-1- GROUND -REFORM NG METHOD AND. A GROUND REFORM NG DEVI CE The present :
invention relates to a device for ground reformng and a _ground,
reform ng nethod, in which an injection rod.is inserted into the EﬁZbe5ﬂ3¢i3>
Various ground reformng mnethods are known in which har deni ng :

materials are injected into the ground. In these nethods, high-
pressufe and high speed jet injection has been applied to slow hardening
type Wwaterials and . instantaneous har deni ng type 10. . hardening

materials have been injected under_ how pressure, approaching ambient
pressure. H.gh pressure injection has been conducted up to a pressure of
230 kil ogram force gROUNBIHBFEORMERG! MARHOS ARDOA GROGRDI REFORMIRESDEVICE
operating at higher pressures have not been 15 ~ proposed. The

i nst ant aneous . hardeni The prgpent baAvdrbiog neébatess tannat deviced fbr
hi gher pressure because the instantaneous hardeni ng type hardening materi al
i s conposed of two grpundt edefoynivg whndh ai xgudemd PE€formingjmethod, inlf
these liquids are mixed prior to injection, the hardening material
will be wholly or pehifhlfp hajeehéeni rodhdsi kpeerted puwp bhe pgpeund.
Therefore, the high pressure injection nmethod has only enpl oyed the slow
har deni ng neferial whi chaF&gusr gEoundosretorning %%Fg%ﬂs t¥T/chHkRoEn  in

hardeness. FbmeyerWhigﬁ Slﬁ%&dening materials are _injected into the

ground. In these methods, high pressure and high
speed jet injection has beeh applied to slow hardening
type materials and instantaneous hardening type’
10 hardening materials have been injected under low
pressure, approaching ambient pressuré. High pressure
-injection has been conducted up to a pressure-of 220
kilogram force per square centimetre and injection
devices operating at higher preésures have not been

15 | proposéd. |
The insténtaneous- hardening type hardening
materials cannot be used at higher pressure because
va ' the instantaneous hardenihg type hardening material is
composed of two 'separafed liquids thch mix after
20 injection. If these 1liquids are mixed prior to
injection, the. harde#ing material Wili be wholly or
partially hardened in the injeétion pump or pipe.
Therefore, the high pressure injection method has only
employed the slow hardening_ﬁaterial which requires ‘a

25 long period to. achieve hardeness. However, the slow



2 hardéning type hardening nmaterial will soneti nes cause probl ens, -. ow ng

. to its slow hardening speed. For exanple, if the anount of

i-nj-ected rmateri al i s-increased, the slow hardening type hardening
material 5 wil | flom1backmards and | eak out of the injection pipe or
the [ike. Such problems are markedly increased when unusual injection
angl es are used. In-the high pressure injection method, reaction forece
wi |l ‘be generated at the injection nozzle as the 10 injection pr esswwle
is increased and the reaction force z&ll be applied to the injection réd.
Thus, serious problens may result ah F: revolving notion may be

i ntroduced by ! BAEIRAS o SBrddndr MG 1L ey e%caglgagﬁpngpo‘

to 15  provi nlqu or groun reforn1ng

a first 'aspecgdr&glelﬁgw vt tI.LCB‘I ifereiow s haﬂéﬁ’irﬂf grQund

reforning.lneth conprising (&) 1nserting an injection rcﬁﬁlnto ground

to be 20 ugg?ﬂa Wher itk Sadrtburt €t ONid Rkt Uptosedidl rStig
conduit and a secon onduit, a first i njection nozzle comuni catabl e mnth
the first COﬂdwindﬁEkéb&ﬁCQﬂﬁaslow hardenlng type hardening material
5 " will flow backwards and leak out of the 1n3ect;on pipe
or the :1ike._ Such 'problemé are'markedly increased
-~ when unuSual'injection'éngles are used. |
| "In fhe'high préssure injection 'method, reaction &;)'
force wil;'be generated at the injection nozzle as the -
10 injectidn‘preésure is increaséd.ahd the reaction-forpe
wili be applied to the injection rod. Thus, serious
problems may result and a revoiving' motion may be
introduced by-the reaction force.
It is an object of the present invehtion.ﬁo
15 - | provide an improved techﬁiQue for”Qround fefbrming.
| | According.to a first aspect .of the invention,
there is. provided a 'groﬁnd ‘reforming method,
'comprisiﬂg'; o N ' o o/
(a)'finserting ah'injecﬁidn rod into ground to be
20- . refdrmed, wherein said injection rod includes a first
conduit and a second éonduit;'a first injection nozzlé
~ communicatable with the first conduit and a second
injection nbzzle surrounding the fifst nozzle - and
communicatable with the second conduit, said first

