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1 2227337 *GROUND tHARDENL. NG MATERI AL | NJECTCR AND
GROUND HARDENI NG METHOD BACKGROUND 'OF THE I NVENTI ON 1. Field of the

| nvention 5 The present invention generally relates to anSDdEE§¥Bq(>35;
adapted for injecting ground hardeni ng terial in order to inprove soit
ground and prepare foundation. of building site. It also relates to a

nmet hod of ground hardening. 2. Description of the Prior Art 10 S
Conventi onal t BRBEN] TERZAE ECTOR AND AFROUND HARDENTNGy v e beer(_"}'é_"

provi ded as =L () shows the ol dest type X
I njector which can inject only ground hardening material; and.(B) shows a

second old_t Lhj.ector which injects ground hardeni ng 15 mat eri al

W th effusing%ﬁ%@@ﬂ-@&ﬂﬁeﬁm But the type (B) could not

over conme sone gefect S at_in recent years a type (C injector provided
Wi th two .injec Tolﬁl?l (%z?gs{:ﬁ sIﬁgsﬂgﬂiPB'adl y used. Its upper injection

nozzl e ingects watep,@ rg@éntfiﬂﬂ**‘?#@‘é@%ﬁ%’%ﬁﬁl | QR NEAl & 20n i .z%%eé

only ground hardenin materi a upper 1 njectiron n

can inject adaFO8R" £SFE§n YBELE nfO0gRolh@ahatHadhaRCe ik &A1 11 JAfer to
around the water so that the conprésSed water can forcibly discharge liquid

sl udge towar dsihfeo@& OUBIEEUr §B68nd Thhaad! | pedarlcudgR BB Widl Beilding

effect has been known as "air lift effect”".. On the other hand, the |ower
i nj ecti on nozzérteloe¥t radsoingletés gasa adthod of ground hardening. '

2. Description of the Prior Aft

(” 10 Conventionally, various ground hardening material

injectors have been provided as shown in Fig. 8. 'In the

drawing, (A) shows the oldest type injector which can

inject only ground -hérdening"matefial; and (B) shows a

second _ old type injector.which'inﬁects éround hardening

15 material with effusing compressed gas such 'as air. . But the

type (B) could not overcome some defects; so that in recent

years a type (C) injector provided with two injection

nozzles has been broadly used. 'Its upper injection nozzle

(_ - injects water and gas, and its lower injection nozzle ﬁ
20 injects only ground hardening material. In detail, the
upper injection nozzle can inject ‘compressed water to a

great distance by effusing gas around the water so that the
compressed water can forcibly discharge _liquid sludge
towards the grouné surface. This liquid sludge discharging
25 effect has been known as "air lift effect"”. On the other
hand, the 1lower injection nozzle does not inject gas and

thus such air lift effect owing to cavitation by



thus such air 1ift effect:® pwingt t¢ cavitation by ef f usi ng
gas can not be generat ed. Accordt ngly;. .the groound hardening materi al
injected fromthe | ower:-injection nozzle will be substituted for only the

| iquid sludge renoved by the air lift effect by the 5 upper injection
nozzl e. This nmeans that the ground hardening material will not reach to
required far distance and may flow upwardly to ground surface. This type
(C© . has provided poor displacenent ratio; 1/2 or less, fromground to the
gr ouny,rar deni ng 10 material . BRI EF SUMVARY OF | NVENTI ON The present
invention is intended as a solution to 2he 15 probl ens aforesaid. In
accordance wth a first aspect of the invention there is provided a ground
har deni ng mat eri aleffmstigrgasngan snoty: b Generafets | orAqgreeliregldy a nde t or
connected to the lower end of said injection pipe, said nonitor including
an upper injectiorgyeuand AsardeningpovatPrinl heinjeftedalfromf thelpwer

moni tor further | ) . . :
. o injection nozzle will be substituted for only the

liquid sludge removed by the air lift effect by the

'5 upper injection nozzle. This means that the ground
hardening_'material will not reach fo required far

distance'aﬁd may flow _upwérdly to ground éﬁrface.

W : This type (C) has provided poor displacement ratio;
: 1/2 or less, from ground to the grbund hardening

10 o maﬁerial.

BRIEF SUMMARY OF INVENTION

The present invention is intended as a solution to the

15 ~ problems aforesaid.

