19 APRARATUS AND IVETHCD FQR CONSTRUCTI'NG COMPACTED Gf ULAR CR STEEO8BHDINSE -
I'N SOLL MASSES - The i nvention generally | ates tg the upgradl ng
.of 8oft or -ikak soiI areals having | ow shear..or bearing stre gs’

al luvi al. soi| or hydraullc fill areas. More particularly, the présent !
invention rel ates to i NFARKGRAUND Qff FHENGNYBNTIRY treatnent of soil masses
for buil:ding foundations and |ike structures through t he constructlon of
conpacted granul-ar -or stone colums in S|tu or in soil masses.

! The invention generally relates to the upgrading of soft or weak

'~ seil areas having low shear or bearing strength, such as alluvial soil or hydraulic
fill areas. More particularly, the present invention relates to improvements
relating to the treatment of soil masses for building foundations and like

structures through the construction of compacted granular or stone columns in

situ or in soil masses.

Stone columns, as the name implies, are simply vertical columns of-
compacted crushed stone,. gravel or sand wﬁich extend through a deposit of
soft material or soil to bé strengthened. Normally a number of these
densely compacted granular material cplumns are prbduced beneath the site for
the intended construction project. These columns serve to stabilize the soil,
resulting in considerable vertical load capacity and improved shear resi;tance

in the soil mass.

Stone column applications have included soil stabilization to limit
settlement under reinforced earth walls, tank farms, dam and highway
embankments, bridge abutments, and buildings. Another application is the
stabilization and prevention of landslides. Stone columns also function as
efficient gravel drains in providing a path for relief of excess pore water

pressures, thus preventing linquefaction during an earthquake.

There are a number of well known methods for the formation of
stone columns in the ground. One such common method is the use of a special
vibrator, sometimes known as a Vibroflot, which expels water from its body as
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. St.oné’icol utms, as the nage inplies, are sinply vertigal colums of

- conpact-ed crushed stone, Gravel or sand which extend™t hrough a deposit of
soft* material or soil to be strengthened. Normal I'y a nunber of these
densel y conpacted granul ar material colums are produced beneath the site
for thét isittksnined thergrbuad;t thus formjrgct. holéesEhe dloleynbeldeopen by wateni | i ze
‘the soil, resulting in considerable vertical |oad capacity and inproved
shear r@sessuemcie then fied 96ith stanesand the stone is congrasted detiouthe gpdcat i ons

have included soil stabilization to |limt settlenent under reinforced
earth man|S§agQSank1nga?h¢swbaeWand stgenagiumenbatkuefeemeh in 4 &M Rent s,

and bui.l di.n Anot her applicatigon is the
whic serves to strengthen the soil and also provides a draining path which is

beneficial to the rapid consolidation of the ground as structural loads are
subsequéntly applied. An example of this method is described in U.S. Patent
Number 4,397,588 for METHOD OF CONSTRUC;'I'ING A COMPACTED
_GRANUILAR OR STONE COLUMN IN SOIL MASSES AND APPARATUS
THEfiEFORE.

Utilization of this method produces very large quanti_tiés_ of silt
laden effluent which must be disposed of. Disposal of this effluent is difficult
and expensive under the best of conditions, and virtually prdhibitive af
environmentally sensitive locations. Consequently, most column installation
with Vibroflots now makes use of anéillary bottom-feed equipment which provides
a feed pipe to the tip of the Vibroflot. Stone with compressed air is fed
through this pipe to the tip of the: \lribrator_, thus eliminating the need for
water. Although production by this method is much slower, savings in effluent

disposal usually more than offset the additional cost.

Other known methoc.is for the formation of stone columns utilize an
elongated hollow tube or pipe which is penetrated into the ground, usually with
the aid of vibration. Crushéd stone or other granular material is then charged
into the tube and as this particulate material is fed to the bottom of the tube
and discharged the discharged and particulaté material is compacted-through
the application of vertically applied forces either by repeatedly raising and
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.st abi{«i zati on and prevenn;on of landslides. Stone ogurms al so function as
efficient gravel drains providing a path for relief of excess pore water
pressures, thus preventing |inquefaction during an earthquake.

There are a nunber of well known nmethods for the formation of stone

col unms loweriig the opipel. asOite is withdrawnoirometieo ground: ke Ryse srciprosabipg al

vi brator, sonetines known as a Vibroflot, which expels water fromits body
as compactor mounted in the tube. ;

Examples of these methods for producing stone columns are
_illustrated in the following U.S. Patents: 3,648,467; 3,720,063; 3,772,892;
3,808,822; 4,126,007; 4,487,524; and 4,730,954,

Most of these prior art methods make use of an equipmgnt_ withdrawal
and l:epenetration sequence. 'That is, particulate material is deposited in the
bore as the probe is withdrawn. This freshly placed material is then compacted
and forcéd outward into-_t.he native soil by repenetration of the probe. A
disadvantage of this sequence is that large amounts of soft native soil are
dragged down with the probe into the column,' resulting in considerable

contamination and mixing of the native soil into the column. Such contamination

and mixing tends to weaken the column as well as to lower its permeability.

Another problem with all of the above-identified prior art methods
is that it is difficult to provide adequate quality control techniques in stone

column construction.

A good quality stone column is one which performs efficiently at a
given replacement ratio and it is generally agreed that such a column must be
constructed of material which has a large angle of internal friction. This
material should be tightly compressed into, and thus supported by, the in situ
soil. Present practice is to assume that motor power consumption achieved
during column repenetration provides a measure of this confinement. However,
-earth reaction forces significantly affect the behavior of the equipment which
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2 it &inks into the grou!?, thus forming a hole. Thefhole, held open by

wat er . pressure, is thenNilled wwth stone and the stone is conpacted into
thesground in stages using the vibrator. A stone column is thus formed in
t he ground which serves to strengthen the soil and also provides a

dr ai ni ngs ptitigedto dhstald theehete colamntand thasragtiod powes slongBRtéen eenndie gr ound

as structural |oads are subsequently applied. An exanple of this method is
descr i begmpletelysspamifve sondikionter This 38 7trag gioft opnl NEItDIEBRT (OIS RRUATENG A

COVPACTED GRANULAR OR STONE. COLUMN IN SO L gi%ﬁljzijND APESRATUS
THEREFORPove-mentioned techniqyq ytitizing piaterplly Pﬁshfﬁ’ﬂag BF

uantiti &3 of
a true with tLe use of the techmques which utilize an elongated vertical tube,

as the forces utlhzed to downwardly expel the granular material from the
bottom of the hollow tube does not provide a measurement of the degree of

lateral compression of the granufar material within the column being constructed.

This is so because the techniques employed to expel the granular
material-from the bottom end of the hollow tubular structures function to force
the granular material downwardly out of the bottom end of the tube and
therefore to date no adequate method has been provided for adequately forcing
the granular material outward in a radial direction away from the- bottom of
the tube and in addition to provide a means for adequately measuring the

applied forces required to accomplish this radial compaction of the granular

material.

they provide no means for providing hydraulic fracturing of the surrounding

soil by the column installation method.

" In actuality, there is no relationship between the computed
centrifiugal force that the Vibroflot provides, or the outward radial forces
that the computed downward expulsion force of particulate material that the
elongated tubular member provides during repenetration, and the amount of
force with which the stones or granular material is forced or propelled into the
in situ soil during stone column installation. In reality, these forces for creating
the particulate or stone columns of the prior art methods and structures bear

4

Thls Sheet Has Been R

T ||||



T-aden*ef fl uent which nusg be di sposed of. Disposal this effluent is .~
..dirffieult - and expensiveunder the best of conditions, and virtually . .~ .
probibitive at - environmental |y sensitive |ocations. Consequently, nost .
colum installation wth Vibroflots now nakes use of ancillary:.bottomfeed:-
- equi preNErWHTHR fslationghip toytheagtysil ferce whidheexists betweass Wiebarfaratius - St ong” « -

with conpressed air is fed through this pipe to the tip of the vibrat oF ; L
thus el i3 i TRY! CHENIRSERICR dhe sigpercolymn iy bgingprensituatetr by this nethod is . -
much sl ower, savings in effluent disposal usually nore than offset the’® =
additional cost. : O her known net hods for the formation of stone. -

colums utilize an | ongated hol |l ow tube or. pi pe which_i ene ed into
t he ground, . usuajlilf:f/or%ﬂg > 3t fE3RETEPT T brr%(ftf’gngovﬁru_s%é’a“‘@ tg e %ﬁl th her. -

granul arenexrgﬁ@sr bRl abSara®f of MAL 9itor art for applying these compaction forces.. -

does not provide any adequate measure of the applied forces radially imposed
on the in situ soil and the [Sarticulate material utilized to construct the',
particulate or stone column. .In addition, because prior art dévic_es apply
outward forces due only to internal shear occuring in the column when driving
the probe into the stone during repenetration, sufficient radial compactién.
forces cannot be provided and adequétely controlled for different given in situ
soil conditions in order to provide predetermined radial displacement of the

column.

In addition, because of the way compaction forces are applied, all
of the abqve-identified methods for installing granular or stoﬁe columns have
a relatively slow production rate. For example, with the best of the above-
identified bottom feed methods, one can normally install 300 to 350 feet of
stone column per day for a single rig adapted for installi'hg .the columns in-
very soft soil. Perhaps even at ideal rates and conditions, a rate of 400 feet
per day rhight be obtainable. Hox-avev_er, it is .'a principal object of the present -
invention to provide an apparatus and method that will at least double this
pfoduction rate for the same column construction such tha’t_ possibly l,OOO_i'eet.'_.
of ‘column’ may ‘be produced by éne rig. pér. day in the same g.i'v"en :'period of

production time.
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-ﬁ-,nto"_the tube and as thl(particulat'e material is f@to the bottom of the
t'ube --and di scharged the™“di scharged and particul ate materi al is conpacted -

t h'reugh t he applicati on of vert i call y applied forces either by repeatedly
rai sing and t he

rin -
pipe as it is vm‘f Hﬂraé%h af Pﬁﬁf»‘ﬂ’ﬁb OQtQSTGn@lf dhe U&Fe%?"l*e’é‘l"ﬁ?%e%ttf’nﬁhmﬂi‘r%act or
mounted in the t npl es of these neth {h 4 p}rodum ng:
stone cmmﬁéd&?f&as?ﬁ Pfidhe épeaewwnmeeé P IBRTPABS P AN nff‘s ods 18%8, 467;

3,720, 063 st?’dc?tl?nzg gt%%é columns in situ and to produce such columns at a reduced

cost with improved effectiveness and with improved quahty ‘control over
construction. It is a further .object and advantage of the présent invention to
provide an apparatus and method for constructing such granular or stone columns
in situ under such conditions which eliminafe intérmixing and contamination of
the column with native soil, and which can force the sand or stone radially
outw:ard in a precisely controlled and regulated manner such that the
measurement of this force is in direct relationship to the actual force Which
exists between the equipment instamng the stone or granular column and the
soil. Such conditions are ideal to produce soil fracturing or vertical cracks
which provide drainage channels to reduce time for reconsolidation with
additional soil improvement during and after installation (K. R. Massarch, "New
Aspects of Soil Fracturing in Clay," Jour. of the Geot. Engr. Div., ASCE, Vol.
104, No. GTS, August, 1978).

SUMMARY OF THE INVENTION

The apparatus of the present invention for forming columns of
compacted granular or stone material in soil to increase the load bearing
capabilities thereof generally comprises an elongated hollow tubular member
having upper and lower ends and a hopper or other feed mechanism connected
to this member at or near the upper end thereof for supplying or charging this

granular material thereto.
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B 808 822: 4,126,007; 4, 87, 524; and 4, 730, 954. . (f _ Mbst of these

--pI’IOI’ art rret hods make us of an equi prrent w t hdrawal and repenetration

seguence. That is, particulate material is.depos‘ited in the bore as the -
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lower end of the hollow tubular member while the lower end thereof may be

either vertically lowered or raised in the soft soil to thereby construct a stone

column,

This method of stone column installation méy build the stone columns

on both the penetration and withdrawal cycles.

It is well known that clays and clay-siits have very low permeabilit'i-es
and require very long periods for consolidation. Thus, the hope of producing
any appreciable improvement in the in situ soil by entrapping stresses or through
consolidation during stone column installation is remote. With the method and
apparatus of the present invention the stone column can be rather quickly
constructed and expanded radially without contamination or intermixing to
create not only a well compacted column but in many cases to produce soil
fracturing so that the pore water is permitted to escape from the soil through

the stone column.

