; e3ed@:66] TYc ) DEVI CE AND METHOD FOR PRODUCI NG COLUWNS OF MATERI ALS I N THE
" GROUND OF BODI ES OF WATER The present invention concerns a device for
produci ng colums of material in the ground, in particular under water, for
exanple on the sea floor. A device with a deep vibrator for producing

colums of materi %Tﬁmd%fwﬁ:tﬁ l‘ﬁﬁ DE 197 07 687

Cl. Further, in I ms of materi al
in the ground is descr ) i E'ai \ihg)gs FgBé)g:{ ngp gnd an extension
pi pe connected to the deep vibrator, which can be acted upon wth_ pressure.
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and the extension pipe, and a second cl osure nechani smon the side opposite
t he ext emsinbAepppethensebhe fkowown device the material to be introduced into
t he ground, for exanple concrete or gravel, enters via the second cl osure
mechani sminto the first charge chanber, fromwhere, wth cl osed second

cl osur eanegbaticem aidhopen 8eept chibsdtermeedani proditirgt e¢slumhe tHe
extension pipe_which is under pressure. The pressure in the extension pipe
serves MatE¥erdod® the WM ids Wit IheRaWP It Frrm delept 97 bP At 887 and
thereby-to extrude material at the vibrator tip. This type of deep vibrator
is referred to as a charge chanber vibrator. The present invention is
concerned with the task of providing a device for producing colums of

teri in th d _of di f t 1 ti . und bodi f
hater ofuGRBRE: adm HE 196 120 0% B 1 Eriad) B RN r g Rese
char act pak2iriglf eat utge ofr&hmd Mik Adyari BEEOUIHEHPONI HBEDLESe Of af h@eep

invention are set forth in the dependent clainms, The inventive device
i ncl ude¥1PrpEPTrandds 8o MX HRRSEAMIPIRMIONIRR A e HemndeeRdviPFat@hch

%her, AR R @‘aﬁpg\éi %rcacteq] Jdn iﬂg%%sgpeof r@ér%{%@ll_e&né the @égé@d,.

ich is connected with the secon t'ank. irst closure ans i s
provi dedndetode arhet hextfensiorandipecbadamibeki ar tdrkge AHamisdr supptly &i ne

is connected to the first material tan o] upply of material and a second
Suppl y FAECor M EFe GRSOA D50 P IRS e LoRR | SFfg ATES sCEORREL: od
to the hhasthemtaidalsicinko s, eandl hzkB@oRHeTIWRir it it st eréal
tank. side opposite the extension pipe. In the known device the
material to be introduced into the ground, for example
concrete or gravel, enters via the second closure mechanism
into the first charge chamber, from where, with closed second
closure mechanism and open first closure mechanism, it enters
into the extension pipe which is under pressure. The pressure
in the extension pipe serves to overcome the water pressure at
the tip of the deep vibrator and thereby to extrude material

at the vibrator tip. This type of deep vibrator is referred

to as a charge chamber vibrator.

The present invention is concerned with the task of providing
a device for producing columns of material in the ground of

bodies of water, in particular under bodies of water of great
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depth.




During the introduction of material columms into the ground of bodies of
“water the deep vibrator and the first and second material tanks are under
wat er, they are thus under a pressure which is greater than the atnospheric
pressure at the water surface. The first supply line serves for conveying
Lhe malepid) doube JntLatyeat hot g 1he, GEguR SO Briesa el oty LG
surface of 'the water, Tor €xa e froma Ship, 'under pressure into The
first mieatuakst ankE THeaisecond | i nadeanhagepushi emhpdEieml v 4i kevhse

| eads uQ to the surface of the water, enables a pressure equalization

bet weenPKENpLEEsAFE SEtt AETHAL &F SOFf 4EBSRAGPENELRIMEt naterial tank. The
pressure in the first supply line for supplying the material, for exanple
gravel or concrete, must thus be selected to be sufficiently high in order
t hat t h&heataveative demiepedntiltudesuffindtersnd |savared owdtsr gl atamkspheri c
pressure, . This pressure conventionally is |ess an %. 5 bar., The anpi ent
pressurghﬁﬁﬂtﬁg%M1%ﬁﬁ?$F? ewé%biFgﬁ#eﬁﬁﬁﬁr%r%§$i?speﬁ%eﬁﬁgﬁgh%ﬁm T at

t he sangntirausubsharifi ahater?al ihhe PRSsyreusdpalvhiahi as i dohihectdd St
materi al tank by means of the second |ine has as a consequence that for the
first stpphy Fite FGOSUpPRyrRd At €314l t oAt hel¥$H stCURFUHS alMeBRAK, 15w ch

i's now gko@&a@apt}%w@ear U rst RORP SALMRE I oyed Whiied, | sy designed

nmerely Tor the same pressures used for conveying of material on | and. There
i s no neevdplyr liineursi epnnies teds tt coft hex gainsity anaspracial  teogdesfomhsupply e
desi gned_for high.pressure. Floats are preferably prpyided in the.area of

t he endogfﬁpﬁgxggéon ‘gu%p?ﬁc?Pﬁe3888§¥iHéj¥%‘%%ea$iEE? ﬁﬁf&ﬂ@ﬂthﬁWFin
order tprkesprehaiqend Hing heihena Hncbhresteliac® of hé he iwatrermatérpider to
prevent the high pressure, which exists in the second material tank during
the opefa@ffohofh&HEat 134NHePESSEEY S &P FREr bdyeti BAtEFiphetABkerial to the
floor, frombeing lost via the pressure equalizing |line during opening of
the first closure means, at |east one additional closure neans is

pr ef er abuy ipgothéedntwodsictiion adfatmed ehetade aro litwens i irsto artte sgocaumd sappl y

i d.at | t f. the first terial_.t | furth
or of or - BI9GRBod e SECONTE aASPniPAP A ESSur 6 o af b B oA Bt ien

the firahtsupBhlYy thihnke aré thridd reltaMBt ey} drnkran heloeed pRessesond
supply line and the first material tank, which are respectively opened when

mat er i aWbi§hsfp| FEEAVPE (Hherf i ¥RE SGPPPPRPFAE tRF QIS rat Atervate¥ ank.
Wien thguﬁg‘é?@d andpi i fﬂx%'tosgtr%g?e ans; gL e £l.aa8d, dfe Ebé@&ﬁéﬁsu{ﬁe means

bet ween t first ‘and second ial tanks can be opene eupon the
mat eri amatemibé $wphld ethtroodineedietptei bhat grovodv émomoral teseaneoiar patpe

extending i nto the, deprhy A compressqr i s prefsrably connegied to, the,
pressure into the first material tank. The second line or
hose, which preferably likewise leads up to the surface of the
water, enables a pressure equalization between the pressure at
the water surface and the first material tank. The pressure
in the first supply 1line for supplying the material, for
example gravel or concrete, must thus be selected to be
sufficiently high in order that the material is conveyed with
gsufficient flow velocity at atmospheric pressure. This
pressure conventionally is less than 7.5 bar. The ambient

pressure in the water in the environment of the first material

tank is at the same time substantial.



