. the ground, a

: {| e3eOLFH6PT7B6 SPECI FI CATI ON GROUND | MPROVI NG METHOD AND APPARATUS USED
tN THE METHCD invention relates to a nethod of i nproving
ground by proﬂﬂ%ﬂﬁﬂ@ﬁ@@@@&-shaped portion made of granular materials into

a us to be used in this nmethod. BACKGROUND ART
Conventional ly, i%¥Pder to inprove soft ground, many sand piles are forned
in the soft ground, and a sand conpaction pile nethod (hereinafter,
referred to as an SCP nethod) is used a lot. In the SCP nethod, as shown in
Fig. 9(a), a casing pipe 21 is injected into subsurface soft ground G for

exanmpl e, in seabed by utilizingsergotyanrtiore force of a vibrohamer (not
shown), and at this tinme, dry sand 22 is put into the casing pipe 21 while

its insidegrsuws easrROZENG (HoNOD bAND APPARETUS aVWEND) IROTHRAMETROST
pressure and outer pressure of a tip of the casing pipe 21 are bal anced.

The. casing pipe 21 charged with the s inis injected to a depth
such that its tip reaches foundation @m w m ﬂ@ shown in Fig. 9(b), and

t hereaft Si jpe 21 is pull wn in Fig. 9 (c) , so
t hat the%ggﬁg%g%i'F&glscharged and a sand"@¥t 22a is 2 forned in t he

ground G Wen_the above. casin i 2 uIIed oyt St e
reinjecting chhé?aEFﬁae& péngfggg g 3\% {: % dr(eds %%daf:o%d:p% |]‘r]|'lg§J t he

di scharged sand, 22 and .dens |t net e means o rati of t he

Vi br ohanFEPure Pé’pé’éf’éfd 35 Bt 1 she o P g SiedstaTed out er
di aneter and th gree of consolidatjon is forned as, shown in Fig. 9(e).
In the pFRGRIABLF0NtPNERE FoY rmaﬁdrr?Eea%P%W*elh@th PleuEFEQtlrfbrindﬂfS t he
formed sand pile (22a or 22b) , a nethod which is so-called dry

const rucfesRofor di scharging the dry sand 22 put into the casing pipe 21
into the soft ground G by nmeans of air pressure is used. In the prior
ground i nproving net hod, however, since the sand put into the casing pipe

is forcibly discharged by the air
BACKGROUND ART

Conventionally, in order to improve soft ground, many
sand piles are formed in the soft ground, and a sand compaction
pile method (hereinafter, referred to as an SCP methoed) is used
a lot.

In the SCP method, as shown in Fig. 9(a), a casing pipe
21 is injected into subsurface soft ground G, for example, in
seabed by utilizing a vibromotive force of a vibrohammer (not
shown), and at this time, dry sand 22 is put intc the casing
pipe 21 while its inside is pressurized (shown by P in the
drawing) so that inner pressure and outer pressure of a tip of
the casing pipe 21 are balanced. The casing pipe 21 charged
with the sand 22 therein is injected to a depth such that its
tip reaches foundation ground Ga as shown in Fig. 9(b), and
thereafter the casing pipe 21 is pulled out as shown in Fig.

. 9(c), so that the sand 22 is discharged and a sand pile 22a is



pressure, in the case where a work is done on the soft ground under the

wat er, such as at the seabed or |acustrine bed, when the sand is

di scharged, ambient nud flies due to the air pressure, and there is a fear

- of environnental pollution due to water pollution. In recent years, since
hi gh-grade natural sand is difficultly obtained, it is strongly demanded to
use a granular material such as slag and coal ash instead of sand for the

i mprovenent in the ground froma viewpoint of resource conservation and
effective use of waste. Since such a kind of the granular material,

however, rgenedalhy thasgaolihgegparticle 3 diameter, and fine particles are
m xed therein, when the granular material is discharged by the air pressure

simlarly to tRgegafdle ddovd ic@%inghgiplY2 ari$igid 124060k ephefstay @ sseri ous
wat er pollution. When such a granul ar material is tried to be conpacted by

the vibrabhoheBtiherKEPLRUaNEPH: pk! 262880, BGHCARPALEd o lgigent |y and

also flies to a ci erence"due to the vibration at that ti

result, BOURLENoPOhL ULl o Lo, A0U ARt and,Liene ALL SES.A BN ob] em

such tha he san e corréspondi ng nmaterial or I"ke is
poor. The ground inprovin thod and t.he ground inproving apparatus using
the air BPESSUPE SAHCERECUI BF OHATHGH RS bl g TS SN % Strang
vi bration dye to ge wor k, a counterneasure shoul d be taég for
SUr T oUndPRGS PR PRy RIS RSO SHOHIER SHERE(ILATSE SorRe: LRnASF Bear a
great burden on his/her shoulder. It is_an object of the present invention
to sol veCtnEOpFEbLEAELiaR theLabBRE- AENEREHED 1pr FdF -gPd&Ad i nprovi ng net hod
and the apparatus used in the nmethod. DI SCLOSURE OF THE | NVENTI ON A ground
i nprovi ng net hdd &het REilpreBeAnofny &Rt PEACT| §OcRAPARLER AetirRNghat a
casing pipe is driven into soft ground, granular nmaterials and water are
put intoftihetuvasiing @f pbe formed sasohptlealdld sretdh )t ed netopemijghery of
t he casing pipe

is so~-called dry construction for discharging the dry sand 22

put into the casing pipe 21 into the soft ground G by means of

alr pressure is used.