25 nozzle and said second nozzle arranged in pairs with



Lnjection(nozzle surrounding the first nozzle and comunicatable with the

second conduit, said firstt 25 = nozzle and said second nozzle arranged
in pairs wth -3- theinjection nade oppositely; (b) i ndi vi dual I'y
feeding first and second fluid into the first and second conduits of the

I njection rod; and 5 - (c) " injecting the first and second fluid -

gt high pressure through the first and second nozzles while retracting and
revésving the injection rod. Preferably, said first and second fluids are,
respectively, the first and second conponents of an 10 1 nst-ant aneous
type hardening material, conposed of “two~separate |iquids. I.n an

bl ternative pre red. odi bnent , the .first and second fluids
are, respectiveIy?ﬁél6&P§§£ﬁ%ﬂiﬂ%é?yﬁgpﬂﬁfﬁ$+%f cogposed oI a qugld and a
conpressed gas. 15 0] S€eco spe 0 .
present invention, 1hRle #ﬁgggg%gghl '%ég%}% n rs€é$§§}ﬁ?ﬁfﬂ%v$ﬁg%d

conprising an injggtdOopné Ofli PEVI Ny Bsdddid %éﬁé&%&?tu%fgﬁgh%y"éihégéﬁgﬁfQid

fluid i s - feedable and a second condur t 0
is ~ rod; and
5° _ (c) injecting the first and second flﬁid_at-high.

pressure through the first and second nozzleé .whilé
retracting and revolving the injection rod.

Preferably, 'said first and second fluids are,
respectively, the first-apd.second- components of ah

10 = instantaneous type hardening material, composed of two

' separate liquids. In an alternative 'préferred_
embodibment, the .first and second fluids .are,
.reséeéﬁively, slow héfdening type material composed of
a liquid and a compressed gas.

15 ~ According to a second aspect of the present
_invehtion, there'.is pfovided a ground réforming
device, éomprising an injection rbd having a first .

va_ conduit through which a first fluid is feedaﬁlé and -a

second conduit through which a second fluid is
20 feedable; a first injection means communicatable .with
the firét conduit, including a pair of_first injection
nozzles oppositely arranged in a side wall  of the
injection rod neér to its tob; a second injection means
communicatable with the éecond conduit, wherein éafﬁ

25 second injection means includes a pair of second



20  feedable; a first injection nmeans communicatable wth the first
conduit, including a pair of first injection nozzles oppositely-arranged in
-a side wall of ‘the injection rod near to its top; a second injection neans
- communi catable with the second conduit, ~wherein said;25 second-
injection neans includes a pair of second - 4 < injection nozzles
surroundi ngly arranged around respective first injection - nozzl es; .a
hi gh pressure generating means for providing a high pressure to the firs,
and second fluid, the high pressure geperating 5 means been connected
-to the |njecé|on rod; Iand a drive nmeans “for supporting and driving the
injection rod to revo ve and retyact t ro r d
enbodi nent, t he THIGREIER esBF % %%ner%?]f%%ﬁr?&n]é%%geﬁae?%%h%& Br%@ﬁéi of

at least two 10 é@%%@@ #i%&@rafﬁﬂeéEE T ndtles P WM fgh éﬁ@ére

Preferably, t he" Ve neans I'S nova Its own power™ without
addi tional drive hOYEEESP PhbYidONg Heniglessrédedre Do Vene of

exanple only, with re eren e to the acconpanying 15 drawi ngs,- i n which:
Fig. 11is a SChe”Pif&t'|éﬂ§tr§é¢@ﬂdSﬂDMi@g the high pressure generating
.-_-5 : means been connected to the 1n]ect10n rod; and a drlve
means  for supporting and dr1v1ng the lnjectlon rod to

revolve and retract the injection rod.