In accordance with a first aspect of the invention
there is provided a gfound hardening material injeétor
'comprising:

20

an injection pipe; and

a monitor connected to the lower end of said injection
pipe, said monitor including an upper injection means

25 disposed in the side wall of said monitor further



i njecting conpressed gas, amdtaclomer :njectloh means dlsposed in the
side wall of said nmoniton® ftrther. i:nclwdi‘ng an inner injection
nozzle for injecting conpressed ground hardening material and an

outer injection nozzle for injecting conpressed gas. The injector
~aforesaid may conprise a pressure 10 adjusting nmeans to control
‘the injection pressure of conpressed gas. between the upper injection means
and the | ower |nject|on means. Accopding to a second aspect of the

iinvention there is 15 provi ded met hod ‘of injecting ground hhﬁ .
.. hardening nateri al wherein bot h har deni ng mat eri al and conpressed:
gas are injected into ground whilst both |iquid and conpressed gas are o

Injected into grmeisbinmgredimt elnndheriapjEmnteion?0 ridz41se anta vian) egeins

feature of the invention that the injection range of ground hardening -

mat er'i al can be:caupm&ﬂdb\sgqmcﬂt&mi arcliuhesd hinjesrtiomnhczzibge Sen be

dlsplaced more efficiently. 25 5 10 '

Conpr essed | i quingiecting compressed gas, and a lower injection means
disposed in the side wall of said monitor further

5 incluaing an inner injection ~nozzle fpr-injecting 

compressed ground hardening material and an outer

injéction nozzle for injecting compressed gas.

The injector aforesaid may comprise a pressure
10 adjusting means to control the injection pressure of
compressed gas between the upper iniection means and

‘the lower injection means.

According to a second aspeCt of the invention there is

15 providéd a method of injecting ground hardening
material wherein both hardening material and
 compressed-gas are injected into ground whilst both
liquid and compressed gas  are‘injected into ground
'immediately thereabove.

20 |

"It is an advantageous feature of the invention that
the injection.range of ground ha;dening material can
be extended beyond that achieved hitherto and sludge
can be displéced more efficiently.

25



such as wat er |njected fron1the |nhér |nje€t|onnnozzle of the upper-
injection means'is envel oped by'Conpressed gas'injected fromthe outer

i njection nozzle of the upper injection neans, and conpressed ground
hardeni ng material 15 injected from the inner injection nozzle of
the lower injection- neans is also enveloped by conpressed gas
injected fromthe outer injection nozzlbfof the lower injection neans.
Sffudge in the ground is broken and displaced out of the ground surface
by thg cenpressed water 20 ~with conpressed gas injected fromthe upper
injection means and then the ground hardening material with conpressed
gas |njected fromthe | ower injection nmeans can spread into the
substantially cylindrical space caused by displacing the sludge. The
ground hardening: material can broadly and 25 effectively penetrate
i'nto -even narrow space far fromthe injector owng to. the conpressed
gas -envel oping the hardening material. The pressure of the

conpr esse® gas 5 injected from the upper and Ilower injection neans
are adjusted so as to achieve the sludge renoving operation and the ground
har deni ng operation. 5 10 BRI EF DESCRI PTI ON OF THE DRAW NG

\./_ 10 : | : Compressed liquid
such as water injected from the inner injection nozzle of
the .upper injection means is enveloped by compressed gas

~injected from .the outer injecfion_ nozzle of the upper
injection means,-'and'compressed ground hardening material -

15 injected from the inner injection nozzle of the lower
.injection means is also enveloped by. compressed gas
injected 'from' the outer injection nozzle. of the lower
injection means. - Sludge in the ground is broken and’
displaced out of the'ground surface by the compressed water

20 ﬁith compressed gas injected from the upper injection means
and then the ground hardening material with compressed gas
injected from the lower injection'means can spread into the
substentially cylindrical space caused by displacing the
sludge. - The ground hardening material can broadly and'

25  effectively penetrate into even narrow space far from the
injector owihg to the compressed gas enveloping the

hardening material. The pressure of the compressed gas



Fig. 1 is a schemtic |IIustrattan shomnng oﬁe exanple of injecting state

of a first enmbodi nent of the& §r'ound.hardening* material injector
according to the present 15 invention; Fig. 2 is a vertical cross
sectional view show ng the sw vel jOE;t connected to t he ground

hardening material injector according to the present invention;, Fig. 3 is

a vertical cross sectional view showng the 200 nmonitor of a first -
enbodi nent ingfectdie diraund thar debper Naind | dowedl edimdjeAiont ddihd aaddhe ¢
present invention; Fig. 4 is a vertical cross sectional V|eM/shomnngath'
i njection a;ﬁjp@taﬁ sa #s droo wmh ileaed drhien g Ivstger iradmavijrer tape rstchom iandE7g.

