?mé%t%%r#hw Ezﬁgﬁ)rﬁé{ﬁutes the
measuring Hoesal the Kpase dredeastdresibrbeandho measdEni-bodit anfidh@idadranands the

drilling tool t @S?éﬁléri Is fi Wi li iling ool is lowered
again into t@go@ei%ﬁygﬁgﬁg ?neasurlnlg;}%cép?lg ?gltﬁeisio %%.ﬁ%gégdﬁr%ﬁt%%gﬂﬁﬁ%r@ﬁeé
embodimentéteranendkeis shieerwihsitioardehable rmeisHingordedYo brddalzoa itslespatialground.

For the pro j a .Di r | e N cach
Cor e PrecHeional RS Iyl e SolehaITRESn R Tauest sraP i & e
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.



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’st 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 RyamAIRe M NALME- AT B UBRRLANY A HRdursunnar'sd A ap'e

manner on the mas'g and in that a lin age pomt (6} e measurln rope i1s arrange_d on the sI_edge
supported ithe no&iie s ahribealons tivoimssa Hiantb, theatigh 01 Up®aneaRdngeMoolytHe sledge

along the mqg{em{iﬁéaf'?é%e‘ﬂn W%%B%W%gg%ﬂﬁ@&%ﬁ%@g%@%%@@tUSd{BF%?vPﬁé’H on the

sledge and the opposite lying age point on measuring y. The linkage point on the sledge

can be congtigiteepisy polixisd Tﬂ?@nn%id@ﬂe@[ﬁpﬁhguﬂ@wﬁﬂ@d&ﬂmdﬁ %}%W@!%@@ﬂef@ence, the
sledge movable ploag theduashhasadrilidsine IBEANINDG? drl rodda gy t'rgﬂ;s@g%' Hae linkage

point for the measuring rope is preferably provided on a non-rotating part of th ge, for instance on
a base bodystefi@isiedgtobesamping vty afif diveswbteriiegnd afethe engiasutediediion of the

measuring eI e TP tAGH AR e Ak FTigfatBhdapaiMaghERHRe mast is

supported in a pivotable manner on a base and in that through a pivoting of the mast the drilling tool
for producinl§taébefethsicnoranersegpdrRe merveeingthsa9wan' B tm 4RIt rddgéastazCBorehole

axis of the ayehlg- o BasG MR AR YRAYGKASE BdiAST Nf‘é‘iﬁ@a&%ﬁﬁaﬁéﬂjéﬁﬁtﬂé movable

on the ground surface. In a further preferred embodiment of the arrangement according to the
invention theeiRraAINAAg oo GxBAsIN R e BYtthEIMANHeIN@/EMe MiAGidtating manner. The
measuring rope can thus be fixed directly on the drilling tool drivable in a rotating manner, with the

measuremept ahtheibarrhgiobsingrieiviadry earies eabtwbgndRs dibingstaphigeaim stamdstill. For
the purpose of measuring the borehole the drilling tool can initially be withdrawn from the - 7 -
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.



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 @ cross-member. In addition to permitting the
secure reception of the measuring rope, especially in-between single measurements of the borehole or
during the dyjifas, RIGRRSS, 'BEMANGER 8P MRy Ik dmiiAbiasenipmaldin faesrng iape by
winding the measuring Yope onto the rope winch. In a turthér preferred embodimént the measuring
rope is guidetetesradietiadtisheputlslisgudesd, is pattidiawonftaesidireborehidlevagnehethaéasuring

rope can b [ fram. i S rei it, Vi ction
pulley on tr?ggsk? é%%{?iﬂi@ﬂf%%%ﬁ&?&%ﬂ%%%&ﬂﬁ éﬁ%o%r@)mpeitﬁon ﬁ?({aj éﬂ%\gg IL%%gtﬁgfesl a
linkage poimﬂﬁﬂﬁ@wm Wdh@ﬁdhﬁégé.iwgwei@@bﬁm@@ élﬁfﬁbbwm”éﬂecﬂ_ﬂm@jﬁfvention
the measuripg feyice dSiAE HAYEARE ARG HNERL R SHY %‘f&d"ﬂﬁ%dwgﬂﬁﬁf%ﬁge‘ﬂ% gbhe

measuring rope. The measuring device locates the measuring rope an aking use of at least two
measured Vidl@eB! eicelienneftitbaobariehals tagdoite  speerd THethed MteBUtIFE PEBtESra situated

at different heiol(s AP YR HYE BFOHILSHFIRGEHE BrRHABCT YIS IR iR G2 PERlprigd that for

angle and distance measurement a measuring device Is used that permits angle measurements in the
vertical as wéllliag HeezdRtarairieiin aal, di\@ititio® faatheasament Ba prefergremciieBy

preference, giaeRVIRIGH ISrYRSSsh HMRBIMINALRLFH RS HORaSHINRKERS IR Sohsshapically by

the tachymeter. To determine the position of the [ocated rope point the measuring device emits an
electromagfstitnecael, ifppexatanesdllight 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 tq tRe FReReHEMN AR ViR IfyCaTECE g fPF dRESNGADTBRSNARY HepRiNg e omeasurement
or phase shift. Furthermaore, the angle of the light beam directed onto the rope point is determined with
respect to a GiUeANerardiRg el W 'ﬁhe%‘ﬂflpﬁf'ﬂ%sd@%ﬁ'&%aéhﬁ'%gq@%eﬁ thersaPenliS€arried out

it is possiblexiridstetoiieel thaRpoHaneidheicated rare PARtIAREACE thEIARER) tRIBNTRGIOf the
position of the at least one further rope point is_carried out in the same way. Preferably, the light beam