In'_a preferred embodlment, the high pressure

'generating means generates a pressure of at 1east two
10 .hundred_ kllogram- force per square centlmetre.-
' Preferably,' the drive'means is movable under its ownf_
power wifhour additional drive means.
‘The invention will now be . described by way of
example _only,' with reference to the aocompanying"
15 drawings, in.which:
| | Fig. 1 is a schematic illustration showing one
example of a working state,-nhere the injection rod is
inserted into the ground° - ' . K~)_

Fig. 2 is a vertical cross section view showing.'
20 the top portion of the injectiOn'rod, according to the
present invention; and |
Fig. 3 is a cross sectional view taken along the
line_x - x in Fig; 2. |

A preferred embodiment of the present invention is

25  detailed in Figure 1, in which reference numeral 1



exanmpl e of .a working state, where the injection rod is inserted into the
ground; Fig. 2 is a vertical cross section view show ng 20 "the t

portion of the injecti.on rod, according to the present

preferred enbodi nent of the present invention is 25

other.as shown in Fig. 2. The.first conduit 2a is arranged in a core of the

op

i nvention; and Flg
3 is a cross sectional view taken along the line x - x in Fig. 2. A
detailed in Figure
1, in~which reference nuneral 1 - -5- denotes an injection rod which

inclugdes a first conduit 2a and a second conduit 2b, isolated from each

-|nject|on rod 1 and 5 surrounded™ With the second conduit 2b.

ffrst. conduit 2a i ted w nt gf 4N0Z
oppositely arrange é Pﬁ@?“ delﬁé?%pnegr e to%l%

R0fudds hd che

I nj eCtI on r

are

Foee Y

The

and extend radial | ¥, uitbe §3PERY é%é@&n&%&h&&i’t N3y, afééwéea he- i g5LA ON

10 -rod 1.

arranged in a core of the injeétiqn rod 1

5 _ surrounded_ with  the second COndﬁit . 2b.  The £

conduit 2a is communicated with center nozzle 3a

other as shown in Fig. 2. The first conduit 2a is

and
irst.

and

 4a which are oppositely arranged in the side wall near

the top of the injection rod 1 and extend

radially

with respect to the longitudinal axis of the injection.

10 rod 1.




As shown in Figp 3, the second conduit 2b is comunicated wth
surroundi ng nozzles 3b and 4b, havi ng annul ar ‘openi ngs whi ch surround,
respectively, the centre nozzles 3a and 4a. The injectionrod 1 is

supported by a drive.unit 5 to 5 revolve and. retract’ : t he

injection rod 1. The injection rod 1 is further connected to a first:
f eedi ng pipg. 63 and a se fee g W olnt 6, . .
Conponent F}f SO &ngﬁt’;l;ﬂt aflegj'ut{s}eqsﬁ3 Sléiﬁ%r?élwutq‘% t}hhalfsder(lj(i‘lrllrbdnJ’rﬁa 4 atd
is fed 'r“(%féﬁafédfioéﬂﬁﬁhﬁt 2 AT and 8, Havidly aherdiatg opniegsba,

and Tconponent B the 1nstant aneous har deni ng type hardening materi al
|s fed intgQuifig, %%ﬁ%%&?nc{léépe&ﬂdélryt&eleswﬂﬁé eRZ1@Didee abid 4a.
Al ternatively, . sl ow - hardeni ng type hardening naterial - per

se is fed |nto tm&efurrsjeclﬁﬁrcﬂwﬁo&a firsomdgperked by estdrifweedimig - igee 6a
and conpressed gas is fed into the second conduit 2b-fromthe second .
f eedi n§ pi peveldveTheardd r strexixdhctecond f eedi ng-hei e efe iamd 8 dr.e @renect ed