In the prior ground improving method, however, since the
sand put into the casing pipe is forcibly discharged by the air
pressure, in the case where a work is done on the soft ground
under the water, such as at the seabed or lacustrine bed, when
the sand is discharged, ambient mud flies due to the air pressure,
and there is a fear of environmental pollution due to water
pollution.

In recent years, since high-grade natural sand is
difficultly obtained, it is strongly demanded to use a granular
material such as slag and coal ash instead of sand for the
improvement in the ground from a viewpoint of resource

conservation and effective use of waste. Since such a kind of

the granular material, however, generally has a fine particle



in a state in which the granular materials are saturated with 4 the water
so that the granular materials are conpacted via the water and frictional
resistance between the granular nmaterials and an i nner periphery of the
casing pipe is reduced, and the casing pipe in this state is pulled out so
that the a pile shaped portion conposed of the granular materials is forned
in the ground. Further, an inside of the casing pipe is accessorily
pressured by air pressure so that internal pressure of a tip of the casing
pi pe becones approximately equal with ground pressure in a depth of the tip

of the capifgrPiPeandNeSHENDAr FRONES , 2 YOI Ki RECEALELEATY whani FREOVEd. In an
apparatus of the present invention having a casing pipe with atip lid and

a driving-geyice n(é%{%zgi;é Vii%ggﬁgﬁhﬁi‘&ieegbfie%iﬂzop%%‘é.‘&‘le""@&fﬁ*i‘l%%é&};?d ina

ground i nprovi ng met 0 ormng~a pli aped-portion conpose

granul ar erials i. fL_ground he. i.n i ha upl i ri phera
wal | s attﬁqt% etF%néhc#hgglés(:at\c/}ﬁ‘i/ekp{]gr%é‘%g?lga%g&ﬁﬁ reéns;gj%?ncoo eaglg%?f))g% are
provided in the cavity. In.another structure, the tip lidis sed of a
o1 Lo ealet BRITHT Lo ol wich S Tl 4 HpeRoralshar IHOLS BEp has a
w dened di aneter, a ball val ve houseg inthe tip lid case novabl e up and
down, an€CBPYEFGE R¥atNeeRtPHATHPR chAT cbRRsVHATRBATERE / wi FhCRRBOBaPP val ve
so as to bring the tip of the casing pipe into a sealed state, and the tip
lid casecPrRAGESH | Taf etc bt bhand q £ ld%F it® PoFAEGUREERSRCEad ey

t her ei n, 5 and ultrasonic radiators are provided in the cavity. BRIEF
DESCRI PTtONbeFv IvEe DRppyagcehat time. As a result, the water pollution

is aggravated, and there arises a new problem such that quality
of the sand pile corresponding material or the like is poor.

The ground improving method and the ground improving
apparatus using the air pressure and the vibrohammer cause a
big noise and a strong vibration due to the work, a
countermeasure should be taken for surroundings, thereby
arising a problem such that a worker should bear a great burden
on his/her shoulder.

It is an object of the present invention to solve the
problems of the above-mentioned prior ground improving method

and the apparatus used in the method.

DISCLOSURE OF THE INVENTIOCN

A ground improving method of the present invention, is
characterized in that a casing pipe is driven into soft ground,
granular materials and water are put into the casing pipe, an
ultrasonic wave is emitted to a periphery of the casing pipe

in a state in which the granular materials are saturated with



Fig. 1 is a sectional view showing a tip portion of an apparatus used in a
ground i nproving nethod according to the enbodi nent of the present
invention; Fig. 2 is a sectional view taken along line A-A of Fig. 1, Fig.

- 3 is a sectional view showing a stategof driving a casing pipe which

expl ains the ground inproving nmethod of the present invention; Fig. 4 is a
sectional view showi ng a granul ar substance discharging state; Fig. 5is a
sectional view showing a nain section of the apparatus according to anot her
enbodi nent of the present invention; Fig. 6 is a conceptual diagram show ng

a state |nouhl ey Lhe cdbanth8lq SLAN G et 120Waskedonphted i dne

concept ua I agram showi ng a state I n I ch a mechani ca Ibration 1s given
to the g fi i ol i .ual_ di agram
showi ng 2esFarnd EHRETERan L EapA0e Bhilead Lo Sea B FRRRRNEES ™ 20
Fig. 9 is_gn_explanatory. diagra owing.a sand pile formng st in a

