METHOD FOR GROUND PROBI NG The present invention relates to a
nmet hod for ground 5 probing and to a nethod for producing material colums
in the ground after ground probing. In order to inprove the
ground, it is fundanentally known to produce material columms, such as, for
exanpl e, gravel colums, in the ground. Such colums are produced, for 10
exanpl e, using a vibrator arrangenent with a depth vibrator which is
arranged“@h29%3/16%é¥7end of a pipe. The pipe can RETHDFHA 2298013
receiving material when the vibrator arrangenent is designed as what is
referred to as a sluice vibrator for producing vibrating tanped colums, or
the pipe 15 can be an extension pipe when the vibrator arrangenent is

designed as a "sinple deptyktidy 3@ GrEBRDUSRok Ty br o- conpaction. The
vi brator arrangenent is fastened to a carrying device which is capabl e of

novi ng the vibrator arrangenent in the |ongitudinal direction thereof and
whi ch 20 conprises, for exanple, a leader or a carrying arm of earth-noving
equi prent . For thee ppodsett oinwdnta ceolneiatles hroata mg thavip ed rc alronmd t anmped
colum), the vibrator arrangenent, held by the carrying device, is
i ntroducedobhno #he gP cumtktdd dfloraprad2sipg edet er v hewb ldeptsh inThéevi br at or
arrangenent i s subsequently noved out of the ground step by step by neans
of the cEFPYPAgRIHRT 2009 BFPPAng -~ pcT/ OWR012/ 200043 devi ce, wherein a
desired materi al sucaﬁas for exanp ravel,_is introduced into
fhgov

|l e, d ,
a cavity arisingl%ePﬁ BParsy ﬁﬁ?azggﬁﬁa; gFtéfstQH?q%ﬁegfﬁg%yhereof.
Al ter eaﬁﬁokﬂtﬁgﬁ“BEb8Gc8fnﬁﬁ%%ﬁhﬁl’%%iﬁ%ﬁé,?LESQH %%nanggge%&gh%élomered >

at | east once, t customari repeatedly, 0 the i'ntroduce férial in
order togeQyRaCto S@hes et erdral _g%qngpt sfeella: LY1 & drd e Sl et exbal into
e

the ground in a lateral directiion. Th iller material is either introduced
i nt ol® heegamply, bekowgt he wibkeaber akri-afyehensi votpi pedepbthsS vibrator
which is arranged at the lower end of a pipe. The pipe can be
a silo pipe for receiving material when the vibrator
arrangement 1is designed as what is referred to as a sluice
vibrator for producing vibrating tamped columns, or the pipe
15 can be an extension pipe when the vibrator arrangement is
designed as a "simple depth vibrator” for use in
vibro-compaction. The vibrator arrangement is fastened to a
carrying device which is capable of moving the vibrator
arrangement in the longitudinal direction thereof and which
20 comprises, for example, a leader or a carrying arm of

earth-moving equipment.

For the production of a column (vibrating tamped
column, tamped column), the vibrator arrangement, held by the
carrying device, 1is introduced into the ground as far as a

25 predetermined depth. The vibrator arrangement is subsequently

moved out of the ground step by step by means of the carrying



10 introduced into the cavity below the vibrator from above al ong an
annul ar gap between the vibrator and the ground. A tanped col um
produced in such a manner is not a pile, but rather is an elenent for
improving the ground. It therefore always dissipates | oads, such as, for
exanple, a 15 building, an earth bank or the like, only together with the
ground surrounding said tanmped colum. The col um which is produced in
secti onswos 2bdeal ¥ys5p7 oduced in such a manner that BERADRRANLA/A200948er (i

| ooser or softer) ground |ayers have a | arger “di ameter than sections in
more conpact or 20 stiffer |ayers. The dianmeter of a tanped col um can

t her ef or €eVaEg, overereid |&ngehiand 6@5€ﬁ1?ﬁeréﬁthéﬁ§ndFﬁ§ 6ﬁ“?%@‘%tructure
of the surroundlngﬁground In order tq be able suitably. to dlnen h.on t he

col unmm déRBAdPRgIBA Ehe tﬁcﬂﬂﬁf%ﬁWQ$9t&P§O P, &3VFRY of et 1D B &bl ®25 to
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exanple, with erence to ground profiles which are obtained by core

boresg ontby y@mans odn@soungupr okiuBgomhPiay eagsepautaglghangeabl e wgeol ogy,
i.e. in areas in which the ground 5 structure greatly varies dependi ng on
the | ocalinpesdutes, mateanisilderrabbedent ltay amyaedonsaid erphgraay ad
necessary, however, in order to obtain ground information for the positions
at whi ch opoliomsd Lar eté niderided soide mtediced. ISP d ©Gin | &FC8EA belofitted
and the.individual colums 10 can he entirely dlnen5| ned fq&ﬁgpe akest

ground | dpérred Bﬁlﬁﬁﬁﬂéppaﬁgﬁ @&QQErr€§GFFlaéhé si zed
?élgtpbgbgﬂgéy gl Eﬁé&é]gFi “Suc e058$p%%everngheoﬁ y%%ggggﬂgggr??ggﬁiscosts
in r?ﬁpezﬁneg dh@gdegﬁgcpgthbrﬁ%avity below the vibrator from above
along an annular gap between the vibrator and the ground.
A tamped column produced in such a manner is not a
pile, but rather is an element for improving the ground. It
therefore always dissipates loads, such as, for example, a
15 building, an earth bank or the like, only together with the
ground surrounding said tamped column. The column which is
produced in sections is ideally produced in such a manner
that sections in weaker (i.e. looser or softer) ground layers
have a larger diameter than sections in moré compact or
20 stiffer layers. The diameter of a tamped column can therefore
vary over the length and depth thereof depending on the
structure of the surrounding ground.
In order to be able suitably to dimension the column
depending on the ground structure, i.e. in order to be able
25 to realize each of the individual sections with an optimum

diameter, information is required regarding the ground



15 and the filler material used, but can al so be di sadvantageous wth
respect to the stability. If, for exanple, in a ground zone i-n which
scarcely any inprovenment is required, two adjacent colums are neverthel ess
produced with a |arge dianeter, the differential settling inmportant for the
20 construction erected on the colums (i.e. the settling between adjacent
const r ucg;i o. js sonetinmes greater than if t re
real i zedﬁevi ?%P%{thﬁnsuénfcol um t hi cknesgées. If, for tei);:cz;lxlr{p g,sglbzgpﬁgm%ase of
two construction parts, the settling in relation to the untreated case (the
25 case wtthotiiral pekhar)iddmakved, dof pxamyeihed}0 £dr i Bxhhgiease of a
conponent of originally 20 cmand from 10 cmto now WD 2012/171527- 4
- PCT/ DE2912h 2000d3ricee ma nytdhence gew fofl esherhdtherreonponénéd bhecore
differential settling continues to be 5 cm If, however, the one settling
i s reduckdr®y 12TmPYf rBeRRe coi t 9 ®Uedy Andeihe. other gy bagiem from
10 cmto 8 cm. the differential settling in 5 this case is zero. In other
wor ds:  aF R HRU Hfaxi FRARCE! um - 8 amdt er3TFZ Ul | ¥HHCR miAfsefEPERY, they
do n%; ag%/va éstéeesult ir[L m nailrr.um d(%ffer nt i al se%tling. ..o It is
t her &f or 8-t he" ‘0] eRte D % he ot es emtPTHVErt i Gh T proviteP RS het#od #or
ground peol g - ML J2AULT €85! T ELLEA0; Addid ongly, OB aeclDspagt icul ar
in the production of a material colum. is object i's athieved by
a methodh@sewd g maG i Brakai md. JRafdinengrbsnand: gevelLpment soef the
invention are the subject matter of dependent clains. 15An exenpl ary
enbodi mepds dfidrie dmnwentchonol ehat esré ol areidiod o ere grodadept obi ng. The
met hod conprises: providing a vibrator arrangenent which is held on a
carryi ng devi ce Sghicclouitd ageskgned ¢wipesdtarat ehtché ngrigdndaandowheh has a
vi brator notor; inserti n(g_the vi brator arrangenent into the ground to 20 a
%.

pr edét er Pihede depthre Het HReh e gFounthdr 683 Fesof I¥ME Y r BIFRE when t he
vi br at or arra}n eneag{?éjss i nserted, Wh%%lei n the detern]'Snati on of éhe ground
profil e RonpHi Se®HEEuATG d°T8dst “Offe COpEFAET A paFafkeEr 67 Ak
V'braForaaéﬁggg§Q?8téﬂbef?é%@ﬁ$ﬁg}e£ﬁhél ”%%%&%%aﬂ“éhéh§u9£§HH§1n nd
wherein th ground profilTe in ‘each case conprises a ground paraneter for
at | eastgiyhdi iterentygreuRd depths. However, such oversizing not
only means additional costs in respect of the working time
15 and the filler material used, but can also be disadvantageous
with respect to the stability. If, for example, in a ground
zone 1in which scarcely any improvement is required, two
adjacent columns are nevertheless produced with a large
diameter, the differential settling important for the
20 construction erected on the columns (i.e. the settling
between adjacent construction parts) is sometimes greater
than 1if the two columns were realized with optimum column
thicknesses. If, for example, in the case of two construction
parts, the settling in relation to the untreated case (the

25 case without a pillar) is halved, for example to 10 cm in the

case of a component of originally 20 cm and from 10 cm to now



WO 2012/ 171527- 5 - PCT/ 0E2012/ 200043 ‘ In this nmethod, the vibrator
arrangenent, with which a material colum can be produced in the ground, is
used for probing the ground, i.e. for determning a ground profile. By
using the vibrator arrangenent as a ground probe, ground 5 | ayers of
different density (such as, for exanple, in the case of sands and gravels)
or different rigidity (such as, for exanple, in the case of silts and
cl ays) ggﬁr i ned at | east approximtely a dari es
betmeencggigﬁﬁ?f ew%gz ground | ayers gan be detern?ﬁgg$%fgi!g?8§?g?on IS
‘made, in one exenplary enbodinent, to produce a material colum depending
on the gsound ipr ofhd ecalsi BF tdee vobiiat ocompsrageethe Th€feoshithali on of
determ ning the ground profile during the insertion (the sinking) of the
vi br at orsatrt hhgenemnttintes ttve bgr curmh -aid ,t hewEyesubségquent pebdutthgon of a
col um depending on the ground profile results in a conpletely integrated
product i bh proéeesd by hhi eh ehEP ndl efRalocdl afin rBAcbBRdPRARBAOMYh t he
| ocal |y variable ground properties. This is _ advantageous in respect of
di f f er entY af §@ttlc%irﬁ5‘ olfooacrgoﬁgt Fucr on e@%gﬁelfeéite]rajons%%ut materi al
colqus.thgs m Qg [ artant s ecifical t he case of ta golunns.
i.e

15 ¢cds .Zzero,. In | § % wordéy.g though' “indximun ngd .
Tanped cofumms onl y~di'ssipat'e | dad i n associ atron W Rt he grounﬁ? ., In

cont [ astal oGl AUl edecOl UM, Oh; fObUANS REYLded M gaothar Bindigg agent,
constitute a genuine I nprovenent of the foundation and 25 are not™ a pile,
whi ch nmeredy bridegs ithe beeserent$9ftsdayeisy. The present nethod results
in a colum thickness WD 2012/171527- 6 -PCT/DE2012/ 200043 adapted to the
ground strength mndi4 hehefoferd ntlan opecunphonbgepirzathoniafehhéosett | i ng
behavior. In softer/looser ground, which would settle nore if untreated, a
t hi cker tanpedvicl emmephodi des forugdeprerinegi nftorcbemequinker éastleéor 5
exanpl e, in adjacent ground | ayers which are already nore conpact/stiffer
bef dile prdduict I oPugléﬁkuﬁH} Raggarelagol thm the ppeerlieddon ©of a  The
ground profile can be determned in different ways. In one exanple,
provi si O TS HHdE YT ®ert an at | east 10 approximately constant force on
the vibrator arrangemspi fy e cantylno devicropnen the vibralors,

C into th a

| C
arrangenent is introdu € groun nd to neasure a speed, at which

the vibrafor, anr aRgenBBhehssi BSAN LRAJIRAHRE Prowh asy&n: ORer akéng
paranmeter. The vibrator arrangenent in this case is 15 inserted into a

ground | gyerswadiedtheamree bapudbyndéhe ¢essuconpact or less stiff said
ground layer is. Therefore, the insertion speed can be a direct mneasure of
t he 1gr ound st r udtrurexeanpd acgnetnhedéhent b ttha tiablemtfion defekabntogat he
ground profile. For different ground depths, the ground 20 profile here can
cont ai n e ¢hsER T | PPk etk Preitrer-miThed Mg odh€omes peEE i vB I gy dbdhdd dept h.

vibrator arrangement which is held on a carrying device which
is designed to penetrate the ground and which has a vibrator
motor; inserting the vibrator arrangement into the ground to
20 a predetermined depth; determining a ground profile of the
ground when the vibrator arrangement is inserted, wherein the
determination of the ground profile comprises measuring at
least one operating parameter of the wvibrator arrangement
when the latter is inserted into the ground, and wherein the
25 ground profile in each case comprises a ground parameter for

at least two different ground depths.



In a further exanple for determ ning the ground profile, provision is nade
to insert the vibrator arrangenent, driven by the carrying device, at at

| east an 25 approxi mately constant speed into the ground and to neasure a
power consunption of the vibrator notor when the vibrator WD 2012/171527-
7 -PCT/ DE2012/ 200043 arrangenent is inserted into the ground, as an
operati ng.p The power consunption on insertion_int round | ayer
is all tﬁg ?@éé?ﬁfiF%Wns case, the less conpact or B E§PF2{%Q§Pﬂ3ground

| ayer is. The power consunption can 5 therefore be a direct neasure of the

ground struct urerand, cand el o hepuidable Lagedeher M, 0t Ag,L e, gr ound
profile. For different ground depths, the ground profile here can contain

the powes eevstipl ol et erari ned Frrdude riespeaet gveugrpund depghsoThe

vi brator notor can be an electric notor or a 10 hydraulic notor. In an

el ectri conobong oy gexcampl, ei.a.clior ettt eonsunygs iogrofuntherovt de. i By

representative of the power consunption of the vibrator notor, whereas, in

the caseudin@ Hpdr ati 2 st oprrandsieiul @6 pr egsoradnavedsar ygfoundri vi ng
i resentative of the power consunption of the 15 vibrator

t he ?Pto{ |s-re8 e p _

mot or’.  T3YSrS Of n HASCREN e ieRsHE Vi orSUfdt e P nfRY tHETEr6und-Tpr BEF | e,

provi sion_ ] de_tq_insert the.vibrator. arrangenent, driven the carrier
devi ce, g é%t g?egg 83n aél(épr 5V ratal frcoijsﬁé\ er%pe@cgjidrﬁqcé’ tﬁ%u%{oﬁﬁd and, as
an 20 opggati ramet.er, re.a vibrati anmplh i e afip of the
vibratorﬁggrégggﬁgﬁ?. %ﬁist%gtﬂgg§?s %ﬁit%big;i%ﬂfgggﬁégggr g%%n %évibrator
arr angengside i sl W thedsdepbpryiiator, dhe Mh@hﬁé%@f‘ BBRhAL HOes on
insertion into a ground | ayer can be all the nore high here, the |ess
conpact letwess 25 dstdiffffesand grownd 1ayers ican Predeibrathea. anpl i tude can
therefore be a direct neasure of the ground structure and can WO
2012/0171527- 8 -FRPOVABER2012/2009043 t her efner eebenmshartyabded ddimedet,ernd ni ng t he
ground profile. For various ground depths, the ground profile here can

cont ai n RHFAYA%Drat PFehearpt | COG4BTHeCEPRPAEAIf O tHe resperd | REcHibaind dept h