1, 25 _ Fig. 5 is across sectional viewtaken along the line X-X- -~ -«
of Fig. &he greNndyhandenimshiogrgratgionthe injector according to ‘the

pr esent i nvention; . Fig. 6 is a schematic illustration -show ng one

.exanpl e of wor ki ng state of the ground hardening material injector

~associ ated with assistant devices; Fig. 7 is a schematic :
illustPation showing an 5 . injection state of a second. enbodlnent

of the ground hardening material injector; and Fig. - 8 are schemati c

illustrations 'showi ng conventional injectors aligned in hlstrorlcal
order. :

o - | - o

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a schematic illustration showing oné-example
_ of _injectihg state of a first-emﬁodiment of_the:ground
hardéning _material ihjector according to the ‘present
15  invention; |
Fig. 2 is a vertical cross séctional vieW-showihg the
swivel joint connected to the grOﬁnd hardening material
injector according to the present invention;- S - :
™ - Fig. 3 is a vertical cross sectional view showing the R
20 monitqr- of .a first 'embodimeht, of the grquhd hardehing ~
m@terial_injecﬁor accbrding to the pfesent-invéntion;
Fig. 4 is a vertical cross sectlonal view show1ng the
injection pipe of the ground hardenlng material 1njector
.shown in Fig. 1;
25 . - Fig. 5 is a cross éectional view taken along the line
X-X' of Fig. 3, showing the monitor of the injector

according to the present invention;



10 - DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A preferred :
-enbodi nent of the present invention will be explained in conjunction with
the acconpanying drawi ngs. Fig. 1 shows @ageneral view of a first

enbodi ment of a ground hardening mater¥€al injector, wherein the reference
15 - nuneral 3 denotes a nonitor including an upper injection nmeans 15
and a |lower injection neans The upper injection neans 15 is

16.
desi d to ] _high_pr. - t.hrough '
nﬁi'zﬁ,gi,a;g Super Fidn pr aeed sonaneRif Sdafeskesion, SREDING cOm ARy Le
ondi ‘ N I Al I Lnjectron, 16
s dosigned 95 WeEkipd Basd % fpe ortulR hifaeRiRl hihERRHT AMIE RS

mat eri al thrQHQBCQEFEﬁn%&tﬁoéﬁkgs@Q tSHQ@EcQEQh pressure gas through.an

outer nozzle coaxially sorrounding the 1nner nozzle. The nonitor 3.s

connected to a swiygh 25 7 joiBt 4 tBeALABLaB I AieekitPALtRbAE LhoREnghown i N
Fig. 6. Fig.. 2 shows one exanple of triple tube swvel joint 4 adapted for
the presest i Augatik@Bn TBEatel pb& t@bessvbral embpdifbntd ofNCkHde§raund
stationary.swivel body 10 to which t injection pipe 1.is
pi vot abl y. conhaetedinhbhr magbrdalleinfje¢tor; &ha stationary sw vel body 10
includes a first intake joint A, a second intake joint B and a third
intake joint 5 CFig. Thé& i npeeti oscpepatici nchitdestaatérner nabhpwpeg
menber 13a, an internedi ate pi pe menber 13b and .a core pipe nenber

' conventional injectors aligned in histrorical order.

\.J_ 10 DETAILED DESCRIPTION OF _THE-PﬁEFERRED EMBODIMENT.

o A preferred embodiment of the present invention wiil_
bé explained in COnjunétion with the accompanying drawinés.

_Fig.'l shows a-general'view of a first embodiment of a

ground hardening matérial injector, whérein the referénce
- 15 .numeral 3 denotes a monitor including an upper injéction'
means 15 and a. iower injéction means 16. The upper

injection 'means 15 is designed so as to injedt super high

_ pressure water through an inner nozzle and super high

s : pressure .gas through an outer nozzle coaxially surrounding
20 the inner nozzle. = Also the lower injection means 16 is
designed 50' as to inject sﬁper high pressure ground

hardening méferial through an inner nozzle and super high

preséure gas through_an'outer nozzle coaxially sorrounding

the inner nozzle. The monitor 3 is connected to a swivel

25 joint 4 through an injection pipe 1, as shown in Fig.HG.
Fig. 2 shows one exémple of'triple tube swivel joint 4

adapted for the present invention. The triple tube swivel



13c which
“first con
core pipe

-2 second con

nmenber 13b
“high pres
the third

are coaxially arranged. - The core pi pe nenbér 13c defines' a -

duit la for high pressure ground hardening nmaterial,
menber 13c. and the 10 i nt ermedi at e pi pe. nenber 13c def
duit I'b for high pressure \water, and the internediate pipe
and the external pipe nenber 13a define a third conduit 1c
sure gas. The first:conduit la, the second conduit |b an
conduit 1c. are respectively 15 - communicated with ‘the.