tank in order to build up pressure in the second material tank which is

- greater than the water pressure at the tip of the deep vibrator, whereby
the material can be extruded at the tip of the deep vibrator. The cl osing
of the second and third closure neans during opening of the first closure
means b that, 4t I, I t o ri t

est abl i Ehggﬁygggg%gssgl&'l ﬂ%a l?’?faﬁrgnag%cgt%ggnﬁgge% I t%kle{ ‘ﬁee%?é\t/ol une
of the b&fr sthechsedbend - ls.cmet Haas nasdlartconseqﬁenbe qrhwtndforntwlel chitdte tip

of the dee rator. is located, is suq din. According to a further
enbodi nERPDEY LRES AoEnENBRLVE MBS TBEEFASad thatia Hel Kmhaieinha ) a0

connect@ditR tilke Hdw st mBtRbEghetaBkp f@@%tl%y thenPEESeHhe HeA el SIB}dY
established in the first nmateri al tank followi ng the closing of the first
and sec@hécbl o‘s@r dlardamed whiesle Lyr efetr etledr masisongsesgurkes ptaeg@ur%ozrn t he

second t ank n th st closyr
first an se o ﬁgt Q?IE an%‘, gan \Ahﬁ?c Oofor e&;‘z:fr%seﬁge a rslﬁ de

val ve, tket tm@rse.byoﬂnlaupémededwpertgtat]hehopeel, ngvlrm‘clrt heréi dekighesiurforreans.
Thi s |s in _particul ar useful and sonetimes necessary, when work has been
carri edb8P BFS§FBEE - depth and a corresponding great pressure is necessary
in the second material tank for extrusion of the material. In a further
enbodi ment it is envisioned that the first material tank includes a first
chanberFlpatahisle toxrefenadil varereetdsd éUpﬁlh? Iarmeas ebnhbai eade ofarithen
second ¢h r furfher. cIo - Pravi ded ;befween fhe
first a%%ggggon&qgﬁéﬁbel%e %ﬁ %%%?n EE c Bsde néﬁﬁs %s %rOV|ded
bet weenotiersacondeepantiest okenidheof i e miliﬁél an t ank aukfdwe se€ornthe
material tank. The additional closure neans is thus between the first and
second ¥@ppFy lines and the second - 4 chanmber of the first materi al
tank. Wth this enbodinent it becones possible to omt the closure neans
bet ween each of the supply lines and the first material tank. The first
chanber Inf auer i Fot prgvErital tltlenlhiigé‘x i presgerenbodiiebntexbsits ndousihe under
at nospheric _Rpr whi_c |shedb the ressure equalization
l'ine. %nggoﬁgé haﬁ%etan?( dhlrl?’gr st omaterioa ervﬁu%(’:hasi Ches%epsa Ht'ed
from theoti Latrebagbeonbyft heef watleenadl (tsaurtelenﬁatrtsar esft:ain ilsdiasg thest
pressure, charge chamber, into which during operation material can_be

i ntrodukdd SH€ FTRHVILS rQEURhAALRT WABR (I 4| PPYHHRT cPhs (e nBirt i s

opened 8ndskPe fhEshst! O3t €188805 bfeCl p38tk 5ol OVingsihe chosino af the

addi tional closure nmeans the material out of e second chanber passes into
t he secpndfﬁaalelvalp:rtoa/mded/, awlwhcbh ljst | l@@éﬂt/ecﬂtt betalelen vilke afemtzeﬁrrl:e

pi pe, 1s_brough t he dee rator. and fro t e i he
gr ound. SW?ﬁgt hlglgéh%o %? eé1ar?tc)tuntie&sl%natoerl af"lre nﬁ i ghrestgec%% vel y

all at eacerbaduglhkto the second material tank and fromthere extruded to
the ground, is determ ned by the volune of the second chanber, which upon
opening of the further charge chanber is conpletely filled, when the vol une

of the gRtefi %hr@h%%en%réf‘eﬂ@df'eﬁrﬁ:todf‘i'ﬂf%rﬂ%erseéoﬂaeaérﬁ{ EH%dt he, sge-dral

vol une of the second chanber. Thereby in sinple nmanner the anmount of the
mat er i aneahgeady pmorvodadebeitmeent héaegrfemsadt caprley detrey b diherhil fgt st

| f t { | t Kk t
i L] oRAFCEEBLuPEThoaRe BEEWBER (e Ferar it Seison oh ARor 8 THEY i r st

mat eri ahatapkadr € apkef mtﬁty POV depeirt i e By i d@eﬁéﬂvﬁﬂhe@ﬂ' mtddiglcase may
be have a slideable closure elenment. - . ,
supplied via the first supply line to the first material tank.
When the second and third closure means are closed, the first
closure means between the first and second material tanks can
be opened, whereupon the material can be supplied to the deep
vibrator conventionally via a pipe extending into the depth.

A compressgor is preferably connected to the second material
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I'n order not to overload the bearing surfaces of these slide valves or, as
the case may be, slideable closure elenents, during opening due to the
pressure differential between the first and second nmaterial tank and/or
between the first and second chanbers of the first material tank, in

accor dapgg, i £ hopRe epBodlrRnt Bf e diment] oncn Jddst Rassure saupl i 2i ng
el enment "1T's provided between the f EF st “and second naterial tank and second
pr essurehegaliiszi que#t enenhans thovivdedrbeinsmeaurcheati tdle anib se€orthe

chanmber _of the first material tank. The first pressure equalizing el enent
i s desiQRER VHCHRESF! Hﬁl%?gtfotgﬁe“@ﬁ@ﬁilﬁ& GBIt (e ﬁxrtéftu‘%doﬁfr Effedn to

bring apputra Pi&SSULEpeaYall, zat iraa thd&%{gbtgﬁ @eonsk fEt e bak tafk-@nd
the first material tank or as the case nay be the second chanmber of the

first netesuné maaks dundinbeopevdnd pfesder € iemraldlbswyeelmarere bsingssi gned

in order, pri o gopening_of the addjtional closure ns _between it he
1ret amolhe Soatcr O op arg il FhhnlRond (SiSr (ST DrAR Aot
pressuresegpnl sFadi on hepreesutbesguand zaltdsbersccuthe Suby et thfint hthe
present_invention_is further a_process for producing colums of material in

the grothHiaedorVailHget oA ssl 165t hFBaGRe20.- AR thrfentPvEidEvivd £id the

'nVent'ﬂﬁep§96§§§,WHhﬁdHléH“%Hé”de“89 PRedasepl ke raR o' 6af erodatai | on
the basis of illustrative enbodi nents using figures. The figures show Fig.
1 an i nvensugkedeiviice for producing material colums in the ground in
overall representation, Fig. 2 a section of the inventive device with a
first and second naterial tank according to a first illustrative

enbodi nBAtordifg tdi @& 3Buathep vémMb@iméns! iseakle chaseneishenent iand the
actuating device therefore, Fig. 4 a section of the inventive device with a
first apACRREBRd ChdlferilRE CIRRTEEEOTdITR #b5@ SEuEestad uker &bpvefirst

:g‘tf’agit i”?ﬁQEerf 9 tank, %e\fie%g QO ;grééé&eé’lbb nChaRui e elRIRAL S the
g mechani smthereforé according to a further enbodi nent.
the first material tank following the closing of the first and
second closure means, which pressure corresponds to the
pressure in the second material tank. The seating of the
first closure means between the first and second material
tanks, and which may be for example be a slide wvalve, is
thereby unburdened during the opening of the first closure
means. This is in particular useful and sometimes necessary,
when work has been carried out at great depth and a

corresponding great pressure 1s necessary in the second

material tank for extrusion of the material.