. 3L t
is light in thd /AR PAAJEERERY WHOR FaRG '3 IR IR e T Rgdank FBpHEIRES *é’.@'. the rope
center can hewegbtedgasinmm eresBbrdisont Hieutash yeelalinagaspe pacByighegrence, the sighting is

not carried out until the ropes are steadied, i.e. preferably when the ropes are at a standstill.
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



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 Tn6Hg. 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

embodime e 4 ti Calyl ' C IS ria nd an
HEeI0856 CoRSUEES Y, Xf‘éH MR %3N %%‘E‘f 1
upper carriage 1§ supog_z)rtbe?fd ina rot%%ﬁrlen %na%{{l@{ n thﬁe‘?ﬁn§erca1??#|a€]ce6 1?21 outaé%/egrﬁcal %axis of

rotation. TheH&SPROGENG\REENISUBRLIEY 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 hopisingradsdrifelhent FrPbialeerendar dinibr diinaian 38iRaraneadsia drivable

in a rotating manner by the drill drive 32. Between the carrier unit 12 and the drilling tool 38 a

measuring fBPE4BNY RERFARI SSRRAAEGHFBANA\@RENDPBHISthRH AR MRSk ARACKIIBRUAIt 12, the
measuring g de Sauided wa @r@%&@ﬂ@ Ry areahinsastd ase391& e Siiplreéerisd The
fi

deflection pulley 26 is situated on the drill drive 32, which is a rotary drive head in particular, and

constitutes APUBPET MAAGR" PIPRS 178 RS ER o PEpIROT0 2D A BYEHiI PRV RIBEES afId0Rr linkage

point 39 is Fﬁl@ﬂéédaﬁﬁgnﬂﬁl@ dedlaction Rlavpe thadnarsakiithRe e Eauigedidawpmeadds. A
straight connecting line between the upper linkage point 31 and the lower Iinka%e point 39 runs parallel

to the drill SRFYBF MG IHKBIG RO UINRIERBE1 BN 6P RRSHE MBI IFKARSIBPITh Pinciple,

provision caf@laReRsunageron pe TRl imease aroBastAe. Sergeiattviie reeAstiNed aRea 40, as
shown schematically in Fig. 1 on the ri?ht side of the drill rod. Arranged at a distance from the carrier

unit 12 abod&eCRelHdB dRIBEION BUIRYHsBARRHIMNG 50" RAREMNEbe a tachymeter in particular. By
means of the
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



- 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 ' ' ] i | illi th
measuring By oA A B e R Rl e ool
38 or the méaiteirirgpbodie4doweneangatpinthe dserehaley fagainminreidel. et ecasiine@lfocation in

the cross-seffiau LIRS ROPHAIRLB KNAHINGIR ARRIONS! e dsiling el 8 ar e gledsuring body

48, a conclusion can thus be drawn as to the position of the relevant borehole section. For
measuremedtilingdriolga duneiachaicpbmiaer ca@. lende@samyied 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 ”_neAié_é@\*ﬂil"i_’@ %%%F‘]ﬁ@@r@lﬁé%mm 4Quikes &l ﬁﬁcﬂ)ﬂd@cﬁfé?r?&@i\m@"ﬂ% - On the
construction site a fixed construction site coordinate system can be installed as a reference system. By

preference, TRAPHERGT 8 d AfcWbirih G Yo RESRRPR 0 IRS FRIINLHictbRRHCYEEBhate

system is kn@wihsENgroRRstUSH oM Site cparaisalnis M anchaxrienamit sovenss fixadineiats as
reference points, By preference, the positions of the rope points 42 of the measuring rope 40 can be

ascertainedMN1a68R BRNEESh YL L@ C5BPEIMHRE QRiteR. FRFNIRYM RIS TRIBEEIES to
calculate thesqadal pasdinioRf tbe dRlindhieakesify the preasekinschegy 48-betelaéan QbR

construction site coordinate sgstem. This permits a precise measurement of the produced borehole 60.

For the prodleaSHEMERIS Sl PRIGNAE I HUIBS R dElIBWIy PefR e yEREth BiSRarried out
in the embogiiprstiaeerreinble fdlsibning 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



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 s‘p%éed 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 fragiy{ig (el pojnt R-UkagSPRIBhTHORINE e 1R0135ngaLaR s RIOCHfR can be

continued.
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.



- 12 - Allin 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 , Whi e g cylindyj in pagti ' ed.i diti e drilling tool
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measuring rope 40 on a linkage point 31 on the mast 20. The linkage point 31 is situated next to or
offset from gArEAgSLBaUDAWTeH Ardl FOtAEE) e MRNELIboiehLACEIRaIREEFI§. 2akRdti@lowing
method Ste%ﬁﬁ'&lng@m%tgﬂbmr 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 fidif tHeot8HsI@igetably 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



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 33 “pivoted into the borehole axis. 9. The drilling
process can be continued. For the measurement of several borehole sections the above steps can be
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ground surface 58.
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



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 positic')ﬁléf'the measuring body in the borehole is
determined as a measure for the location of the borehole. 2 Method according to claim 1, wherein

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.



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,

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.



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 é]‘r%ll‘ng tool with the measuring rope fixed thereon is
lowered again into the borehole in order to measure the borehole.

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.



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 &4 be tensioned between a linkage point on a
carrier unit above a ground surface and the measuring body in the borehole,

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
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.



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 poirg forl\h'%%@?%%%?&ﬁg% Eeﬂ afged on the sledge supported in a movable manner along
the mast. 12 Arrangement according to claim 9,
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.

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,



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, 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,

- 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,
wherein
- the carrier unit has a mast,

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



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.

-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,
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.