The method and apparatus of the present invention also permits one
to readily control and monitor the amount of force with which the impeller

forces or propels the stone into the in situ soil during stone column installation

by monitoring motor torque required to drive the impeller, since the torque

does bear a relationship to the amount of force with which the impeller forces

or propels the stones into the in situ soil, which is not the situation with all
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stone " ‘col um constructioh. - _ A good quali
whi eh perforns efficiently at a given replacenent ratio and it is - -
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‘material into the surrounding in situ soil during column installation. This
feature of the present invention also permits uncontaminated columns to be
installed at a much faster rate than was heretofore possible with improved

column effectiveness ‘and improved quality control and even as the further

_possibility of soil fracturing which is not possible with the prior art methods.

The impeller in one form is rotatable about a vertical axis at the
bottom of the elongated hollow tubular member for radially expelling the

material into the in situ soil. This rotary impeller is preferably provided with

‘at least two outwardly exposed spiral impeller faces for driving and compacting

the material outwardly. The sand or stone is forced radially outward by the
spiral portion of the impeller. This occurs because the coefficient of friction
of the sand or stone against the impeller is less than the Coefficient of friction
against the surrounding material. The resultant stress against the impeller is
oriented with respect to the impeller surface at an angle equal to the angle
of friction betwéen the impeller and the stone. This angle remains fairly
constant. A log spiral shape has the property that when the resultant stress
against the spiral is oriented at a constant angle with respect to the log spiral
surface, this direction is constant with respect to the log spiral origin which

is chosen to correspond to the axis of rotation.

In order to assist in charging the granular material downwardly .

through the elongated hollow tubular member and into the impeller at the
bottom, it has been found advantageous to introduce air under pressure into
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4 is utilized to install e stone colum and thus nﬁor power consunption
cannot .-conpletely specify conditions. This is true not only with regard to
the first - above-nentioned technique utilizing a laterally vibrating probe,
but® this is also true with the use of the techniques which utilize an '
el ongat éhe veaner cend ofibthe elongatrd hoHews tubular membes dSwNEERLL thexpll t he
granular material fromthe bottom of the hollow tube does not. provide a
measur ePERTSUER SYRRLY JWHRdhgrmembgreis aintaiped a8 dopresiure 1Rt FpPapimateliat eri al
wi thin the cal.um .being constructed. - This i.s so because the
techniq s | BYdd to expel -the granul ar : '

In order to assist penetration of the elongated hollow tubular member |
downwardly into the soil to be treated, a vibratory pile driver is mounted near
the upper end of the member for driving the member downwardly By applying
vertical vibrations .to the member. The same vibrlations may also be utilized
for ;;urposes other than penetration and maybe also helpful to assist in a
withdrawal and in compacting the column being constructed. The crane or
vehicle carrying the tubular member can also be employed to apply downward

soil penetrating forces.

Additionally, the impeller at the bottom of the elongated tubular
member may be driven by a motor which is mounted at the top of the member
and which has an elongated vertical drive shaft coaxially positioned in the
member and this long hollow drive shaft may also be hollow for conveying
fluids therethrough to or from below the i}npeller. This shaft tubular passage
may be utilized to evacuate water from the bottom of the elongated member
as the column is being constructed or in fact may be utilized to force water
downwardly therethrough under pressure to help penetration of the apparatus,
or in fact it may be also used to introduce grout under pressure into the stone
column being constructed in order to provide a grouted stone column, or may
be used to introduce other stabilizing chemicals into the column or surrounding

soil.
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‘matefial fromthe bdttonGnd of the hollow tubular sructures function to
forcer the granular matertal downwardly out of the bottomend of the tube
and therefore to date no adequate nmethod has been provided for adequately

fofcing the granular material outward.in a radial, di.rectign away, fromthe
bottom of the tARESEEPRenMANALET B tesupRb P dBe usEHde ot dHBﬂFlF&y

measuring the .applied forces required to acc Lish..this radial __conpaction
of the JPaRSHSHNE ARtNnyard pengifation, ?We"‘ﬁﬁ'g%é'h§°¥lo§ndEF00\??53i '!r’lsé'lsrgydraulic

fracturing fing e YA L D Habertdt SN%aE8! UiRe | d0RE FhbyP a0l diRtHeROC-
a smooth conical surface or the like or it may be provided with an inverted
conical spiral surface for assisting in outward explusion of the material exiting

from the lower end of hollow tubular member.

Instead of mounting the motor which drives the impeller at the top
of the elongated hollow tubular member, one may also provide the motor at
the bottom thereof and in this instance the motor could st';ll be driven either

electrically or hydraulically.
BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages appear in the following description

and claims.

The accompanying drawings show, for the purpose of exemplification,
without limiting the invention or the claims thereto, certain practical

embodiments illustrating the principals of this invention, wherein:

Fig. 1 is a diagramatic view in side elevation illustrating the
apparatus of the present invention for forming a column of compacted granular

or stone material in soil as being carried by a crane.

Fig. 2 is a diagramatic view in side elevation illustrating the upper

portion of the apparatus and crane boom shown in Fig. 1.
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i n act uaI ity, there is n((_r el ati onshi p between the c(rrput ed centrifi.ugal
force that the Vibroflot provides, or the outward radial forces that the
conmput ed downwar d expul SI on force of part i cuI ate material that the

el ongat ed tubul a VI des. dur enetratl and t he unt of
forcg with whi ch%th’le ?Sn '&“a P’%fﬁ‘hf’ ﬁdf’ pf ghd |°§ %r%@?’ﬁ?“sp‘?ﬁ | ed
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forces for creating e oy art

met hods aﬁddéiarpsk UheSinip
REPLAC ENENT SF imB8Akr at the bottom of the apparatus.

Fig. 4 is a view 'in side elevation of the structure shown in F ig. 3.

Fig. 5 is a perspective view of the impeller portion of the apparatus

illustrated in Figs. 3 and & with a spiral cone attached to the underside thereof.

Fig. 6 is a diagramatic view in partial vertical section illustrating

the apparatus of the present invention constructing a stone column in the ground.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

The apparatus 10 of the present invention for forming a column of
compacted granular or stone material in soil 11, in order to increase load
bearing compacities thereof, generally is comprised of an elongated hollow
tubular member 12 which has upper and lower ends 13 and l4 respectively. A
feed mechanism 15 is provided near or connected to the member 12 at or near
the upper end 13 thereof for supplying or charging the stone or granular

material into the top of hollow tubular member 12.

An impeller 16 is provided or secured to the lower end 14 of tubular
member 12 and the impeller is exposed below the lower end 14 and is operable
for outwardly expelling granular material as it exits the lower end 14 of tubular
member 12 in a substantially radial direction.

\.
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very Ll ttle relationship o the actual force which e>(éts bet ween t he
apparatus and the soil within which the stone colum is being constructed.
Accordingly, a nmeasurement of notor power consunption which energi zes the
apparatus of the,prigr grt.for apglying these conpaction forces oes not -
provi de an_y_adeqd%?gﬁﬁ%gggfsefﬁ?“&ﬁé %SFT%&:TP?%QEWT%&:%LEX?%?B?\EZ' on the
part 1 cul Seavsf 12, ARE Ity Hivaibh iofary meter 8 WeB R e TEY appl v
glrJt Wa;]g frRSeife? 184Sy fidhils bP shdtt 98" PhicRNE XonlGRHCLY hélinkdE WifiK ThdtaEn
ivir _ o
member 12. '

Member 12 is also provided with a vibrator 20 at the upper end
thereof to assist in driving the member downwardly into soil 11 thereunder and
to also assist in compacting stone fed to the column under construction and

to further assist in feeding the stone downwardly through member 12,

The member 12 is carried by a crane 21 which includes an excavator
22, a boom 23, a mast 24, and a cable 25 for raising and lowering hopper 26 of
the feed mechanism 15. In the Figure, hopper 26 is illustrated both in its
fully upward position for feeding granular material into member 12 and also at

its fully downward position for loading.

Spotter arms 27 are also provided on the front end of excavator 22

in order to assist in positioning the adjustable stabilization feet 28 on ground 11.

Counterweight 30 is provided on the back of excavator 22 in order
to counterbalance the mast and its load in the form of tubular member 12

which is carried for vertical movement up and down mast 24.

Additional reference is now also made to Fig. 2 for describing the
overall operation of the mechanism for carrying out the method of the present

invention.
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t he probe into the stoneJ@Urlng repenetratlon suffl(’ent radi al conpaction
forces.cannot be provided~and adequately controlled for different given in
situ soil conditions in order to provi de predeterm ned radl aI d| spl acenent
of the colum. n additi-on, because, of the action
forces are appl |§Be elpngated tvhéaamf@qrd%ﬁ fcREdeddPh YgELiF rmP‘ﬁ MMing
granul ar_or colums_have a.rel at sl ow product.ion rate., For
exanpl e, '\/\ﬁ'\aﬁt ?Eebybg?f‘nsbf’f Rveapain 31 Wh'é;g‘tg‘?rfﬁjh%l ﬁl?“fl@reﬂ‘eﬁgieﬁc}g one
can nor [ a 0 eet of  stone colunn per day for a srngle
ri g adap ea ?‘ﬂﬁ&hg+ﬁﬁllng t%g é%lunns in ‘very soft soil. Perhaps even at

i deal rates and conditions, a rate of 400 feet

Through the use of drive chain 31, which is.driven from excavator
22, downward penetrating forces. of up to ten tons can be applied to tubular
member 12 to assist in penetrating the apparatus downwardly. into the soil 11
thereunder to be treated. This downward penetration is of course also aséisted
by vi-brator 20 which transmits vibration; to tubular member 12 by means of
frame 33. The vibrations_éf vibrator 20 are isolated from drive chain 3l

through the use of vibration isolation blocks or pads 34.

In operation, the entire apparatus is moved by excavator 22 to the
desired location and the spotter arm 27 and boom 23 are positioned to properly
position the impeller 16 over the proper location of underlying earth 1l and

adjustable stabilization feet are then hydraulically set.

All of the mechanisms are hydraulically operated through the use of
a hydraulic power pack in housing 35 mounted .on the rear of excavator 22,
An air compressor is also packaged in unit 35 for providing air under pressure
to the interior of tubular member 12. The flexible hoses utilized for connecting
the air under pressure and hydraulic fluid under pressure to the various
mechanisms on apparatus 10 are not shown in the drawings in order to reduce

the possibility of any confusion in the figures.

Once the appropriate site has been selected, the tubular member 12
is then driven vertically downward under forces applied by drive_chain 31, the

13
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per cfay m ght -be obt ai na(e. However, it is a pri nci@l- obj ect of the
present.- invention to provide an apparatus and nmethod that will at |east
‘double this production rate for the same columm construction such that

possi bly 1,000 feet- of colum my be produced by one'£i'g Eer day.in the
same gi veiNe peechadisst is speraied ikynthe peerator of excavator 22. “The operdtor

6 |t iog also a E,ri ncgo'FaI ‘obj ect of -t heggr es%nt i nvention to :
el i m nat@s cPAWOliod 2 PRAGRISMSf LoF Ronkiniling FBmtaPBRAERIPri’or art apparatus and
met hods for - ' .
As the tubular member {2 is driven dowhwardly by drive chain 31,
vertical vibrations are also applied by vibrator 20 to tubular member 12 to

assist in the downward penetration of the member 12 into the underlying soil.

If desired, the construction of the stone col.umn can be started
durin.g the downward perietratioh of the tubular member [2, as well as during
‘the witﬁdrawal period or cycle of the tubular member 12. During the soil
penetratibn, impeller 16 may also be rotated to assist ‘in penetration and/or to
radially drive stone outwardly from the bottom 14 of member 12 tb initiate

construction of a stone column.

As previously explained, motor 17 rotatably drives impeller 16 by
means of rotary shaft 18. A typical rate of rotation might be 60 to 70 fpm,
however the speed of motor 17” is variable over a wide range. Elongated shaft
18 is hollow or tubular t'hroughout its entire length and it may extend downwardly
through impeller --16, which it drives, such that the hollow interior of the shaft

exits underneath impeller 16.