to a conpressor, ‘not shown in the drawings, to generate a ‘super hi gh

pressure fingiettisuch raas X hel20 furithstrasoanested Har defiimpt thgweling
hardening material or gas. The conpressor includes a piston, a valve
chanber, ‘cyliin®ida and & maaond ef%m iRAPemdbh&hrogght 1BasaHited g ifrtessur e
from the cylinder to the valve chanber. The pressure sensitive
menber is donposeFBRAAN e i [0haRAhg IFTRHEREOYS heFISTNY - GYRA ty

~from th in n r in
© ; t-e -harsatearl),r}.tn% e?nl'asterr}.%lden gfte%p into the first conduit 2a from -
!

- 10 the. flrst; feeding pipe 6a, 'and “component B of the
instantaheous:hardéning type hardsning maserial.is fed into
the second . cohduit. 2b from .the second feeding_pipe 6b.
AltérnatiVely,‘ a slow © - hardening type hardening
'material per se is fed into the flrst conduit 2a from the

15 first feedlng plpe 6a, and compressed gas is fed into the-
second_condult 2b from the second feedlng'plpe 6b.

'The'-first and second feeding pipes 6a and 6b are

connécted- to' a compressor, not shown in the drawings, to

- o gehérate . a super- high pressure' filuid  such as the

20 . instantaneous. hardening type hardening material or gas.

_The compressoxr includés a piston, a valvé chamber, sflinder
and a 'pxessure sensitive member for transmitting pressure
from. the cflinder to the valve chamber. The pressure
sensitive member is comﬁosed of active oil having different
25 specific gravity from the 'instantaneous hardening ﬁype_
hardsning material, and an elastic £ilm actuaﬁed by'thé

active oil. ‘The active oil is moved in response to the



hardening material, and an elastic filmactuated by the active .o0il.-
The active oil is noved in response to the -6- reci procal notion- of
the piston so that the hardening material can be introduced into the
val ve chanmber and then di scharged out of the chanber by the high pressure.
I'n this conpressor the hardening material is isolated fromthe 5 pi ston
through the. pressure sensitive menber. Therefore the hardening |

mterhal cafc s dlephargedo thpute gnergy. L ass causetl bYefbonIaghi ol

bet ween t he "prston and ardeni ng- nat e val ve:

provi ded wit | 1 et ' _ | | |
i.ft r oduced 1%5%%%?% ?ahx}ar% ;ﬂbtnmﬁg%%%nigﬁ? Fg'gge‘ﬂé%h%vﬁ%%t%%d h%l?%%n'i ng

material is 4l soherged tout heof cegidly PhiipeEasy the ﬁf&l@tﬁwﬁé@s&f@. outhet
I's provided with a val ve box whose val ve seat is sectionally formed in a
hal f spheri celhis eomssses sdiapehe haddenired veatsesial sid uiddbatédr feoh wiid a
plurality 15 of orifices in its axial direction. The valve seat’
recei ve§ a pistor terdegh ftheredressure spheitive mamge. adBpereforéor
the -valve seat. .The valve nenber is always urged toward. .the valve
seat by - a thgrikaprdeming veaterigkharanmlaplisehrraed whbkovk #nexgye
menber can pronote 20 - _to increase_ the discharging pressure.
: _ loss caused by the . friction between the piston and the
hardening material. The valve chamber is pfovided with an
~inlet through which the hardening material is introduced
(' \_/10 . into the chamber and an outlet through which the hardening
material is discharged to the feeding pipe. Each the inlet
and the outlet is provided with a valve box Whose‘valve
seat is sectionally formed in a half spherical recessed -
shape. The valve seat is further formed with a plurality
15 .;of orifices 'in its axial direction.  The valve seat
receives a valve member formed in a spherical shape.
adapting for the valve seat. The valve member is always
urged toward the valve seat by a spring. This valve
_ mechanisﬁ employing the spherical valve member can promote-
NS _ _ : _ . '
( . 20 to increase the discharging pressure.