t he
i ne a

for"

d

-

first |ntgbentjomnt1Ac1hhessecemdtunmakg jswiifvie 1Bbads fifoe tichiwhd I e,
joint C. Fig. 3 shows ‘the structure of the nonitor 3 which includ
an ext er nahjpcpéonenpépe3al as pivertabdyatenpeptede theoughb a m@mrrmg-oére
r 3c which are coaxially 20 arranged. The core pipe menbér- 3c

“pi pe. menbe
defines a
" core pipe
condui t
3b and_t he
pressuFe g
conduit 22
noni t or

filrst Fbedetetionpgy ﬁmgwegrbgdwréognoaﬂudharaeﬁlmgunmnyaka
menber 3c and the internedi ate pi pe nenber 3b define a secon

€

t he
d

210ipgr Ani A SﬁP@§§u#§taﬁﬁtéPlnta dangha thigdndgitake piogatmenber

ext er nal define a third condU|t 22 for

5
Gs. THRESS BPSFCE&H&U Pthezg ipgdudes, ﬁ& EFHEERR 12 Piged Membeth
d f t t ak t
21300 ahoRRER AL ke O DTRULARLET Mok bA° Al LR BLPE Bebber,

R e A3 PHERY EY, BOsh i fY° o3RAGRES FneTUBrel BB neBE" 1960
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deflnes a flrst_'condult. la for. hlgh pressure_ ground

hardening meterial, the core pipe member 13c and the

intermediate_pipe member 13c define a second eonduitﬂlb fdf'f

high pressure water, and the'intermediate pipe member 13b
and the external pibe member 13a define a third conduit lc

for high pressure gas. The first conduit la, the second

hi gh.
ird

|nts

conduit 1b " and the  third conduit lc_ are respectlvely

communicated with the first intake jOlnt A, the secondr

" intake joint B and the third intake joint C.

Fig. 3 shows the structure of the monitor 3 whlch

'includes an 'external pipe member 3a, an’ 1ntermed1ate pipe

N member 3b and a core pipe member 3c which are coax1ally

20

- arranged. The core pipe member 3c defines a first conduit

20 for high- pressure ground hardening material, the core

25

pipe'member 3c and the intermediate pipe member 3b define a
second conduit 21 for high pressure water, and the
intermediate pipe member 3b and the exterhal'pipe_member 3a

define a third conduit 22 for high pressure gas. The first

" conduit 20, the second conduit 21 and the third conduit 22

are respectively communicated with the first intake joint

v

*



are respectively .connected to feed pipes 8 through which 5 hi gh
pressure ‘ground hardening naterial, high pressure water and high
pressure gas are fed froma conpressor unit 6 into the first conduit |a,
the second conduit Ib and the third condujit 1c respectively. An operation’
of the ground hardening material injector 0.  according to the present

i nvention wll be described. The nonitor 3 of the injector is inserted into
a guide hole 7 formed in the ground to be treated by the drive -
.appar at us. -mEnitter nohi tilve Sinjeadtien tpdpehd Bord dieofswivelgdiadat Holagers,
the high pressure ground hardening material, 15 hi gh pressure watér and
hi gh pressur e Vgt igad ke d ganaatas @mﬁorsemrtaﬂnhy a6 driitep apAfr Fhusst2 .-
conduit 20, the second conduit 21 and the  third conduit 6 22 of .the

e £ st ocom st hr SarULLs La ] e o 2e - e W‘ﬁ?f“-

Elypt(:ahé d;?spe(ﬁﬁe\/efusjeffeﬁ_?_’het}i’u rﬁﬂﬂntec?r o | st:r %Z’a dv@d'pzfﬁdq ?Fé’d‘qypwg’r’ﬁ%h