Accordingly, fluids under pressure may be supplied to the upper end
of the hollow interior of shaft 18 for delivery to the underside of impeller 16.
For example, water under pressure may be supplied through tubular drive shaft
18 to assist in penetrating the member 12 downwardly into the soil. In a
similar manner, one may supply a cementatious grout through shaft 18 in order

to provide a grouted stone column,
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const-ructi ng.stone col um‘(i n situ and to produce su colums at a reduced
cost with inproved effectitveness and.with inproved quality control over
construction. It is a further object and advantage of the present invention
to provide an apparatus and nethod for constructing such granular or stone
col umms i n situ Tivedwalosudtive shafit tli8omay atsodie etiliged a0 evacuadeninwangedind
contam nation of the colum with native soil, and which can force the sand
or stoneWpiRl §omy the stoper GOiumnabﬁnecﬂogetrycwnt roll ed and regul ated manner
such that the neasurenent of this force is in direct relationship to the
actual force which exists between the equipment installing the stone or
granul ar columm and t soil. Such conditions are ideal to EF)rodu e soi |

fracturing or verPi® erc?%cﬂ%"y WNE cHhepmsthed %fréf’ﬁaﬁ%esﬁ%taﬁﬂ iy PPeduce

time for cORSHUL %R’llgl ggrallaa%Qegm granular or stone columns in the soil 11, the hopper 26

is first lowered by crane 21 to ground level as indicated at the bottom of Fig.
1 and the hopper is there charged with stone or other granular material which
will make up the column.

The filled hopper 26 is then raised By cable 25 from crane 2} to

its upper discharge position which is also shown in Fig. 1 at the top. The

detail of this upper discharge position is better illustrated in Fig. 2.

When one is ready to discharge the contents of hopper 26 into the
upper hollow end 13 of elongated tubular member 12, one must first release
the air pressure within tubular member 12 so that the airlock may be released

to permit access of the granular material into the hollow interior of member 12,

As previously explained, air under pressure is Supplied to the hollow
interior of the elongated pipe member 12 and this is aécomplished by feeding
air under pressure through an elongated flexible hose (not shown) which runs
from an air compressor housed in unit 35 at the rear of excavator 22 to the
inlét 36 which accesses the air under pressure into the interior of tubular

member 12.

An airlock 37 provides an airlock between airlock chute 33 and the
interior of member 12. This airlock 37 cannot be readily released until the

15
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-addi tional soil inprove t during and after install@tion (K R Mssarch,
"New Aspects of Soil Fraeturing in Clay," Jour. of t he Geot. Engr. Div.,
ASCE, Vol 104, No. GI8, August, 1978). . SUMVARY OF
THE | NVENTI ON ' The apparatus of the present invention for '

f or mi ng aiopeesssreoin thpoitpexivedf gubwiat anemiversi i reducedd aFod bhis qiurpase

i ncrease the load bearing capabilities thereof generally conprises an

el ongat edr iteldagey meghanism P@niseprovided ng thppeatheaogkratare mag nidest aredeasehopper

or other feed mechanismconnected to this nenber at or near the upper end
t her eof @b Pressprs yptr\'gn émblggamgmhgr il@j and thereafter open airlock 37 and then

dump hopper 26 ‘to discharge the contents thereof into airlock chute 38 and

on into the interior of elongated member 12 through the airlock 37.

After the stone has been charged into elongated tubular member
12, the operator may then once again close the bottom chute opening of hopper
26, engage airlock 37, disengage air release meché.nism 39 and then reintroduce

air under pressure into the interior of member 12 through inlet 36.

As previously explained, the elongated tubular member 12 may be
charged with stone during the downward penetratio-n stroke of the member 12
into the underlying earth 11 or it may also or only be charged with stone or
granular material during the withdrawal stroke of the elongated tubular member _

12.

In either event, the stone column is formed by continually energizing
rotary motor 17 which continually rotates impeller 16 at the bottom end of
member 12 via vertical drive shaft 18. Rotary impeller 16 is exposed at the
bottom of elongated tubular member 12 and is designed to radially force the
granular material exiting the bottom end 14 of elongated tubular member 12
outward by compacting the granular material or stone into itself and radially
outward into the in situ soil. Detail construction of impeller 16 is illustrated
in Figs. 3 and 4.

e
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granil ar materi al theret( | g - 7
An inmpeller is secured t>™the |lower end of this hollow tubular menber
and-this inpeller; or at least a portion thereof, is exposed bel ow the

| ower end of the hoI | ow t ubul ar nmenmber. The |rrpel ler is utilized to

out war dl y arighpelidr 46 |iy rigidlyesesurek peltha ot womead toft thef gl dragl thatmat er i al
as it exits the  lower end of the hollow tubul ar menber while the | ower
end t heiecobtatey With shafgi iher Aseseércdnl Fig. 03ver1rweldﬁl' l&i sedotated Ha 3o0ft soil
to thereby construct a stone col um.

clockwise direction.

Impeller 16 is provided 'w.ith two  symmetrically opposed impeller
blades having outwardly exposed log spiral impeller faces 40 which force the
stone or granular material radially outward with respect to vertical as the
material exits lower end 14 and énters into the cavities formed at the back

portions 41 of the impeller blades.

In order to assist in preventing the impeller blade from twisting the
column of granular material or stone still in tubular member 12 and being fed
downwardly through tubular membér 12,. guide vanes 42 are provided at the

lower end 14 of tubular member {2,

In order to properly rotatably support impeller 16 at the bottom
end of tubular member 12, the upper surfaces of impeller 16 are welded to
outside -bearing pipe or tube 43 and bearing pipe 43 is permitted to rotate on
the lower end 14 of member 12. For this purpose a mere slip bearing or
another suitable bearing 44 may be provided between the bearing pipe 43 and

the lower end 14 of member 12.

Referring now to Fig. 5, the impeller 16 may also be provided on
the underside thereof with a cone 45 for assisting downward penetration of

the tubular member 12 in harder ground.
—_—
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Thi s *net hod of stone col

bot-h" -t h
known - t

e penetration and

(rm i nstal lation may build 6e stone. col ums
wi t hdrawal cycl es. It is well

hat clays and clay-silts have very | ow perneabilities. and
require very long periods for consolidation. Thus, the hope of producing

on

S

any appreci abl e Ip igoVvertbatcone 4Shis illustriated Slalﬂavmg erﬁPFl‘appﬁPngcstMses or

t hr ough consol idation during stone colum installation is rempte Wth

t he met Mol aspigt not oghyp iy dewnward penetiationchbut Wil &yrithefassh 18ogt¥atdly urm can
be rather, quickly constructed and expanded radiall.y witho

cont ani (5ViNgn 284 ?‘?ﬂl??rcﬁ‘l“ﬁlﬁtj granular E‘faé%ft‘%l her asHpyng, | aef‘?"sﬁ%‘ﬁﬁ’é’ét 8d col um
but in nany cases to produce soil fracturing so that the pore wat er -
per ni t t &P @gﬁ‘ﬁpe fromthe soil t hrough .

The cone 45 could also be nothing more than a smooth cone and it
could be smallef in diameter than illustrated. Also, one should realize that
cone 45 would be used only in épecific soil conditions and the cone is not
alwa.ys desirable in most soil conditions, as higher quality stone columns can

be constructed wit_hout the use of the additional cone.

In order to provide a clear understanding of how-a stone column is
constructed by the method and through the use of the apparatus of the present

invention, reference is made to Fig. 6.

Fig. 6 illustrates construction of a stone column 46 in soil 11. The
tﬁbular member 12 is being withdrawn -upwardly in a vertical direction from
the soil 11 at a predetermined rate. In otherwords, this figure illustrates the
situation wherein the elongated member 12 together with its irﬁpeller 16 mounted
at the bottom end thereof has already been driven downwardly into the soil 11
to a predetermined lower limit 47. The stone column is being constructed as
the apparatus is being raised and stone is continually being fed downward
through the hollow interior 48 of member 12 as indicated by the arrows. In
addition to the application of air under pressure as previously described, this
operation may further beassisted by the use of vibrations applied by vibrator

20 to member 12.
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the Stone col um. _ g The met hod and appa{atus of the present
i nventi.on al so pernmits on to readily control and nonitor 'the anount .of
force with which the inpeller forces or propels the stone into the in
situ soil during stone colum installation by monitoring notor torque
required to drivéstthe tubpkr| Menberi hit & beiog twitdrawn upwrrdly bleeygrapular
~relationship to the amount of force with which the inpeller forces or
propel s material ands storeoist pring fed downwardly and ewt throngh thadowet gadildh with
al | : ' : S s
of member 12 into rotating impeller 16 which forces the granular material or
stone outward in a generally radial direction as indicated by the arrows away
from the impeller faces 4#0. This all of course occurs as the elongated number

.12 is withdrawn upwardly at a predetermined rate.

Due to the apparétus and method of the present invention it can
be t};us seen that it is relaiively easy to control the quality and size of the
stone column 46 being const.ructed by regulating the feed rate of’ grariular
material downwardly through member 12, regulating the revolutions per minute
of impeller 16 thle regulating the withdrawal rate of member 12, regulating
the Iair pressure _supplied to the interior 48 of mémber 12, and all of these
conditions can be monitored in part by mon_itoring the motor torque required
to drive impeller 16. Additionally, the outward or radial forces applied by
impeller 16 as indicated by the arrows, can be made strong enough to fracture

the surrounding in situ soil if desired.

A%
-
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8: of the above describe rior art devices and systdfis. None of the prior
art- ‘methods, systens jfuﬁﬂi’"ﬂiﬂﬂm t”' tilize an el ongated tube, provide
‘actual direct radial A l) ml sion forces for -driving the stone
or granular material into the strrfoundi ng in situ soil during colum

i nst al | 4tCbAIM: This feature of the present invention also pernits

uncont ami nated columms to be installed at a nuch faster rate than was
heret of ore possible with inproved colum effectiveness and inproved.

quality control and even as the further possibility of soil fracturing
which is not posbi bl eAppanatuysnéonfpupingr 8 erlumBdel compacted granularor stAse€| | er

in one formjis rotatable about a vertical axis at, the bo.ttoc[n.of th%. h
el ongat arruenial Ay so (uingrease Aers-bearing sapagitigs éQ‘HQFItPer oyiflg drainage, whic

comprises: an elongated hollow tubular member having upper and lower ends, feed
means connected to said member at or near the upper end thereof for supplying the
material thereto, impéller means secured to- said lower end and at least a portion
of said impeller means epréed below said lower end and 'operable for outwardly
expel.ling the material as it exits said lower end in a direction substantially radial

of said elongated member, drive means connected to said impeller means for driving

the same, and means for lowering and raising said member in soil.

2. ' The épparatus of claim | wherein said impeller means is rotatably

secured to said lower end.

3. The apparatus of claim 2 wherein said- impeller means is rotatable -
about a vertical axis of said elongated member for radially expelling the material

therefrom,

4, The apparatus of claim 3 including air pressure means cor_mected
to said member near the upper end thereof for supplying air under pressure inside

said member.

5. The apparatus of claim 4 wherein said air pressure means supplies v

air under pressure inside said member at a pressure of approximately 15 to 50 p.s.i.
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.matérial into the i | rotary inpell Is preferably provided

. with® at |east two |Mm|5m"emwmﬁ spiral inpell gfaces for driving and
‘conpacting the matetidl dutthartly* The sand or stone is forced radially

outward by the spiral portion of the inpeller. This occurs because the

coefficient of frictTheappdratuseofsalaimdr irtilwding pijei drivert meansnmebihted newr| éss

than the coefficient of friction against the surrounding material. The

resul t At uRPee8Rd afsridsmembrr fagpisivieg the membeedowdwardly intesynsierlying sdik

i npel l er surface at an angle equal to the angle of friction between the

i mpel l er and the stone. This angle remains fairly constant. A |og spiral

shape has the pyoper that when_ the resultant stress against the spiral
is oriented atp;a cont%/ear??!’%’ﬁ@‘l‘se%victlﬂ"‘r gs‘ﬁéﬂ’(d"?gt)"fq{étq%gm 1S, geunteg, pegte L7

thi's: dih @ chd §uakRbmi ol SHFH 1QlAF iSLeRRL S sl Bk o

3. The apparatus of claim 3 wherein said impeller means includes an
impeller having at least two outwérdly exposed s‘pix"al impeller faces for driving and

compacting the material outwardly.

9. The apparatus of claim 3 wherein said rotary drive means includes
an elongated vertical drive shaft positioned in said member, said drive shaft being
hollow throughout for conveying fluids therethrougﬁ to or from below said impeller ud

means.

10. The apparatus of claim 3 including a nose cone secured to the e
underside of said impeller means for assisting in downward penetration of said member

in soil.

11.  The apparatus of claim 10 wherein said nose cone rotates with v

said impeller means and has an inverted conical spiral surface for assisting in outward

expulsion of the material exiting said lower end.
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‘I's chosen to corres rotation. ( ~ In order to -
assi st.in chargi ngrlgﬁﬂg |I r| al downwardly through the el ongated
‘hol.l ow tubul ar 0st he i npel | er at the bottom it has been

f ound advant ageous to introduce air under pressure into
9  the upper 18nd & metkodephagesteurting aswiumbof &Pmné%érsfa"@éﬁéafaﬁffpyethe

air pressure supply within the nenber is naint all ned at B Sssure of
approxﬂﬁﬁ'@é}a} n 5011150'[51C5?p55 logd-bearing capacities and/or to provxd rainage,

comprising the steps of: positioning an elongated hollow tubular member into the.
soil to a predetermined depth, feeding the material down through the member and
out the lower end thereof, driving an impeller secured to the lower end of said
elongated tubular member and thereby outwardly expelling and compacting the
material exiting from the lower end of said member in a substantially radial direction

with respect to said elongated member.