In a further embodiment it is envisioned that the first
material tank includes a first chamber, in which the first and
second supply lines communicate, and a second chamber, wherein
a further closure means is provided between the first and
second chambers and wherein the first closure means is
provided between the second chamber of the first material tank
and the second material tank. The additional closure means is

thus between the first and second supply lines and the second



Unl ess indicated otherwise, in the figures the sane reference nunbers refer
"to the sanme parts and have the sane neaning. Fig. 1 shows in overall view a
device for introduction of colums of material, in particular gravel
columms, in the ground of water-covered bodies, in particular in the

seaf | 005 hahBe$. P& 104 EQ%QE‘%%‘EV ﬁ%lf Yafiel N Q%Eh”%hﬁssoérébo@'c{ | gyer 14
and is driven into a dept enera unt1l Treaching a ther eunder - ying
solid gbeunnhelsapessiﬁleﬂt@ roaunrf (ItherCEMSuﬁe trﬂr@r&eaiémmen SeawcesSatlye f or
exanpl e for _co tructl aﬁﬁ% drillin | at f th f nd tlons on t he

seaf | 0oPUPPAYY ealdgedi Q%§#§ he i) TRReY g
hung frem the rm_&ts@qn&éeﬁlépp@aﬂke@ge i3 USHing M&pﬁné& t@oﬁelﬂ@w@iy

adj ust abl e, wherein the rope dredge 2 floats on a pontoon 1 upon the

sur f aceusflethe aaeephegdc Tme@@mr@e i ndllgdes i@ fiestabdisriedl hwnktigeand a
second [ etmqﬁn the firs ecqend ,nat t ank
8, 10 agg%gskgcloghréﬁ%gghs IS %rov g]co?%eégg%%%g %§t3¥}alg%a%% 10 a
conveyameeepipé Ilemk,s ehbakctied skpeciedd davonartiss 6brkbe cdrghbefr ibych a
deep Vlb ato provi ded, wherein terlal to be introduced into the

gr ound ’i & Sg%%}b FeFtBPWSi BEaEng E5pPaBL9NES a H19ePTRoSTRE FRAR¥IRuppl v
line 5 ppameapect ethd® t Rk stagRiey i abpkdBliomhi Chatdpea PN the ends

opposite the first material tank 8 is connected to a material reservoir 3
wth a pnesedneetankutt, afi chhén fhest| | gbanbervewkahodthentadditidmal se

| ocat ed h t Qon Q. t fir teri tank 8 there is further
connect S5 28, DeAT B8 wheriny erbiid et dladied s ARSI PRl o

whi ch t Rrelebdiapposhée dlmshhe; fiofst tHat exddd t el 8 l@BuHY cakassi ntfflé“ s
enbodi nrent wi.th the atnnsghere above the water surface 100. On this end of
the suppPyerife ©%h Of sCBROARIRIIM STSHBPRel PFSEES prictiUedrewntesend

prevent ﬁnakeglsmt e, Waigr whate tihe sa&%anéwﬁaﬁmn@lwachca%yepgmc%Or

exanpl e, a ball or fl'oat valve. In order to keep segments of the supply

| i nes 5pipeon ishebzouphte 9 the wairer ofO0che | deep 1BBbrdBby wmidchfrere made
for exappl e of @ty f oam or .another material with great buoyancy, are

provi de 6h <t A8 guégﬁygFngg ‘5, 6. As alternative to floats countless other
means are concei vabl e for keeping the end of the pressure equalizing line 6
opp05|te to the material tank 8 above the water surface. This end can for

exanple WhEhsedbied tSRIETRIH 00AAb0FBOVRE wWafer Maherd@d . | RIS chBe a
bal | E}égggé‘alg@l myf tltlb ¢ | BnaB %%%‘ryh@erﬁo WhLclelg @h%éﬂ% Grak 2

second cl oSure nea s 16 Irst supplylTine 5 and the first mat osure
neans 18adi £ ypmovtdede betuwrerdednd- ¢ hehéi ggtoumat, erisl deapkmdnedhdyy 16zei s

opened phenLhecsecand (Adn@ar i GHAL, | kel Lol | SoBHa%,Iegs Depygen

further charge chamber is completely filled, when the volume
of the material present in the first chamber is greater than
the maximal volume of the second chamber. Thereby in simple
manner the amount of the material already introduced into the

ground can be determined.

The first closure means between the first and second material
tank and/or the additional closure means between the first and
second chamber of the first material tank are preferably
provided with slide wvalves or as the case may be have a

slideable closure element.



serial tank 8 and a third the second supply line 6 the second cl osure neans
‘supply line or pressure g _ equalizing line 6 nmakes possible a pressure
equal i zation of the inside of the first material tank 8 with the

at nospheric pressure on the surface of the water 100, at which tinme the
first closure. means, 9. het we t firs n econd _nmat erj.al nks Ois
bt ef er aBy OSd CnER (s astund 1 oReRbindant aRers e entine

mat eri alvalleelde o} r educerei Riaxd hRagr @Wed, si otlegldaplcd el eleasnbe,
introduced by the first supply line 5 in the first material tank 8. Since
the firSUTARCer?RENiRMKkIBE stnde RTRLHHS | e1pfessnrealt RetctaReybite of
the matgnhal 1@ LOBOhE SaeiPRlY LLAR SrthR.005LE cadepaRdent Of Lhg
depth of the water with the same pressure relationship as wou d:eX|st on

| and. Tkiesomdamhantieats fafr the Drsluctater tdl atank i abh eaconyé@gnee pvietlur e
in the suppl%m$a k 4 conye t.i onal cogﬁéessor?.ca be useqf mhichlare
capabIeOEF b %EF%% glw Sur8VEHhe% mal §r3gpﬁ&ﬁ%ﬁﬂeﬁye99% b4+7%n the
suppl y aekett lifs JranveRid BdteveaenMUsh@aNELr Pt es5dr e Obnd heavet esl at amrul d
have had al so to overcone the water pressure at the depth_of the first

mat er i aPPCaMeoPnS RIHE S ch SR Sireldical © ki e skorRTAbtfed bee heeessalRg for
hi gh pr Les r%ggyﬁyi r-ak. i.de .S 411 t+hSeadva geous
to conv§§§%ﬁe %%gve In thgﬂghggrgq%$ngﬁ% Wﬁgﬁygs§P%Ffﬁglpr%%§ﬁie agﬁé
possi bl €1 rsitn gerdsmuso neeya higz Oflg gehewént hisglleas gquessi il ecxnder f | pwics
necessary, ich high air. fl.ow is_np | gnger avail abl e_at  hi.gh pressures due
Lo the GEMITeSSPBETTEY GFf f1e ThESEIALEREE dFHToshRe rd i ARQTe fn t he
first rRlcistirel @uad iHHUikG el aductdiod mterial tsnkhasd the
particularly preferred for many reasons. The water depth at which the

i nvent i Fd r@évinat e et 3B dOFs AS e dCd9E yMBY Oife tHiabFereyd of NERBET| 1 st
and sec ; i . 6, i,ch % j L h :

noses. Bref oo Hoa i B i e Gnerel perora) Pesrpars Seadiikthe
enbeddee llegtemten iz r WissEgrjeat ketn angrder ublericor et o whepennng heofret fhe
spirals increase.the stability of the hose. agai,nst being coll apsged due to
ot er pARSTieTaty hat i ue 1E MEFRPRG: QRO Tor qrit arorRanCABBERE or s
In the ¢ase tie USE @ft SPROIEHid0SESanOr ke slepbhsngf 208upet gr spaadsipee are
possi bl e. One hose conventionally enployed for conveying graveF is

avai | ablegluad ipsddlonFEega@ery dGhesite taons: Wperit. Fig. 2 shows in
cross-sectional representation a segnent of the inventive device, show ng
the first material tank 8 and the upper area of the second material tank
10. The Ther stulgjattsesbnthdopessennnéatvent ibhe igpprrridicde af prbeesr §or
material tank .and are cl oseahl e v{a fiist.an second cl psure nggns lgb,