5In principle, e ground profile can be a conti nuous
P usf%g %%e 9 vybra or arrangemen%. %he combination of

determining the ground profile during the insertion (the
sinking) of the vibrator arrangement into the ground and the
15 subsequent production of a column depending on the ground
profile results in a completely integrated production process
in which each material column is coordinated with the locally
variable ground properties. This is advantageous in respect
of differential settling of a construction erected later on
20  the material columns. This may be important specifically in
the case of tamped columns. Tamped columns only dissipate
load in association with the ground, i.e., in contrast to
grouted columns or columns provided with another binding
agent, constitute a genuine improvement of the foundation and
25 are not a pile, which merely bridges the loose or soft

layers. The present method results in a column thickness



ground profile, i.e. an associated ground paraneter is determned for each
ground depth. However, the ground profile can also be determned in such a
—manner—t-hat —ground-pararnet-ers—are—-deternned only for predeterm ned ground
10 depths which can be spaced apart uniformly or nonuniformy. In
one exenpl ary enbodi nent, the material colum is produced is produced
dependi ng on the ground profile in such a manner that a dianeter of the
mat eri al ertain ground depth is depen t d

par amet ew&gie#gﬁ/r%l ne%fl:S for said gr ouﬁd dept h. Theggﬁ’éﬁﬁg%g?%ﬁ%%?
determ ned for a certain ground depth is dependent, for exanple, on a
ground d@ﬂﬁiﬁéﬁ anel/ ehe a g@baHAd shtir@ndichY .ankn dHire fease,id hen nepeimah col um
can be produced in such a manner that the dianeter of the material columm
i ncr easesonvdden idedrieasi 6 gheundedenshd y b2Baandior Tecsedasengl gosand
rigidity. The ground profile is therefore used to determ ne a colum
profil e s, defvhied wvehl psepéariei esotde idol umhréstédit eadethiokdave at
whi ch ground depth. One property of the colum here can be the dianeter

t her eof , t BReh|SI W& PBEVERBS sEPBNGE PR tderomE xR efe WBRARPF e, fPhe

roduction of the, mater.ial colunn conprises oduci ng at. | east two
S egmint <X 5FRE S O ECOACERT IBOL2/ AMEE - Bl CbCRF BEADES B0 0AS Rach

segnent e GOILr.i : I Si Vi brator_arrangenment b
pr edet er%% eacfccc{:hggc&%%%reﬁ féll%st énce&%ﬁtc T hg% aacacirloﬁt%%éri ées%%%)li%ﬁv t he

vi brat orc @rf@angemeioqulkgi.ntroducing a filler material into the cavity; c)
inserting 5 the vibrator arrangenent into the filler material in order to

conpact the fillmle ngteindl prand1d) depepti kg teehhaddstiepsdafrépesy n
times, where n 0. For the production of a segnent at a predeterm ned ground
dept h, tweeysnurireromre cixamgpet,i torowd siipnstiepmdiiecan bredependent least he
ground paraneter 10 determ ned for said ground depth. Provision is

t hel&f oracmutka matedive cdntsdamat i fagx deoront high@r vupieR peir agref @rgeee e kependent
on a ground density and/or a ground rigidity, and for the nunber n of
repetiti'difs tPTREEAsedSN 19 deth @asi Re gr BURER Bhsi R YE M dect 2asi ng

ground rigidity. In a further 15 exanple rovision is de for, repetitions
Do be cartiaabnd Uit seu R Sbngt HIE e Lol RR 't nenf e pect | ve
segnent i th of; . C e m ned, .. for
exanpl e,ﬂksme fﬁ%%@%en%%%&e{ e pgl\/\sgr %gc}iﬁrstﬁe?pt%rgcj)cr? ﬁh%h%pﬁﬁ’at%re ?rr[l)t or. The
col um, e SeRRAramd@eher enksvablatde ML dfefe thecgrgatgset e powver

consunption of the vibrator when the latter is inserted into the previously
i nt neducatdridderimmt ex | @gtounkhelayd ad DI eiid angesrendp tdly betldesigaed in the
compact or less stiff said ground layer is. Therefore, the
insertion speed can be a direct measure of the ground
structure and can therefore be suitable for determining the
ground profile. For different ground depths, the ground
20 profile here can contain the insertion speed determined for
the respective ground depth.
In a further example for determining the ground
profile, provision is made to insert the vibrator
arrangement, driven by the carrying device, at at least an

25 approximately constant speed into the ground and to measure a

power consumption of the vibrator motor when the vibrator



manner of a conventional vibrator arrangenent. In one 25 exanple, provision
is made for the vibrator arrangenent to have a vibrator pipe with an upper
and a lower end and a WD 2012/171527- 10 - PCT/ DE2012/ 200043 vi brator which
is arranged on the vibrator pipe and has the vibrator notor. The vibrator
can be designed as a depth vibrator and can be fastened to a |ower end of

t he vi br #5505 Pfy1 g)zu} can al so be de§|gned as a t%T/‘D%?%H%zBBS‘;Sa” be 5

fastened To an upper end of the vibrator pipe. e can be a
silo pipe with a material tank which, in the region of a |ower end of the

Vi br at or a a¢ & AQEeIENt 4 shasn & reder hﬁ{:OOLtMeEthb@q&\ﬁl eR fid | eperatenyal can
be introduced into a cavity produced bel ow the vibrator 10 arrangenent.

However , phhempt ¢e. Ccaie apswe Secuesaspal &i Nph eiexéensooniptpea brotthds case,
filler rrateri al is introduced into the cavity produced bel ow the vi brator
arrangengayevi &s aa gag-Hisetlweren thetpipecase, thee siasoredipag tgPouAdss

The carryi ng device may conprise a carrying armof 15 earth-noving

equi pmanf*tb f res2 kdnpiideda dagerandsa sthde E?ﬁﬂ/%‘%lblcéméhlmpﬁéoﬁas’?anA

furt nmbodj t | at t t hod d terial
col umh | ERERBHGFOUTL FHE oGt RG8 SEGRpPf SCRS FYOR N g 5 T Brartr &7 Fangenent
T hel deon. axﬁfe Sagyng deyloe and. |5 desiany Ly  ReneLr atg the

ground, |nser i ng Srat or arrangenen e gro
different ground depths, the ground profile here can contain

the power consumption determined for the respective ground

depth. The vibrator motor can be an electric motor or a
10 hydraulic motor. In an electric motor, for example, a current

consumption of the motor is representative of the power

consumption of the vibrator motor, whereas, in the case of a

hydraulic motor, a hydraulic pressure necessary for driving

the motor is representative of the power consumption of the
15 vibrator motor.

In another example for determining the ground
profile, provision is made to insert the vibrator
arrangement, driven by the carrier device, at at least an
approximately constant speed into the ground and, as an

20 operating parameter, to measure a vibration amplitude of a
tip of the vibrator arrangement. This method is suitable in
particular when a vibrator arrangement is used with a depth
vibrator. The vibration amplitude on insertion into a ground
layer can be all the more high here, the less compact or less

25 stiff said ground layer is. The vibration amplitude can

therefore be a direct measure of the ground structure and can



repeatedly noving the vibrator arrangenent in the ground between reversing
poi nts, nanely an upper reversing point and a reversing point, and
arrangenment is noved fromthe | ower reversing point to the upper reversing
point, and detecting a WD 2012/171527- 11 -PCT/ DE2012/ 200043 position of
the vibrator arrangenent in the ground. In this nethod, the reversing

poi nts jjned by a control ,system and f
vibrato?ﬁgr?gﬁgg%z§§aﬁetmeen t he reve?sing poi nts §¥E§§§§§@2439852§

el ectronic display 5 which indicates a desired direction of novenent of the
vi brat or taerengesent andddie Fe et rafint Hg VhdratQinAgryrderRentchet ween

t he reversing points. This method permts sem -automatic and
nevert heVessops egirsengr adpthispn thfe nat@rridal pecof Limshére t BengroundinThe 10
vi brat or arrangenment can be noved manual |y by an equi pnent operator, but in
accor dantlke wihraheonli app bt uis i deternines thoer dihe erespeed iveagrohedvi br at or
arrangenent is noved between reversing points predeterm ned by the control
system WPRFRI n said reversi ng points change over the course of the 15

rodyction of a colunmn. .The actual position af said reversing.points in the
grough does not Have" 141 ?ﬂﬂﬁQﬁeﬁgéﬂﬂ#igf%ﬁ¥ﬁ§ et %F PnFQPgéguPBsthe

equi pnen at ; - Ex I i, me e _expl ained i.n nore
det ai | b%f%%%%i: ?Eﬁ%ﬁbnéée?o %ggu?%§98$%gg¢ig f%ggge €€% 8t56 i MPustrate
the basigepsimtidd e g R@RENL dbPYRNT iGRevaNd dheTBi0ng pRbLY:fhe
aspects necessary for understanding said basic principle are il lustrated.
The figuces asbsmotbaecessarmined 0 istalaicnThe, sammneef erenaee gushers denote
i dentical or equivalent parts having an identical or 25 equival ent neaning.
parameters are determined only for predetermined ground

10 depths which can be spaced apart uniformly or nonuniformly.
In one exemplary embodiment, the material column is
produced is produced depending on the ground profile in such
a manner that a diameter of the material column at a certain
ground depth is dependent on the ground parameter determined
15 for said ground depth. The ground parameter determined for a
certain ground depth is dependent, for example, on a ground
density and/or a ground rigidity. In this case, the material
column can be produced in such a manner that the diameter of
the material column increases with decreasing ground density
20 and/or decreasing ground rigidity. The ground profile 1is
therefore used to determine a column profile which defines
which properties the column is intended to have at which
ground depth. One property of the column here can be the
diameter thereof, but also can be the strength thereof.
25 In one example, the production of the material column

comprises producing at least two segments. The production of




Figure 1 illustrates an exenplary enbodi nent of a WD 2012/171527- 12

- PCT/ DE2012/.200043 5 Figure Figure 2 3 vibratorarrangenentwhi chi shel dbya
carrying device and has a depth vibrator for producing a material colum in
the ground; illustrates a cross section through the depth vibrator;

I 1 ustrat esanexenpl aryenbodi nentofa vi brator arrangenent with a top

vi br at or&grzgﬁ)ﬂjﬂ% a material coI_ugn_i n the grOLb'&q*;/DEEiOQEr/EOOOB

each segment here comprises: a) raising the vibrator

arrangement by a predetermined displacement distance such

that a cavity arises below the vibrator arrangement; b)

introducing a filler material into the cavity; c¢) inserting

5 the vibrator arrangement into the filler material in order to

compact the filler material; and d) repeating method steps a)

to ¢) n times, where n 2 0. For the production of a segment

at a predetermined ground depth, the number n of repetitions

in step d) can be dependent on the ground parameter

10 determined for said ground depth. Provision is therefore made

in one alternative for the ground parameter to be dependent

on a ground density and/or a ground rigidity, and for the

number n of repetitions to increase with decreasing ground

density and/or decreasing ground rigidity. In a further

15 example, provision is made for repetitions to be carried out

until a desired strength of the column in the respective

segment 1s achieved. The strength of the column can be

determined, for example, with reference to the power

consunmption of the vibrator motor. The column, or a segment,

20 here is all the more firm, the greater the power consumption

of the wvibrator when the latter 1is 1inserted into the
previously introduced filler material.

The vibrator arrangement can be designed 1in the

manner of a conventional vibrator arrangement. In one

25 example, provision is made for the vibrator arrangement to

have a vibrator pipe with an upper and a lower end and a



4 illustratesanexenpl ary enbodi nentin which 10 t hecarrying

devi ceconpri sesa carrying armof earth-noving equipnent; Figure 5
—t-H-ustratesan—exenplary—enbodinmenti-n—whi-ch—the-carrying-device-conprises—a
| eader and a slide guided on the | eader; 15 Figure 6

WO 2012/171527 - 10 - PCT/DE2012/200043

vibrator which is arranged on the vibrator pipe and has the

vibrator motor. The vibrator can be designed as a depth

vibrator and can be fastened to a lower end of the vibrator

pipe, but can also be designed as a top vibrator and can be
5 fastened to an upper end of the vibrator pipe.

The pipe can be a silo pipe with a material tank
which, in the region of a lower end of the vibrator
arrangement, has a material outlet via which filler material
can be introduced into a cavity produced below the vibrator

10 arrangement. However, the pipe can also serve as a simple
extension pipe. In this case, filler material ié introduced
into the cavity produced below the vibrator arrangement via a
gap between the pipe and the surrounding ground.

The carrying device may comprise a carrying arm of

15 earth-moving equipment or may comprise a mast and a slide
moveable on the mast.

A further exemplary embodiment relates to a method
for producing a material column in the ground. The method
comprises providing a vibrator arrangement which is held on a

20 carrying device and is designed to penetrate the ground,
inserting the vibrator arrangement into the ground and
repeatedly moving thé vibrator arrangement in the ground
between reversing points, namely an upper reversing point and
a reversing point, and introducing filler material into the

25 ground when the vibrator arrangement is moved from the lower

reversing point to the upper reversing point, and detecting a




shows schematically a cross section of ground

havi ngdi f f er ent groundl ayers, aground profile of the ground, a.colum
profile and a material colum which is produced in the ground and has a
varying di ameter; 20Figure 7 shows a further exanple of a colum profile
based on a ground profile, Figure 8 shows schematically the upward and

downwar d the depth vibrator in a firs I t hod for
produci nﬁgggﬁg‘?;eiflaqo&%col um accordimg to figure %ﬁﬁggﬁﬁ?épgpl y of
segnents; WD 2012/171527- 13 -PCT/ DE2012/ 200043 Figure 9 illustrates a

furth?r 55@ﬂ@1@n0$fatﬂgt099r£95r arrangementpfﬁdgﬁén8r§u§§gngﬂttﬁisa
mat eri al” colum; Figure 10 shows an exanple of a display for an equi pnent

Operaéorméﬂh@d,seﬂhe aut 08B i€ MBb hods f f c Spreducs N wedreb €l b akogekymm in the

Jrofne system, and a movement of the vibrator arrangement between
the reversing points is depicted in an electronic display
5 which indicates a desired direction of movement of the
vibrator arrangement and the position of the vibrator

arrangement between the reversing points.
This method permits semi-automatic and nevertheless
precise production of material columns in the ground. The
10 vibrator arrangement can be moved manually by an equipment
operator, but in accordance with the display device. It is
thereby ensured that the vibrator arrangement 1is moved
between reversing points predetermined by the control system,
wherein said reversing points change over the course of the
15 production of a column. The actual position of said reversing
points in the ground does not have to be depicted and is also

not of interest to the equipment operator.
Exemplary embodiments are explained in more detail
below with reference to figures. The figures serve to
20 illustrate the basic principle of the present invention, and
therefore only the aspects necessary for understanding said
basic principle are illustrated. The figures are not
necessarily to scale. The same reference numbers denote
identical or equivalent parts having an 1identical or

25 equivalent meaning.