13. The method of claim 12 inciuding the step of penetrating or
withdrawing said member in soil at a predetermined rate while said impeller is

expelling and compacting the material.

14.  The method of claim 13 wherein said impeller is rotary driven,

15. °© The method of claim 13 including the step of introducing air under

pressure into said member adjacent the upper end thereof.

16. The method of claim 15 wherein said pressure is regulated to be

in the apprbximate range of 15 to 50 p.s.i.

17. The method of claim 13 wherein the step of positioning includes

the step of driving said member downwardly into the soil.

18. The method of claim 17 wherein the step of downwardly driving L~

said member includes the step of applying vertical vibrations to said member.
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aownwaral y i nto-tne’ NI N Iﬂmﬂlﬁde' o e G L e e

near the upper ehd of thd ménber for driving the nenber downwar dl y by
applying - vertlcal vibrations to the nember. The sane vibrations may
al so be utilized!? Thermqib%@ies%alm hZinclhding fbaettem of dnjeahiag vatice tmﬂs:o/

hel pful to assi st @ wi t hdrawal and in conpacting the colum being.
const r udFEEFure-ind 8‘? Sf Byember whilendriyisg said yemper HownwasAky, fareassistingaseihl so

be enpl ona/% a? apply downwar d soi |l penetrating forces.
Additio ﬁFy, uil E i npel l er at the bottom.of the el ongated tubul ar

- 20. The method of claim 13 wherein forces applied by said impeller to

the material for driving it outward from said impeller for compactlon are of sufficient

magmtude for fracturing surrounding soil.

21.  The method of claim 13 including the step of injecting grout or .~

other chemicals into the expelled material forming the column,

22. The method of claim 13 including the step of extracting excess

water from the expelled material during the step of withdrawing said member.

23. " The method of claim 13 wherein said impeller is rotated about a V-

vertical axis.

24.  The method of claim 23 wherein said impeller is provided with two ¥~
- . /
outwardly exposed spiral impeller faces for implementing the step of outwardly

expelling and compacting the material.

25.  The method of claim 13 including the step of vibrating said member v

while withdrawing it.
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‘menber may be driven by @ notor which is nounted atGhe top of the nenber
~and ‘whi,ch- has an el ongat®d vertical drive shaft coaxially positioned in the
menber and this long hollow drive shaft may al so be hollow for conveying
fluids therethrough to or frombelow the inpeller. This shaft tubular

passage may be utili zAMSTRAETaOFaTEEWRISSILAIURE t he bottom of the
el ongat ed nmenmber as the colum is being constructed or in fact may be
utilized to force water downwar dl 'y therethrough under pressure to help

penetration of the apParat us infact it ma al so

i ntroduce grout GOTPEFIes gEanyias P"nts.EP'leh‘é“é'f"Bﬁé“'e cons Bﬂ?ﬁn“‘b%‘?‘ﬂ&d%?f‘?%ct ed
001 defyg TIPS e i

soi | is penetrated down -into the soil to a predetermined depth and then the granular
material or stone for constructing the column is fed down through this member and
out the lower end thereof where it is then driven outwardly in a radial direction by
an impeller which is exposed, at least in part, .at the lower end of the tubular
meml;er, as the hollow tubular member is either penetrating or being withdrawn from
the soil at a predetermined rate to thereby forceably compact this granular or' stone
‘material in a substantially radial direction to construct a stone column. Sufficient

forces may be applied by the impeller to the granular or stone material to fracture

the surrounding soil.
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10 : A nose cone may also be secured to the underside of the
i npel | er for assisting in downward penetration of the nenber in soil and
to al so assi st in driving the stone or granular nmaterial outward. The
cone nay. have either a snmooth conical surface or the like or it may be
provided with an inverted conical spiral surface for assisting in outward
explusion of the material exiting fro/Bhe | ower- end of hol | ow tubul ar
menber .
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Instead of nounting the notor. which drives the fnpeller at the top of the
el-ongated hol | ow tubul ar nenber, one nay al so provide the notor at the

bottomthereof and in this instance the notor could still be driven either
electrically or hydraulically. - . 2/3 .BRI EF DESCRI PTI ON OF
THE DRAW NGS O her objé%ts and advant ages appear in the
follow ng description and,clains. The acco g dr awi ngs

show, for the purpose of enplification,
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without limting the invention or the clains thereto, certain pfactica

enbodi nents illustrating the principals of this invéntion, wherein:

Figs 1 is a diagramatic view in side elevation illustrating the apparatus
~of the present invention for form ng,a colum of conpacted granular or
stone material in soil as being carried by a crane. Fig. 2is
a diagramatic view in side elevation illustrating the upper poLigopn of the

apparatus and crane boom shown in Fig. 1. 4]
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Is a sectional view of the Iomer e Rdyrd the a par at us
of t 1"[’”’ #‘@IM’ lon of Fig. 1 as seen al.ong sec'?#on ?r%‘?&gk,—l I
whi-ch®i | fustr e,detall of the inpeller at the bottom of t*h

appar at us. Fig. 4 S a viewin side gupyaifitershelet -Me1/03/96

structure s?ﬂggﬂé /ﬁlg 3. Fig. 5is a perspective view of

the i npelle on of the apparatus illustrated in Figs. 3 and 4 with a

spi ral cone attached to the underside thereof.
1. Apparatus (10) for forming a column of compacted
granular or stone material in soil (11) to increase load- .
bearing capacities and/or to provide drainage, which
comprises: an elongated hollow tubular member (12) having
upper and lower ends (13, 14), feed means (15) connected to
said member (13) at or near the upper end (13) thereof  for
supplying the material thereto, impeller'mgans (16) secured
to said lower end (14) and at least a portion of said

impeller means (16) exposed below said lower end (14) and
operable for outwardly éxpelling the material as it exits
_said lower end (14) in a direction substantially radial of
said elongated member (12), drive means (17) connected to
said impeller means (16) for driving the same, and means for

. lowering and raising said member (12) in soil (11).

2. The apparatus of claim 1, wherein said impeller means
(16) is rotatable about a vertical axis of said elongated -
member (12) for radially expelling the material therefrom.

3. The apparatus of claim 1 or 2, including air pressure
means 35 connected to said member (12) near the.upper end
_ (13) thereof for supplylng air under pressure inside said
“ . member (12).

4. The apparatus of any one of claims 1 to 3, including
pile driver means mounted near the upper end (13) of said
member (12) for driving the member (12) downwardly into
underlying soil (11).

5. The apparatus of claim 1, 2, 3 or 4, wherein said
impeller means (16) includes an impeller (16) having at
least two outwardly exposed spiral impeller faces (10) for
driving and compactind the material outwardly.

—_— |
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Fig. E"m ' LCc viewin partial vertical section illustrating the
appar ,mﬂ , nt invention constructing a stone colum in the
d* ¢ v

groun s Al LED DESCRI PTI ON OF A PREFERRED EMBODI MENT
The apparatus 10 of the present inventiorpfor form BypatiibWHae?t 14/03/96
conpacted granular or stone material in soil 1I, in order to Increase (oad

bearing conpacities thereof, generally is conprised of an el ongated hol | ow
tubul ar nenber612 e RpPRIrafperofimny owee efidsldBnaintl ta 5 adprreinaaid A

feed mechani srediniy d¥ i GRANEIL79" ineTRARsednt Ql&ﬂ@aﬁ@&b@éréﬁz@l dFipgar

t he upper end 13 thereof for S%ﬁ?' I hg or,chan&;ng t he stong,_ or gJanuIar
shaft (13) positioned in said member (12), said drive shaft
(18) being hollow throughout for conveying fluids

therethrough to or from below said impeller means (16).

7. A method of constructing a colunn of compacted granular
or stone material in soil to increase load-bearing
capacities and/or to provide drainage, comprising the steps
of: positioning an elongated hollow tubular member into the
\_ soil to a predetermined depth, feeding the material down
- through the member and out the lower end thereof, driving an
impeller secured to the lower end of said elongated tubular
member and thereby outwardly expelling and compacting the
material exiting from the lower end of said member in a
substantially radial direction with respect to said -~
elongated member.

8. The method of claim 7, including' the step of
penetrating or withdrawing said member in soil at - a
prédeﬁermined'rate while said impeller is expelling and
compacting the material. )

o/ 9.. The method of claim 7 or 8, wherein said imbeller is
- rotary driven.

10. The method of claim 7, 8 or 9, including the step of
introducing air under pressure into said member adjacent the
upper end thereof.

11. The nethod of any one of claims 7 to 10 wheréin the.
step of positioning includes the step of driving said member
downwardly into the soil.
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_ nateriaI-Ln%e~%he—tUp‘ﬁf”ﬁ“TlOM/tubular menber 12. “An

i npel | er, 16 i s secured to the lower end 14 of tubular nmenber

12 and th ﬁﬁ“&!“ MSed bel ow the lower end 14 and is operable for
ar

out war dl y material ap2t exits Gubstiavershsed -114403/96
tubul ar member 12 in a substantially radial direction.

12 I npeller 16 is rotatably secured to the | ower end 14 of
tubular 5 The method of any one of claims 7 to 11, wherein gorces

applied by said impeller to the material for driving it
outward from said impeller for compactlon are of suffxc;entf
magnitude for fraqturlng surrounding soil.

13. The method of any one of claims 7 to 12 including the

step of injecting grout or other chemicals into the expelled
material forming the colunmn.
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menber 12 and is rot ataJIR&EPdI-APW?NTb\WF Iary notor 17 which rotatably drives
I npel l er 16 by nmeans of 1aft 18 -whi ch } sf-concentrically nmounted within

t ubul ar = menber+- 12. fzg JUNM®9Ber| 12 is also provided with a vibrator
20 at the upper end ther to assist jnfdriving thSubstiute stheebw28/6/96
into soil 11 thereunder }afht—to~atsSv assist in conpacting stone fed to the
col um under constructi ¢n and to further assi st in feedi ng the stone

downwar dl y thr,P %h mmbcg @ he menber gs carried by a
crane 21 whi ch' MpAORRSEeY, fubllas, marher $9 ‘saFal56‘6H1f?S "":5“ s MYEMeRRd a cable

o 1, 20 A oy e L AL b 4 1

per
up and down track 32 on car 29.

Through the use of drive chain 31, which is driven from excavator
22, downward penetrating forces of up to ten tons can be applied to tubular
member 12 to assist in penetrating the apparatus downwardly into the soil L1
thereunder to be treated. This downward penetrauon is of course also assisted
by vxbrator 20 whxch trans%hsfrﬁranons to tubular member 12 by means of
frame 33. The vibrations of vibrator 20 are isolated from drive chain 31

through the use of vibration isolation blocks or pads 34.

In operation, the entire apparatus is moved by excavator 22 to the
desired location and the spotter arm 27 and boom 23 are positioned to properly
position the impeller 16 over the proper location of underlying earth 1l and

adjustable stabilization feet are then hydraulically set.. -

All of the mechanisms are hydraulically Bperated through the use of
a hydraulic powe} pack in housing 35 mounted on the rear of excavator 22.
An air compressor is also packaged in L_mit 35 for providing air under pressure
to the interior of tubular member 12. The flexible hoses utilized for connecting
the air under pressure and ﬁ);draulic fluid under pressure to the various
mechanisms on apparatus 10 are not shown in the drawings in order to reduce

the possibility of any confusion in the figures.

Once the appropriate site has been selected, the tubular member 12
is then driven vertically downward under forces applied by drive chain 31, the

i3
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Its fully downward Jpgs 1

Count erwei ght 30 is prqvijded on the bagk}of excavator 22 in order

count er bal ance the nmastt and 1ts [oad tTnh the formof tubul ar nenber

which is carried for v ical movenent ub and down mast 24.

Addi ti onal T g 2hefics, ity L MR RomTF Sl be hiflzed of alliRe dRiditel e

water from the stone column being constructed. Xhe Water may be exfracteq

from the expelled matecial during the step of withdrawing the said memgeg:

In order to carcy out the method of the present invention for
constructing compacted granular oc stone columns in the soil 11, the hopper 26

is first lowered by crane 21 to ground level as indicated at the bottom of Fig.
1 and the hopper is there charged with stone or other granular material which
will make up the column.