16a. ThEFEYTGIF e CeifE 168> 1BAGF &3 shotth iH'Fi FE 0 AEFpEr Val v8s,
but could shewever the-Rigramy ot her desired design. In the enbodi ment
according to Fig. 2 a closure device 9 is provided between the first and
second material tanks, which includes a separating wall 97 with an opening
98, whergin enent sldydea in.the i I
provide&%eThgng%ggg?g g#%nent ?gdtﬁﬁggpgggfggé%goxae sk%%egg}gafféngsgrse
to the matldowdlng | b ddeectribadR imhigdeatierectieonidf éhowhe defgimedoby t he
direction_.of material flow n fronLthegug%i% to the %gcond naHELLaI t ank

when t hé- TUEERAE Tea fERe 4 I Diréh éif 1 19 s.” The tigures s

Fig. 1 an inventive device for producing material columns

in the ground in overall representation,

Fig. 2 a section of the inventive device with a first and
second material tank according to a first

illustrative embodiment,



In the closure elenent is, as can be seen fromFig. 3, square or
quadrilateral in top viewin the illustrative enbodi nent and exhibits an
opening 91 in one halve. By sliding the closure elenent 90, the halve

wi t hout opening can be slid into the opening 98 of the separating wall 97,
in order to close this closure neans, and alternatively the opening can at

| east partially be brought into overlap with the opening 98 of the

separ at Fig.wal | , ian wpleviee afenat 8 ideadlee cbansrd. eleh@nt akhe thesure
element 90 is hydrauligall sILdeabkg. For this, two hydraulic units 93, 95
are provided in tR&EERhAPTe ISHHCEN EPELEECERYel y i ncl ude one hydraulic
cylinder 92, 94 wherein respectively one hydraulic cylinder 92, 94 is
connected to one end of the closure element 90. In the exanple according to
Fig. 3 FAE-h¢drauki eagiiion o3f 9hegriavantgived deviext whthor oo diréction
of novenment B of lsosu nt 40._ Fi 5 sho in_top_yvlew.a

di fferent enbodin%%??ﬁén wﬁ?%%kﬁgg hf%%gﬁH(?qgn %ﬁ%%, g% ar @ pr%%?%%%

besi de and di spl adédueaitagaiakl gmbeddiiewe ,t 0 t he nmovenment direction B the

cl osure el ement 90. Respectively one hydraulic cylinder 92, 94 is coupled
to one of the narrow sides of the closure elenent via a coupling el enent

92' , 94ig. bn a di fflyy antew NGhtShawa1eaRadh BERY ostte YIdRHY Cati E5e ar e
so designed that their hydraulic cylinders engage on the same narrow side
of the closure el egtnasiog. Machepdess thergficoudaanprditng it zofwnplein t he
ground 14 by neangﬁg% thedevice shown in Fig. 2 is described briefly in
the followi ng on the 8a5|s of the figure. First, with closed first closure
means 9 and open second and third closure neans 16b, 16a material under
pressure is punped out of the reservpir 3, 4 via the first supply line 5

into thEPEEPSt THMGATAT tAMER 9% mosPhERFc IANSSEr hei KATe | FetRESRTe st
mat er i ahyh@Bks8 et orbha 1ronagREl P MR Lhe §§ﬁRﬁdtﬁéP@dhé'H@aﬁiﬁ?,the
wat er surface 10. A normal pressure for conveying nmaterial into the Tirst
suppl y Fiige 5li shawsr oxiimewenald- 6vbaw. ssubs¥daent for t Hatgsedowd ismd ohird
cl osure 16 16a are cl osed and,.thereafter_t first closure neans 9
i's opent‘a:rr%lia‘llﬁ%-S 1€f m%’re elra]tc’o b} nsagﬁécﬁa eri aY?om%%élm%"st lﬁat%??al
tank i ngeouhd s€Cqdt armieniedled BUAiES anich fpomiderer vim the s0aFBRysr. pi pe
10a and _the connecting line 17 to the tip of the deep vibrator 11, where it
i s inj edhdd t¥PS Ofe HOURY SEHYSS) TRIAE T QHRIRG 17 39T 19799nd oh@¥e¥ ed.

I'n the sgcoggymater gah veank; Al Ehede%hetQeﬁ&f@f?§eQuﬁgﬂyeigécﬁaag 19a and
the supply pipe 17 there exists a pressure, which 1s greater than the

envi r ontesrgungegssyiadatsaliecd narerndl layeretldpelhag reg retondemeritp of t he
deep vibrat or 1y obn order.do ring apaut the, £t raisl onof Lhe material
This pressure i s produced by neans of "a conpressor i CR™PS ROt *SHowh™ i n
detail dmitlhenb gasefowhiscricbnibaadaribasceonnebkedebdlbbe .second nateri al
tank 10. Preferably this conpressor or a second conpressor is connected to
the first material tank 8, in order to build up a pressure in the first
”ater'a&nt%WéE%ﬁﬁééﬂméﬁﬁfé%éé%ﬁfh%ftéh9i§$CQU@H@“iﬁJEﬂﬂiﬁéFH%%fb@E§QS
16b, 16a towards the supply Iines 5, 6 and prior to the opening of the f
first chusgrérepande) mastt RO sdfcandrang eliefdge ahkusing whi xdperbeste ebe

corr espgndsyto LAe b gheL Pregsure, i ndhe second materizal hank L0, Ther eby
on the oné Hand eré 1s hot experienced a drop TR pressure 1% he"setond
mat er i abohaslndar upgnopaei Bardbceheff kthet wakeguneoneans 9, and on the other
hand the bearing surfaces of the first closure neans 9 or as the case may
be the closure el enent 90 according to Fig. 2 are subject to |less |oad
during gnaotgeyisti nghpressdire di{istentdalrhet weenyt hg fifpt sandessgand
material tanks 8, 10. When working at great depths this pressure

equal i zabitemibadt weemkt hd Of,i r sthearedirs edwatvernt ertilzgd  t kst 8,a1d nagcomdf act

be necessary, _since wgh eat Qpressur-e differentia%s.hydrauLi yl i nders
for nnvpﬁ§e¥ﬁ3ishﬁﬁ§ %’ngé Pn é&ﬁtmﬁ%?ﬁﬁﬁ% %%ﬁn%r vi-§e PASU f%ienﬁn
the second material tank 10 a conveyance pipe 1l0a is connected

directed downwards, on the end of which a deep wvibrator 11l is



power. - 12 Fig. 4 shows a further enbodi nent of the inventive device
for production of material colums in the ground bel ow aqueous bodies. In
this enbodiment the first material tank 8 has a first chanber 81, in which
the first and second supply lines 5, 6 conmunicate, and a second chanber,

wher el ”p%oWEi%Ber whie@Yhe H&E%’}ﬁa‘.’@ e’ BY oyl deds het ‘%{‘cé N&nd 0%%5%&‘@ d, gecond

cl osur ePigans —and “wheréin st” closure neans provi ween t he
second dbashepl&@2dotot heviibrat ingt edpall8t ank 8 gmgetme second materi al tank
10. The construction of the second closure neans 46 is in this shown

enbodi nent the sanme as the first closure neans, of which the design and

manner  @heOpeyad oauggiyallrie@éiysbeieéﬂ desgeLped %bpvehén FATSRCI gt Op iy th
Figures 2, 3 and e closure neans exhibits |ikew se a separating wall