or essur e ;%Q g?iiz:efﬁpzes'& FRRGR ool i M %P ]%
E{iﬂ%&ﬁ éixteistsgxd:% S}OL%%%QO%Jd £ 20 co We

gas - makes the water | fted upwardly mnng to |ts

ITIh fe tn ing effectg sgddatnardiddicicin@nacad,s ﬂﬁ‘@é&ﬁf& afdwﬁﬁ hey i e 3

“third conduit lc respectively.
An operation of the ground hardening materiéi injectoxr
16' according'to the preéent iﬁvéntion will be described. |
The.monitor 3 of the injector is inserted into a guide
hole 7 formed in.”the ground to be treated by the drivé
apparatus. As the monitor 3 reaches to the bottom of the
guide- hole 7, the high pressure ground hardening material,
15' hlgh pressure water and high pressure gas are fed from the
compressor unlt 6 into the first conduit 20, the second
.conduit 21 and the third: conduif .22 of the monitor 3
through- the intake joints A, B énd C of the swivel joint 4
and the first,.sernd and third conduits la, lb-and.lc of
20 thé injection pipe 1, respectively. Then the monitor 3 is
‘revolved and lifted upwardly by the dfive apparatus 2. The
upper injection means 15 injectS'super high préssure water
envelopped with high'pressure gas sucﬁ as air to break the
surrounding sludge and remove it to a sludge pool. The
25 high pfessure gas makes the water and the sludge to be
lifted upwardly owing ﬁo its 1lifting effect, so that

artificial space 1is generated around the monitor 3. Then

\..?.



e

e

A, -the second intake joint B and the third intake joint C through the
first conduit la, the second conduit |Ib and the third conduit 1c of the
injection pipe 1. The nonitor 3 further includes the upper injection 5
means - 15 and .the lower injection%nmeans 16 which are arranged .in

t he opposite side wall of the nonitor 3. The upper injection neans 15

i ncludes an inner injection nozzle 15a comunicated ~with the second
conduit 21 . and an outer injection nozzle 15b . communicated with the third
copgfiit 18, 2Re sebbnd inhltekkeoyednitnpeeandorheeatd ri6 intekedgdian ionner
i nfection.nozzle 16a comunicated with the first conduit 20 and an ..outer

i nj ecti onthronghe théb fiwsturiondudd Wiat, h thiee selciond comdauiitt 1b22nd FEihg 5
shows a cross sectional view of the upper injection means 15 (the | ower

i nj ecti onthdadscopduitellc Phethgpgajecitipacride deans 15 and the | ower
injection means. 16 are = oppositel arranged because the injection force
will symmretiic&Pry Eﬁﬁﬂ&oaur'ngfﬂ6ﬁﬁﬁﬁg dngladesh&hepuppeyr dnjectipa
conpr essed as_in'ecte%,fr mthe 20 ‘'.upper ., injection _neans 15 and the

| over 5i nj BEEPSn mmRand”ts Ggﬁ b&OMRdepéRdERtIPTad"GeRsd B v¥hjchy atRe

nozzl e di aneter rki ng

h f e 1y, h | d d
conditionaEEEHgggth§%§g§§§ 8PPP%§%§r8§ﬁ8 %SﬁﬁgggfzﬁégﬁPnﬁgﬁ% éﬁo?ﬁggground

condi ¢ 8 naPdndlE 8PEERETE: & r tiesor
on. Fi'g. BPERE, dfinottbiheds"1s, EaaRl, BRC ARSI RER iR d”

on. Fig.: \ _ . . _
ground hasdeniBgmufBtated wilheCtlk secohd®conduit 21 and an outer

W, " injection -nozzle 1Sb communicated with the third conduit
10 22. Alsd the lower injection means.16'inc1udes én inner :
injectidn:nozzle 16a communicated with thé first conduit 20
aﬁd ~an outer injection nozzle 16b communicated Witﬁ the
thifd conduit. 22. _Fig. 5 shoﬁé'a cross_sectional view of -
thé upper injection means 15 (the ioWer.injection means
. 6. : _ _
The upper inﬁection'means 15 and the lower injection
meéns' 16 are oppositely érranged because the injection

force will symmetrically apply during working state.