The filled hopper 26 is then raised by ¢able 25 from crane 2! to
its upper discharge position which is also shown in Fig. 1 at the top. The

detail of this upper discharge position is better illustrated in Fig. 2.

When one is ready to discharge the contents of hopper 26 into the
upper hollow end 13 of elongated tubular member 12, one must first release
the air pressure within tubular member {2 so that the airlock may be released

to permit access of the granular material into the hollow interior of member 12.

As previously explained, air under pressure is supplied to the hollow
interior of the elongated pipe membec 12 and this is accomplished by feeding
air under pressure through an elongated flexible hose (not shown) which runs
from an air compressor housed in unit 35 at the rear of excavator 22 to the
inlet 36 which accesses the air under pressure into the interior of tubular

member 12.

An airlock 37 provides an airlock between airlock chute 38 and the

intecrioc of member 12. This airlock 37 cannot be readi_}y released unti! the

bl : Spot ter
are al so-provjided on tHe|front end of ¢xg¢avator 22 in order to assist
posi tioning the adjustdblle 20alINi199% i dn|feet 28 dBulpstitutel sheet - 28/6/96

fully upward position fjog r material into menber 12 and al so
ORI

arns 27

to
12

in

L5

This Sheet Has Been Rﬁlaced |

(T



f. 3
overal | operation of the rrechanl smfor carrying out the me‘t‘ﬁt‘593<;§52t\r1’«58

present invention. 13

The el ongated tubul ai nmenber 18 is carried for vertical novenent fst o\
24 by means of drive chain 31 which cargys hollow tubul ar member pS'ama

down track AppRRaTe¥s ARD METHOD_EOR CESN'SMH‘IN% eMPACEEDVe chain 31,

whi ch is.driven_from excavator &netratlng forces of up to

ten tons cafRANUIAR OR) STONE, WWMNS IN SOIL

The invention generally relates to the upgrading of soft or weak
soil areas having low shear or bearing strength, such as alluvial soil or hydraulic
- fill areas. More particularly, the present invention relates to improvements
relating to the treatment of soil masses for building foundations and like
structufes through the construction of compacted granular or stone columns in
situ or in soil hasse_s. ' |
Stone columns, as the name implies, are simply vertical columns of
compacted crushed stone, gravel or sand which extend through a deposit-of
soft material or soil to be strengthened. Normally a numbé;' of these
densely compacted granular material columns are prbduce_d beneath the site for
the intended construction projéct. These columns serve to stabilize ‘the soil,
resulting in considerable vertical load capacity and improved shear resistance

in the soil mass.

Stone column applications have included soil stabilization to- limit
settlement under reinforced earth walls, tank farms, dam andl highway
erpba.nkments, bridge abutments, and buildings. Another application is the
sfcabilizafion and prevention of landslides. Stone columns also functién- as’
efficient gravel drains in providing a path for relief of excess pore water

pressures, thus preventing linquefaction during an earthquake.

There are a number of well known methods for the formation of
stone columns in the ground. One such common method is the use of a special

" vibrator, sometimes known as a Vibroflot, which expels water from its body as
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menber 12 to assist in penetrating the apparatus downwardly into the soil
11 thereunder to be treated. This downward penetration is of course al so
assisted by vibrator 20 which transmits vertical vibrations to tubular
menber 12 by neans of frame 33. The vihbrations of vibrator 20 are
i solated from drive chain 31 through the use_of vj bl‘q‘il on isplation
bl ocks oritptigiks 3ato the ground, thus farmiggraitolh, e el iRk 85 gr ¥u“s'aﬁe§ nmoved

by excavator 22 t,o d | ocati,on and the 3 ot oom 23
are posi t?'&ﬁ’éﬂ‘té‘ﬁ e‘r“giﬂs“"g‘s?'t"inﬁnmf’h S M98F ‘&< Eo'ver e pr 9

| ocation of underlying,earth 11 apd ] l & b t iPnehkegloypge t hen
hydr aul I- i FV5§ t4 9{ he V‘Lram “°$9 ‘ﬁ"@‘t’ﬁgc ﬁ?ugnksérgrég E}@drguﬁc@al |y

operat ed &n{cﬂu%gpetouﬁge@then the soil and also provides a draining path which is
beneficial to the rapid consolidation of the ground as srruétura.l loads are
subsequently applied. An example of this method is described in U.S. Patent

-Number 4,397,588 for METHOD OF CONSTRUCTING A COMPACTED

| GRANULAR OR STONE COLUMN IN SOIL MASSES AND APPARATUS

THEREFORE.

Utilization of this method _produé.es ‘very largé quantities of siit’
laden effluent which must be disposed of. Disposal of this efﬂuent is difficult
and expensive under the best of conditions, and _virtually pcohibitive at
.environmentﬂly sénsitive locations. Consequently, most column installation

- with Vibeoflots now makes use of ancillary bottom-feed equipment which provides
a feed pipe to the tip of the Vibroflot. Stone with compcessed air is fed
through. this pipe to the tip of the vibrator, thus eﬁminé.ting the need for

" water. Although production by this method is much slower, savings in effluent .

" disposal usually' more than offset the additional .cost.

- Other known methods for the formation of stone columns utilize an
elongated hollow tube or pipe which is penetrated into the ground, usually with-
the aid of vibration. Crushed stone or other granular. material is then charged
into the tube and as this particulate material is fed to the bottom of the tube
and discharged the discharged and particulate material is compacted.through

" the application of vertically applied forces either by cepeatedly raising and
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a_hydraulic power pack in housing 35:mounted .on the rear of excavator 22.
An air conpressor is also packaged in unit 35 for. providing air under
pressure to the interior of tubular nmenber 12. The flexi ble hoses utilized
for connecting the air under pressure gnd hydraulic fluid under pressure

to the various mnechani snms on apparatus, 10 are not sho in i.ngs in
order to ARAIRE thEcPiPssds B I t"ﬁaéﬂ“‘éfﬂyf’@ﬂ‘nf iBSAYT% °f \Qge]’ﬁ 5%&?59&%43
Once the appropri.ate site _hgs en selected, the tubular nmenber 12 is then
driven veFBF‘E%ﬁ"}? '(98‘\‘/\#\/\%#3 ﬁ‘ﬁdg‘fbeforces applied by drive chain 3, the

Examples of these methods for producing stone columns are .
illustrated in the following U.S. Patents: 3,648,367; 3,720,063; 3,772,892;
. 3,808,822; 4,126,007; 4,487,52%; and 4,730,954. '

Most of these prior art methods make use of an equipment withdrawal
and ::epenetra.ti'on sequence. That is, p'érticulate material is deposited in the
boce as the probe is withdrawn. This freshly placed material is then compacted

" and forced- outward into the native soil by repenetration of the probe. K
disadvantage of this sequence is that large amounts of soft native soil are
.dragged down with the probe into the column,. resulting in considerable

contamination and mixing of the native soil into the column. Such contamination

and mixing tends to weaken thé column as well as to lower its permeability.

Another problem with all of the above—identifigd prior art methods
- is that it is difficult to provide adequate quality control techniques in stone

column construction.

A good quality stone column is one which performs: efficiently at a

. given replacement ratio and it is generally agreed that such a column must be~
constructed of material which has a large angle of internal friction. This
material should be tightly compressed into, and thus suppocrted by, the in situ
soil. Present practice is to assume that motor power consumption achieved
&uring column repenetration provides a measure of this confinement. However,

earth reaction forces significantly affect the behavior of the equipment which
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14 drive nechanismis operated by the operator of excavator 22. The
operator has control of all nechanisns for controlling the apparatus 10
As the tubular nenber 12 is.driven downwardly by drive chain 31, vertical
vi brati ons are al so applied by vibratorg20 to tubular menber- 12 tg assist
in the down

| f desir &Yyt ‘ﬁg ggﬁg%tlr‘ﬂt#‘onsﬁg'fbﬁ E? H%‘"s{%ﬁéhuéo J’w& (?yr%?t#gggﬁjidrt&d;g ﬁﬁ'l ng the
downwar d BRAGLER! isPEkiff doR@tioHRU! Phis TEMERGE r?o%orﬁ? With |regrddes ithe first

' abové—mentioned technique utilizing a laterally vibrating probe, but this is also

true with the use of the techniques which utilize an elongated vertical tube,

as the forces utilized to downwardly expel the granular material from the

bottom of the hollow tube does not provide a measurement of the degrae of

lateral compression of the granular material.within the column being constructed.

This is so because the techniques employed to expel the granular
-.material from the bottom end of the hollow tubular structures function to force
the granﬁlan 'ma.t.:‘eria.l downwardly out of the bottom end of the tube and~
. therefore to date no adequate method has been provided for adequatély _forci_ng‘._
the graﬁuhr material outward in a radial direction away from the bottom of
_the tube and in addition to provide a means for adequately measuring the .
applied forces required to accompﬁsh this radial compaction of the granular

material.

they provide no means for providing hydraulic fracturing of the surrounding

soil by the column installation method.

In actuality, there is no relationship between the cornputed-
centrifiugal force that the Vibroflot provides, or the outward radial forces—-
that the computed downward expulsion force of particulate material that the
elongated tubular member provides during repenetration, and the amount of
force with which the stones or granular matecial is forced or propelled into the
in situ soil during stone column installation. In reality, these forces for creating

the particulate or stone columns of the prior art methods and structures bear
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the withdrawal period or cycle of the tubul ar. nenber 12. During the soil
penetration inpeller 16 nay also be rotated to assist in penetration _
and/or to radially drive stone outwardly fromthe bottom 14 of nmenber
12 to initiate construction of a stonegcol um. As previously

expl ai ned, notor 17 rptat.ably drives inpeller 16.b an f ro shaft
1)8(p AI t ypYyI Utig é"ﬁ’“’fng\?latﬁ‘%wenﬁl‘%ml %%P:BOW'P"Ghﬂ‘?%rﬁeﬁﬁaetgﬁraﬁphg{té%eed of
motor 17 is riahl e, r wi.,de range., El on . is hollow or

t ubul ar ?‘!ﬂﬁ‘bﬁSﬁt Wil writon’s ‘Te”g“["ﬁ"%‘h‘&"‘i tsgﬁéﬁge‘i{"%{n%%“mmr dly through

i mpel l er 16, which it drives, such that the hollow interior of the shaft
exits underneath inpeller 16.

Accordingly, a measurement of motor power consumption which

energizes the apparatus of the prior art for applying these compaction forces

. does.not -provide any adequate measure of the applied forces radially imposed
on the in situ soil and the paﬁiculéte material utilized to construct the
particulate or stone column. In addition, because pcicr art devices apply
| outw;u-d forces due only to internal shear occuring in the column when driving
the probe into the stone during repenetration, sufficient radial compaction
forces cannot be provided and adequately controlled for different given in sita”
soil conditions in order to provide predetermined radial displacement of the

~ column.

In addition, because of the way compéction forces are applied, all

of the above-identified methods for iqstaliing granular or stone columns hé.ve

a relatively slow production rate. For example, with the best of the above-

identified bottom feed methods, one can normally install 300 to 350 feet of

stone column per day for a single rig adapted for installing the columns in

" very soft soil. Perhaps even at ideal rates and conditions; a rate of 400 feet

per day might be obtainable. However, it is a principal object of the present
invention to provide an apparatus and method that will at least double this™
productiqn rate for the same column construction such that possibly {,000 feet _

-of column may be produced by one rig per day in the same g';ven perio& of

production time.
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Accordingly, fluids under pressure nmay be supplied to the upper end of the
hol l ow i nterior of shaft 18 for delivery to the underside of inpeller 16.
For exanpl e, water under pressure may be supplied through tubular drive
shaft 18 to assist in penetrating the genber 12 downwardly into the soi

In a sim’lar mann one may . supply a cenentatious grout throqgh shaft 18

in order to provi g{ei‘a al30, 8 Fincip3)biesF (Afnthe present Ynvention 3" eliminate
15_ | the disadvantages of the above-mentioned prior art apparatus and methods for
constructing stone columns in situ and to produce such columns at a reduced
cost with improved effectiveness and with improved quality control over
~ construction. [t is a further object and advantage of the present jnvention to
provide ad appdratus and methaod for constructing such granular oc stone columns
in situ under such conditions which eliminate intermixing and contamination of
the column with native soil, and which can force the sand or stone radially
outw;.rd in a precisely controlled and cegulated manner such that the
measucement of this force is in direct relationship to the actual force which
. exists between the equipment installing the stone or granular column and tﬂé
soil. Such conditions are ideal to produce scil fracturing or vertical cracks
which provide drainage channels to reduce time for reconsolidation with
_additional soil irﬁpcovement during and after installation (K. R. Ma.ssard'l, "New

Aspects of Soil Fracturing in Clay," Jour. of the Geot. Engr. Div., ASCE, Vol
. 108, No. GT8, August, 1973). '

SUMMARY OF THE INVENTION

The apparatus of the present invention for forming columns of
" compacted ~granular or stone material in soil to increase the load beiar'mg"
capabilities thereof generally comprises an elongated hollow iubulér' member
having upper and lower ends and a hoppec §r other feed mechanism connected
to this member at or near the Iupper end thereof for supplying or charging this

granular material thereto.