47 wit htank@p@hnln‘@ 48ngn@ra tdlconince airamsiite 40| § besiblreateriae sapardting
wal | geggflngfct@é.dq:%u' | T ter}%.%lll%'ecf,%%:\%q(% 435 wﬁ nga?‘%regsxshl bl t nI?KV\ﬂi ch

openlng i 'Tustrative énb accor

t he manpaicaf iepenas i oM wsttabeveespbbbetlehnd tilae 1f10ddmwe1mo@aw&5|@§@ﬁed
separate cl osure neans for sugplghélnes 5, 6 can be dispensed with. The

functi ofR6f PRRSECR| dsure HRE chiksSte PREPELRE ‘?‘?‘P}Fl F Ehgmg 2i%ith

16b, 162yui-8nassWRMhddtddes addbbhanahgp19s Ul £hdeanse4& ib tvaesenpwgsufé st
and second chanbers 81, 82. During opéeration the first chanber” 81, in which

atnnsphequelpzesguréleg»stefduehiehthﬁupresshr@pe@aat62|ng Ithe, fateri al ,

in part] an rayel e I|k S erjal,supply can
occur urrrf?ré] g??éptg gnggl sc%mr?&micat Ted 1bn %E’ F‘ﬁﬁplﬁgﬁgl iHbLBr <
throughaumoe@paeetwhﬁVdrmhélwateehanhmdeL1¢m a sbsenuenkndr eaesshét ep
the additiopal - 13 cl osure neans 46 is opened with closure of  the first
cl osur eSHERAY oL1R% & bR (tdiisht BRAEEMRBEerd afTBEKSSf T hé Sf i PEPVERRFber 81

into thent BEr ¢ eRdel d WHW éﬁ@wdo@hm%rr 8t d h@hédghbbﬁ?g}alll‘ﬁl OSgIr gnreans

46 remai ns open preferably so long until the second chanbéer is conpletely
fill ed whdchsmaebecl §sogdexample, a ball or float wvalve.

In order to keep segments of the supply lines 5, 6 on the
surface of the water 100, floats 1l3a, 13b, which are made for
example of Styrofoam or another material with great buoyancy,

are provided on the supply lines 5, 6.

As alternative to floats countless other means are conceivable
for keeping the end of the pressure equalizing line 6 opposite
to the material tank 8 above the water surface. This end can
for example be secured to the pontoon above the water surface.

In this case a ball valve can be omitted.

In an embodiment, which is shown in particular in detail in
Fig. 2, a second closure means 1l6b is provided between the
first supply line 5 and the first material tank 8 and a third
closure means léa is provided between the second supply line 6
and the first material tank 8. When the second closure means

l6a is opened then the second (air) supply line or pressure



Fol I ow ng cl osure of the additional closure neans 46 the first closure
nmeans 9 is opened, in order to nove the material out of the second chanber
of the first material tank 8 into the second material tank 10 which is
under pressure, and fromthere into the ground. The anount of material
entering.i : d [ al 1 ow o] j f_.the cond
closureg hgagzﬁggaggﬁﬁgi%;ﬁﬁ%é%é é?%ﬁﬁgg ﬁym%ggségfﬁne%@Hﬁﬂéé%%ﬁkn £
chanber t82. ifeideol difrethé tihirsts eaorek icdianbenk 88 iwa thr efler abtyosphétee t han
that of the first chahrrber 81, in order to have available_in_the first
chanber PEESSUEE GentMRrat¥ritaces &t  Haer #5671 1199 ngabr WPRERs & ER@nber
82 fol | ewirBg tdmeoQpani Rdafl thepadgithondle Cf OS4K eaABANS NG mgachi gpeni ng
of the first closure neans 9 the sane amount of material to be 1 ntroduced
into theagksumdl i $0suisp| prdfevabhy sulowmail mat ditieal  theak sEgonghi chosgre
advant a iLn.order for the determ nati.o oint im tipe.of the
anount g‘% %nl%’t é‘?’leaIlS\/\/r(ﬁpc%'hzi-'rs}1 4 ‘ratehaedym nceee%la}rinﬂ%r% u%eﬁn?ﬁ?%ucf%geb?%%ngbe

Fol | owi agouhd, supdpt y esamipleer gpdvand e chesumt refduded apdi tihenatigéesure
nmeans 46 thgre exists.in %}he second chanber atpospheric pressure or at

| east aSPPBs¥utdneuRi ¢R &€ Ed&stnBRteRé2pr 6886r & in the second materi al
tank. In order not to overload the bearing surfaces of the first closure
means 9, in the exanple according to Figure 4 the bearing surface of the

cl osur e Séherenhedd iratd matetiydr didnike 8 by whdeexiendsgheresspressure,
differential between a second chanmber 82.and the -_14 second mat er i al

t ank 10,tthtehecroem’|re apnrce e?gb&yepr%%%laag f)f'lg?s&rhée e%h%ﬁz?ﬁapgp'er%elrﬂe bgt ween
the secead mRiceir alndepdnddhtanst t fige s@epbH eliamiper wWdeWhiicdh | théi §amd i S
essentially schematically represented as a connecting |line 50 with a val ve
51. Vi aPFRPSUSPeskRt et BRRAIIRI A§ eYRwbht e séquali 2afidon off e sugnes

bet ween o] i - - SToteTeTa R i Si.br ht
about prt':l}l%f% 'E%%%t %gleogenidr%t&ﬁ&?%eflﬁ ?é;gl%:ﬁs%re nea%és.fr@ﬁées osés %)1? gfr{%ssure
occurri sgpPpPAYt fendkechndomee et iahal ankmpseasenal kypnsing lysesd .noehidle aoéune
of the seco&& ch er ﬁé i s general I¥ substat%ti ally | ler than the second
mat eri aF?PARKE1ET 1 RN BasEP thePpragstif e On Y hPRBFSFTERCERAK 10
i s pernmanentdar adhusded bypbhe e@mx essor .10l hewetgrt hempesbigepintde
first closure neans 9 or as the_case_may be followi ng the pressure

equal i ZREPERUEReE it BaLATLAL ¥otdAd aebead a2ppes$@r ©VEHANEE | Bhe

gener al b ialld yhi r nosP i egsu
equalizkﬁgégl§%§%%b?% %fé#g?§61§ a|§§¥provpgggﬁaﬁggﬁﬁg%ﬁﬁeﬁaﬁﬁeéfiég?nand
second elarhernyvewhsphcial Fi gomdresssrhenatulodl lbe shewesasryi néof0 migh a
val ve 61 and whi ch_serves, follow.ng the enmptying_of .the second chanber 82
and  hePEFSSPRESagitt, SPARY Er St e BBEFE Rddns ECSGSS, GHILE a 1pr ex8ur o
equal i zadvanthgkwaen tbhednvest tehamiervall antidesgasondl chanbeyidR, apef ore
the closure_nmeans 46 is again opened for renewed supply of material_into

t he secdhAdteRaia@sBIe THF sPREAIRLE r &GS e FOBUCY BRIt I BE@ Ty @
surfacesg.and .t.h R .G i s I 4 erably a
dovi co TAohr ot PR sl S Sedi) WL Al fishcie

hydr aul nos, Whnghrbriagsibbble thet arhiadt vatpressunespar tiueul atoan openi ng

of the ¢l osure TRags,,ca

-1
aix? The existence of atmospheric pressure
in the first material tank 8 during the introduction of

material is thus particularly preferred for many reasons.