\/ The pre5suré of the compressed gas injected from the

20 ‘upper injection means 15 and the lower injection means 16
can ' be independently adjusted byl vérying_ the nozzle'
~ diameter thereof. | Generally, the pressure depends on.
working cOndition such as hardness of the ground to be
" treated, kind of the ground.hardening materiél;_injection

25 rate of the hardening material, and so on.
Fig. 6 shows an example of working state of_the above

constituted ground hardening material injector. The



the . ground hardening material injected at a super pressure from the
lower .injection neans 16.is easily and broadly spread to achi eve ground
‘hardening treatnent. Conventionally, thejiifted sludge and water have been
5% pressed by a- packer to return into the ground or remained on the
ground surface wi thout any treatnent. This causes the sludge. density in
"the ground be higher and makes the injection efficiency of the ground
ardeni ng material - oor. In order to overcone this deffect, the lifted
. sludye10. - ErR mﬁ%@#n tl@a@@emm ma teigba bobih jected puki 4 | swber spodesuby a
punp 50 as sgrmn in Fig, 6, so that the ground hardening material wll be
' nj ected nor %erE??ve*?W%ﬁd %%h%c$+?m|r@P%E%sl@yl%ﬁ34$kﬂgrﬁmﬁmbrﬁa@bmlng

material wl| - ncrea e Thi s nd hardening system can form a
cylindri cal %?16 ‘éi 4e ac ?%%n%?‘?%%ga%‘ie%“?%rfﬁ%m@%hort time. Since

Shown T n Fig. 4 SRR LT R TR S vl e R e ek ™
vari ed g\ T G5ANNS { g oy YROKLAGo By m@rémee;qéoh%nagct'On,g§e 1

is not 20 . C|rcular Cross ~'section

pol ygonal s&}apethéucgmﬁa@eg\i@ﬁwl aﬁe ém.%%, iﬁ% gﬁ
response to wor ki ng condi tion. Fig. Wf{h ows second enbodi ient erein a
noni tor 3 i ngleldas] wlyeUxdensady i m@cﬂn@rgmas B8 HiyraddidiPhdiefrthe

1n3ect10n efficiency of the ground hardening material be
poor. In 6rder to overcome this déffect, the lifted sludge
10H and water stored in a sludge pool 5 is p§sitively'sucked by
'.a pump 50 as shown in Fig. 6, so that the ground hardening.
material will be injécted more effectively and thus filling
density of.the ground hardening material will be increased.
This' ground hardéning system can form a cylindriéal ground
16  hardened layer at a remarkably short'timé.

Since the injection pipe 1 can be threadingly eﬁgaged
with.an extension éipe as shéwn in Fig. 4, the total length
of the.injéction piée 1l can be freely varied in response to

Kv/ - the working depth. 'Further the injection pipe 1 is hot
20' limited - to a «circular cross sectional shape, .but any’
pélygonal shape such as péhtagonal 6i octagonal shape may

be used.in fesponse to working céndition..
Fig. 7 shows a éeéond embodiment wherein a monitor 3
includes ah auxiliary injection méans 18 in addition to an
- .25 upper injection .meéns 15 and a lower injéction means 16.
| This aﬁxiliary injection means 18 is designed so as to

inject only the super high pressure ground hardening



l-a. pluarity X1 q i i | #ﬁ%ﬂg% | pg FreToN &-.1he.
_ injector de'sngjﬁ ed ipr gfv(?/rd_eis}%éta%ea{%o}f oW ngc%neéﬂi%ﬁgéfér%f@% hée}{é. oner _--"*-’
‘injection HBaEhidd SatdhfflS O CAPPRSRaL ORF 1Y & Yh iy g

.25 upper injection means 45iand a I'dwer ‘inj ection neans 16. This
~auxiliary injection means 18 fs tesigied’so as terinject only the super

" high pressure ground hardening material for .increasing injection
efficiency. of the ground hardening matgg§ial or ‘supplenenting the ground
hardening material. It is needless to explain that the ground hardening-
material i-njector according tao the present 5 invention may . include

Ve,

pressure gas, cooperative injection effect between the upper and | owner &

injection nRaEriLl beit expectishdless Thic gl ihattide wamyeseaedl gas
injected fromthe | ower injection neans al so rmakes the ground hardening

‘material thahiersineadathexidb irejdctoied acddidirgle tangehé n mekkdnton to

the lifting effect caused by the conpressed gas and high pressure water -
i'nj ect eds f r dmvdntigpermayj end¢lndereans. pPRAT Iy ohayridsanry bijedfsion
conpressed gas injected fromthe upper injection neans 15 and the | ower
i nj ecti on mEREFNE6 can be 20 i ndependently adjusted by varying the nozzle -

_di aneter thereof so that the fjlling de sitg/ of . the ground hardeni ng

As given explanation abov the injector described
pfovides the following effects.