Figure 1 dillustrates an exemplary embodiment of a



For better understanding of the invention, first of all various exenplary
enbodi nents of devices for producing material columms in the ground, which
—devi-ces—are-sui-table-10-for—carryingout—the nethod-according-to-the—
i nvention, are explained below Said exenplary enbodi nents serve for better
understanding and are not limting. In principle, any device suitable for
produci ng material colums, in particular tanped colums or vibrating

tanped cpbusps2yimidey ground, are 15 suitable for Gy E3$19YbobBaset hod.
Figure 1 schematically shows a first exenplary enbodi nent of a device for

produci ng material colums in the ground. Said device conprises a vibrator
arrangenent 1 which hasribmppitpe 1lbmanlyecarntuppehiand asl oneidendy wherein a
20 vibrator 12 is arranged at the lower end of the material pipe 11. The
vibrator 12 is fastenedcamning rmawrdealansl pead1ai deptli vikhtrhbar ddrped
manner in a way not illustrated in detail, and therefore vibrations arising
due to vibrating novendiSUsHNche Frbeaidt AL @i ibtther skSHitred or at

| east are onlg.Zﬁrt%?ns 'tt%%_tosa smal | exten% to %he t Rgahegkge 11. In
figure 1. as WIS L1 Agds SARECR KEOSFor Lo 188 SRoPHERe
5 vibrator;

Figure 3 1illustrates an exemplary embodiment of a
vibrator arrangement with a top vibrator for
producing a material column in the ground;

Figure 4 illustrates an exemplary embodiment in which

10 the carrying device comprises a carrying arm
of earth-moving equipment;

Figure 5 illustrates an exemplary embodiment in which
the carrying device comprises a leader and a
slide guided on the leader;

15 Figure 6 shows schematically a cross section of ground
having different ground layers, a ground
profile of the ground, a column profile and a
material column which 1is produced in the
ground and has a varying diameter;

20 Figure 7 shows a further example of a column profile
based on a ground profile,

Figure 8 shows schematically the upward and downward
movements of the depth vibrator in a first
example of a method for producing a material

25 column according to figure 6 with a plurality

of segments;




WO 2012/ 171527- 14 -PCT/ M2012/ 200043 bel ow, the material pipe 11 is
illustrated i.n cross section, and the remaining conponents are illustrated
in side view In the exanple illustrated, the pipe 11 is designed
as a silo pipe or material pipe and, at the lower end 5 thereof, has an
outlet to which a further pipe 16 is connected, said further pipe being

gui ded pgara vibrator 12 as far as a tip.Q I r.12 and,
in the r@éi%hf%f{?H%?fip of the vibrator, f ormi ng 5“%3&%&P§?9ggbﬁé? 13 of
the vibrator arrangenent 1. The further pipe 16 can be 10 fastened to the

material pipepildyid @ vibratd.Qr-danped FRARCL  fREcMBEELI AbtRbRErdl has,
for exanple, a cylindrical geonetry. The further pipe 16 can be reali zed,
for exanple, in such agmnesinghat sebmpattoald msiariounds1tuhe; vi brator 12,
and then has, for exanple, a crescent-shaped geonetry in 15 cross section.
The vi brat or BE2qguwdilch stover rangedmpal e act oavedi gmichoff drhenmetieipaknpi pe 11,
or the entire vibrator arrangenent 1, is also referred to as a depth
vibrator. Said depth vidpegidiori2 idan de desigaedonatithe wapmed ofoa
conventional depth 20 vibrator. Figure 2 shows a cross section through said
dept P vibrator in a se®5%WPrané RAFER#insoBEMpeitit§ &Py o the pl ane
of the drawing illustrated in figure 1. Wth regard to figure 2, the depth
vi brator has, for exanple, an unbal ance or an eccentric 21 which is nounted

e o o PSR P oo AL ety gt b o 1
- PCT/ DE2Q12/ 2009435 exemplary embodiments of devices for producing
material columns in the ground, which devices are suitable
10 for carrying out the method according to the invention, are
explained below. Said exemplary embodiments serve for better
understanding and are not limiting. In principle, any device
suitable for producing material columns, 1in particular tamped
columns or vibrating tamped columns in the ground, are
15 suitable for carrying out the method.

Figure 1 schematically shows a first exemplary
embodiment of a device for producing material columns in the
ground. Said device comprises a vibrator arrangement 1 which
has a pipe 11 with an upper and a lower end, wherein a

20 vibrator 12 is arranged at the lower end of the material pipe
11. The vibrator 12 is fastened to the material pipe 11 in a
vibration-damped manner in a way not illustrated in detail,
and therefore vibrations arising due to vibrating movements
of the vibrator 12 are not transmitted or at least are only

25 transmitted to a small extent to the material pipe 11. In

figure 1, as also in figure 2 which has yet to be explained



is set into vibrations by a vibrator notor, such as, for exanple, a
hydraulic notor or an electric notor (not illustrated), as a result of
path. 5Figure 3 shows a device with a vibrator arrangenent which is
designed as a top vibrator and in which the vibrator 12 is arranged at the
top of the pipe 11. The vibrator 12 and the pipe 11 here are not decoupled
in termsy@fa0diyefigyy and therefore v hrating novgﬁﬁgbgzgizyggoyhgrator 12
are 10 transnltted to the material pipe. Like the depth vibrator

according to figure 1, the vibrator 12 according to figure 3 also has a

not or (nNo¢low,) ushte ateidyr il ohigl | Mesi ¢ hiel isarratterd 12. cWbsh segatdng o
figures 1 and 3, the vibrator 15 arrangenent, irrespective of the specific
conf i gurand orhe hesreoin iay godepnknisbaae okl bistagted op witheavoewin the upper

region of the material pipe 11, has a material supply which is illustrated
ner el y schenatldg}I9h$neF?@®¥%sl§;%ﬁﬁF%F%ﬁuj%ﬂﬁCQFPQn1¥hése§8ﬁﬁgﬁe has a
mat erial_contain 14, arranged 20 at. the side of the terlal pi pe 11, and
a flap 1%Saﬁ?aﬁé28 BetRiee Tt He* hef &t aPte6nt A Frer 214 ShY ¥ F Pfor of

the Eﬁte{ﬁ£4e£%per%é Eﬁe Eé??e%S'&?nvmﬁc%peQedf e%%gégge wher e, when

the flap is open, nateri h™as exanpl e broken st ones
or Sand,c&ﬁﬂbéﬂéﬁﬁ odt i Qf ﬁdf%her’ pipe being guided parallel to the

vibrator 12 as far as a tip of the wvibrator 12 and, in the
region of the tip of the vibrator, forming a material outlet
13 of the vibrator arrangement 1. The further pipe 16 can be
10 fastened to the material pipe 11 in a vibration-damped
manner. The material pipe 11 has, for example, a cylindrical
geometry. The further pipe 16 can be realized, for example,
in such a manner that it partially surrounds the vibrator 12,
and then has, for example, a crescent-shaped geometry in
15 cross section.
The vibrator 12, which is arranged at a lower end of
the material pipe 11, or the entire vibrator arrangement 1,
is also referred to as a depth vibrator. Said depth vibrator
12 can be designed in the manner of a conventional depth
20 vibrator. Figure 2 shows a cross section through said depth
vibrator in a section plane which runs perpendicularly to the
plane of the drawing i1llustrated in figure 1.
With regard to figure 2, the depth vibrator has, for
example, an unbalance or an eccentric 21 which is mounted in
25 a vibrator housing so as to be rotatable about a shaft 22.

During the operation of the depth vibrator, said eccentric 15



25 material container 14 into the interior of the material pipe 11. In one
exenpl ary enbodinent, it is provided that, when WD 2012/171527- 16

- PCT/ DE2012/ 200043 the flap 15 is closed, a positive pressure can be
produced in the interior of the material pipe 11, which is illustrated in
cross section in figure 1, by neans of the pressure device thereof (not

illustr d j fd ly). The production of 5 suc IR sure can
be requ?ﬁ dzﬁigiijiééjﬂ ar when naté}ﬁél"colunns wh&gﬁ/gggehkégpgggﬁhe wat er
table are intended to be produced in the ground. A positive pressure is
requi redikn dthi sigaseviprof d8is t gy ot reguce-dmt grial, i ntent hes greypd
counter to the pressure of the groundwater. 10l nstead of a sinple flap 15
bet ween &hempes erial ptaiiey kbtand ior the i rleciercof mbhermatgetal pipe
11, a material sluice (not illustrated) with two flaps can al so be

provi dedilVistwtiesh ,t hees nat eesalt Goifs wihntthodieedrliitad ctrheciint @f | bheof t he
material pipe 11. Such a material sluice can 15 prevent a positive pressure
whi ch i sd®RER tvilpraten He mavesi atovd @ helpritlery @atpi-pe 11 escapi ng every

time ymaterial is resupplied. , In,ErincipIe, any known -materia
suppld es can be USBHE sUcH'AL F ofeBXGPplEtl edeNiPRBERTT ATRAPER ARE eri a

are 20 inﬁrg@uced underdpresguEg directlg inafrthehq%%e%kalygége 11 via a

conveyiﬁﬁ hose%sT?ﬁ§R%q§ra€8r arr n&%%%%%srjéq st ated FERT1 and 2

serves nejely fQfddduskr ahingobhgs bast & fid nai Pl Of ¥i-BEgtof s ong
arrangenents. It shoul d be enphasized that, in 25 conjunction wi th™t he

present tmyepoON,1 aRYeVibReahet decoupled in terms of vibration, and

therefore vibrating movements of the vibrator 12 are

10 transmitted to the material pipe. Like the depth vibrator 12

according to figure 1, the vibrator 12 according to figure 3

also has a motor (not illustrated) which drives the vibrator

12.

With regard to figures 1 and 3, the vibrator

15 arrangement, irrespective of the specific configuration

thereof as a depth vibrator or as a top vibrator in the upper

region of the material pipe 11, has a material supply which

is illustrated merely schematically in figures 1 and 2 and

which, in the example, has a material container 14 arranged

20 at the side of the material pipe 11, and a flap 15 arranged

between the material container 14 and the interior of the

material pipe 11. The flap 15 can be opened and closed,

wherein, when the flap is open, material G, such as, for

example, gravel, broken stones or sand, can flow out of the

25 material container 14 into the interior of the material pipe

11. In one exemplary embodiment, it is provided that, when



arrangenments, such as depth vibrators or top vibrators, can WO

2012/ 171527- 17 -PCT/ OA2012/ 200043 be used, in particular even vibrator
—arrangenents—having-a-di-fferent-type-of-material suppltyor -having-a——
di fferent manner of arrangenent of material pipe 11 and vibrator 12. Wth
regard to figures 1 and 2, the device also 5 conprises conprises a carrying
device 2 to which the vibrator arrangenent is fastened. Said carrying

devi ce rzvggg%%%%ﬁ{%bzed in different; mays. PCTZ&%@ 521%%8% a

n
exenpl a nment of a device for producing materi S Inthe
ground. In this device, 10 the carrying device 2 to which the vibrator
arrangenemé f14d;s fRstenadLAPE pesidicarpyéHguds no wapkidoieeingn

equi pnent. The vi brator arrangenment here 1s fastened to the tip the

carryi ngtlie¢ eimetrtr 2dr  ofhecheamaytiemd adr pipanl be winied ian ijdnisitealkad in such a
manner that it exerts a force on the 15 vibrator arrangenent, the force
acting iarede peapiewdinalfigurectli-obofmedies pppethe, picasender defiéreby to
insert the vibrator arrangenent 1 into, the Iqround or to renove said

vi br at or “R¢¥etgertBRt abhl mSF5Rd hePgrbbher i s T8al RPEGH dmedtbel ow.

20Fi 5 sh . th I nmbodi t of. deyi. f duci
mat of) a1 S35 URmEOPCLRE GFBUAG S| A-NnS ASWIGEoCL hR EaFFy P BeURER 2

conpri 53%%%%&’@ c%?lu%n'seaQﬁECKE’ P&c‘é\‘gi %;éhl%ws' LAg %gaéér m%‘é%%%' e,Lo the

| ongi t udi na ITection of the tower . e tower 25 can stand 25

per pendi cit @idea | 4b YedQrdRdROdUCen¥ e ELERY . COIYEMS ive LRessure is
required in this case in order to introduce material into the
ground counter to the pressure of the groundwater.

10 Instead of a simple flap 15 between the material
container 14 and in the interior of the material pipe 11, a
material sluice (not illustrated) with two flaps can also be
provided, via which the material G is introduced into the
interior of the material pipe 11. Such a material sluice can

15 prevént a positive pressure which is built up in the interior
of the material pipe 11 escaping every time material is
resupplied.

In principle, any known material supplies can be
used, such as, for example, even those in which material are

20 introduced under pressure directly into the material pipe 11
via a conveying hose.

The vibrator arrangements 1 illustrated in figures 1
and 2 serves merely for illustrating the basic principle of
vibrator arrangements. It should be emphasized that, in

25 conjunction with the present invention, any vibrator

arrangements, such as depth vibrators or top vibrators, can



ground. However, the tower could also be inclined in relation WO

2012/ 171527- 18 - PCT/0E2012/ 200043 to the surface in order, in this case,
to produce colums running obliquely in the ground. A carrying el enent 21
which is connected to the pipe 11 is fastened to the slide 24 such that the
vi brator arrangenment 1 is noveable along the mast 25 5 with the aid of the

ppr oxi R PRI [0 the tover 28, and ther f GHa7 DB CRB(BHERE of the

slide 24 on the tower 25, the vibrator arrangenent 1 can be noved in the

| ongi t udbpal;sdhl eati Qhdhenaal A &abl g devd cea W dyansal endPiid fonly
illustrated schematically), a gearwheel device, or the |like, for exanple,
is presetifféaraiderybe nove rshershides2dplThers| hdei4 iss bnrpar&heul ar
novabl e on the mast 25 in such a manner that it exerts a force on the

Vi br at ormarrangehremrangaingntorfenate rngl i pigehel diamectviibmavbrndb¥enent 15 of
the slide 24, and therefore in the longitudinal direction of the pipe 11,
and being abl e t"6-BYy i BgIapdutta nsegeren df &R \Abr BRer dEi@egerdR® into

t he g;ound. Sard force can be exerted, for exanple the fact that the

b
slide 24P P hiF T WRHIFESIE GATFRLIHeSEY 2% fy 2 dbfchedFor LBTBY Treans of

the 20cable. g3, Gf CQurse, eafif- mying equipiegt and @ mast with.a movabl e
slide are neﬁ%?y exanpl es of “carrying device Whi ch” are sdi t §bfte Tor novi ng

the vibrator; ard angement Lyikn,Lhe | ongitudinal direction thereof, i.e. in
the longitudinal 25 direction of the pipe 11. Any other lifting units, such

as, WO 2012/ 17152frrel% - PEIGHEZA12/x280043y embodiment of a device

for producing material columns in the ground. In this device,

10 the carrying device 2 to which the vibrator arrangement 1 is
fastened comprises a carrying arm of earth-moving equipment.
The vibrator arrangement here is fastened to the tip the
carrying element 21. The carrying arm can be moved in
particular in such a manner that it exerts a force on the

15 vibrator arrangement, the force acting in the longitudinal
direction of the pipe 11, in order thereby to insert the
vibrator arrangement 1 into the ground or to remove said
vibrator arrangement again from the ground. This is also
explained below.