The hol | ow drive shaft 18 nay also be utilized to evacuate unwanted water
fromthe stone colum being constructed. The water may be extracted from
the expelled material during the step of withdrawi ng the said nmenber.

In order to carry out the nethod of thespresent invention for constructing

conmpact ed granul ar cQl n S 11ad td¥e thQPREMow O tubluad i I St
| onered by crane Zlﬁzf'o?htl o%ﬁdgl gve eéistolﬁ |c§tueea é?d t*}r: botton?of t'Il:| g 1

and the hombe'rsaﬁcf“?ﬁﬁ iafpR1eg dotiat he§§toﬁepd?ﬁoﬁtt|ﬂ@l:edlr am&gss_eaasaawathe_mi ch
wi |l make up the col um. The filled hopper is then raised

by cabl e 23§&08hé bdNBedbilow tubifaclffber. dheCipeder POatilized whoctwardlyal so

shown in Fig. 1 at the top. The detail of this upper di scharge posi tion

i s better iahduadiaityefiodce 61 gxpél. and compact the granular material as it exits the
lower end of the hollow tubular member while the lower end thereof may be
either vertically lowered oc raised in the soft soil to thereby construct a stone

column.

This method of stone column installation may build the stone columns

on both the penetration and withdrawal cycles.
. . 5

It is well known that clays and clay-silts have very low permeabilit_i_.es
and require véry long periods for consolidation. T'hus, the hope of producing
any appreciable improvement in the in situ soil by entrapping stresses or through
consolidation during stone column installation is remote. With the method and
apparatus of the present inveﬁticn the stone column can _be rather qﬁickly
_conStructed and expanded radially without contamination or intermixing to
create not only a well compacted column but in many cases to produce-soil
fracturing so that the pore water is permitted to escape from the seil through

the stone column.

The method and apparatus of the present invention also permits one
to readily control and monitor the amount of force with which the impeller
forces or propels the st§ne into the in situ soil during stone column installation
by monitoring motor torque required to drive the impeller, since the torque
does bear a relationship to the amount of force with which the impeller forces

‘or propels the stones into the in situ soil, which is not the situation with all

R Pt N
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When one is ready to discharge the centents of hopper 26 into the upper
hol | ow end 13 of el ongated tubular nenber 12, one nust first rel ease the
air pressure within tubular nmenber 12 so that the airlock nay be rel eased
to permt access of the granular materigl into the hollowinterior of

Suppif ed b PRGNS dererRE I SR, 55%&?%3“32 NOHESE o BB T
s aCCO”ph-!e ﬁ&?hot si_ w:1°§]gdvﬁ1 Urﬂfi%r h‘§§.5aH~f %ls.iga%mua& BtdvigRakeal

flexible runs rom an al

35 at thegdfaf rAliaBXEPUBISH o2?praanwﬁ :&g&@&é@:%ghmo&mw §rRGuRE
under pressure into the interior of tubu
material into the surrounding in situ soil during column installation. This
feature of the present invention also permits uncontaminated columns to be
installed at a much faster rate than was heretofore possible with improved

column effectiveness and improved quality control and even as the further

' possibility of soil fracturing which is not possible with the prior art methods.

The impeller in one form is rotatable about a vertical axis at the
bottom of -the elongated hollow tubular member for radially expelling the
- material into the in situ soil. This rotary impeuert is preferably provided with
at least two outwardly exposed spiral impellec faces for driving and compacting
the material outwardly. The sand ocr stone is forced ra_.diaﬂy outward by the
spiral portion of the impeller. This occurs because fhe coefficient of friction
of the sand or stone against the impeller is less than the coefficient of friction
against the surrounding material. The resuitant stress against fhe impeller is
oriented with respect to the impeller surface at an angle equal to the angle
of friction betw;en the impeller and the stone. This é.ngle remains fairly
constant. A log spxral shape has the property that when the resultant stress
against the spiral is oriented at a constant angle with respect to the log spxral
surface, this direction is constant with respect to the log spiral origin which™

-1s chosen to correspond to the axis of rotation.

In order to assist in charging the granular material downwardly
through the elongated hollow tubular member and into the impeller at the

bottom, it has been found advantageous to introduce air under pressure into
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menber 12. An airlock 37 provides an airlock between airlock
chute 38 and the. interior of nenber 12. This airlock 37 cannot be readily
rel eased until the 16 air
pressure in the interior of tubular nmenger 12 is reduced. For this purpose
air release nechanism39 is provided so“that the o eratorcnq¥ gir§%%rq}ease
SPTROEK hd

air pressurdenrppsth epdned Ahe miongated hollaw tHbylaE i PEPOYhen

then pressure supply within the member is maintained at a pressure of approximately

15 to 50 p.s.i.

In order to assist penetration of the elongated hollow tubular member
downwacdly into the soil to be treated, a vibratory pile driver is mounted near
the upper end of the member for driving the member downwardly by applying
vertical vibrations to the membet.l The same vibcations may also be utilized
for éurposes other than penetration and maybe also helpful to assist in a
withdrawal and in compacting the column being constructed. The crane or
vehicle carrying the tubular member can also be employed to apply downward
soil penetrating forces. ’ -

_ Additionally, the impeller at the bottom of the elongated tubular
member may be driven by a motor which is mounted at the top of the member
and which has an elongated vertic’:él drive shaft coaxially positioned in the
member and this long hollow drive shaft may alsc be hollow for conveying
fluids therethrough to or from below the impeller.~ This shaft tubular passage
may be utilized to evacuate water from the bottom of the elongated member
as the column Is being constructed or in fact may be utilized to force water
downwardly therethrough under pressure to help penetration of the apparat;;s,
or in fact it may be also used to introduce grout under .pressure into the stone
column being constructed in order to provide 2 grouted stone column, or may
be used to introduce other stabilizing chemicals into the column or surrounding

soil.
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dunp hopper 26 to discharge the contents thereof into airlock chute 33 and
on into the interior of elongated nmenber 12 through the airlock 37.
After the stone has been charged into el ongated tubul ar nenber 12, the
operator may then once again close the hgttom chute openi ng of hopper 26,

engage airlock 37, di geﬂgggg@g@g rmary_egfsgsoee @%Q?@iénﬁ'ﬁ?‘éﬁ%’meg‘ rtg%'q%&g ce

air under pressure into the interror of ne 1 I nl et

As previ ous| op)d3bidtingdin E6Wn @ QNSRet tldiDo e WRIFBRF id2oiBYndR0 HRRLERE
with stone during the downward penetration stroke of the menber 12 into
the underlyi ng drivibg thé szoné for FYMALS MafécifNbitREdC NThGesbnsl inQy SHavaceither
a smooth conical surface or the like or it may be provided with an inverted
conical spiral surface for assisting in outward explusion of the material exiting

from the lower end of hollow tubular member.

Instead of mounting the motor which drives the impeller at the top
of the elongated hollow ‘tubular member, one may also provide ‘the motoc at
the bottom thereof and in this instance the motor could still be driven either

electrically or hydraulically. e
BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages appear in the following description

and claims.

The accompanying drawings show, for the purpose of exemplification,
without limiting the invention or the claims thereto, certain practical

embodiments illustrating the principals of this invention, wherein:

Fig. 1 is a diagramatic view in side elevation illustrating ~the
apparatus of the present iavention for forming a column of compacted granular

or stone material in soil as being carried by a crane.

Fig. 2 is a diagramatic view in side elevation illustrating the upper

- portion of the apparatus and crane boom shown in Fig. L.
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grénular material during the wi thdrawal stroke of the el ongated tubul ar
nmenber 12. In either event, the stone colum is fornmed by
continually energizing rotary notor 17 which continually rotates inpeller
16 at the bottomend of nmenber 12 viaqgertical drive shaft 18. Rotary

i mpel I er 16 is ex QMo@fthe! BWaRteRd dtutnd apparanbeot tReand is
desi gned to r adi aﬁﬁi fé?téege{&ﬁlgngp%%enu lar material exiting the bottomend 14

of el ongafedadiithieptioNBa Eig, 12 asoyeeaaamysmmame ny-Mihwhighatilusaratest er i al
or stone into itself and radi ally outward into the in situ soil. Detail

const r uct jandefail BPehkeampefied ati theussttanedt the apparatus and 4.

Fig. & is a view in side elevation of the structure shown in Fig. 3.

Fig. 5 is a perspective view of the impeller portion of the apparatus

illustrated in Figs. 3 and & with a spiral cone attached to the underside thereof.
Fig. 6 is a diagramatic view in partial vertical section illustrating

) the apparatus of the present invention constructing a stone column in the grounds

-

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

The apparatus 10 of the present invention for forming a column of
compacted granular or stone material in soil i1, in order to increase_ load
bearing compacities thereof, genefally is comprised of an elongated hollow
“tubular member 12 which has upper and lower ends 13 and 14 respectively..-A
feed mechanism 15 is provided near or connected to the member 12 at or near
the upper end 13 thereof for su'p.plying or charging the stone or. gramlarh

material into the top of hollow tubular member l2.

An impeller 16 is provided or secured to the lower end 14 of tubular
member 12 and the impeller is exposed below the lower end 14 and is operable
for outwardly expelling granular material as it exits the lower end 14 of tubular

- member 12 in a substantially radial direction.
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17 Impeller 16 is ri.gidly secured.to the bottomend of shaft 18
so that it rotates with shaft 18. As seen in Fig. 3, inpeller 16 is
rotated in a clockw se direction. | mpel ler 16 is provided

with two symretrically opposed inpellefg

| og spiral

respect to ver IC& material exits | ower

14 and entfddbdel? andd'B Estitdblf Arivah By réia&hﬁoﬂﬁcl(? which rotatably drives

impeller 16 by means of shaft 18 which is concentrically mounted within tubular

member 12.

Member 12 is also provided with a vibrator 20 at the upper end
thereof to assist in driving the member downwardly into soil Ll thereunder and
to also assist in compacting stone fed to the column under construction and

to further assist in feeding the stone downwardly t_h:"ough member 12,

_ .. The member 12 is carried by a crane 21 which includes an excavator
22, a boom 23, & mast 2%, and a cable 25 for raising and lowering hopper 26‘9“.
the feed mechanism 15. In the Figure, hopper 26 is illustrated both in its
fully upward position for feeding granular material into member 12 and also at

its fully downward position for loading.

Spotter arms 27 are also provided on the front end of excavator 22

in order to assist in positidning the adjustable stabilization feet 28 on ground 11.

~

Counterweight 30 is provided on the back of excavator 22 in order
to counterbalance the mast and its load in the form of tubular member 12

which is carried for vertical movement up and down mast 24. -

Additional reference is now also made to Fig. 2 for describing the
overall operation of the mechanism for carrying out the method of the present

invention.

bl ades having outwardly exposed

i npel | efmé}é"l?egs lé]'QSV\(tytggbflfrs%@ FJIF tos{rﬁn?ovpér ghantd ads wakQar al

radially outward

end
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portions 41 of the inpeller blades. : . In order to assist in
. preventing the inpeller blade fromtw sting “the colum of gr anul ar
material or stone still in tubular nenber 12 and being fed downwardly
t hrough tubul ar menber 12, guide vanes1§2 are provided at the |ower end 14

of tubul ar nenber ]‘TZ In order to pro el[o y rotaﬁa(tf/ support
i npel l'er 16 at the Mflﬁﬁﬂa'éﬁd“@?“afdﬁﬁff‘%" hdripesardied foRevespisat MQYEMEles of

|1 16 ed de h be 4 d b
0L 10 e 8 e T U1 SRBLBETS nbE, R a1 P
purpose a [eraqShdeh R 59 &N car 29.

Through the use of drive chain 3!, which is driven from excavator
22, downward penetra.tmg forces of up to ten tons can be applied to tubular
member 12 to assist in perietrating the apparatus downwacdly into the soil 11
thereunder to be treated. This-downward penetration is of course also assisted
by vzbrator 20 which transmxt‘;?ﬁﬁ'aalnons to tubular member L2 by means of
frame 33. The vibrations of vibrator 20 are isolated from drive chain 31

through the use of vibration isolation blocks or pads 34.