Since the lower injection means also injects

cooperative injection effect between the upper-ahd ldwer’
injection means can be expected. This means that the
compressed g§s injected from the lower injéction means also
.makes the ground hardening material to be spreaded_and
16  extended wiﬁh wide rangé in addition to the lifting effect
caused by :thg compressed -gas. and ﬁigh. preésﬁre water
injecﬁed ffom the upper injection means. Further £he

pressure of the compressed gas injected from the upper

éo independently adjﬁsted by varying the nozzle diameter
..thereof.so that the filling density bf the ground ha:déning
material, working efficiency 'and working period can be
'Iimproved. |
It is to be undersfood
25 _that the foregoing description is a preferred ehbodimént of
the disclosed device_ and that various changes _aﬁd

modifications may be made in the invention without

10. compressed . gas, preferably super high préésure gas,. Sﬁi

 ( : injection means 15 and the lower injection means 16 can be H;).

(3



‘material, morklng efficiency and morklng perlmd can be i nproved. It is to

be understood 25 that the foregorng description.is a preferred enbodlnent.
of- the  discl osed device . and that various changes and

" modi fications may be made in the _invention without departing

from the scope thereof. 5 10 15 20 28— 13 WHAT IS CLAIMED IS: 1. A
ground hardening material injector conprising; an injection pipe.; and 5 a
ifoni t or - connqﬁéﬁggﬁfhéhe FRYET qggaogcggédthgfggglon pi pe, said nonitor
|nclud|ng an upper injection rmeans disposed in the side wall of said.
moni tQy further .including an inner injection nozzle for i nj.ecting

'@onpressed I|qU|d and an

(.,
v 10
15
S\,
20

25



" 10 outer injection nozzle fpr Lnjettlng conpressed gas, and a | ’
- injection neans disposed i‘n*t'he side.wall. sa+d~ﬁUnTT6T_TUTTﬁg¥B
~ including an inner injection nozzle for |nject|ng C
. hardening nmaterial and an outer inject n nozzl e.f mﬁﬁmﬂhﬂ‘ﬂﬂmr essed
gas. 15 2. The ground hardening'naté |njecto Yortth i'n O aim
1, wherein said injection pipe conprises an external pipe nenber, an
- i nternedi at WHAT pESnenAEMERNTSa core pipe nenber to define a flrst condU|t -8
for the conpressed ground 20 hardening material by said core plpe ; B
nmenber, a second conduit for the conpressed liquid between said core pij
menber and said internediate pipe nener, and a third conduit for
conpressed yas bétﬁé@ﬁngahérﬂﬁﬁénﬁemﬁéeélﬁlpénnéﬁtér apmpPsABdngxt er nal plpe
-menber. 25 3. The ground hardening material injector as set forth in
O ai m 2, wherei n®Baj 4"ABRELBR Ebﬁﬁpl§é§ an external pipe ~ nenber, “an
|nterned|ate pi pe nenber and a core pipe nenber to define a . first
condui t® by said core pi pe nenber, a second' ~conduit . between said core
pi pe nenber and_said. nternedla pLReE,; Ri,r t ween
said 5 i nt er medi 13?81 ‘éonﬁ%ﬁ%gg ¥'§ Ege & ’reg‘fddog %ald é,%%ﬂ%}eﬁu&?

sai ernal “pip sai d

first, secgpdy ﬁBHlkgkrgnEQHQHh5s RelpfelesRgELLYBhY means disposea in

the side wall of said monitor further including an inner -

L]

injection nozzle for injecting compressed liquid_énd an

10 outer injection nozzle for injecting compréSséd-gas, and a'f \,J
.lowe: injection means disposed in the sidé wall of said
monitor further including én inner injection noizle for
‘injecting compressed ground hardening méterial and an outer
injection nozzle fof injécting compressed gas.