20 Figure 5 shows a further exemplary embodiment of a
device for producing material columns in the ground. In this
device, the carrying device 2 comprises a tower or a leader
25 on which a slide 24 1is moveable 1in the longitudinal
direction of the tower 25. The tower 25 can stand

25 perpendicularly in order to produce vertical columns in the

ground. However, the tower could also be inclined in relation



for exanple, lifting units with electrically driven cable, belt or spindle
arrangenents, can |ikew se be used. Figure 6 schematically shows
—a-cross—section-of—-a-ground-100-in-whi-ch-a-mat-eri-al—-colum-30-consi-sting—of
a5 filler material, such as, for exanple, gravel or sand, is arranged. The
ground detail illustrated by way of exanple in figure 6 has a plurality of
different ground | ayers 101, 102, 103, 104 which |ie one above another and

can eac pof t ground propertj es, such as, nsity or
10 streﬂ@?ﬁ? c%li éﬁfeasons explainé‘ at the begiﬁﬁ gng?ayésggg$rable to

adapt the material colum 30 to the ground properties in such a manner t hat
t he mat etd akheolsuhtal@ ideabtyehasia dhagetersegdapt edré@uidecpropesti es of

the respective ground |ayer 101-104 in each of the individual 15 ground

| ayers 10dnrd0dy Jdhelquedler iial ol wnowdd.i A ustrrgtied ehefmegur 21 6whashvari ous
material columm sections 31, 32, 33, 34, wherein one of said materi al

col urm sbetFomeBIedB4 G sthg mbmged 1 nsedetstgredndol dper s1bde 194 andhhas a

di anet er adapted to the properties of the respective ground |ayers. 20 A

p
met hod f o2 ridtfuci iRy HraPerrareeNtinh 39 ISP iss 24@agt &8t B2the?yr ound
properties, .and _which c ave wgia ter,varying.ovyer .the _|l.ength thereof,
s ec%fic%ﬁ?h B5ed EnC%gﬁ:(%es T e??leithm¥ﬁ89 ?%uﬁ&pguﬁﬂo i i3St he
pl arty dept gg 2554 dret hog ! Ldi .
col um, &%%@' o¢ aﬁ % Wi 29Sal dne OYPRL SESPT BU LY NG V'th aE/l?
arr angenent ichis g on a carryin geV|ce aﬁg Ps %&)201 /1 27- 20
- PCT/ DE20324 209D A3 fle st gaesr 4 @ penethdfenddie & ound andiahi £hyhagnha
vi brator notor. Said vibrator arrangenent 1 can be designed, for exanple,
in a mannerecolbespordi niptoaneadtatdenantbr at aranarsangesreat sinl whé ch have
previ ously been explained with 5 reference to figures 1 and 3 to 5 and are
hel d on koraryydingl direction thereof. A cable device with a cable
10 23 (only illustrated schematically), a gearwheel device, or
the like, for example, is present in order to move the slide
24. The slide 24 is in particular movable on the mast 25 in
such a manner that it exerts a force on the vibrator
arrangement, said force acting in the direction of movement
15 of the slide 24, and therefore in the longitudinal direction
of the pipe 11, and being able to bring about insertion of
the vibrator arrangement into the ground. Said force can be
exerted, for example, by the fact that the slide 24 is pulled
downwards on the mast 25 by a defined force by means of the
20 cable 23.
Of course, earth-moving equipment and a mast with a
movable slide are merely examples of carrying devices which
are suitable for moving the vibrator arrangement 1 in the

longitudinal direction thereof, i.e. 1in the longitudinal

25 direction of the pipe 11. Any other lifting units, such as,



device 2. The nethod al so conprises inserting the vibrator arrangenént 1
into the ground 100 (which is likewse illustrated in figures 1 and 3) as

far as a predeterm ned depth. Wen the vibrator arrangenent

is inserted

into the 10 ground, a ground profile is determ ned, wherein the

determ nation of the ground profile conprises nmeasuring at

| east one

operating p t he vi brator_ aryangenent 1 LS
insertedg?n?éfQEt%G?gLnd 100, and mhgféin t he groung BF%??EE?%haégéh case

conprises a ground paraneter 15 P for at least two different ground depths.
Such a grgundxprefil e Mhicchqassiigns @i @ oundcpal et er o1 déd f eepnt, ground

depths of the ground 100, is illustrated schematically in f

igure 6 next to

t he groupdieressssatdliomnrrihgegeaund pananeterif iksy fsed.exanpl e, a density
or a strength of the 20 ground, but can also take into consideration a
plurality of Figure 6 schematically shows a cross section of a

ground 100 in which a material column 30 consisting of a

5 filler material, such as, for example, gravel or sand,-is

arranged. The ground detail illustrated by way of example in

figure 6 has a plurality of different ground layers 101, 102,

103, 104 which 1lie one above another and can each have

different ground properties, such as, for example, density or

10 strength. For the reasons explained at the beginning, it is

desirable to adapt the material column 30 to the ground

properties in such a manner that the material column 30

ideally has a diameter adapted to the properties

of the

respective ground layer 101-104 in each of the individual

15 ground layers 101-104. The material column 30 illustrated in

figure 6 has various material column sections 31, 32,

33, 34,

wherein one of said material column sections 31-34 1is

arranged in each ground layer 101-104 and has a

diameter

adapted to the properties of the respective ground layers.

20 A method for producing a material column 30 which is
adapted to the ground properties and which can have a
diameter wvarying over the length thereof, specifically

depending on the properties of the ground surrounding the

column, is explained below.
25 Said method comprises providing a

arrangement which 1s held on a carrying device

vibrator

and 1is



ground properties, such as, for exanple, .density and strength. In the
exenpl ary enbodinment illustrated in figure 6, the individual |ayers differ,
—and-therefore-the '~-'g*r--*0~u~n~dm~parwarret“ef'~"~~~P‘~'f~'0r~~~‘~t-~~-he~'Mi«-'ﬁdi*vi~~~ dual— ngUﬂd‘ -} ayers————
101-104 25 different. O course, this is nmerely an exanple. It is also
possi bl e, of course, for two ground | ayers having the same WD 2012/ 171527-
21 - PCT/ DE2012/ 200043 property, such as, for exanple, two clay |layers, to

encl ose gol ayes /vy a different prgperty, suchag%T;ﬂﬁédygz?@d@4Ba sand
| ayer, or for a clay layer to be incorporated between two sandy, silty

ground layers. In the last-nmentioned case, 5 it can be desirable, for
exanpl e, depignodute qoinehragecttlonsghavndgaadsmalilcer chanet eribiratble sandy,
silty layers than in the clay layer. In addition, the nethod can conprise
produci ngoEae- netadd avibsktan 3rwdndencne udse @fn t he vildsrord,ar famgenent 1

10 dependi ng on the determ ned ground profile or can conprise producing
same depBRERECoN1R Gol DANPF oFPFESRRPRRINE BPodiGedCbntifie VBREREOST t he

ground p5?£é£§%m§1¥%‘“¥ uaﬂich have previously been explained with

5 reference to figures 1 and 3 to 5 and are held on a carrying
device 2. The method also comprises inserting the vibrator
arrangement 1 into the ground 100 (which is likewise
illustrated in figures 1 and 3) as far as a predetermined
depth. When the vibrator arrangement is inserted into the

10 ground, a ground profile 1is determined, wherein the
determination of the ground profile comprises measuring at
least one operating parameter of the vibrator arrangement 1
when the latter is inserted into the ground 100, and wherein
the ground profile in each case comprises a ground parameter

15 P for at least two different ground depths. Such a ground
profile which assigns a ground parameter P different ground
depths of the ground 100, 1is illustrated schematically in
figure 6 next to the ground cross section. The ground
parameter P is, for example, a density or a strength of the

20 ground, but can also take into consideration a plurality of
ground properties, such as, for example, density and
strength. In the exemplary embodiment illustrated in figure
6, the individual layers differ, and therefore the ground
parameter P for the individual ground layers 101-104

25 different. Of course, this is merely an example. It is also

possible, of course, for two ground layers having the same



profile defines which properties the colum is intended to have at which
ground depth. One property of the colum here 15 can be the dianeter

t hereof, but can also be the strength thereof. The material colum 30
illustrated schematically in figure 6 is such a material colum which is
produced dependi ng on the ground profile or the colum profile. For the

purposesw8f28¥%*f€ﬁ%%pn, it should b%ngssuned, forﬁﬁgvgé%??kzzobggg t he

ground pararne ichis illustrat®ed in the gro according to
figure 6 represents a density or strength of the ground. The colum 30

illustrapedpbpcd) dsui@n Gd,s Rasedanp1a, cokenbl Py ofdterd,n twhicelz 1bBe desired
di aneter of the material colum 30, which can be renoved from 25 the ground
profil e, 1dgereasesngs at he fdenenty etapengtyh iswheases. fén thasptasea t he
| ower nost ground | ayer 104 has
sand layer, or for a clay layer to be incorporated between
two sandy, silty ground layers. In the last-mentioned case,
5 it can be desirable, for example, to produce column sections
having a smaller diameter in the sandy, silty layers than in
the clay layer.
In addition, the method can comprise producing the
material column 30 with the use of the vibrator arrangement 1
10 depending on the determined ground profile or can comprise
producing same depending on a column profile which is
produced on the basis of the ground profile. The column
profile defines which properties the column is intended to
have at which ground depth. One property of the column here
15 can be the diameter thereof, but can also be the strength
thereof. The material column 30 illustrated schematically in
figure 6 1is such a material column which 1s produced
depending on the ground profile or the column profile. For
the purposes of explanation, it should be assumed, for
20 example, that the ground parameter P which is illustrated in
the ground profile according to figure 6 represents a density
or strength of the ground. The column 30 illustrated in
figure 6 is based on a column profile in which the desired
diameter of the material column 30, which can be removed from

25 the ground profile, decreases as the density/strength

increases. In this case, the lowermost ground layer 104 has



WO 2012/ 171527- 22 -PCT/ DE2012/ 200043 the greatest density/strength, and

t herefo

re the material colum section 34 produced in this ground |ayer
smalt-est—di-amet-er-—The—uppernost—ground-layer—101-has-the-second—-
| owest density/strength, and therefore the materi al
produced there has the second snall est dianeter.

5 colum section 31
The third ground | ayer

104

103

fromthe top, i.e. starting fromthe surface 101, has the third greatest

densi ty/ Gbreos u7e8uh t herefore the mgpierial coILnnbdyyﬂﬂzgazggogbqguced
there has the third snmallest dianmeter while the 10 second groun

| ayer

102

fromthe top has the | owest density/strength, and therefore the materi al

col um sebei Gjre%zqsrtoddeeslitwéﬁ‘erdmﬁ:ﬂ heatdr gésiredioaret €te Astexphai ned,

the material colum 30 is produced in a plurality of sections, the helght

and posi epbwnpf septEpni A4 1BreHeced obndthhd UheuDdobeyereéoéfhﬂhlChels

depende

nt on the colum profile which can be produced with reference to the
ground p?%?}}%stTﬁéa@SFﬁﬁn ﬂﬂﬂl?ﬁp%ﬁﬂP%ﬁaﬁ%ﬂﬁ%@leY6ﬁ1ﬂﬂé dﬁﬁhnahﬁroflle

f h t hat t t f b d b t

ot or | al CRGV T (SEEET ot T (20 SEREnEb amt By of T S0 eupone 65 Fhe

posi td 0N ludie eundary; betpean Luo @{e%ndhggy ghe | @&ﬁ%&%%ggof' e.
Such a colum profile is 1lfustrated in figure nex roun

profile.

10

15

20

25

dl fmd her colan pf ofd | §rosndenptgs, al@@' %m the top, i.e.
starting from the surface 101, has the third greatest
density/strength, and therefore the material column section
33 produced there has the third smallest diameter while the
second ground layer 102 from the top has the lowest
density/strength, and therefore the material column section
32 produced there has the largest diameter.

As explained, the material column 30 is produced in a
plurality of sections, the height and position of which in
the ground and the properties of which is dependent on the
column profile which can be produced with reference to the
ground profile. The column profile can be deduced from the
ground profile, for example, in such a manner that the
position of a boundary between material column sections in
the column profile corresponds to the position of the
boundary between two ground layers in the ground profile.
Such a column profile is illustrated in figure 6 next to the
ground profile. In the column profile, S denotes a column
property to be set, wherein each ground depth is assigned
such a column property. The column property can be, for

example, a diameter or a strength of the column at the



property to be set, wherein each ground depth is assigned 25 such a colum
property. The colum property can be, for exanple, a dianmeter or.a strength
of the colum at the WD 2012/171527- 23 -PCT/DE2012/ 200043 parti cul ar
position. Figure 6 illustrates a material colum 30 produced according to
such a colum profile, i.e. a colum in which each material columm section

31-34 i s,Qpk} é?ﬁpted to the suryoundi ng grou r P such
that a 5W§o%%£€*£%be ween two rrateria3 col um sectioﬁgé%%ﬁg$?é9éﬂﬂ%jth a
boundary between two ground | ayers. The colum here has at | east

appr oxi mpé et yci her SgaBi properti@srav hiimiaspiesd ah gokumaseebiin _
However, the boundary between two columm sections in 10 the colum profile
does not 3decessared ywdwrelihg cor s@spoadced DutihephAindgr y ket ween1timp gr ound
| ayers in the ground profile. Figure 7 shows an exenplary enbodi ment of a
col um piof iwhd ophi edch s ndéguded fadmmrhesgrolrm PrloBél el mcoprdinaglyo figure
6 and in which the boundary between two material colum 15 sections does

not corr 83 t 6O t ke haUAAAFYI bR vkt 1ol rdtnt0 ] alet sSudhet bt ei al
COlqu 380£§d£¥§xgg¥¥éé%e%%%n%gkg¥ial column sections runs level with
a boundary between two ground layers. The column here has at
least approximately the same properties within a material
column section.
However, the boundary between two column sections in
10 the column profile does not necessarily have to correspond to
the boundary between two ground layers in the ground profile.
Figure 7 shows an exemplary embodiment of a column profile
which is deduced from the ground profile according to figure
6 and in which the boundary between two material column
15 sections does not correspond to the boundary between two
ground layers. The material column 30 is produced segmentally
with a plurality of segments arranged one above another,
wherein one of the column sections 31-34 explained can
consist of one or more segments. The boundaries between
20 individual segments are likewise illustrated (by dotted
lines) in the column profile according to figure 7. Said
segments can, for example, each have the same height, but the
properties of the individual segments can differ. In this
éase, with the desired column height Dbeing taken into
25 consideration, the segment height predetermines the depth

positions at which boundaries between two segments and



with a plurality of segnents arranged one above another, wherein one of the
col umm sections 31-34 explained can consist of one or nore segnents. The
“bOUT‘Ida‘I“”i -es— bet\/\e en- 201 A d|V| ;;;;; d U’&F""S‘e‘gﬂ’en't“S""“'aI"“‘e“ I Ike\lee - | I |USt1‘ ,ated(, by_ ...............
dotted lines) in the colum profile according to figure 7. Said segnents
can, for exanple, each have the sane height, but the properties of the

i ndi vidual segnments can differ. In this case, with the desired col um

hei ght } %ff‘}‘fﬁﬂﬁ 0 25 consideratjon, the segn%/lf,gzglﬁ/%ggg%@r m nes

t he depth positions at which boundaries between two segnents’ an

2012/ 171527- 24 -PCT/ DE2012/ 200043 t herefore boundari es between two

mat er i al tisotefdise cCabuhdaridhebsegaent thei ghit«dn ibesofudinexedpl euna hei ght
of between 1 mand 2 m Which property is assigned to a segnent in the

col um prlo¢i beghgndependent capohe, f 6preraopbée, i a wWhight 50gr behdcbayer the
segnment corresponding to the ground profile mainly runs. In the method
expl ai ned,t fedvebRat Bhighr RRgERERY 1S ARPEUNEH BRyacasSenpRas ib bbe

i ntroduced.into the afound 100 in order to produce the material pillar 30,

serves UPOMThs&TGnSi ntd tHFPGGHTd 3BORr t Y of *gFtinid 16 pFBBE whi ch

per i s def et nation of the ground profile, .l n this methed. a gtound
profﬁﬁe Bf “the gr%und $0r ¥ oUh |ng(?ﬁe §ﬁbseq@ént cofum°ean bé exa%tly
oL T EERL Bohbte o vl SAhiCoU AL brodlcedsggtot herefor e
arrangement 1, which in any case has to be introduced into
the ground 100 in order to produce the material pillar 30,
serves upon insertion into the ground as a type of ground
10 probe which permits determination of the ground profile. In
this method, a ground profile of the ground surrounding the
subsequent column can be exactly determined with 1little
outlay for each column to be produced, and therefore each
column can be produced in an manner optimally adapted to the
15 respective ground conditions.
The ground profile can be determined in various ways
when the vibrator arrangement 1 is inserted into the ground.
In one exemplary embodiment, provision is made to insert the
vibrator arrangement 1, driven by the carrying device 2, into
20 the ground 100 at an approximately constant speed and, in the
process, to measure the power consumption of the vibrator
motor when the vibrator arrangement 1is inserted into the
ground. The vibrator motor can be an electric motor or a
hydraulic motor. In the case of an electric motor, for