The water depth at which the inventive device can be used is
limited only by the stability of the first and second supply
lines 5, 6, which are conventionally in the form of hoses.

Preferably hoses are employed, wherein metal spirals are

- 9 -



only occur, when the pressure equalization has already occurred. The design
of the closure neans 9, 46 between the first and second material tank 8, 10
or as the case may be between the first and second chanber 81, 82 as

closure neans with slideable closure elenments 90, 40 shown in Figs. 2 and 4

[ epr eseRibe ey A pOS! Bl GifR.0n; ghicbhe Ll OSKIr & BRAYS oo COUnSEYATT OUS
other closure means can bé used in assocration w th the invention. - 16
Ref er entbéeNumierl Lesir@Usnincurebisen tdgui poaent Bi tiMafertihal heser agaibhftr st

supply | 8First material ,tank9First closure

i 6S | [ i S k
Y 0BEAgGy el AP L e DL B YRERE: pPToRBRES saatdh oRE 1 4oOPELETE

gr ound 1939k ¢hg0 Ryt hEO B igvek 2 35 Wiea iresy s fbseepnd £h osps ecaBaNSE 7eyep!l y
| i nel8Ti p of the deep vibrator20Booni6Addi ti onal cl osure nmeans40, 90C osure
el ement ©41, 9REPEAL NgE¥OF9F t haogKosdept Bpereht 249, quepdrauland more are

Y1 | ndoP BT 9 ar aul Ve untt S OV o CuT P RVaT B a1 onrar £ SRV EpR e 17 ©

Patent Graived is available as model FS3320 from the company Semperit.

Fig. 2 shows in cross-sectional representation a segment of
the inventive device, showing the first material tank 8 and
the upper area of the second material tank 10. The first and
second hoses connect to the upper side of the first material
tank and are closeable via first and second closure means 16b,
l6a. These closure means 16b, 1l6a are shown in Fig. 2 as
flapper wvalves, but could however be of any other desired
design. In the embodiment according to Fig. 2 a closure
device 9 1s provided between the first and second material
tanks, which includes a separating wall 97 with an opening 98,
wherein a closure element 90 slideable in the separating wall
is provided. The closure element is thus provided to be
slideable transverse to the material flow direction R, which
direction of flow 1is defined by the direction of material
flowing from the first to the second material tank when the

closure means 9 is opened.

In the closure element is, as can be seen from Fig. 3, square
or quadrilateral in top view in the illustrative embodiment
and exhibits an opening 91 in one halve. By sliding the
closure element 90, the halve without opening can be slid into
the opening 98 of the separating wall 97, in order to close
this closure means, and alternatively the opening can at least
partially be brought into overlap with the opening 98 of the

separating wall, in order to open the closure means 9.

- 10 -



1. Device for production of colums of material in the ground bel ow a body
of water, including the followi ng characteristics: a first material tank
(8), and a second nmaterial tank (10) connected with the first nmaterial

tank, - a deep vibrator (11) connected with the second material tank (10),
- a first supply line (5) for supplying material, connected to the first
material tank (8), - a second supply line (6) for bringing about a pressure

equal i zaheorcliosuree digmdntra®@r ial hydmkul8raldgnmddidedle .t heFdr rshis,
material tank (8), .- a first_closure nmeans (9) pr.ovided between the, fjrst
nateriaFWPaﬁWd%%u¥%ﬁiqqu%e% hdgﬁa?E?iRFOWé%ﬁd(ﬂﬁ.t > SEPTRES ackBtGing to
G ai m 1reuheceiRefioat sc{dda) sHe Pl?/@\fla‘lﬁ(icl ncihendepa of, tha epdepdihhe
second supply line (6) opposite to the first material tank (8). 3. Device
accor di H§SPeCctizeayl ose hydmgerldion eutlinslen SPhe Hddi2 i errtecteduke aRans

(16D, 1?ga 46) hs prokided Whigh igy provided between the first and second
g, 6) ang ﬁ 3

supply lnes ( at Teast an area (8; 82) of the first material tank
(8). 4. Device according to Caim1l, 2 or 3, wherein a second cl osure neans

16b) i rovi ded between the first material _tank (8) .and the first suppl
e (Sirne, S Sear i gnce (o) ba throv et b Socinn’ 7

supply blen@1(&heand drheddddsilon® Rl a8tk {8 -of WSvrement B of the
closure element 90, 40. Fig. 5 shows in top view a different
embodiment, in which the hydraulic units 93, 95 are provided
beside and displaced diagonally relative to the movement
direction B the <closure element 90. Respectively one
hydraulic cylinder 92, 94 is coupled to one of the narrow
sides of the closure element via a coupling element 92', 94°'.
In a different, not shown embodiment, the hydraulic units are
so designed that their hydraulic cylinders engage on the same

narrow side of the closure elements 90.

A process for producing material columns in the ground 14 by
means of the device shown in Fig. 2 is described briefly in
the following on the basis of the figure. First, with closed
first closure means 9 and open second and third closure means
16b, 1l6a material under pressure 1is pumped out of the
reservoir 3, 4 via the first supply line 5 into the first
material tank 8. Atmospheric pressure exists in the first
material tank 8 due to the connection via the second supply
line 6 to the water surface 10. A normal pressure for
conveying material into the first supply 1line 5 is

approximately 3-6 bar.

Subsequently the second and third closure means 1l6b, l1l6a are

closed and thereafter the first closure means 9 is opened in

- 11 -



5. Device according to Claiml, 2 or 3, wherein the first material tank (8)
“includes a first chanber (81), with which the first and second supply |ines
(5, 6) conmunicate, and a second chanber (82), wherein a further closure
nmeans (46) is provided betmeen the first and second chanber (80, 81) and

wherei n L@, f tbxcirf fe el §r§§% E Br A¥ledqd DEt v -{{‘ew} harel 5@&@9(15?8”*3”

(82) of the flrst na d't he secon eria
Devi ce abteorskawnd omanerdbtlt ek etedband dmaimsthaher @iia ahat eohaeysuppl y

devi ce (3, 4) 's connegted to the fir pply line (5),on the end_opposite
The 11 SibEalET af Haniis s5OTnSCE bl ddrBorht HFRy S oS 0Pt Hidir 4EBB: ng
cl ai s, Mm&mdrnqlludevrfex@rw Ql.sssqnwtﬁ&é O hdeg 866RAda HAL BY | ﬁéaﬁé‘nk
(10). 8. Device accor di ng to Claim in which the conpressor is also

connect@éIﬂhqPﬁﬁbﬁaﬁﬂrn%}eiﬁapomﬁﬁ?teg) dn pdg crecerdrorbgrial ohankf the
prePEd'g%fC|@ﬁéﬁLthé}€My Cgoﬁggcééés J%Qa% OQQP%; SLBge%ﬂ%%isﬁéeigg

c
desi gne Conveying under pressures es
accor di pdpe0 Dne thkrieheepi ecedangprdsiuse, | whibhchid hgrélatéd aregur eheeans