15 |
2. The.gfound hardening material injector as set forth in
Claim 1, wherein said injection pipe cqmprises an external
pipe member, an intermediate pipe member and a core pipe
member ﬁo define a first conduit for the cdmpressed grouhd"

20 hardening material by. séid core pipe member, a second.
conduit for the compressed liquid Setween_said cdre pipe
member and said intermediéte pipe memex, and a third
conduit for the compressed gas bétween said intermediate
pipe member and said external pipe member. |

25

L

3. The ground hardening material injector as set forth in

Claim 2, wherein said monitor comprises an external pipe

ny



.comunicated with said first, second and third conduits—of said injnrfinn
4. .The ground hardening material injector as set forth in

pi pe. 10

C.aim 3, wherein saidfirst conduit of said nonitor

said i nner

: : . . ; h
i njection nozzle of said | ower injection mLHUMEHMﬂﬁHlMII

conduit of said monitor is communicated Wfth said inner I njection nozzl e of
‘sai'd upper 15 I njection neans; and said third conduit of said nonitor
connunlcated mnhh said oyter injection nozzles of said upper and | ower

|njeqt|on nme 3t

Caim 1

En 20%/
adj usting-

The oround har BBREnoCRERELRS BERpRsfly, =586 o T 2 %C&éﬁ%@agndmm. ;

i.d nonitor f rlses a. ressu

ex ., a#hénaﬁaaﬁélﬁéﬁdeﬁpﬁgmﬁﬂperlandlﬁjeererp3§es@?mberth

S

#Range %herelnvz ﬁrSFhecopﬂPé gﬁ BF eSsfifé® B 80WBW&§§edagas

enirng material "1rnjec

said pressur?n@@kﬂéhiﬁ@eneﬁgﬁf'ﬁehge¥ar¥nhh§ Qhﬁ%&tSénahlﬁabgthaéﬁCEAQH

nozzl es of said. upper and

I njection nea

har deni ng maggebaheliRhe6t 0pips SﬁEmB@Ethaha aaxlansxeérhaﬁ Biﬁéeﬂéﬂﬂer,
cl ai s, .wherein said noni-tor 5 further conprises at |east” onhe

auxiliary inggeli ofipeez| esbebaw sahd vRReH aaﬂthWQrbéﬂh@ckégﬁee’éiﬁélye'

The ground hardening material injector as set forth in

U
10
- 15,

o/
20

v 25

communicated with said flrst, second and third conduits of

said 1njectlon pipe.

4. The grouhd hardening material injector as set forth in
Claim 3, wherein said first conduit of said monitor is
communicated with said inper injection nozzle of said lower
injection means; said seédnd conduit of saidimonitor is
comﬁuﬁicated with said inner injection nozzlé of said upper
injection _meéns, and said third conduit of said monitor is
communlcated with sald outer 1njectlon nozzles of said

upper and lower injection means.

. 5. The_ground hardening material injedtor as set forth in

.Claim 1, wherein said monitor further comprises a pressure

adjusting means to vary the injection pressure of
compressed 5gas between said upper injectidn means and said

lower injection means.

6. The'ground'hardening material injector as set forth in
Claim 5, wherein said pressure adjusting means is to vary

the diameter of said injection nozzles of said upper and



Caim 7, wherein said auxi Lidry injection nozzle injects 10  onl y
- conpressed ground hardening material.:.9.i. A.griound hardening materi al
"injector constructed adapted and arranged to operate substantialTy as

descr.i bed herei nbefore with ref erenceLg and as shown in F‘M‘Qﬂ‘m “1to
et e

6 or in Figures 2 to.7 of the acconpahyTng drawi m“m“\ \ od of
i njecting ground hardening material wherein bot h“ ! klal and .

- conpr essed, dawed & njaictGlodd meing .gr ound whil st bot'h Fi quid and conpressed
gas 20 are .injected into ground imrediately thereabove. 11. A'_rret-h()’ﬁ ‘pf
injecting ground hardening material as clainmed in claim10, performed N\

substantially as described hereinbefore with reference to the acconpanying

~drawi ngs. 25. The ground hardening material injector as set forth in;
any one of the preceding claims,.wherein said monitor

5  further comprises at least one .auxiliary injection nozzle

below: said upper and lower injection means.

8. The ground hardening material injector as set forth in

. ’ "’.
Claim 7, wherein said auxiliary injection nozzle injects

9. A ground hardening material injector constructed
adapted and arranged to operate subétantially as described.
hereinbefore with reference to and as shown in Figures

15 1l to 6 or in Figures 2 to 7 of the accompanying drawings;

10. A method of injecting ground hardening material

wherein both hardening material and compressed gas are

10 only compresséd ground hardening matefia1, . ' o

el o

e | injected into ground whilst both liqﬁid and compressed gas k;)
20 are injected into-ground immediately thereabove.
i1. A method of injecting ground hardening material as

claimed in claim 10, performed substantially as described
hereinbefore with reference to the accompanying drawings.

25
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