The drive unit 5 is'preferable to be designed that
drive angle = for the injection rod 1 can be freely changed
and the drive unit 5 pér se can be moved without additional
‘drive mechanism.

.25 ~ The top of the injection rod 1 is provided with an _

. excavating member 7 and a lubricating unit 8 as shown in

Fig. 2. The lubricating unit 8 will discharge lubricant to



The drive

nmoved with
I njection

unit 8 as

to -7-

unit 5 is preferable to be designed that drive engle for the
~injection rod 1 can be freely changed and the drive unit 5 per se can be

out additional drive nechanism 25 -~ The top of the

rod.1 is provided with an excavating menber. 7 and a | ubri-cating
shown' in Fig. 2. The lubricating unit 8 will discharge |ubricant

assi st excavating work of the excavating menmber 7. Cperation

. of

t he ground as$bsti excaes hinlg aecok dbvfigthe ¢hmayateentmenbaantZon will be ~ﬁ
~described. The injectionrod | with revolving and discharging the E
| ubricant from t@pefatiombrofathegyrennd Befominpverthadwererdirouml M-
to- be reformed. ~ As the top of the injection rod 1 reaches to a

predet er mi nele pREpIent t haverbior ikl keidesrribads t@%t@}ﬂ%ﬁ%r@%g
The conponent. .| A of the, hardenlng material is fed at a super qh 10

pressure

A and B ar
and 4b 15

( 10

iht vithe FeyQIviRgdard Zafi‘a?ﬂ‘i“?ﬂal%n"dtﬁe]d{ HaGnt

e %&xﬁﬁé&d 0“%‘@9’1 op Eﬁ‘{ 1@14@:9} ‘f : che%’j1 tc?ba 4a -

the ‘injec rod ane revol vi ng.
predetermined depth, the lubricating unit 8 closes to stop

- discharging. - The . component A of the

hardening material is fed at a super high

pressure into the first conduit 2a and the component B of

the: instantaneous hardening type hardening material (or

gas) is fed at a _super high pressure into the second

15

.20

25

conduit ~ 2b. Both the components A and B are injected

outwardly from the - injection noZzles: 3a, 3b, 4a and 4b

~ while the -injection rod 1 is moved back with revolving.

According to this revolving injection, the components A and
B are completely mixed and then an essentially cylindrical
‘hard layer S in the ground M has been generated.

Experiment in sand having N-value 15 to 20 resulted in

“an excellent reforming effect;- that is, the cylindrical

hard layer'haVing ailarge diameter of 3m 70cm wes obtained

.under- conditions; injection . pressure of 400 ké f/cm 2,
injection rate of 100 zlnin,'revolving speed of 8 r,p.m;
and back-moving speed of 2cm/min.

As . explained-- _ ahove,- the ground reforming

device - o _ - can inject the

instantaneous hardening type hardening material at a super

a

t har d har d t
cuper ohn ot Srr DEERRS Mt {0 seni%nﬁﬁ‘%g TS (°rr§qﬂ$ tr{xs Sﬁ)onents

*



According to this revolving injection, the conponents A and B are
conpletely m xed and then an essentially cylindrical hard layer Sin the
ground M has been generated. Experinment in sand having N-value 15 to 20
resulted in 20 an excellent reformng effect; that is, the
cylindrical hard |ayer havin | ar,ge ,di aneter of_3m 70cm was obt.ai ned

- undep-condit?&ﬁ ;PF§F88fFo%%§r§§ng mof°ﬁ08°ﬁ§ff/%%$2t€%j%é§i%ﬂ??Eﬁ(a of 100
[errddmin, reyoLying,3ReRdaRlofer nBe Bl 800 PASK MINALG:RPSRA OLs 2o M 0. 25
As expl ai ned above, e ground " reform ng device

can inject t i nst apt,aneou : ] type rdening material at a super
-8- hi gh g?gssureﬂgoo kgéy?%%?%@%?ﬂ%nre'aQ%e two conponents of the

i nst ant aneousnh&pgRMyNImi ¥BE hamaeRiBgelPt epbBbréaNapplidLtion . to the
sufficiently and uniformy mxed imediately before application to
the 5 ProugdovhihetithbackbhbrWEngwhgl eakagekagén the ehidestianchavdien
conpressed gas such as air is injected fromone injection nozzle,

har deni ng matbenal compeeseddf r gast hsuohheas naizl eisanibmesiidshmun tane -
great  distance. Further bubbles wll generate by mxing the  hardening
liquid 10 #afefrkapn andzzéempr esshardaning Theser bbbl vieaied fHurerthe