25 example, a current consumption of the motor (given a known

constant supply voltage of the vibrator motor) is



15 respective ground conditions. The ground profile can be

determ ned in various ways when the vibrator arrangenent 1 is inserted into
the ground. In one exenplary enbodi nent, provision is nade to insert the

vi brator arrangenent 1, driven by the carrying device 2, into 20 the ground
100 at an approxi mately constant speed and, in the process, to neasure the
power copsu J he vi brat or not when t he vi rr nt is
insertedﬁﬁnggi?zg7g$%%nd. The vibrdfdﬁgﬁbtor can béggﬁkgkggg/?@gﬁggor or a
hydraulic nmotor. In the case of an electric notor, for 25 exanple, a
current cepsHEBht NI e HDEReIL¥BBuRp KNG £0NSd anth SRR Yovekt age of
the vibrator notor)is WD 2012/171527- 25 -PCT/ DE2012/ 200043 representative
of the panercgonpsunptitbe ofaide ofi beatioydramtlore wheeeas, 4 nhtydeacase of a
hydraulic notor, a hydraulic pressure, which is necessary for driving the
not or, ipreepresentwitiacle ofs t hecposery carsunpriignngf the widicat,or i5 not or.
In general, the power consunption of the vibrator notor is all the nore

hi gh, théchbfece 6% / {95 mthRe BPWRIN G085 SHIPICAGRI ndkr theh At PzaEerst ant
speed5 The gomer consunEtLon %f the vibrator notor at. a certain ground
dept b° t hBPEPBr e TWondETPEtes &1Gi RV e S8LFB™BF* 2he °f0 Hé%sivtlbffé Péngt h of
the grou . he rticul ar , d erefore i.rect , neasure for the
gr ound pgggﬁétég ﬁg§ th kgredﬁgﬁﬂ’Wﬂg% %éh%fﬁr%ﬁﬁ%% éﬁ%i%%%n?rﬁfPﬁ a
carrying; ar mgu$ iuged i(As dchbyst rat ed, o5, exampl espbdfighe 4hoaad when a
mast 25 with a slide 24 arranged on the mast 25 is used (as 15 illustrated
in figureohpumpheoni bratpe aipangerenbtdrcan becerseihedrboha thptground
100 at a constant speed. In order to determine the ground profile, during

t he i nsethepafondy t hensowentesnsunpt i odioéct he wichisater noifor dependi ng on
the ground depth is to be neasured, and the neasured val ues 20 obtai ned for
t he YowefleransunptomwtEr eof othe aseighedtt shehearsspeéet vdegebundndept hs.
The ground depth which is to be assigned to a certain power consunption

cor r espohlSTREPES tD T PodiisHA Sof OEheh i Pr AR GPANESHBr &tor  ar r angement

in the ground at t@& reﬁpecgéxg_ ower consunption. The position of 25 the

vibrator tip 13 B h%h%ro%% ,Vﬁnge?qyﬁgmﬁpgtg%ég Betwe&n t'Hevi'br at or

tip 13 apd thegsurfach JALqcan ber YOu4012/ 171 52751.46 4)PGTLOR2Q124200043

mast 25 with a slide 24 arranged on the mast 25 is used (as
15 illustrated in figure 5), the vibrator arrangement 1 can be
inserted into the ground 100 at a constant speed. In order to
determine the ground profile, during the insertion only the
power consumption of the vibrator motor depending on the
ground depth is to be measured, and the measured wvalues
20 obtained for the power consumption are to be assigned to the
respective ground depths. The ground depth which is to be
assigned to a certain power consumption corresponds here to
the position of the tip 13 of the vibrator arrangement in the
ground at the respective power consumption. The position of
25 the vibrator tip 13 in the ground 100, i.e. the distance

between the vibrator tip 13 and the surface 101, can be



determ ned in a conventional manner. For exanple, with reference to a
carrying arm when a carrying device is used with earth-noving equi pnent,
mast 25, in the case 5 of a carrying device with a mast. In a further
exanple for determining the ground profile, provision is nmade to apply an
at | east approxinmately constant force to the vibrator arrangenent 1 by the

carryi ngygeyb££/27iden the vibrator_ arg angenent 1i§%£/g§@@q§?§gob@§o 10 the
ground 100 and, in the process, to neasure a speed at which the vibrator

arrangenment is inserted into the ground. Said speed is generally dependent
on the gdeusdhitedictiur e,a siqwewenaticaater hahmegr ol depdamplehe spekrd
decreases as the density/strength of the ground increases at the respective
15 groundefiepeice The iEnserrivongspeed whant hecetvréngodsvicait ésauvdedect

measure for the density/strength of the ground and therefore a direct
nmeasur e THFD t PRF h SR rcavdOaerp, BBEh B9 noaHY 6h a/iddr FPIERGSRF of

earth-nbgénghgqggggggénagg Qﬁe slide 24 on the mast 25, in the case
5 of a carrying device with a mast.

In a further example for determining the ground
profile, provision is made to apply an at least approximately
constant force to the vibrator arrangement 1 by the carrying
device 2 when the vibrator arrangement 1 is introduced into

10 the ground 100 and, in the process, to measure a speed at
which the vibrator arrangement is inserted into the ground.
Said speed is generally dependent on the ground structure,
since, at a certain ground depth, the speed decreases as the
density/strength of the ground increases at the respective

15 ground depth. The insertion speed can therefore constitute a
direct measure for the density/strength of the ground and
therefore a direct measure for the ground parameter P. Both
by means of a carrying arm of earth-moving equipment and by
means of a slide moveable on a mast, a constant force which

20 acts in the longitudinal direction of the vibrator
arrangement 1 can be applied to the vibrator arrangement 1
when the latter is inserted into the ground. The speed can be
measured, for example, by the fact that, at regular
intervals, for example every 0.5 second, the penetration

25 depth of the vibrator arrangement is measured and that a

conclusion is made regarding the speed from the difference of




means of a slide noveable on a mast, a constant force which 20 acts in the
| ongi tudinal direction of the vibrator arrangenent 1 can be applied to the
vi brator arrangenment 1 when the latter is inserted into the ground. The
speed can be neasured, for exanple, by the fact that, at regular intervals,
for exanple every 0.5 second, the penetration 25 depth of the vibrator

T om Cnodh YR BRI U0 2012 171627, 27 -peT) DESOTAPEORbASZERRES e

penetration depth (displacenent difference) between two neasuring tines,

wi th knowhedgenet riheopestpth of ot kpea behieeNdt Moe PBRASAN | PG POEML Swht i me
difference), i.e. 5 v=4x/At, wherein v is the speed, 4x is the displ acenent
di f f er enoeasumci i tiisnddshe wtiithie kdofi edeacet the apduirddherf exanpbetfieen

determ ning the ground 10 profile provision is |ikew se nade to insert the
carryi ngtdeviessumitny tied ngsolndmat dahfexenealst lappr oxi mat el y const ant speed
and, in the process, to neasure a vibration anplitude at the tip 13 of the
vi brator arrangenment as an operating paraneter. The vibration anplitude

her e canvgg}g/rAe@se with -

5
wherein v is the speed, Ax is the displacement difference and
At is the time difference.
In a further example for determining the ground
10 profile provision is likewise made to insert the carrying
device into the ground at an at least approximately constant
speed and, in the process, to measure a vibration amplitude
at the tip 13 of the vibrator arrangement as an operating
parameter. The vibration amplitude here can decrease with
15 increasing strength of the ground.

An absolute wvalue of the ground parameter P
determined when the vibrator arrangement 1 is inserted into
the ground is less relevant for the subsequent production of
the material column 30 than a change in said ground parameter

20 P over the depth x. At ground depths at which such a change
occurs, such as, for example, at the ground depths x1, x2, x3
according to figure 6, there is a layer boundary between two
adjacent ground layers, and therefore, with reference to the
ground profile, it 1s possible in particular to read the

25 ground depths at which layer boundaries between adjacent

ground layers are present.



15 increasing strength of the ground. , An absol ute val ue of the
ground paraneter P determ ned when the vibrator arrangenent 1 is inserted
~into-the-ground-is-tess-retevant-for-the-subsequent—producti-on-of-the—
material columm 30 than a change in said ground parameter 20 P over the
depth x. At ground depths at which such a change occurs, such as, for
exanpl e, at the ground depths xl, x2, x3 according to figure 6, there is a
| ayer bopddegys peiigen two adjacent gﬁpund | ayers, ﬁgyyﬂﬁy%&gfgbgo4gnth
reference to the ground profile, it is possible in particular to read the
25 ground depths at which | ayer boundari es between adjacent ground Iayers
are present. WO20H2/44352Y7- 28 - PEE/ Dp2@t2682000438xplanation, W ther egard
to the preceding explanation, the individual material columm sections are
pr oducediridpetiialg rort e lc slodmmnpsett b enahich prodisut edpendimphengr ound
profile, wherein the colum profile assigns a property, such as, for 5
exanpl e, %ﬁaﬁ%%%WnoEr%§¥¥ﬁmﬂhﬂcﬁ(}%rﬂ?QRﬂﬁﬂanﬁﬂ &&éch 9FOPPA pastiien. The

colum profile |§%grod in such a manner that the materi al

col um 3%h produc aﬁggV%?nBr?% fﬁgngﬁ%%%% ﬁrBFPP%rE%s UFRrg8r GPAmet er
mer%vere§%ﬁ% QL ougdpLolil 6.1 ndiaghen a Lbow,densi Lyl ”e“g?*h?of ohf 10
I a

ground as a SI’TB. rever e groun prori Icates a

greater gensi iy st #889tY 1Qfnnt F&&fﬂl@dls ernakhyeld,y the goldm;profile
is produced, for exanple, in such a manner that the materia colunn 30

produceds@€cos Ghanghd© ther ceoldlinma s ofdl edlasm 39 ealeiucstr aegbbdingwher ever
the ground profile indicates a | ow density/strength of the ground, and has
a | ower strehgt cavherreverof hée ghewnda pletrgke ididincatees whdiaqgher the
density/strength of the ground. The production of the materia

col um c&FP i Prifidie t Raddepthsvi brator hdsndiden staengdbcedft othe

preﬂfgernlned 20 depth, which is denoted by x4 in the exanple according to
figufe 6ITBHY rn%ﬁdnuﬁ?aep?h Heiifes CHemBE8E of PR RV SHat éfifal 9EBRDFN 30 to

b duced t. of th d
i o 1 R 8 PISRTRR u BRESUebr BBy sl [ anganEnt 4 berhgOFaredy by &
predet erim ned, 25 (ispl agerent ) dist aRce; _1;9999?&%3&&'9 g(g]\_y“ ERafpplch that a

cavity arises bel ow'the vibrator arrangenent ep a)
2012/ 171627-52% - BCThDERO12/ 200043 he material column 30 produced

according to the column profile has a greater strength

15 wherever the ground profile indicates a low density/strength

of the ground, and has a lower strength wherever the ground
profile indicates a higher density/strength of the ground.

The production of the material column can begin after

the depth vibrator has been introduced to a predetermined

20 depth, which is denoted by x4 in the example according to

figure 6. Said maximum depth defines the base of the material

column 30 to be produced. A segment of the material column

can be produced in a manner which is basically known by the

vibrator arrangement 1 being raised by a predetermined

25 displacement distance by the carrying device 2 such that a

cavity arises below the vibrator arrangement 1 (step a) by a



filler material G being introduced (step b) into the cavity arising bel ow
the vibrator arrangenent 1 by raising of the vibrator arrangenent 1, and by
the vibrator arrangenent 1 being inserted into the introduced filler
material in order 5 thereby to conpact the filler material G or to push the
| atter to the side into the surrounding ground (step c). The vibrator
arrangeng, erted here int he filler rdance
with the glsp?%ceneﬁ?ﬁdlstance by mh?% ‘sai d V|brg?%$bg&%g%aé§8§p4%as
previously raised. Said 10 nethod steps, nanely raising the vibrator
arrangenent let nhaoducangct Beifiyl et roatesd al seas bnsentbngntheavibyat or
arrangenent into the filler material can be repeated n tines, where The
nunber naofisiepebtilng shepyibeneoirs adependanhton the desdimed df aneéer of
the material colum section to be 15 produced. The nunber of repetitions is
al | the Whpeagpeaprnangemene |lar gurd the dési retbuitaret errdsgendrer ein the
dianeter is all the nore |ar the | ower the freV|oust det er m ned
den5|ty/g?f%%g%ﬂsﬁft?%elﬁF%u%Be $ntrpfecedinbet Lar ofafeptl t HBNSTEAR be

fi det d f d 20 col u t
Al T oatty PASETESI hed GPUHE DEGPnrig o0t TRE rbuEL | B 5P SUEonbhE how

many T epeLELions, e CAI4d eﬂq@&tthéhfsu Yurk n@gplg%ouﬁdccegeggt pomepL 1S to

be produced with a certain strengt n1s no ascertai ned 25

at the begbrnidg abrpheustt ORan! hbd hiss&ase QHEénQn%%ChtH@pﬂMéPn the
strength of the segnent is neasured, and WO 2012/ 171527-

- PCT/ DE2042¢ 200043 nt het €ot Gamee f ufliitheI’tH@peltllsb[LQBeMBﬁﬂe\tﬁl’stTalfh%edeByl’ ed
strength is reached. The strength of the columm can be determ ned, for
exanpl e, Wini¢th sef@rgnbeatort herpogeneconsasppreniofsiheryibedt oaimt or. The
colum or a colum section is all the 5 nore stron% the greater the power
consthpt PRt HePRA br dtasreli% vWelrW{nﬁe |téuet erV31b§a R¥er pEdanaeBeLhe

previ ous roduced%flll mat er ure 8 schematically

|
shows tkﬁﬁ#ﬁ?) G%nt ErFﬁFeééﬁﬁnﬁndﬂﬂ§?ﬁﬁﬁ N%ntRE VRBRTIFBFat or tip

13 of thgrrangement into the filler material can be repeated n times,
where n20. The number n of repeating steps here is dependent
on the desired diameter of the material column section to be

15 produced. The number of repetitions is all the more great
here, the 1larger the desired diameter is, wherein the
diameter 1is all the more large, the lower the previously
determined density/strength of the ground is. This number n
of repetitions can be fixedly predetermined for each desired

20 column diameter, 1.e. it 1s already ascertained at the
beginning of the production of a segment how many repetitions
are carried out.

If, for example, a column segment is to be produced
with a certain strength, the number n is not yet ascertained

25 at the beginning of production. In this case, during each

repetition, the strength of the segment is measured, and



10 vi brator arrangenent 11 over the is illustrated in figure 7. The nethod

begins at atinme to, at which the vibrator tip has been introduced into the
; groundas far as the dept h X4 . Bef or-e t he t | ‘e t C), . t he . V| brator -arr angen«ent
1 is introduced into the ground, for exanple according to one of the 15
previ ously expl ai ned nethods, in which the ground profile is determ ned.

the case of the nethod explained with reference to figure 8,

Si X segnents

of the ngéesdad/ealggyn 30 are produceg, _wherein, iRdrhee8yadpbeooss order
to produce each 20 of said segnents, the vibrator tip is raised at |east

twice in order to discharge filler material, and is subsequently | owered
agai n i ntloetdeid ihd efuneiter i adpetiiteldmdihandwvalr shgnertsredchthavgtihhe sane
hei ght, which is apparent with reference to figure 8 by the fact that
anpl i t udes facdrePs Tipwaitd cagdhdofintage docpbvemedan de disgevinbratdor fotp for
the WD 2012/171527-_ 31 -PCT/ DE2012/ 200043 production of the individua
segment sSEHEP ISy eHdhlcakIFERMES cdP. BRRoFANSS t 6°ORFYRE W 2%FiFR® segnent

is produc
p v

5 more strong, the greater the power consumption

f%kator motor. The column or a column section is all the

of the

vibrator is when the latter is inserted into the previously

introduced filler material.

Figure 8 schematically shows the production of a

material column. The position of the wvibrator tip 13 of the

10 wvibrator arrangement 11 over the is illustrated in figure 7.

The method begins at a time t0, at which the wvibrator tip has

been introduced into the ground as far as the depth x4.

Before the time t0, the vibrator arrangement 1 is introduced

into the ground, for example according to one of the

15 previously explained methods, in which the ground profile is

determined.