(9) includes a closuyre elenment (90), which is pounted slideable transverse

to the GPVECOMBRTER); RTFREETa tfltdi‘/ﬁ’ nGeFREAPLNLYG It PBePRBIsddbnat
mat eri alepeands f & f the- db2 P viblatddVice, aggobdre @ @aidg 1ok WhECH

the first closure neans between the f first and second naterial tank ( 8,
10 ) i nekides igns@fartdte mpbetilal 97)Tvii s hrresapeni hy posiucedebyi neahe

cl osure el emen 9 ed | ideable in the.sepa at|n 12.
Devi ce a?cordl &nﬁ; gl.'@al 21?% L 1I,1 |En S\;\%wgh Jtrhed%Egs%re el emen% 56%

pl at e shapeth &ﬁd@ﬁtﬁﬂﬂkSl@.CbﬁﬁedtédeaoamﬂeamGMUﬁd\Mdﬁéfﬂhlxkﬁmmg169l),

wherein _the closure _elenment (90) is nounted such that the opening (98) can

be broudfeiegaily s RAMRTRISPOWT | ApS9FeRC t FRTBHRRTRY &F £ABLSEP&Hat i ng
vel | foronepl g tdte AOSH £ "BRAR 89) in order to build up a pressure

in the first material tank 8 after the closure of the second
and third closure means 1l6b, 1l6a towards the supply lines 5, 6
and prior to the opening of the first closure means 9 to the
second material tank 10, which pressure corresponds to the
higher pressure in the second material tank 10. Thereby on
the one hand there is not experienced a drop in pressure in
the second material tank during opening of the first closure
means 9, and on the other hand the bearing surfaces of the
first clogsure means 9 or as the case may be the closure
element 90 according to Fig. 2 are subject to less load during
a not existing pressure differential between the first and
gsecond material tanks 8, 10. When working at great depths
this pressure equalization between the first and second
material tanks 8, 10 may in fact be necessary, since with
great pressure differentials hydraulic cylinders for moving
the slider 9 may in certain cases not provide a sufficient

power.
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13. Device according to one of the preceding clainms, in which the

addi tional closure neans (46) includes a closure elenent (40) , which is
nmount ed slideable transverse to a direction of flow (R) of material from
the first chanber (81) to the second chanmber (82) of the first material

tank (8., 14. vice a Lng .aim1 i.h which the additiona
closure%%gané 5%?“%%ﬁatﬁgggﬂ%§teéﬁasgggg%d%ghg%&ylé%ﬁﬁt%ﬁﬁ é%vﬁé%a#?¥st
mat er i abrbdoktidh i df| wkeerd s9epadatinng ial | théd7)gwditd abedpeni Aguédss .

wherein the closure elenment (40) is nounted slideable in the separating

wal | (4Ppdiess DBy EB1gc SRAHGIY Faf mtizshr meEeiirlwntarkt fe fd%sdr e

el ement £G9Q}y ichplie ghared andnnaliides; asel 98ad RIRAMPNMLEEL AT eandbth an
opening (91), wherein the opening (98) can be brought into at l'east partial

over| apSwi th tdeampedats of ande seg@caricngchanberor Wpardiy of fhetkéovsure
means (é@)s irg.zome?%s]éﬁ];% rggef]%rc%ﬂ{d@cﬁ O%‘é%'w@%ncol:ﬂén;ffiogsatlnﬁé Ei' al@.ec':gnéhe

ground, i ncludi ng | OW aractéristics: OVi a device
havi ng ealbeugkt makehksal ahdnkwh8yeand gshsecoHhdstnt eLoslirbankednAd) sonpected
with the first nmaterial tank, a dee vibraic¢&élj% connected with the

second REP¥FASA tRehvserD)the \S?FQPdEL‘Fﬁ’&I“?qq (8% fof Suidpityi Rytemtetial

connect edniOgt Bagf khat cHERbLEH Ahrk@7k1(8Lnkaigecond supply line (6) for
bri ngi ng about a pressure equalization in the first material tank (8)

connected to the first material tank (8), and a first closure nmeans (9)

id he fi i al k dth d. erial. k
(10) < o T e aPEl o tihe PPPER ek bRRRSCEY i cik (AT

supply khsen( 2hnbodipepduaingg s iy eld thestsespshiratRednd, tahkwioh, -
opening the first closure neans (9) between _the first_and second material
tank (8theoresipgn Byt JeannRE oPli RESLatEra fafe 2inea drremeleRey Eeed

i ncl ude e d AL e ARANRS: 6 n the_tiyr su i ) and
t he firgPQXEtg??a?g%gﬁEéﬁégﬁaﬁﬁjgétﬁ%?gﬁé%ggdré?ngaHSS%16a) E%tgégﬁu%%e
second seppkby dillidite) bihlkewhee f ar stepgatedriing wahk ¢8) wiwherasi nopéeisgcond
and third closure ans (l6a, 16b), are, closed follow ng the supply o
nateriaﬁgaﬁ? r?o?fgﬁufﬁeegﬁgﬁpgg%§1?%%é?g? T &Pogg%b%ﬁgﬁﬁgﬁlﬁg wila

by means of hydraulic lines 43, 42 and 45, 44, and exhibiting

an opening 41.

In the illustrative embodiment according to Fig. 4, of which
the manner of operation will be described in the following, a
designated separate closure means for supply lines 5, 6 can be
dispensed with. The function of these closure means which
were indicated in Fig. 1 and 2 with 16b, 16a is assumed by the
additional closure means 46 between the first and second

chambers 81, 82.

During operation the first chamber 81, in which atmospheric
pressure exists due to the pressure equalizing line, material,
in particular sand, gravel or the 1like is supplied. The
material supply can occur uninterrupted and is only limited by
the maximal handling or throughput capacity of the first

chamber 81. In a subsequent process step the additional
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18. Process according to Claim17, in which follow ng the closure of the
first and second closure neans (16a, 16b) and prior to the opening of the
third closure neans (9) a pressure is established in the first material
tank (8). - 21 19. Process according to one of the preceding clains, in
uhich thaaesuea il ogced idbdis fhied andbaressEonddrai efial oi 8k L8,
10) is greater than the water "pressure at the material outlet opening at a
tip (18meaist he, deep wirdeat oto( litr&ucd’r oeesexiadcoodingoff o t@eai Middt i n
which the first terial tan 8) includes.a first chanber, (81 into which
the T + SR s o e ok FhRet 1ed) 3dnmuAeintl SRFiPSackh chafber
(82) andgaitlieosiie dEadsré 4kapicovisledehativgengdie biresbrapdysesondong
chanmbers (81, 82), wherein the process includes the follow ng additional

st eps: untgll] ohfag gerolipghpmeermat er icannlate e fillsd c&fmgbéirs (8hen
openi ng Hhe additional closure means (46) with closed first closure means
(9) , inorder to supply material to the second chanber (82), - closing the
addi tional closure neans (46) prior to the opening of the first closure

- .- 22 . AA . AU9. Ah9. Ah9. A L. AU L. AU9. AA9. AAL, AA .
AL AR IApR s oRdreadt s Adihe {om b ToRme tnins A8 eraesiisahk a\ w
] ca] ca] caleakealwadt] sal salgrledl, calc ab sad £ak eahrAkc ] gl €21 48] 6akcal cR
a] cRa] ca] ca]ca] calUcalU caUca! R(()) mv****| +g+h++--. ... "/$/2/Cv/|/I/]]]/]00
yt ni c”Xieffa\ti1e)] eafead] rc adkabinealfdagtc ajates ] chenkaldeajezg chhea] ca)

. 0! Q9 d
6Lk LORb oL AT IUbat] WhERh it RERE e ST 2T S e s TR cau
ca] cal] calealicajcathe abeauhda) caifje aknebheaptapalcall] cadeatdwqp] catbcal ca
] ca] cab5555 66166689999q; | :
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introduced into the ground is supplied to the second material

tank 10, which is advantageous in order for the determination
at a point in time of the amount of material which has already

been introduced into the ground.