‘other nozzle.can be splashed to a great distance. Further

bubbles - will genérate“.by. mixing the hardening liquid -

.iOi material and compressed gas. These bubbles will generate
\/ dynamic rupture effect by breaking these bubbles so that
greater area will be hardened into a high density

cvlindrical hard layet by ruptured hardening material. The
cvlindrical hard lafer may be formed in any configuration

15  such as parallel arrangement or alignment as required.

e Lt e AR W e




dynamic rupture effect - by breaking these bubbl es so t hat greate}, _area .

“will be hardened into a high density cylindrical hard-layer by
Tuptured hardening material. The cylindrical hard | ayer nay be forned |n
.any configuration 15 such as parallel arrangenent or alignment as-
“required. -9- - 10 - An exanple of a two conponent I nst ant aneous
- hardening material is as follows: A conponent (5001) DENKA -ES 100KG A
. DENKA-ES SETTER 2 to 4Kg, Water to make 5001 5 . B conponent s .

(5001) Portland Cenent 400Kg, Vater tqQ make 5001 (* "DENKA" is a registered-
trade mark) When wusing instantanéo “hardening material a nunber of
precautionary neasures would be taken. It 10 woul d be normal to check *
the ambient tenperature. and to . adjust the mxing ratio of the hardening

material accordingl ﬁn%gagﬁ%e LRPEr atire he 091 el thy s%%gécl e cuer &

abouts to avoid pre ning. Also to v0| nozz age it

woul d be wusual rdé%l.% matd¥igh lilehs &Qﬂlo@%rdenlng mat eri al conponents
u3|ng a nesh mnt openirigs that are snal er than the nozzle

A component (5001 DENKA ~ES 100KG, DENKA-ES.
SETTER 2 to 4Kg, Wwater to make 5001

5 . _ B coméonent (5001) Poftlahd Cement 400Kg, Water
| to make 5001 | | |

(* “DENKA" is a registeréd7trad¢ mark) o K_)

When ﬁéing  instantépeous: hardeniﬁg maferial'-a

number of précautionary'measures would be taken. It

10'-: would be normal to check the ambient tempefature and

to. adjust the mixing ratio of the hardening material

accordingly'shou1d the temperature be higher than 28°c
or there- abouts to avéid premature hardening. .Alsb
to avoid nozzle blockagé it~.wou1d be usual td
15 prefilter the hardening material compbnénts using a
mesh with openingé that are smaller than the nozzle
diameters.  Typicélly such diametérs range between 1.8
mm and 3.2 mm. Since strong acid water and soil
prevent . satisfactory hardeniné ~of the hardening
20 matefiél, the PH value of the soil that is to be
treated and of tlke water that is to be mixed in the
preparation of the A and B componehts should also Q?

checked. After working, the inside of the injection



dianeters. Typi cal ly such dianmeters range between 1.8 mm and 3.2 mm
Since strong acid water and soil prevent sati sfactory har deni ng

~of the hardening 20 material, the PH value of the soil that s
to be treated and of the water that is to be mxed in the preparation
of the A and B conponents should also be checked. After working, the
.inside of the injection rod and all connective hoses etc should be
sub*ected to a high pressure water washing for at least a ten mnute
period and the nozzle section should be dismantled and al so washed
.thoroughly. 5 "TOUGH LOCK- manuf actured by Sum tono Cenent