In the case of the method explained with reference to

figure 8, six segments of the material column

30 are

produced, wherein, in the example, in order to produce each

20 of said segments, the vibrator tip is raised at least twice

in order to discharge filler material, and is subsequently

lowered again into the filler material. The individual

segments each have the same height, which is apparent with

reference to figure 8 by the fact that amplitudes

of an

25 upward and downward movement of the vibrator tip for the

In



bet ween the ground depths x3 and x4, and therefore this 5 segnent
corresponds to the material colum section 34 according to figure 6. Two
further segnments |ying one above the other are produced between the ground
depths x2 and x3, said further segnents form ng the material colum section
33 according to figure 6. The nunber of repetitions carried out 10 is

greater r ts of this mategial colum s j t r the
naterialago?ﬁﬂﬁﬂégggfgn 34, in order%¥hereby to prggﬁkgﬁgﬁgzég?g??gl col um
section 33 with a larger profile than the material columm section 34. A

further segaeatighi OJF iRet NEn@XAMIL GRGResRENdsré 0 frhe camher tabe15
columm section 32 according to figure 6 is produced between the ground

dept hs xlkdantix,. wherein, for this material colum section 32, the numnber
of repetitions is still greater than for the material columm section 33 in
order to produceiccording to figure 8, a first segment is produced
between the ground depths x3 and x4, and therefore this
5 segment corresponds to the material column section 34
according to figufe 6. Two further segments lying one above
the other are produced between the ground depths x2 and x3,
said further segments forming the material column section 33
according to figure 6. The number of repetitions carried out
10 is greater for the segments of this material column section
33 than for the material column section 34, in order thereby
to produce the material column section 33 with a larger
profile than the material column section 34. A further
segment which, in the example, corresponds to the material
15 column section 32 according to figure 6 is produced between
the ground depths x1 and x2, wherein, for this material
column section 32, the number of repetitions is still greater
than for the material column section 33 in order to produce
said material column section 32 with an even larger diameter,
20 since the ground surrounding this section 32 has the lowest
density/strength. Finally, two further segments are produced
one above the other between the ground depths x0 (which
corresponds to the level of the surface 110) and x1. These

two segments form the material column section 31 according to

25 figure 6, which has a smaller diameter than the material



said material columm section 32 with an even |arger dianeter, 20 since the
ground surrounding this section 32 has the | owest density/strength.
~Fi-nalt-ty;—two-further-segnents—are produced-one-above-the-other—between-the
ground depths x0 (which corresponds to the |evel of the surface 110) and
xI. These two segnents formthe material colum section 31 according to 25
figure 6, which has a snmaller dianeter than the material WO 2012/171527-

32 - PCT/ {g528324 POPD&3; col um sections3 32, 33, but apdg@j 01@/@63?)@5 t han
n

the material columm section 34. The heights of the'individua
segnents is determ ned by the displacenment distance by which, at the
begi nni ngobfim® pragduicinison32f t3E, r éspechi Vim segiredt ameher vitiat okthe
arrangenent 1 is raised in relation to the ground or in relation to the
segnent Pprbeloted ¢odidl atesibidsedr-ehand, in order to discharge filler
material . The individual segnents can each be produced with the sane

hei ght. However , TRiepeiAHG 19F oe hendirbiaid Istsaseegits, list degeamdpefossi bl e

to produce % e i di{idgag egﬂpnts mﬁ&p different hej hE}s,,ini articular in
order to ad B? fﬁgpﬁﬁ&|9|8§al a8 FalPYe dufil s ettt i ?g §ILRRIEHi Ckness of
the isndlyiggle ahoundd ayens i nesieh.a RnneL Ligt the,opti pup aeter i a
col um section can be determ ned or eac 8rounﬂ | ayer. I'n t he et hod
expl ai negh-Whddenafer ences t @afikglr €8, relation to the ground or in
relation to the segment produced immediately beforehand, in
order to discharge filler material. The individual segments
can each be produced with the same height. However, depending
10 on the ground structure, it is also possible to produce the
individual segments with different heights, in particular in
order to adapt the individual material column sections to the
thickness of the individual ground layers in such a manner
that the optimum material column section can be determined
15 for each ground layer.
In the method explained with reference to figure 8,
the vibrator arrangement always moves during the production
of a segment over the entire height (or depth) of the
segment, i.e. the vibrator arrangement, after discharging
20 filler material, moves through the discharged filler material
again as far as the base of the segment in order to compact
said filler material. However, the filler material discharged
in the final repeating step is then no longer compacted, but
rather the vibrator arrangement moves as far as the upper end
25 of the next segment, wherein the cavity located therebelow is

filled with filler material. However, said filler material is



the vibrator arrangenent always noves during the production of a segnent
over the entire height (or depth) of the segnent, i.e. the vibrator
arrangenent, after discharging 20 filler material, noves through the

di scharged filler material again as far as the base of the segnent in order
to conpact said filler material. However, the filler material discharged in

the fi naﬁorfﬂfﬁyi%ﬁ ep i s then no lpnger conpact e%g/(l;b%tzorﬁt/g%owe

vi brat or arrangenent noves as far as the upper end t he next segnent,
wherein the cavity located therebelowis filled with filler material.
However, sgabdqli¢ht ®f matieri akils MW 71927+h33 rREHDEYF1I2£880043
subsequently only still conpacted in the region of the segnent then to be
producedsegment then Riquree podukedtrates an alternative to the nethod
according to figure 8 with reference to the production of a 5 segnent, in
t he exanpl e of thegweEynntilPeskeesesheayr suhdrdeptnes %3 aflk x@ethadt his
nmet hod, as also in the nethod according to figure 8, at the beginning of

the proddctPeied thefsedhent VhERVIBFEFSRCAr FANGRAERFOHDYESH r8fn fhe | ower

end Q5f Sglegmgr?‘g,neg% (t%te tQ}?anprLSeg tégntﬁé) s;[e%n{[e%et Ltpéjtevgeeenndtk% %%iogmd
depths x3 and x4. In this method, as also in the method
according to figure 8, at the beginning of the production of

the segment the vibrator arrangement moves from the lower end

of said segment (at the position x4) to the upper end of said

10 segment (at the position x3), wherein the resulting cavity
between x4 and x3 1s filled with filler material. The stroke

or the upward displacement distance by which the wvibrator
arrangement 1s moved in this case 1s denoted by hl in figure

9. However, the vibrator arrangement subsequently no longer

15 moves downward as far as the lower end of the segment, but
rather, starting from the upper end, only by a distance or
downward displacement distance h2, where h2<hl, and
subsequently upward again as far as the upper end, i.e. by

the distance h2, such that the stroke h2 in the first

20 repeating step 1s smaller than the stroke hl in the first
step. A stroke h3 in the next repeating step is again smaller
than 1in the preceding step. In the example, after said
repeating step, the production of said segment ends and the
production of a new segment begins by the vibrator

25 arrangement moving (or being moved) as far as the upper end

of the subsequent segment.



~ 10 segnent (at the position x3), wherein the resulting cavity between x4

and x3 is filled with filler material. The stroke or the upward

———di-spt-acement—di-st-ance—-by-whi-ch—the—vi-brator—arrangenent—i-s-noved-in-thi-s—
case is denoted by hl in figure 9. However, the vibrator arrangenent
subsequently no | onger 15 noves downward as far as the | ower end of the
segnent, but rather, starting fromthe upper end, only by a distance or
downwar dydli s¢1 Aceneity di stance h2, where h2<hl, an@&gﬁgaggpgbyougmrd
again as far as the upper end, i.e. by the distance h2, such that the
stroke h2 in the first 20 repeating step is smaller than the stroke hl in
the first step. Thest riokesth3 sitmokke héxtde&pesd | ngiest épiightagaifn shal | er
than in the preceding step. In the exanple, after said repeating step, the
product i ¥P0ENGai dasegrERPkends  ad@nt xgsdductl dnh d1d alpedesegabhy begi ns
by the vibrator 25 arrangenment noving (or. being noved) as far as the upper
end of t?%t%%%%ébd%ﬁFué fentll SRS ZOEFPLEISPFOVIALIOPCTF 0% 2f 260843

R
Pr OVizS| O&m%ﬁ%r@éjeoé Un A il erenge, 40, of . tvb‘ftﬁtfe‘?%%%tdﬁl%r 3&%8 gk&ﬁn}?%énce)

bet ween t steps to be the sane in each case. regard to e exanpl e

accordi nged®rdipreo9rithea: ohl wdhAh rand h2sh3ndh. nd4h pne, exaipbie
provision is made to raise the vibrator arrangenent (and, in the process,

to di schaxgepld | |erowedierm als reuk agairnitse |thweryidaiadovi Aratageaenangenent
with a reduced stroke (in 10 order to conpact the filler material) until
t he strok&nds sndifiemndeassor teqdabcharge pfiedetrematieed atal sed Sahdnval ue
corresponds, for exanple, to the difference Ah. If, for exanple, hl =1 m
and Al a £02060%e% tH F oI Gy StEpYeaeeteditied 66UFBE FRECHPodLRL I on of

: i Si 1 15 | i 80 .rajsi .80 | i 60
o SSTEnLial® B0 A 15 Lovet 10,50, cn o) <Lng, 70 cm Lowsyi g 00 o
f Vi a. k i Ah, th
or 25" Lh, peer 0 of \he nowl, searbl. Via e plieke dilictence an the

phe Seg”@@%ré@ﬁbﬁﬁ%,seEoEn,é&h&ﬁﬂéﬁ mgihody e | 1yi1g8Rekake Hﬂ?.dﬁ%ﬂ?tﬁér,
i ncreases as the stroke difference nh becones smaller, since, in this case,

nor e r epeRmeie St eps=alemcaind eth ott20 and t beeefrenecwhe nBieyd abhrés
i ntroduced. In one nmethod, provision is made for the colum 25 profile for
each segoenti¢d defi dert hehdepgbtutthiesreobfard ddmmesttr:okea i frier énoe Ah. I n
a further nethod, provision is made
15 lowering 80 cm, raising 80 cm, lowering 60 cm, raising 60 cm,
lowering 40 cm, raising 40 cm, lowering 20 cm, raising as far
as the upper end of the next segment. Via the stroke
difference Ah, the number of repetition steps and therefore
the diameter or the strength of the segment can be set in
20 this method. In general, the diameter increases as the stroke
difference Ah Dbecomes smaller, since, in this case, more
repeating steps are carried out, and therefore more material
is introduced.
In one method, provision is made for the column

25 profile for each segment to define the height thereof and the

stroke difference Ah. In a further method, provision is made



WO 2012/ 171527- 35 -PCT/ DE2012/ 200043 for the colum profile for each
segnent to define the height thereof and the stroke difference nh and, in
addition, to define a maxi mum power consunption of the vibrator notor,
wherein the production of a segnent ends when the stroke is 5 smaller than
the predeterm ned m ninumvalue, i.e. when all of the repetition steps have
been cargie en the maxi nu ower consu i I In the
case of ?Re9%$%%}%ﬁ%{§hexplained vib?gfor arrangegE%?QQﬁ%®3?9%§§§ga silo
pipe or material pipe 11, filler material is introduced into 10 the ground
fromthessil enpi per1@fin Metefind fiPeacthesdn@rsitonsiefiing. the paifheul ar the
di aneter of the columm, are produced by calculation fromthe integral of

t he quanthéyeof &bl etharaterdlad @hf éréscounputanidnt art hedgt olmd, daei ng t he
sumtotal of all the upward novenents and which can easily be 15 cal cul at ed
by the kfehhner @ssiadgtimneofeyi bpasorpahen metfertital pilpeatod bptohe upward
di spl acenent distance. |f, for exanple, the vibrator cross section is a
cross setbPbAtDf the 2PRRIUEHERP atf a2 pofdicat pfieh it horatspkeovés up and

down,_for_e I 5 tines ol umm cross, section with an 20 area_of- 5 x
0.2 1 BRbITE EPBRuCET PheRECBY bat G aehe valuey 1. &7 iged| AT,
exenpl aryce di . 0f i tar._arr eqﬁpi. ot jJlustr ) he pi pe
11 is deéfgggg ﬁgﬁgﬁﬁgggﬁaﬁkgégeﬁgy%nh%%%e: ﬁ#ﬁ%s?%ﬁ%wizoﬁﬁggrgﬁéenent,
filler naseih@h bSwbbt rducegciBho thereavhty. balhow the yikhr ajor 23
arrangenment by the fact that material is brought downward WO 2012/171527-
36 - PCT/ PE20134 200043 faiaracabave apast atrit@npepents. ®hith ARAva@naukalogap

bet ween the pipe 11 and the surroundi ng ground. The previously
expl ai nedipet hodneder el garrd eldl ,outi figd ynaduetramdt iisalihy roduaedanneo
controlled by a conputer. The 5 conputer is designed to control the

car rA\d ngt¥evi o dndf ot aitde i idomatdi®n r oFar dehgrihé pBEPEE onTBE t he

vi brator jarrangenment, 1 by nmeans of iésui abl e sensor and the operating

par anet eP{SUEHHY, ot exBnpREIFBnRF ¢8fs THFEIShR fofok heNSi GPAFBR/ not or
insertio i Li |t f 10.the vibr r arra ment. The
controlI?ﬂ%agﬁﬁ?ﬁgxﬁé)r?ﬁﬁgﬂéggggg ggﬁé fﬂ% %&Fe ﬁ%;'og:%angPﬁggggﬁuring

the insestipm;dependingonntibe speshfbce nBlwdnd he Junserti-9Ry0fnt he
vi brator arrangenent 1 at a constant speed or a constant applicCation of

force, whefetdtaldwd ng it heel 0pRELHORovéEendd LeMpUtieh assi gasilhepyal ues
obt ai ned for the operating paraneter to the respective ground depths in

or derd t hez ebylatedbttai n thke gnownd profs | esection of vibrator and

material pipe and by the upward displacement distance. If,

for example, the vibrator cross section is a cross section of

0.2 m?, then at a point at which the vibrator moves up and

down, for example, 5 times, a column cross section with an

20 area of 5 x 0.2 = 1.0 m? is produced there by calculation.

In a further exemplary embodiment of a vibrator

arrangement (not illustrated), the pipe 11 is designed merely

as an extensicn pipe. In this vibrator arrangement, filler

material is introduced into the cavity below the vibrator

25 arrangement by the fact that material is brought downward



The columm profile can be produced automatically, i.e., for exanple, in a

software-control |l ed manner, fromthe 20 ground profile, as illustrated, for
———axanple;—i-n—figure-6.—As—exptai-ned,—di-fferent—segnents—whi-ch-each—have-a—

predet ermi ned hei ght and property are defined in the colum profile.

Exanpl es of such columm profiles are illustrated in figures 6 and 7. The

i ndi vi dual segnents can be produced corresponding 25 to one of the nethods

expl ai negp F@EM Auslsp th reference txg figures 6 t@ech/pe¥1202868443527- 37

- PCT/ OE2012/ 200043 - The controlling of the carrying device 2 by

the conputer for the production of each segnent includes raising the

vi br at orfzom arfgerentast deagiipence by, dnpreedeinauienedadi bptacenenbedi st ance

(upwar d di spl acenent distance) and 5 lowering the latter again at |east

once by wigs ddetaddritded stirspladénengreird ance (downwar d di spl acement

di stance). As explained, upward di splacenent di stance and downward

di spl acement di SR A HELY derpiered nmgtRe@dp caButtecarPal 'S dPffer by a

ke diff 4h.. Bath wh 10 vib ' d with il [
2nd when W Hept i VI 4hu8eBeURER LTI h Y dureRg Eaen FaFsi ng of
Lhe 4] bral,er, ot angewent bkl of Eeri Al aHLOmLLGaLly (Hhas intgythe

cavity b e vibra arrangenent 1, and ther e it ner s to be
ensured dhatidhergcbsmd Waysreyifhchenthdd Jdslikebnmyerid Loptheosilo
pi pe. The height of a segnent to be produced, i.e. the displacenent

di st anceadwanduncht e byi bieaher oar s asget@Ehlie Isdrisdraiased ther opbeatingt tine
fromthe bottomof the recess or fromthe upper end of a previously
producedoaeygmerdy, asdch hesdi afmet eexampll @ Ppheest remguhpsfionheo20that eri a
colum section are controlled in a nmanner al ready expl ained by the conputer .
dependi NGt ite Peevf oudnjegbt er niskegdc ltunmipradtiqre SR EH- U4 ldepEndent on
the ground profile. The dianeter and/or the strength _of a segnent is can be
ot 10 tiHe MmRER Caxp IS RS By fEhe HTDEPTBFoF YR 1 B o SESTATERG cace of

Saf oty TONEI Gt an. w6 eeof Rl B0D S0 o T taay - Dbt S eaBioF Sodbas
Wi ch & Sar e CorumeTs Tht endad 15 BSCBr odiced Ta et nod. canalso be
carried PWr&xo1@ arrangement 1 at a constant speed or a constant
application of force, wherein, during the insertion, the
15 computer assigns the wvalues obtained for the operating
parameter to the respective ground depths in order thereby to
obtain the ground profile.
The column profile can be produced automatically,
i.e., for example, in a software-controlled manner, from the
20 ground profile, as illustrated, for example, in figure 6. As
explained, different segments which each have a predetermined
height and property are defined in the column profile.
Examples of such column profiles are illustrated in figures 6
and 7. The individual segments can be produced corresponding

25 to one of the methods explained previously with reference to

figures 6 to 9.