Following the supply of material and the closure of the
additional closure means 46 there exists in the second chamber
atmospheric pressure or at least a pressure, which is less
than the pressure in the second material tank. In order not
to overload the bearing surfaces of the first closure means 9,
in the example according to Figure 4 the bearing surface of
the closure element 90, and the hydraulics, by the existing

pressure differential between a second chamber 82 and the
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51. Via this pressure equalizing element an equalization of
pressure between the second material tank 10 and the second
chamber 82 is brought about prior to the opening of the first
closure means. The loss of pressure occurring in the second
material tank is normally small, since the volume of the
second chamber 82 is generally substantially smaller than the
second material tank 10. In any case, the pressure in the
second material tank 10 is permanently adjusted by the

compressor.

Following the opening of the first closure means 9 or as the
case may be following the pressure equalization there exists
in the second chamber a pressure, which is generally
substantially higher than atmospheric pressure. A pressure
equalizing element is preferably also provided also between
the first and second chamber, which in Fig. 4 is schematically
shown as line 60 with a valve 61 and which serves, following
the emptying of the second chamber 82 and the closing again of
the first closure means 9, to produce a pressure equalization
between the first chamber 81 and the second chamber 10, before
the closure means 46 is again opened for renewed supply of
material into the second chamber 82. This measure reduces the
load for the bearing surfaces and the hydraulic mechanism for

the closure means 46.
Preferably a device is provided, not shown in greater detail,

connected to the hydraulics, which brings about that an

actuation, in particular an opening of the closure means, can
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occurred.

The design of the closure means 9, 46 between the first and
second material tank 8, 10 or as the case may be between the
first and second chamber 81, 82 as closure means with
slideable closure elements 90, 40 shown in Figs. 2 and 4
represents only one possible design of the closure means. Of
course various other closure means can be used in association

with the invention.
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Reference Number List

2 Construction equipment
3, 4 Material reservoir

5 First supply line

6 Second supply line

7 Snorkel

8 First material tank

9 First closure means

10 Second material tank
11 Deep vibrator

12 Rope

13a, 13b Float

14 Soft ground

15 Solid ground

lea Third closure means

16b Second closure means

17 Supply line

18 Tip of the deep vibrator
20 Boom

46 Additional closure means
40, 90 Closure elements

41, 91 Openings in the closure elements
42, 44 Hydraulic cylinder

43, 45 Hydraulic units

47, 97 Separating wall

48, 98 Openings

92, 94 Hydraulic cylinder

93, 95 Hydraulic units

100 Water surface

R Material flow direction
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1. Device for production of columns of material

in the

ground below a body of water, including the following

characteristics:

- a first material tank (8), and a second material

tank (10) connected with the first material tank,

- a deep vibrator (11) connected with the

material tank (10),

second

- a first supply 1line (5) for supplying material,

connected to the first material tank (8),

- a second supply 1line (6) for bringing

about a

pressure equalization in the first material tank

(8), connected to the first material tank (8),

- a first closure means (9) provided between the first

material tank (8) and the second material tank

2. Device according to Claim 1, wherein floats

(10) .

(13a) are

provided in the area of the end of the second supply line

(6) opposite to the first material tank (8).

3. Device according to Claim 1 or 2, wherein at least one

additional closure means (16b, 16a; 46) is

provided,

which 1is provided between the first and second supply

lines (5, 6) and at least an area (8; 82) of the first

material tank (8).

4, Device according to Claim 1, 2 or 3, wherein a second

closure means (16Db) is provided between

material tank (8) and the first supply line

third closure means (16a) 1is provided between the

supply line (6) and the first material tank (8).

first
and a

second
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material tank (8) includes a first chamber (81), with
which the first and second supply lines (5, 6)
communicate, and a second chamber (82), wherein a further
closure means (46) 1is provided between the first and
gsecond chamber (80, 81) and wherein the first c¢losure
means (9) is provided between the second chamber (82) of
the first material tank (8) and the second material tank

(10) .

6. Device according to one of the preceding claims, wherein
a material supply device (3, 4) is connected to the first
supply line (5) on the end opposite the first material
tank (8).

7. Device according to one of the preceding claims, which
include a compressor connected to the second material

tank (10).

8. Device according to Claim 7, in which the compressor is

also connected to the first material tank (8).

9. Device according to one of the preceding claims, in which
the first and second supply lines (5, 6) are designed for

conveying under pressures of less than 7.5 bar.

10. Device according to one of the preceding claims, in which
the third closure means (9) includes a closure element
(90), which 1is mounted slideable transverse to the
direction (R) of material flowing from the first to the

gecond material tank (8, 9).
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11. Device according to Claim 10, in which the first closure
means between the first and second material tank (8, 10)
includes a separating wall (97) with an opening (98),
wherein the closure element (90) is mounted slideable in

the separating wall (97).

12. Device according to Claim 10 or 11, in which the closure
element (90) is plate shaped and includes a closed area
and an area with an opening (91), wherein the closure
element (90) is mounted such that the opening (98) can be
brought to at least partially overlap with the opening of

the separating wall for opening the closure means (9).

13. Device according to one of the preceding claims, in which
the additional closure means (46) includes a closure
element (40), which is mounted slideable transverse to a
direction of flow (R) of material from the first chamber
(81) to the second chamber (82) of the first material
tank (8).

14. Device according to Claim 13, in which the additional
closure means between the first and second chamber (81,
82) of the first material tank (8) includes a separating
wall (47) with an opening (48), wherein the closure
element (40) is mounted slideable in the separating wall

(47) .

15. Device according to Claim 13 or 14, in which the closure
element (90) is plate shaped and includes a closed area
and an area with an opening (91), wherein the opening
(98) can be brought into at least partial overlap with
the opening of the separating wall for opening of the

closure means (46).
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1nc1udes a second closure means (16b) between the first
supply line (5) and the first material tank (8) and a
third closure means (16a) between the second supply line
(6) and the first material tank (8), wherein the second
and third closure means (1l6a, 16b) are closed following
the supply o©of material and prior to the opening of the

first closure means.

18. Process according to Claim 17, in which following the
closure of the first and second closure means (l6a, 16b)
and prior to the opening of the third closure means (9) a

pressure is established in the first material tank (8).
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19.

20.

Process according to one of the preceding claimg, in
which the pressure produced in the first and/or second
material tank (8, 10) is greater than the water pressure
at the material outlet opening at a tip (18) of the deep

vibrator (11).

Process according to Claim 16, in which the first

material tank (8) includes a first chamber (81l), into

which the first and second =supply lines (5, 6)

communicate and a second chamber (82) and a closure means

(46) provided between the first and second chambers (81,

82), wherein the process includes the following

additional steps:

- following the supply of material into the first
chamber (81): opening the additional closure means
{46) with closed first closure means (9), in order
to supply material to the second chamber (82),

- closing the additional closure means (46) prior to

the opening of the first closure means (9).