*Conpany for harde rial
fo;mt hg nodi fi eé@g@ %(l)dr%%sc%% %%?Ség.'eetaiﬁ cu adr %%ppr%%%%&

i nst ant aneous 1Go a ha}if’%ﬁ‘ e dB L I ted ﬁwaé}f‘ir{g{‘efckpré*?”l ©fa NSt and

wat er | aden soils. In s soils slower hardenlng ype nater s have a
tendency to di speirferé N séiodatéfd HHd Omozd e et ngsho@ml B €

general |y inappropriate. 15 Conversely in well drained soils,
- sandy soils and dimdntkhed Araiver 1 At ﬁnmdgaﬂgem ng material
5 "TOUGH LOCK-3" manufactured by Sumi tomo Cement

Company for example may be used as the slower

hardenlng material for the modlfled method described

Y, ‘above. | | | |
- A particular application of instantaneous
10 "hardening material is in the'hafdening of moist and
. water laden soilsw In such soila slower 'hardening
type materials' have a tendency to disperse in soil
water -3pfior to hardening and are generally
inappropriate.

15 Conversaly in well drained soils, sandy soils and
the like, slower hardening type hardening material
may be used. An advantage"of the modified method

Y/ o described above is that the hardéning material is

spread widely around fhé injection nozzle.

20 p ) It will. be apparent.from the fOregoing_thaﬁ the
ground refdrming device described can be used to treat
a wide variéty-of soil conditions e.g. moist -and water
laden soils, organic soils, acid _soils etc with
either instantaneous ‘or slower hardening Eypg

25 . hardering materials as appropriate.



dhay be used. An advantage of the nodified nethod descrlbed above is-
that ‘the hardening material 1is spread w de

nozzle. 20 It wll be apparent fromth the :
~ground reformng device described can be used to ﬁl ﬁﬂﬂm !“ety of
'soil conditions e.g. noist and water | aden 50|Is - acid

soils etc wth either I nst ant aneous slomer hardening type. 25" .

hardening materials as appropri ate. - 12 - CLAIMS 1. A ground reformﬁm!
-met hod, conprising (a) inserting an iRAjeggtion rod into ground to be 5
reforned wherein said injection rod includes a first conduit and a second
conduit, a first injection nozzle com@bAtMSable wth the first conduit
and a second injection nozzle sur roundi ng t he first nozzl e B :
. comuni catable wth the second conduit, said first 10 nozzl e and
sai-d second ‘nozzl e arranglng in pairs_ with the jnjection made oppositely;
(b) individually feedi hg fArgroynd §6§9ﬁ@1¥9uﬂﬂthﬁ@o Fﬂ@PF%?Sﬁgand second

condU|ts of the_ i njection rod, and
(a) 1nsert1ng an 1njectlon ‘rod 1nto ground to Dbe

'S - reformed, wherein said injection rod includes a first
cohduit and a Second_conduit,-a first iﬁjectidn'nozzle
communicatable with the first oonduit and a second
injéction nozzle surrounding the flrst nozzle

_communicatéb1e with the second condult, said first

10 | nozzie_and said socond-nozzle.arranging in pairs . with.
the iujection madé oppositely;

(b). individuolly feeding first and second fluid-
into the first and second conduits of the iujection
rod;.and' |

15 (¢) 1injecting the first and second fluid at high .
pressure through the first and second nozzles while

retracting and revolving the injection rod.

2. A ground reforming.method according to claim

20 -1, wherein_ said -first and second fluids are,
-respectively, thé. first_.and second components of an
instantaneous type hardening maﬁerial, oomposed of two

'separate,liquids.