5 sem -automatic nethod, in which the vibrator arrangenent 1 is first of

all inserted into the ground in a conputer-controlled manner and the ground
profile is determ ned, and in which, during production of the materi al
colum 30, the carrying device 2 is controlled by an 10 equi pnent operator,
to be precise depending on specifications which are displayed by the

\(/:\ﬁrgﬁt e][v(g n%%%of’giﬂ7 devi ce (di spl_ay3)7 _The di spl %&%%ﬁ%\}%%?%ﬁﬁéﬂ?m S

,_indicate to the equi pment operato I'fection
the carrying device is intended to be noved, i.e. upward or 15 downward,
and how far the o ryiog deviag isrirhendedrsyidd Wevheenoyedy Acgequence
(a-f) of such synbols in the production of a material column section is
il lustratedpibefigoretiBe prodiet examt esadh diespleay fiorclukbessynahelisg
conprises a directional arrow as a first synbol and a displaceabl e bar 20
as a secbhd syimreltorFigureed®nienltustty al esst hendesphayaf mreserenndnefier ent
times. The directional arrow indicates to the equipnent operator in which
di rect i oflehEacerey§ nglldtmncs i dterasd t ol pRlapRaNt Afidtea®edpward, such
as, for exanple, ip-figures 8a and 8b, synbolizes a novenent upwar

wher els ggw% l%?rB&Fd&%ﬁﬁﬁFngééml?Qi %ﬁ;%ﬁﬁe8%yaﬁdF§F9e%§ﬁ§6PF§es a

novenent .d The.bar (il S i.ndi.ca

2012/ 171@%%9%%%/ %éggiﬁ%oo(gi?yn?’%r%t h@ﬁ%‘:ﬁr‘%ﬁde‘@f %teﬂgg% )o'\é\gf\ﬁer wi t h
the vibr @&maﬁaé@,ngem?aﬁara i sgsipldcdmtandedite Re.movgd i ngbhgwdi-rection
predetermned by the directional arrow If the display is conpletely filled

by the bafspascéhéitst aateshncd oragXxamPl dedtinf i ghir @ &eyr bt conpl etely
enpty, as illustrated, for exanple, in figure Sc, the reversing point for a
rever sal absot hl fifisrecbiyore ok trovenehif ffrenfve cainr yiBvghdevher iss ktemched.
The display is controlled by the conputer depending on the previously

det efthi nedoratemiprosedevaind ansthe POPeuppenthpenét &PIen VadBPEROSf t he

vi brator arrangenent 1 or. of the vibrator tip 13 in the ground. The

movenment 18 UERHE Bar? K/iddi9 PdOeneFBIERE FBVRMENS B9 tHe Wit aPoRtOr
arrangenment _1 u rd ar,.downward..In the display.according.tqo figure 8, a
| ower enarB?n%%@$%%sﬁﬁ&%egr %?E?ﬁ%agaf“hﬁ?a§l§a¥%¥er9£ w?edéggﬁngHSOint for

a_downvar.d, ipy egent,, of hey vih b @l or 2 arLA0geIeNt 1and, an LppeL-ond marks an
upper reversing point for an upward novenent of the vibrator arrangenent.

Each of gabdiyeverssifg pei issupr esest s tacgeound depids wherecnehbe ground
depths represented by the upper and | ower reversing 20 point change over

t he Icour sel bér thet gr Dductn otheofsid idilgr.. The height Dépendiengeon the type
of production nethod, the upper and the | ower reversing point during the
productiba afragusegnent - canthe edicty leasmendmailhs tdrcsaky, Wridthetbpper
reversing point can remain the sanme and the | ower reversing 25 point can
change. ThPEatQr expraiHfattBellovk 5 drd itsteé 6F6d6@@i5ﬁr5t time”from' the

bottom of the recess or from the upper end of a previously
produced segment, and the diameter and/or the strength of the
20 material column section are controlled in a manner already
explained by the computer depending on the previously
determined column profile which is dependent on the ground
profile. The diameter and/or the strength of a segment is can
be set in the manner explained by the number of repetitions.
25 In the case of this automatic method, an equipment operator

only still has a checking and safety function and moves the



‘WO 2012/ 171527- 40 -PCT/ DE2012/200043 of a col um segnment which, in the
case of the colum 30 according to figure 6, fornms the | ower columm section

vi brator arrangenment is always noved over the 5 entire height of the
segnent during the individual repeating steps, the | ower reversing point of
the di splay always represents the ground depth x4 and the upper reversing

poi nt al weysoiepiessii s the ground depf h x3. After gynogsbiion2ebolbe
| ower nost col um section or segnent 34, the ground depth 10 assigned to the

upper reversing point changes, i.e. the display indicates a necessary
upward novenentr ofirtrhegenbnat dr @itlangbrentarkydnti laddee aviulsr a2 ofrom
arrangenent has noved to a ground depth between x2 and x3, at which a first
segnent B@i@het@opeﬁﬂtséétWgﬁCQBai@aﬁﬁééaéeéolﬁﬁmniﬁhénéésée@ft@ ket hod
according to figure 9, in which the stroke changes wth each repetition
step, thBrePpe?dreversing point al ways represents the ground depth x3, and

the | ower reversj,ng pain hanges wi_th each repetitiaon step, and therefore,
for exanpl e, thzh}'rsF@Fb9éTsi%%Ppo@&?odur?%g fﬁrglﬁgrsto? sert on?

oo SR dehadn sl scRecont e han aRrenents Lle

representsrst of all inserted into the ground in a
computer—-controlled manner and the ground profile is
determined, and in which, during production of the material
column 30, the carrying device 2 1is controlled by an

10 equipment operator, to be precise depending on specifications
which are displayed by the computer on a display device
(display). The display here shows symbols which, for example,
indicate to the equipment operator in which direction the
carrying device 1is intended to be moved, i.e. upward or

15 downward, and how far the carrying device is intended still
to be moved. A sequence (a-f) of such symbols in the
production of a material column section i1s illustrated in
figure 8. In the example, a display for the symbols comprises

a directional arrow as a first symbol and a displaceable bar

20 as a second symbol. Figure 8 illustrates the display for
seven different times. The directional arrow indicates to the
equipment operator in which direction the carrying arm is
intended to be moved. An arrow upward, such as, for example,

in figures 8a and 8b, symbolizes a movement upward, whereas

25 an arrow downward, as in figures 8d, 8e and 8f, symbolizes a

movement downward. The bar (illustrated shaded) indicates how



x4- 3Ah,

etc. After the | owernost colum section or segnent 34 is produced;

the ground depth assigned to the upper reversing 25 point changes,
di splay indicates a necessary upward novenent of the vibrator arrangenent 1

until the vibrator

i.e.

t he

WD 2012/ 171527- 41 - PCT/ DE2012/ 200043 arrangenent has

noved to a ground depth between x2 and x3, at which a first segnment of the

colum s
have to
5 the gr

ﬁgt be?%@ai Pr oduced.

now ual position of te 7 reversing p0| e gro

ound depth which is assigned to a reversing p0|nt, and al so the

The equi prEnl 013t 0bfges not

und,

number okarepehéti eArsyERs PEEvSRYMENt .t cHhase ar & iphedenher mynedabyra

conput er

col um peotahgemdrtk at ei eisst ghiedi fterideel reveks iy egoiint $hef direcdispl ay.
splay shows a first reversing point and a second reversing point

10The di

or a control systemon the basis of the previously determ

ned

whi ch ar predeheasighedya tgeouhir depidna lamr zowov &freritheof diselay biat or

arrangenment between the two reversing points both with respect to a

novenment CSPRet A ittt &spéke Para ﬂFrb%%?%ﬁ?%ﬁeqnnﬁﬂﬁeﬁ%ampé? t Bl's 15

pur pase,

10

15

20

25

fthe go%§t|on of . thecgﬁgﬁéﬁéT’ arr @gene

f&lustrated for
example, in figure 8c, the reversing point for a reversal of
the direction of movement of the carrying device is reached.
The display is controlled by the computer depending
on the previously determined column profile and on the
current penetration depth of the vibrator arrangement 1 or of
the vibrator tip 13 in the ground. The movement of the bar
symboclizes here the movement of the vibrator arrangement 1
upward or downward. In the display according to figure 8, a
lower end of the display or of the bar marks a lower
reversing point for a downward movement of the vibrator
arrangement and an upper end marks an upper reversing point
for an upward movement of the vibrator arrangement. Each of
sald reversing points represents a ground depth, wherein the
ground depths represented by the upper and lower reversing
point change over the course of the production of a pillar.
Depending on the type of production method, the upper
and the lower reversing point during the production of a
segment can 1in each case remain the same, or the upper
reversing point can remain the same and the lower reversing

point can change. This is explained below for the production

t he



ground (between the two reversing points) is detected at regular or

irregular time intervals and depicted on the display. In the exanple
———agccordi-ng-to-figure-10,—a tower-reversing point—is-represented-by—a-tower—
end of a display 20 and an upper reversing point is represented by an upper
end of the display, an arrow shows the desired direction of novenent
(predeterm ned direction of novenent) and a bar illustrates the position of

the vi brgé o304 JeNGEENt between the Jeversing poi E;g;/rbé%@g?&bgahg bar and

an arrow, any 25 other synbols for displaying the fectiron of WO
2012/ 171527- 42 -PCT/ DE2012/ 200043 novenent and the extent of the novenent
still regfii Bedc@nemn okegnense,whditht able. the case ofhehpr exdiaus! y3expl ai ned
automatic or sem -automatic nmethods, in which a material colum 30 is
produceda¢eordiend tor dlilgohnasi toh dophar ahet yowd r segmemt sedependiBdg on a col um
profile, is independent of the manner of determnation of the colum
profile. As expldl nede saca & vimmpEbed| aceandbeg ptedddadrgut®matncal |y

froma ground profile which is determ ned when the vibrator arrangenent is
insertegwwléhj Eﬁ@ vfbrator arrangement 1is always moved over the

5 entire height of the segment during the individual repeating
steps, the lower reversing point of the display always
represents the ground depth x4 and the upper reversing point
always represents the ground depth x3. After production of
the lowermost column section or segment 34, the ground depth

10 assigned to the upper reversing point changes, i.e. the
display indicates a necessary upward movement of the vibrator
arrangement 1 until the vibrator arrangement has moved to a
ground depth between x2 and x3, at which a first segment of
the column section 33 is produced.

15 In the case of a method according to figure 9, in
which the stroke changes with each repetition step, the upper
reversing point always represents the ground depth x3, and
the lower reversing point changes with each repetition step,
and therefore, for example, the first reversing point during

20 a first insertion represents the ground depth =x4-Ah, at a
second insertion represents the ground depth x4-2Ah, and at a
third insertion (not illustrated in figure 9) represents
x4-3Ah, etc. After the lowermost column section or segment 34
is produced, the ground depth assigned to the upper reversing

25 point changes, i.e. the display indicates a necessary upward

movement of the vibrator arrangement 1 until the vibrator



10 ground. However, the colum profile can al so be produced
manual ly froma ground profile, such as, for exanple, froma ground profile
determ ned when the vibrator arrangenent is inserted into the ground, or

el se froma ground profile 15 determ ned by neans of a core bore. For
exanple, first of all only the nunber and the position of the individual
segnment s_in profile can therefore be pr 1 ein the
i ndi vi duy %%g%éﬁ?gﬂgfe t hen nanuallgﬁassigned proggﬁ?ﬁggpegzgﬂ$gg§ for
exanpl e, dianeter or strength (which 20 determ ne the nethod for producing
the indi ¥idihade QUM S novodl €0asSygpuRat & inkedina&e daperdi ngton the
ground profile. This procedure can be selected in particular when the
ground censth uctfionst Sdaeincablfy tkaown] umn eseahiem 133 i1s bmrodncehi ch types
of ground | ayers are present and in which 25 sequence said ground | ayers
are present, butThd eguipmant preciesely demmwnnhow itdreckteherondi ¥hedual
ground | ayers are. WD 2012/171527- 43 -PCT/ DE2012/ 200043 In this case, the
ground pRefPie PRAEERPRSsOEN tH&r tieVEEEL PO @ AREr Bourfar PEUNE,, etREndi cat es

t i ch_depths t boundar i bet i ndi_vidual | ted. A
oper at or SUERSHL FBYCIbXANATE, T HROURT erigi fedf SAFTAISPRABI cOB8 of t he
rat or PSUER b, % o . . G of
i vi QLA -2 ehiBn LT RL RE. CoT i BB 1100 ST Lol Camt or of 11y <" i spl ayed.

for exanpl&qe i fHSRAY, JEQRAIIH @3 GarPe r33sisgaednt 8ni pHLVi,dyak
segnents by neans of any input tools, such as a keyboard, in 10 a

voi ce- copfr ohé efraannes1 pragidecidey alolthe dirspliay, ahti the hakigheds

desi gned as a touchpad, such as, for exanple, as a touchpad of a smartphone
or of a tabtlkt comudiers pAicokumh prefdigolawvided in such a manner can
then be used in one of the previously explained production nmethods.

15Feldt ur es whi ciifaveibeéaYexPrdied pfevsoudioyeirsiean) RmeEtt of @i th an
exenpl ary enbodi nent can, of course, also be conbined with features of

ot her ex®RpPATy TEMSHRENt RO By e 1t hFE® h&& Fot 2HBEH X pldi cPEPY frent i oned
ggi;}igié%ggﬁaiﬁ?-%ﬁ%ﬁﬁé%%%%2%goggé 99Q§§%OPQﬁn%gﬁkﬁ%%to%%twégn ¥%€
two reversing points both with respect to a movement speed
and with respect to a direction of movement. For this
15 purpose, the position of the vibrator arrangement in the
ground {(between the two reversing points) 1is detected at
regular or irregular time intervals and depicted on the
display. In the example according to figure 10, a lower
reversing point is represented by a lower end of a display
20 and an upper reversing point is represented by an upper end
of the display, an arrow shows the desired direction of
movement (predetermined direction of movement) and a bar
illustrates the position of the vibrator arrangement between

the reversing points. Apart from a bar and an arrow, any

25 other symbols for displaying the desired direction of



PATENT CLAIMS 1. A nethod which conprises: providing a

vi brator arrangenent (1) which is held on 5 a carrylng device (2) which is
—dest-gned-to—penetrate-the-ground-(-100)—and-whi-ch—has—a-vibrator—etor;—
inserting the vibrator arrangenent (1) into the ground (100) to a
predeterm ned depth; determ ning a ground profile of the ground (100) when
10 the vibrator arrangenent (1) is inserted, wherein the determ nation of

the grougd L3} 1ALEPNPri ses neasurli at | east onqxggqﬁébhagzgﬁbggeter of

the vibrator arrangenent (1) when the latter is inserted into the ground
(100), and wherein the ground profile in each case conprises a ground 15
par anet enoféertoramd tkastxtentdotf ehentogeosnd deplhsreqdirdbieapef hod as
claimed in claim1 which furthernore conpri ses: produci ng a
mat er i al o€ of s 30uiiteltiee ground 20 depending on the ground profile,
using the vibrator arrangenent (1). 3. The method as clained in claiml,
whi ch furthernnﬁ@“tomﬁﬁY%ﬂﬂﬁ1&25Pﬁ§éﬂﬁﬁﬁgawﬁ@mﬁﬁbﬁapérSﬁﬂﬂaﬁgéﬁ@ﬁilcdrlven

by the caryx(%% devi C%ﬁ% ) at_at n ﬁpg8X|natel cogfyggtthgo
2012/ 17189 ) 5 00ast Spesal witht 40t e

5 ground with a plurality of segments depending on a column
profile, is independent of the manner of determination of the
column profile. As explained, said column profile can be
produced automatically from a ground profile which 1is
determined when the vibrator arrangement is inserted into the