In operation, the entire apparatus is moved by excavator 22 to the
. desired location and the spotter arm 27 and boom 23 are pcsitidned to properly
position the impeller 16 over the praper location of underlying earth Ll and’

adjustable stabilization feet are then hydraulically set.

All of the mechanisms are hydraulically operated through the use of -
a hydraulic 'powe.r'pack in housing. 35 mounted on the rear of excavator 22.
An air compressor is also packaged in unit 35 for providing air under pressure
to the interior of tubular member 12. The flexible hoses utilized for connecting
the air under pressure and hydraulic fluid under pressure to the varidus
mechanisms on apparatus L0 are riot shown in the drawings in order to reduce

the possibility of any confusion in the figures.

Once the appropriate site has been selected, the tubular member (2

.is then driven vértically downward under forces appliéd by drive chain 31, the
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anot her suitable bearing 44 may be provi ded between the bearing pipe 43 and
the I ower end 14 of nenber 12. Referring now to Fig. 5, the

i npel'ler 16 may al so be provided on the underside thereof with a cone 45
for assisting downward penetration of q14he tubular nenber 12 in harder
ground. . co . ' Fig. 5,
The. conc e (MESHANIAL 14,9288 4y 1A OReR5PS A SIFAAREY Py The overhlle

has control of all mechanisms for controlling the apparatus 10.

As the tubular member 12 is driven downwardly by drive chain 31,
vecrtical vibrations are also applied by vibrator 20 to tubular member [2 to

assist in thé_ downward penetration of the member L2 into the underlying soil.

154 desi.‘red, the constm;tion of the stone column can be started

_ durin’g the downward penetration of the .tubuiar member [2, as well as during
the withdrawal period o cycle of the tubular membec 12. During the soil
penetration,. impeller 1§ may also be rotated to assist in penetration a.s;td/ ac te-

radially drive stone cutwardly from the boi;-:om 14 of ﬁe;-rhper 12 'to iriit‘iaig_

construction of a stone column.

As previously explained, motor L7 rotatably drives impeller 16 by
means cf'cot#ry shaft 18. A typical rate of rotation might be 60 to 70 cpm,
however the speed of motor L7 is variable over a wide range; Elongated shaft
18is hqllow or tubular throughout its entire length and it may extend downwardly

: throﬁgh ifnpeller .'16_,' which it d’riv.es, such that the hollow interior of the shaft

exits underneath impeiler 6.

Accordingly, fluids under pressuré rﬁay be' supplied to the upper end™"
of the hollow interiocr of shaft L8 for delivery to the underside of impeller L6.
For example, water under pressure may be supplied through tubular drive shaft
I8 to assist in penetrating the member L2 downwardly into the soil. In a
similar manner, one may supply a cementatious grout through shaft L8 in ocdec

to provide a grouted stone column.
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will assist not only in downward penetration. but will further assist in
outwardly driving and conpacting the granular material for assisting in
constructing a stone col unm. The cone 45 coul d. al so be
nothing nore than a snmooth cone and it qgcould be snaller in dianmeter than

il lustrated. Also,_one should realize that one, 45 y in
speci fic soil condl i The Retlow driveshalbh, £8 mayfso garﬁ& deS| ra %ﬁtyaﬁgﬁggd soi |

condi ti ons, ;;387 %ne heqycal | LI %%m%()lcgmfu&g&' e et mast bel extranted t he

use of the™ r
under st andlﬁi@mdhehexpeﬂedt wateriab| during the step of 'wiark i B1é i e,

In order to carry out the methed of the present mventxon for
constructing compacted granular oc stone columns in the sail ll, the hopper 26
is first lowered by crane 21 to ground level as indica;ed at the bottom of Fig.
1l and the- hdpper is there charged with stone ocr other granular material which

will make up the column.

The filled hopper 26 is then raised by cable 25 from crane 2l to '
its upper.discharge position which is also shown _in Fig. 1 at the top. The

detail of this upper discharge position is better illustrated in Fig. Z. -

When one is ready to discharge the contents of hopper 26 into the
upper houow end 13 of elongated tubular member 12, one must first release
the air pressure within tubular member 12 so that the a.u'lock may be released

to permit access of the granular material into the hollow intecior of member 2.

As prévicusly explained, air under pressure is supplied to the hgllow
interior of the elongated pipe member 12 and this is accomplished by feedlq_g
air under pressure through an elongated flexible hose (not shown) which runs
from an air compressor housed in unit 35 at the cear of excavator Zi to the
inlet 36 which accesses the air under pressure into the interior of tubulac

. member [2.

An airlock 37 provides an airlock between airlock chute 38 and the

‘interior of member -12. This airlock 37 cannot be readily released until the
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constructed by the nethod and through the use of the apparatus of the
present invention, reference is nade to Fig. 6. ' Fig. 6
illustrates construction of a stone columm 46 in soil 11 The tubular
menber 12 is being withdrawn upwardly ifga vertical direction from the

11, : t ' . th ds, .this fi il
The situallRRE T AR afE e chblugl Manlbrofs i Bt e el Blepiec,
16 t ed 4 t ' .
nto the sal TS JRAARATEY HREHN PRE R PR IR Y

bei ng consiaiigéedshir@Swithlte taida AbMbBed 32 UdNEher@AREH oBEN a34168€ I7Sand then
continually being fed dowmward through the hollow interior 48 of nenber 12
as i ndi cat ddmpyhdgper a2 aesdistharge the contents theresof into airlock chute 38 and

on into the interior of elongated member 12 through the airlock 37.

After the stone has been charged into elongated tubular member
12, the operator may then once again close the bottom chute opening of hopper
26, engage airlock 37, disengage air release mechanism 39 and then reintroduce
air under pressure into the interior of member 12 through inlet 36.

As previously exﬁlained, the elonga.teﬁ tubular member 12 may Qe
charged with stone during the downward penetratioh stroke of the member 12
into the underlying earth Ll or it may also or only be charged with stone or
granular rﬁa.terial during the withdrawal stroke of the elongated tubular member

12.

In either e{rent, the stone column is formed by continually energizing
rotary motor 17 'v_lh.ich continually rotateS impeller 16 af the bottom end of
member 12 via vertical drive shaft 18. Rotary impeller 16 is exposed at the
bottom of elongated tubular member 12 and is designed to radially force 'tl-.x.e
granular material exiting the botfom end 14 of elongated tubular member (2
outward by compacting the granular material or stone into itself and radially
outward into the in situ soil. Detail construction of impeller 16 is illustrated

in Figs. 3 and 4.
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addition to the application of air under pressure as previously described,
this operation may further be assisted by the use of vibrations applied by
vi brator 20 to menber 12. 19
As the tubular nenber |2 is being w thdfawn upwardly the granular materi al

and stone is being fed downwardly and out through the IowEr ?epﬁjeﬁm gf
menber 12 into rotalTPRienifh @stdiassmreﬂ tootheclottem idap I’ﬁ Tttt & it3Rt or

stone outvald 0:d SHBFT by 120 AL SLRoR A 37 pdlce! B VR A

clockwise direction.

[mpeller 16 is 'provided with two symmetcically cpposed'impeller
bl-a.des having outwardly exposed ldg spiral impeller faces 40 which force the
stone ocr granular material radially outward with respect to vertical as the
material exits lower en& 14 and enters into the cavities formed at the back

portions &1 of the impeller blades. |

-~ In order to assist in preventing the impeller blade from twisting the
column of granular macerial oc stone still in tubular member 12 and being fed
downwardly through tubuiar member 12, guide vanes 42 are provide'd at the

lower end 14 of tubular member L2.

. In order to properly ‘rotatably support impeller {6 at the bottom
end of tubular member 12, the upper surfaces of impeller 16 are weided to |
outside bearing 'pipe or tube 43 and bearing pipe 43 is permitted to cotate on
the lower end 1% of hembér 12. For this purpose a mere slip bearing or
another suitable bearing 4% may be provided between the bearing pipe 43 a.gd .

the lower end 14 of member (2.

Refecrring now to Fig. 5; the impeu.ef lé may alsoc be pcovided on
the underside thereof with a cone 45 for assisting downward penetration of

the tubular member (2 in harder ground.
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fromthe inpeller faces 40. This all of course occurs as the el ongated
nunber 12 is withdrawn upwardly at a predeterm ned rate. Due
to the apparatus and nethod of the present invention it can be thus seen
that it is relatively easy to control thg quality and size of the stone

col um 46 being const geq Qxe c%ﬂé”a?;s gj?"}f% ggtr}r?gh%eggﬁpuh nu'gf%:grthat

mat eri al downwardly t nenber

m nute of i | dsils SR d
regul ating ?ﬁg ngﬁirst g)qréte\gg!t}'lrg d'iéupp él’pg {aﬁlwl éﬁ:e??g?&"g@g ?“gtm‘?ér&gnd

al | of thesedriotiydiahd Wnpﬁéﬂn@&h@fﬂah@fa?dmh'ﬂemr EorD ¥ ssTBring Qh i EdhstruRtingt QT
torque required to drive inpeller 16. Additionally, the outward or radial

forces appl i etbneycolumn.

The cone 45 could also be nothing more than a smooth cone and it
could be smaller in diameter thaﬁ illustrated. Also, one should realize that
cone 45 would be used only in specific soil conditions and the cone is not
alwa.ys desirable in most soil conditions, as hxgher quality stone columns can
be constructed without the use of the additional cone.

In order to provide a clear understanding of how a stone column is
constructed by the method and through the use of the apparatus of the present

invention, reference is made to Fig. 6.

Fig. 6 illustrates construction of a stone column 46 in soil Ll. The
tubular member 12 is being withdrawn upwardif iﬁ a vertical direction from
the 'soil L1 at a predetermined rate. In otherwords, this figure illustrates the
situation wherein';:he elongated member 12 together with its impeller 1§ mounted
at the bottom end thereof has already been driven downwardl.y into the soxl 11
to a predetermined lower limit 47. The stone column is being constructed as
the apparatus is being raised and stone is continually being fed downward
through the hollow interior 48 of member [2 as indicated by the arrows. In
addition to the application of air under pressure as previously described, this
operation may further be assisted by the use of vibrations applied by vibrator

20 to member 12.
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fracture
d ai ns

havi ng upper and | ower en

16 as indicated by the arrows, can be nmade strong enough to
the surrounding in situ soil if desired. 20

1. Apparatus for form ng a colum of conpacted granul ar
or stone material in soil to increase |¢ggd- bearlng capacities and/or to

provi de drainage, whisghing ARILS GRmedP & AALED gqrwwwwkgbm ktar

nmeans conn 0 sal

the upper enghebhigl QRH t8he 34/BRING &l UBSnwardly and out thirough the lower end ll&

of member {2 into rotating impeller L6 which. forces the granular material or
stone outward in a generally radial direction as indicated by the arrows away
from the impeller faces 40. This aﬂ of course occurs as the elongated number

12 is withdrawn upwardly at a predetermined rate.

Due to the apparatus and method of the present invention it can
be thus seen that it is relatively easy to control the quality and size of the
stone column %6 being constructed by _regula;ting the feed rate of gram.ilar

material downwardly through member 12, regulating the revolutions per minudte

near

of impeller 16 while regulating the withdrawal rate of member (2, regulating

the air pcessure supphed to the interior 48 of member 12, and all of these

conditions can be monitored in part by momtocmg the motor torque requxred .

to drive impeller 16. Additionally, the outward oc radial forces applied by

impeller 16 as indicated by the arrows, can be made strong enough to fracture’

the surrounding in situ soil if desired.
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material thereto, inpeller neans secured to said |DMEL_§QQ and at Ieast a
portion of said inpeller nmeans exposed bel ow said | ower end and operab

for continuously and outwardly driving and conpacti Eﬂﬂmm S i t .
exits said lower end in a direction subgtantially r lwn" ﬂngated
Isca

menber, drive negns connected to said ifipel l er means™fof decWan
driving th lal with sustained and conti nuous force and neans for

| oweri ng and rai sing said nmenber in soil. : The appar at us of

claim11:wherein Lo rot.at ably d end.
3. The ag"par at@% é% rﬁ'f)v\hggg‘l n§? 3I Iégf lgms ?sscfd#%%
about a veﬂﬂﬁnﬂl%ﬁn@roﬁtgaﬁdmétengﬁkuinmﬁmbl {bk) r §ai dncreasievilapdmd

conpact i ng geha- i er¢9ﬂaaéf€i@§r0ﬁd /or  to i:rovf&ae ARRAMAGES, OfyrGlcd M 3
i ncluding air pressure nea connected to said nenber near the upper end
t her eof foFQQA%ﬂ Sy R aEﬁ%sEﬂFé°Vn§PH§1§5l&ember (12) having

upper and lower ends (13, 14), feed means (15) connected to
'said member (13) at or near the upper end (13) thereof for
supplying the material thereto, impeller means (16) secured
to said lower end (14) and at least a portion of said
" impeller means (16) exposed below said lower end (14) and
operable for outwardly expelling the material as it exits
_said lower end (14) in a direction substantially radial of
said elongated member (12), drive means (17) connected to
said impeller means (16) for driving the same, and means for
. lowering and raising said member (12) in soil (1il). -

2. The apparatus of claim 1, wherein said impeller means
(16) is rotatable about a vertical axis of said elongated
member (12) for radially expelling the material therefrom.