15 -(c) injecting the first and second fluid at high pressure
“through the first and second nozzles while retracting and revotving the
.injection rod. 2. A ground reform ng net hod accordl
wherein said first and second fluids are, res ll ﬂ"mnlﬂ |!|
first and second conponents of an instantaneous type hardening
Qonposed of two separate |iquids. - 13 - 3. A ground reformng nethod
acc&Ldlng to claimi, wherein the first and second fluids forma sl ow
hardeni ng type hardening material and gre conposed -of a liquid and a
‘conpressed gas. 5 4. A ground reform ng device, conprising an injection rod
Raving a first -condy! A Ryula Wifdimidg fidifod |a'tf5':'c‘$fd§.nfgeeclt_%pl B1dih 2
"second conduit through which a second f|UIg I's feed

“i'njection neans agMUuRilcAieihl € the tElr@hEahHr%bc%@ﬂﬂ&&hads”&U%ﬁ Bgsﬁoﬁa'r
~of first injection nozzles oppositely arranged in a side wall of

i nj ection rod neaharddring dypea havelenithg mmua@haanamaaa&eceamyab@atabke
mnth t he

a liquid and a compressed_gas.

4. A ground reforming deViée, comprising
-an injection rod having a first conduit through
which a first fluid is feedable and a second condult
through whlch a second fluid is feedable;
10 - a first injection means communicatablé with the
| first condﬁit, including a pair of first injection
nozzles oppositelj arranged in a side wall of the
injectgcn rod near to its top; -
a second injection meaﬁs communicatable with the
15 second conduit, wherein said second injeétion means
includes. a pair of second | injection nozzles
surroundingly arranged around respective . first
Y injection nozzles;
a high  pressure generating means for providing a
20 - high pressure to the first and second fluid, the high
‘pressure generating means been .connected to the
injection rod; and
a driVe meéns for supporting and 'driéing the
injection;-rod .to fevoive and.retract_said injectidh

25 rod.



15 second conduif, wherein said second ihjection_—neaﬁs—fncrud—"' a

€es

. pair. of ° second I njection nozzles surroundingly arr newynd

respective first injection nozzles; a high pressure H Wﬂiﬂl“ﬂ%‘\mf or

providing a 20 hi gh .pressure to the first and seco 10 P I'gh

pressure - generating. neans been connected to the injection rod; and a
drive means for supporting and driving the injection rod to revolve and ., -
"retract said injection 25 r od. - 14 - 5. A ground refornng devisgs
according to claim4, wherein the ~first and second fluids are,
respectively, the first and second ctokflonents of an instantaneous type
har deni ng material- conposed of two 5 . separate i uigs. 6., A 9 ound’
ref ormi ng devi ce accoPdi n§ 9rgund| gpfpaming, HeVLIFR acgﬂE ing; &P ;ﬁ&m

. second fluids are, rgﬁggggéxglghgslo¥%2§égegé§g t¥ggoh8rd%5hggs,ngggnia|s 

10 conposed oftra I onp ol ground ref or m'ng

Qv o pecording 1Q.3ake el Ehd erle WRE' BbBohH° BoABoRERTSU"8f an
' | instantaneous type hardening matérial composed of two-

5. ' separate liquids.

6. A ground reforming device according to claim
4, - wherein the first _and second fluids are,' k_)
respéctively, slow hardening fype hardening materia15'5

10 composed of a liquid and a compressed gas.

7. A ground reforming device according to any of
claim 4 to 6, wherein the ~high pressure generating
"means generates a high pressure of at ‘least two

| 15 . hundred kilogram force per square centimetre.

‘8. A éround refd:ming déVice.accordihg to any of
claim 4 to 7, wherein the'drive.meanslis movable'under
ité own'pdwér without additional driving means.

20 |
| 9. A ground _reforming method when performed |
substantially aé described hereinbefofe with reference

to the accompanying drawings.



means gener.ates a high pressure of at least two 15 hundr ed kil ogram
force per square centinetre. 8. A ground reform ng devi i

of claim4 to 7, wherein the drive nmeans is novabl e under i ower a
wi thout additional driving means. 20 9. A ground refﬂwwﬂm ' u _
when performed substantially as described herei nbefore ¢

the acconpanyi ng draw ngs. - 15 - 10. A ground reformng devi ce
cang&ﬂcted, adapted and arranged to perform substantially as described
hereinbefore with reference to and as -shloswn in the acconpanyi ng draw ngs.

i

10. A ground reforming device constructed,
adapted and arranged ‘to perform substantially as
described hereinbefore with reference to and as shown

in the accompanying drawings.