10 ground.
However, the column profile can also be produced
manually from a ground profile, such as, for example, from a
ground profile determined when the vibrator arrangement is
inserted into the ground, or else from a ground profile
15 determined by means of a core bore. For example, first of all
only the number and the position of the individual segments
in the column profile can therefore be predetermined, wherein
the individual segments are then manually assigned
properties, such as, for example, diameter or strength (which
20 determine the method for producing the individual segments).
Said assignment can take place depending on the ground
profile. This procedure can be selected in particular when
the ground construction is basically known, i.e. when it 1is
known which types of ground layers are present and in which
25 sequence said ground layers are present, but if it 1is not

precisely known how thick the individual ground layers are.



measuring a power consunption of the vibrator notor as an operating
paraneter when the vibrator arrangenent is inserted into the ground (-100).
5 4. The nethod as clainmed in claim1, which furthernore conprises: exerting
an at |east approximtely constant force on the vibrator arrangenment (1) by
t he carryi ng device (2) when 10 the vibrator arrangenent (1) is introduced

into the | ) /ﬁslfegr))t rTeaS4l:I31’I _ng a speed ﬁ:{m/‘%ﬁgzg%{)\ﬂﬂrat or

arrangenent ed into the ground, as an operati'ng par
5. The nmethod as claimed in claim1, which furthernore conpri ses:

insertingnt BRiYi baad Or t1R& r(?ﬂg@fﬁ@rﬁrdflﬁ]:e drien thy tihe pearryingrdevice (2)
at at | east an approxi mately constant speed, into the ground; 20nmeasuring a
vi brati ohagapl | bodedafiasti pioé. t henal baador atrr angeaent dégihas ahe
operating paranmeter when the vibrator arrangenent is inserted into the
ground (koondawidhe hethednas iobaivagdaln dageod t erepr etecdktrd cl ahns, 25in
whi ch the materi al colum1 (39 i's produced _ ,
operator, such as, example, a ground engineer, with
5 knowledge of the position of the layer boundaries, can then
assign certain properties to individual segments in the
column profile. The column profile is displayed, for example,
on a display. Properties can be assigned to individual
segments by means of any input tools, such as a keyboard, in
10 a voice-controlled manner or directly at the display, 1f the
latter is designed as a touchpad, such as, for example, as a
touchpad of a smartphone or of a tablet computer. A column
profile provided in such a manner can then be used in one of
the previously explained production methods.
15 Features which have been explained previously in
conjunction with an exemplary embodiment can, of course, also
be combined with features of other exemplary embodiments,
even if this has not been explicitly mentioned previously, if

said features do not cancel one another out.

20



.dependi ng on the ground profile in such a manner that a WD 2012/171527- 46
- PCT/ DE2012/ 200043 di aneter of the material colum (30) at a certain ground
—dept-h—i-s—dependent—on-the—ground-paraneter—detern-ned-for—sai-d-ground——
depth. 5 7.The nethod as clained in claim®6, in which the ground
paranmeter determned for a certain ground depth is dependent on a ground
density and/or a ground rigidity, and in which the material columm is

pr oducedyd e ELEMN AL sk manner that thediameter of the /Mberbaboskhym
i ncreases with decreasing ground density and/or decreasing ground rigidity.

B. The method as clained in one of the preceding clainms, 15 in which the
product i BRTENT t¢HATHE eri al col unm (30) conprises producing at |east two
segnents, wherein the production of each segment conpri ses: a)
rai sing the vibrator arrangenent (1) by a predeterm ned upward di spl acenent

di stance_such that a cavity 20 arises below the vibrator arrangenent (1);
b) introbuci ng & M9 FRESH SPTPE}SERio the cavity;

inserting the vi brra‘;t.o. arrangenent (1) into the filler. majt.er'ha bC)a
br edet er i nod dGUHET " o CLRERF A STRVERs o5t S I Ng "RAEhOR st eps
a) tg C)ar]égrQ§§ngWhﬁﬁﬁxﬂp'(2) which 1is designed to penetrate the
ground (100) and which has a vibrator motor;
inserting the vibrator arrangement (1) 1into the
ground (100) to a predetermined depth;
determining a ground profile of the ground (100) when
10 the vibrator arrangement (1) is inserted, wherein the
determination of the ground profile comprises measuring at
least one operating parameter of the vibrator arrangement (1)
when the latter 1is inserted into the ground (100), and
wherein the ground profile in each case comprises a ground

15 parameter (P) for at least two different ground depths.

2. The method as claimed in claim 1 which furthermore
comprises:

producing a material column (30) in the ground

20 depending on the ground ©profile, using the vibrator

arrangement (1).

3. The method as claimed in claim 1, which furthermore
comprises:
25 inserting the vibrator arrangement, driven by the

carrying device (2) at at least an approximately constant



WO 2012/ 171527- 47 -PCT/ DE2012/ 200043 9. The nethod as clainmed in claimS8,
in which the upward di spl acenent di stance and t he downward di spl acenent
distance in steps a) and b) are identical in each case. 5 10. The nethod
as claimed in claim8, in which the downward di spl acenent di stance in step
b) is smaller by a displacenent difference (An) than the upward

displaceﬁgpkogbyiﬂfgfﬁin the imrediatgly_ preceding ﬁgfybﬁgggzgg%ogq3which 10

each repetition the upward di spl acenent di stance in st'ep 'S 1Tdentical to
t he downward di spl acenent distance in the inmediately preceding step b).
11. The spthad astel @eegkbdundazl ai m 10, in which the 15 di spl acenent
difference (Ah) in all of the repetitions is identical. 12. The nethod as
clainmed i n one ofiezd@iigy 8at pokdr knnwhinphiof onft hbepraduetbonmoftoa
materi al col um section at a 20 predeterm ned ground depth, the nunber n of
repetiti 8fs d'n RVF ARG PeF@idant Wi t hlee gvobndtpar ansergederer isned for
said ground de %h, 13.. The nethod as clained in claim 12, 25in which the
gr ound péPﬁﬁﬁFg TR AePEn FE6h (&9§Y ound density and/or a ground rigidity,
and MO 2012/171527- 48 - PCT/ 0E2012/ 200043 in which the nunber n
of repetitions increases with decreasing ground density and/ or decreasing

ground riygi dity.7he method as claimed in claim 1, which furthermore
comprises:
exerting an at least approximately constant force on
the vibrator arrangement (1) by the carrying device (2) when
10 the vibrator arrangement (1) is introduced into the ground
(100) ;
measuring a speed at which the vibrator arrangement

is inserted into the ground, as an operating parameter.

15 5. The method as claimed in claim 1, which furthermore
comprises:
inserting the vibrator arrangement (1), driven by the
carrying device (2) at at least an approximately constant
speed, into the ground;
20 measuring a vibration amplitude of a tip of the
vibrator arrangement (1) as an operating parameter when the

vibrator arrangement is inserted into the ground (100).

6. The method as claimed in one of the preceding claims,
25 in which the material <column (30) 1is produced

depending on the ground profile in such a manner that a



14. The method as clained in one of clains 8 to 11, in 5 which the strength
of the segnent is neasured during production, and in which the nunber n of

S "‘f“éﬁQH”t‘“i"OﬂS”"‘ +'s“-““depe ndent—on—t-he—neasured-st+e ﬂgf“'h‘:”””‘”“”"““""”"‘15:" —The—rethod—as——

clainmed in one of the preceding clainms, 10 in which the vibrator
arrangenment conprises: a vibrator pipe (11) wth an upper and a | ower end,
a vibrator (12) which is arranged on the vibrator pipe (11) and has the

vi br at orgod @12 /1566, The et hod as- d@i-ned in cl aipoTYDE2002YR00O43B he
vibrator (12) is designed as a depth vibrator and is fastened to a | ower
end of the vibrator pipe (11). 17. The method as clained in claim15, in
whi ch t hei@eetdhr afortiel2haterteli geédmas @BQdopavi lbr atortaiid §50rAGt ened to
an upper end of the vibrator pip 18. The method as clained in claim

15, in wheRH t Be &%qd§n&es?%négeg§%\>‘%ﬁq PHPELSs dNEBHIHA 71857 49

-PCTI DE20121 20003, .

5 7. The method as claimed in claim 6,
in which the ground parameter determined for a
certain ground depth is dependent on a ground density and/or
a ground rigidity, and
in which the material column is produced in such a
10 manner that the diameter of the material column increases
with decreasing ground density and/or decreasing ground

rigidity.

8. The method as claimed in one of the preceding claims,
15 in which the production of the material column (30) comprises
producing at least two segments, wherein the production of
each segment comprises:
a) raising the vibrator arrangement (1) by a
predetermined upward displacement distance such that a cavity
20 arises below the vibrator arrangement (1);
b) introducing a filler material (G) into the cavity;
c) inserting the vibrator arrangement (1) into the
filler material by a predetermined downward displacement
distance;

25 d) repeating method steps a) to c¢) n times, where




in which the carrying device (2) conprises a carrying arm of earth-noving
equi pnent . 20. The nethod as clained in one of clains 1 to 18, in 5.

whi ch the carrying device conprises a mast (25) and a slide (24) novable on
the mast. 21. A nethod for producing a material colum (30) in the ground
(100), wherein the nethod conprises: 10providing a vibrator arrangenent (1)
whi ch i s, he ryi ng device ( and is desighed t he
ground (Tgokgl?g%2%5?ﬁg t he vibratorZ%}rangenent into/P%%08%23E36%§00);
15repeatedly noving the vibrator arrangenent in the ground between
reversing points, nanely an upper reversing point and a reversing point,
and introducing filler material into the ground when the vibrator
arrangenmént i s nbvedndtioni tare dleweedr éuecsang poiint wa dhheheppewardver si ng
poi nt; and 20detecting a position of the vibrator arrangenment in the
ground; displacemgler@ltariee raverdinglyoivrss! ghspgregacatnidied abyea

control system and wherein a novenent _of the vibrator arrangenent
in steps a) and b) are i1dentical in each case.

10. The method as c¢laimed 1in c¢laim 8, 1in which the
downward displacement distance in step b) 1is smaller by a
displacement difference (Ah) than the upward displacement
distance in the immediately preceding step a), and in which
10 each repetition the upward displacement distance in step a)
is identical to the downward displacement distance in the

immediately preceding step b).

11. The method as claimed in c¢laim 10, in which the
15 displacement difference (Ah) in all of the repetitions is

identical.

12. The method as claimed in one of claims 8 to 11, in
which, for the production of a material column section at a
20 predetermined ground depth, the number n of repetitions in
step d) 1s dependent on the ground parameter determined for

salid ground depth.

13. The method as claimed in claim 12,
25 in which the ground parameter 1is dependent on a

ground density and/or a ground rigidity, and



25 between the reversing points is depicted in an el ectronic display which

indicates a predeterm ned direction of novenment WO 2012/171527- 50
~———=PCT/-DE2012/-200043-0of —thevibrator—arrangenent—and-theposition-of -the —

vi brat or arrangenment between the reversing points. 22. The method as cl ai ned

in claim21, which conprises 5 producing at | east two segnents of the

mat eri al colum, wherein the production of a segnent conprises:

@) raiSiqg s6w M0l arrangenent. (@9 by a predetgiliviedispsoodss

di spl acenent distance as far as an upper reversing point such that a cavity

ari ses below the vibrator 10 arrangenent (1); b) introducing a

filler material {MGwhitlo the vawbéy;n of repetitépnsnsgectengesheivhbrat or

arrangenent (1) into the filler material by a predeterm ned downward

di spl aceh@eteah Stareuasl Pensidsvaanever deveeasimy poiownd r3djidiégeati ng

met hod steps a) to c) n tines, where n 0. 23.The nethod as clainmed in claim

22, in which the upper reversing points in each repetition are
| dentical, and i, 20, Wi GH Leh QWL SCLELNG POl M GASN [ EPShi i on

are identical

5 which the strength of the segment is measured during
production, and in which the number n of repetitions is

dependent on the measured strength.

15. The method as claimed in one of the preceding claims,
10 in which the vibrator arrangement comprises:
a vibrator pipe (11) with an upper and a lower end;
a vibrator (12) which 1is arranged on the vibrator

pipe (11) and has the vibrator motor.

15 16. The method as c¢laimed in c¢laim 15, in which the
vibrator (12) is designed as a depth vibrator and is fastened

to a lower end of the vibrator pipe (11).

17. The method as claimed in claim 15, in which the
20 vibrator (12) is designed as a top vibrator and is fastened

to an upper end of the vibrator pipe (11).

18. The method as claimed in claim 15, in which the pipe
is designed as a silo pipe.

25

19. The method as claimed in one of the preceding claims,




24. The nethod as clainmed in claim8, in which the dowward di spl acenent

distance in step b) is smaller by a 25 displacenent difference (6,h) than
t he upward di spl acenent distance in the inmediately preceding step a), and
in which WD 2012/171527- 51 -PCT/0E2012/ 200043 each repetition the upward
displacenent distance in step a) is identical to the dowward di spl acenent

di st ance 0 bgg/mzy§%+ately.precedigg% step b). 5 259%%Vb¢?§5#) 3 t%Ialmed

inclaim t he displacenent™ di fference (4
repetitions is identical. 26. The nmethod as clained in one of clains 21 to

25, 10i nivhivehchhendi spkayifg@sdaviexer2 ensbid ide 5 epresentisga alranwesr
reversing point and has an upper end which represents an upper reversing
poi nt, earth-movin@aneluipmdritch a bar arranged between the upper and the

| ower end indicates the position of the vibrator arrangenent 15 between the
reversing points. 27 The nethod as clainmed in claim16, in which a
direction arrow i next to the display indicates the desired direction
of movengft of tF%evWBF%?ﬁraérF&ﬁ@@ﬁ@nﬂn one of claims 1 to 18, in

5 which the carrying device comprises a mast (25) and a slide

(24) movable on the mast.

21. A method for producing a material column (30) in the
ground (100), wherein the method comprises:

10 providing a vibrator arrangement (1) which is held on
a carrying device (2) and is designed to penetrate the ground
(100);

inserting the vibrator arrangement into the ground
(100);

15 repeatedly moving the vibrator arrangement in the
ground between reversing points, namely an upper reversing
point and a reversing point, and introducing filler material
into the ground when the vibrator arrangement is moved from
the lower reversing point to the upper reversing point; and

20 detecting a position of the vibrator arrangement in
the ground;

wherein the reversing points are predetermined by a

control system, and
wherein a movement of the vibrator arrangement
25 between the reversing points is depicted in an electronic

display which indicates a predetermined direction of movement



10

15

20

25

WO 2012/171527 - 50 - PCT/DE2012/200043

of the vibrator arrangement and the position of the wvibrator

arrangement between the reversing points.

22. The method as claimed in claim 21, which comprises
producing at least two segments of the material column,
wherein the production of a segment comprises:

a) raising the vibrator arrangement (1) by a
predetermined upward displacement distance as far as an upper
reversing point such that a cavity arises below the vibrator
arrangement (1);

b) introducing a filler material (G) into the cavity;

c) inserting the wvibrator arrangement (1) into the
filler material by a predetermined downward displacement
distance as far as a lower reversing point;

d) repeating method steps a) to ¢) n times, where n 2

23. The method as claimed in claim 22, in which the upper
reversing points in each repetition are identical, and in
which the lower reversing points 1in each repetition are

identical.

24. The method as claimed in claim 8, in which the
downward displacement distance in step b) is smaller by a
displacement difference (Ah) than the upward displacement

distance in the immediately preceding step a), and in which



10

15
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each repetition the upward displacement distance in step a)
is identical to the downward displacement distance in the

immediately preceding step b).

25. The method as claimed in claim 10, in which the
displacement difference (Ah) in all of the repetitions is

identical.

26. The method as claimed in one of claims 21 to 25,

in which the display has a lower end which represents
a lower reversing point and has an upper end which represents
an upper reversing point,

and in which a bar arranged between the upper and the
lower end indicates the position of the vibrator arrangement

between the reversing points.

27. The method as claimed in claim 16, in which a
direction arrow 1in or next to the display indicates the

desired direction of movement of the vibrator arrangement.