3. The apparatus of claim 1 or 2, including air pressure
means 35 connected to said member (12) near the upper end
(13) thereof for supplying air under pressure inside said
member (12). . -

4. The apparatus of any one of claims 1 to 3, including
pile d:iver means mounted near the upper end (13) of said
member (12) for driving the member (12) downwardly inte-
underlying soil (1i1).

5. . The apparatus of claim 1, 2, 3 or 4, wherein said
i.qxpeller means (16) includes an impeller (16) having at
least two outwardly exposed spiral impeller faces (10) for
.driving and compactiné the material outwardly.
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menber . 5. The apparatus of clai m4 wherein sai |
means supplies air under pressure inside said nenber at a pressure c‘{‘

e
approximately 15 to 50 p.s.i. ML 21
6. The apparatus of claim3 wherein Sii d inpeller rrem‘!mm“lm \s \l,“
i npel l er having at | east two outwardly }posed spiral irpefler faces for
driving and conpacting the material outwardly.

6. The apparatu$ 6f any one of claims 1 to S5 wherein said
rotary drive means (17) includes an elongated vertical drive
shaft (13) positioned in said member (12), said drive shaft.
(18) Dbeing hollow throughout " for conveying fluids
therethrouqh to or from below said impeller means (16).

7. A method of constructing a column of compacted granular
or stone material in soil +to increase load-bearing
capacities and/or to provide drainage, comprising the steps
of: positioning an elongated hollow tubular member into the
soil to a predetermined depth, feeding the material down

. through the member and out the lower end thereof, driving an
impeller secured to the lower end of said elongated tubulatr
member and thereby outwardly expelling and compacting the
material exiting from the lower end of said member in“a
substantially radial direction with respect to said
elongated member.

8. The method of claim 7, including the step of
penetrating or withdrawing said member in soil at a
predeﬁermined rate while said impeller is expelling and .
compacting the material. )

9. The method of claim 7 or 8, wherein said impeller is
- rotary driven.

10. The method of claim 7, 8 or 9, including the step of
introducing air under pressure into said member adjacent the
upper end thereof. '

11. The methad of any one of claims 7 to 10 wherein the
step of positioning includes the step of driving said member
downwardly into the soil. '
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7.~ The apparatus of claim3 wherein said rotary dr| |ncI udes an
el ongated vertical drive shaft positioned in said ne ‘,’E@rﬂﬂi 'Mﬂ, haf t
~bei ng hol | ow t hroughout for conveyl ng fluids therethroug el ow
saldlrrpeller means. : Thea?aratus of cIa|m3|ncIU|n@a
nose cone secured to the under5|de of safd inpeller nmeans for assisting in
downward penetration of said nenber in soil. 9. The appar at us of
claims8 vvherftn smg ﬂgggoaoag 5,?} Yefes QW 41 erwggg. ina%%ssnan
i nverted conic iral Qr assi st I'n ou ward expu SI on

a
mat erial exi 9 % oY oﬁ%; ﬁ.alpe ller to the material for driving it
outward from said impeller for ccmpa.ction are of suff.‘ic:.ent
magnitude for fracturmg surrounding soil.

13. The method of any one of claims 7 to 12 including tﬁe

step of injecting.grout or other chemicals into the expelled
material forming the column.
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10. The apparatus of claim1l including pile driver neans rmun%oﬁe%\?——\t'i%
upper end of said nmenber for driving the nmenber downwardly into underlying

soi | . 11. The apparatus of claim1 including vi brator@(r@ ns
nount ed near the upper end of. said nenber for apply| ng vertlcal Wi a;im@t"

to said nenber.
12. A nethod of constructing a columm of conpacted granul ar or st one

material in soil to increase Io‘%éir ing capacities and/or to provide
dr ai nage, conprising the st ep i'tioning an el ongated hol | ow tubul ar

nmenber into the soil

APPARATUS AND METHOD FOR CONSTRUCTING COMPACTED
GRANULAR OR STONE COLUMNS IN SOIL MASSES

Compacted granular or stone columns are constructed in soil to increase
the load-bearing capacities of the native soil. An elongated hollow tubular member
'is penetrated down into the soil to a predetermined depth and then the granular.
.material or stone for constructing the column is fed down through this member and
out the lower end thereof where it is then driven outwardly in a radial direcfi};n by
an impeller which is exposed, at least in part, at the lower end of the tubular
member, as the hollow tubular member is either penetrating ocr being withdrawn from
.the soil at a predetermined rate to thereby forceably compact this granular or stone
materi;l in a substantianj radial direction to construct a stone column. Sufficient

forces may be applied by the impeller to the granular or stone material to fracture

the surrounding scil.
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to.a predeter n“mmfmmmt&mng t he mat er.i al “down tH7 ough t he {TEHBQ -and
out the Iowernla“ smani cal ly driving the materi al @M 14 -bne
| ower end of sai*d él ohga? e_ds t ubul ar nenber w th sustained and conti nuous
force for outwardly driving and conpacti

| ovier end oLLAIMS& nenber in a substantially radial direction with respect
to said el ongat ed nenber. 13. The nethod of claim 12 i ncl uding

- VB

the step of penetrating or withdrawing said nenber in soil at a

pre-det erni ded r APPARATUS s418)i nferl eformingi vanFARER oRfacCORpacked

mat eri al .

t driven. . 15 . Th hod | | udi tep of
|t £ otuci ng BRRF HiR1cSaRARIENE | ARALSF d FRnbBFOYRcoRE SARBIppokRIAD

comprises: an elongated hollow tubular member (12) having

t her eof .

granularl/r dtendEhaeer2h1Clid BdH WELFi BoSahéreaBel Lead-s

t he

upper and lower ends (13, 14), feed means (15) connected to
said member (;3) at or near thenﬁ_cg&ﬁc_eald (13) thereof for
supplying the material thereto,Aimpeller means (16) secured
to said lower end (14) and at least a portion of said
'imp?‘l%?z;q ?ans (16) exposed below said lower end (14) and
,(Sm;%egr—gﬁie__fi%' outwardly expelling the material as it exits
said lower end (14) in a direction substantially radial of
said elongated member (12), drive means (17) connected to
said impellei' neans (16) for driving the same, and means for
. lowering and raising said member (12) in soil (1l1).

2. The a_.pparat:l;s of claim 1, wherein said impeller means -

(16) is rotatable about a vertical axis of said elongated
member (12) for radially expelling the material therefrom.

3. The apparatus of claim 1 or 2, including air pressure
means 35 connected to said member (12) near the upper end

(13) thereof for supplying air under pressure inside said

member (12).

4. The apparatus of any one of claims 1 to 3, including
pile driver means mounted near the upper end (13) of said
member (12) for driving the member (12) downwardly into
underlying soil (11). |

5. The apparatus of claim 1, 2, 3 or 4, wherein said
impeller means (16) includes an impeller (16) having at
least two outwardly exposed spiral impeller faces (10) for
driving and co'mpacting' the material outwardly.
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15.

jl'he rret hqo— ~ctatm
appr oxi mat e ranc?@PMC%NTOSBEpr S.i. 17. The
wherein the stleq of p05| tron

~refiei n said pressure is rﬁul ated to be in the

SR AR

gli ncludes the step of

18, " The nethod ¢t oAl 1’?9%3 4in the sip of,daHSSHLat 5 Kidkn 3568

Claims

1. Apparatus for forming a column of compacted granular or stone
material in soil to increase load-bearing capacities and/or to provide drainage, which
comprises: an elongated hollow tubular member having upper and lower ends, feed

‘means connected to said member at or near the upper end thereof for supplying the

material thereto, impeller means secured to said lower end and at least a portion of
said impeller means exposed below said lower end and operable' for continuously
and outwardly driving and compacting the material as it exits said lower end in a
direction substantially radial of said elongated member, drive means connected to
said impeller means for mechanically driving the material with sustained and
continuous force, and means for lowering and raising said member in soil.

2. The apparatus of claim 1 wherein said impeller means is rotatably
secured to said lower end.

3. The apparatus of claim 2 wherein said impeller means is rotatable
about a vertical axis of said elongated member for radially driving and compacting
the material therefrom.

4. The apparatus of claim 3 including air pressure means connected to
said member near the upper end thereof for supplying air under pressure inside said
member.

5. The apparatus of claim 4 wherein said air pressure means supplies air
under pressure inside said member at a pressure of approximately 15 to 50 p.s.i.



member

19. The et hod o

I ntl udes t Mg vertical vibrations to sai d nmenber .

ifng the step of i-nj under

pressure under saj d menber whil e {driving said nmenber do
assi sting soil pdnetratz gAR 20. The net hod m\m “ m“\
LI "

forces applied by sjid |rrpel er tjo({the material for

said inpeller for{ compactromareoff sufficient magni tude for fracturing

surroundi ng soil. 21. The |met hed ofupkftuteé $RebCHRMAEh{oDget ep of
injecting grout or other chemcals into the—compactedmatreri al

col um.

22. The nmethod of claim 13 including the step of

extracting excess water from

6. The apparatus of claim 3 wherein said impeller means includes an
impeller having at least two outwardly exposed spiral impelier faces for driving and

- compacting the material outwardly.

7. The apparatus of claim 3 wherein said rotary drive means includes an
elongated vertical drive shaft positioned in said member, said drive shaft being
hollow throughout for conveying fluids therethrough to or from below said impelier
means.

8. The apparatus of claim 3 including a nose cone secured to the
underside of said impeller means for assisting in downward penetration of said
member in soil.

9. The apparatus of claim 8 wherein said nose cone rotates with said
impeller means and has an inverted conical spiral surface for assisting in outward
expulsion of the material exiting said lower end.

10. The apparatus of claim 1 including pile driver means mounted near the
upper end of said member for driving the member downwardly into underlying soil.

11. The apparatus of claim 1 including vibratory means mounted near the
upper end of said member for applying vertical vibrations to said member.

outward from

form ng the



the e;<pel I'ed rtafegr tep of wthdraw ng said nenber.
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12. A method of constructing a column of compacted granular oi' stone
material in soil to increase load-bearing capacities and/or to provide drainage,

‘comprising the steps of: positioning an elongated hollow tubular member into the soil

to a predetermined depth, feeding the material down through the member and out
the lower end thereof, mechanically driving the material exiting the lower end of said
elongated tubular member with sustained and continuous force for outwardly driving
and compacting the material exiting from the lower end of said member in a
substantially radial direction with respect to said elongated member.

13. The method of claim 12 including the step of penetrating or
withdrawing said member in soil at a pre-determined rate while said impeller is
driving and compacting the material.

14. The method of claim 13 wherein said impeller is rotary driven.

16. The method of claim 13 including the step of introducing air under
pressure into said member adjacent the upper end thereof.

16. The method of claim 15 wherein said pressure is regulated to be in the
approximate range of 15 to 50 p.s.i.

17. The method of claim 13 wherein the step of positioning includes the step
of driving said member downwardly into the soil.



25. The met ho
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olecilegin 13 uding the step of vibrating
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18. The method of claim 17 wherein the step of downwardly driving said
member includes the step of applying vertical vibrations to said member.

19. The method of claim 17 including the step of injecting water under
pressure under said member while driving said member downwardly for assisting soil
penetration.

20. The method of claim 13 wherein forces applied by said impeller to the
material for driving it outward from said impeller for compaction are of sufficient
magnitude for fracturing surrounding soil.

21. The method of claim 13 including the step of injecting grout or other
chemicals into the compacted material forming the column.

22. The method of claim 13 including the step of extracting excess water from
the expelled material during the step of withdrawing said member.

23. The method of claim 13 wherein said impeller is rotated about a vertical
axis.

24. The method of claim 23 wherein said impeller is provided with fwo
outwardly exposed spiral impeller faces for implementing the step of outwardly
driving and compacting the material.
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25. The method of claim 13 including the step of vibrating said member while

withdrawing it.
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