bt Cor et OGS TS P B0 THCA ARV F R BETO TP T NEA A Pt
invention will be ex Iaiged bel ow i n degikl wth refgrencg to the attached
dr awi ngsC2EER9 BIPS ARSEREFORARTEI &% BHOWRAGOHTt R pofti &hof Bdi&ppar at us
used in a ground inproving nmethod of the present 6 invention, and Fig. 2
is a secthaRf RYEW-PRICSTPASGFyOFi Hee grarsflay gaterigilsi farfgrned die prior
sand pile form ng device, the apparatus includes a driving device (not
shown) stie@d @soundi br ohammer and a casing pipe 1 driven into ground by the
driving device. In the apparatus of the present invention, an outer

peri pheral wal Futbhes, paovideddeocéntbeat skdéngf pihe d¢askngepspeilyso that a
cavity is formed around a tip (lower end in Fig. 1) of the casing pipe 1
and t he peespheedl byadir hase ssuhtpl scathe Stimintanssl, arabksund wiala toy pof
ultrasonic radiators 2 are nmounted to an inner peripheral wall la in the

formed ca¥i tiel 6asdngsplipef BeeoRashapphekimbheclyeeduaw wdthf giroasly
understanding, the cavity portion is enlarged, but in general, a gap

di mensi 0€r8§s€19_8 £AV4 tdepttn (0 MBRSAR bf ahtadhdingi €&l 0Mn isuiaM Bhin and
w thout 10 cmw th respect to the casing pipe with a diameter of about 1.2
m manner, working efficiency is improved.
In an apparatus of the present invention having a casing
pipe with a tip 1id and a driving device for driving the casing
pipe into ground which is used in a ground improving method for
forming a pile-shaped portion composed of granular materials
in soft ground, the casing pipe has duplicate peripheral walls
at its tip and has a cavity therein, and ultrasonic radiators
are provided in the cavity.
In another structure, the tip lid is composed of a tip
lid case having an approximately conic trapezoid shape whose
tip has a widened diameter, a ball valve housed in the tip lid
case movable up and down, and a valve seat section which comes
in contact with the ball valve so as to bring the tip of the

casing pipe into a sealed state, and the tip lid case has

duplicated peripheral walls and is formedwith a cavity therein,



A publicly known tip lid of a hinge type or a ball valve type, not shown,
ts mounted to an upper side of the casing pipe 1 to which the ultrasonic
radiators 2 are nounted. In the apparatus of the present invention having
the above structure, simlarly to thegprior sand pile form ng device, the
casing pipe 1 is driven by the driving device, not shown, such as the

-vi brohamer to a predeterm ned depth while ground soil is prevented from
intruding into the tip of the casing pipe 1. A material which is used for
form ng a portion correspondi ng 7 to the prior sand pile is put into the
casi ng pi thig.: Ll t g LIpL QVI of the present
inventio%Rga%lgggégﬁ%Se éaﬁ%FE?Eeggﬁaﬁgﬁg?dﬁg?éﬁiEﬂg gg%gggﬁosed of

i ndustrial waste such as slag and coal ash as well as prior sand. The prior
met hod uses the dry nethod using only dry sand, but the nethod of the
present | t] a r, putting the granular materials Sa
togetherb§¥€E Qg$8§98§E§Hn@pgﬁggsbgg%ghgﬁn in Fig. 3, a sumof a height Hs
of the granular, materjal put into the casing pipe 1, water head Hw and air
pressure P accEsSort |35 dppiSEl R+ HEL St BIOWENIT dcd iR Bfgde Ao e 3dqual
with pressure received fromthe soft ground G at the depth of the tip of

t he casi ABPPrapcEus, used imed t9PPYNQ, InRytoshme fhe b gaferdimng ics theat e, so
that the granular materials Sa saturated with the water are placed at the
tip of téembedinegtmhehe pragsenhiisvdanteionh&igradilsas setiomd s viaw
saturated with water axe in a | oose state as shown in the concept ual

di agr anstakeFkiaj.ong bind& A-Mnof Iriig.sl atfe g .Whems 4 sectiitnasoni ew shdwdtnar s 2
provided to the tip of the casing pipe 1 is operated, the vibration of the
ul trasonacstateabv6rdr2vangsaobashaggpapel ahinht expaksnSatheagwatied W so
that the particles of the granular materials Sa are unconnected by the

vi brati opmphgvi g n@tHyd aF Hrd prkakst invention; Fig. 4 is a sectional

view showing a granular substance discharging state; Fig. 5 is
a sectional view showing a main section of the apparatus |
according to another embodiment of the present invention; Fig.
6 is a conceptual diagram showing a state in which the granular
substance is compacted; Fig. 7 is a conceptual diagram showing
a state in which a mechanical vibration is given to the granular
substance filled with water; Fig. 8 is a conceptual diagram
showing a state in which the granular substance is compacted
loosely; and Fig. 9 is an explanatory diagram showing a sand

pile forming step in a prior method.

THE BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be explained below in detail
with reference to the attached drawings.

Fig. 1 is a sectional view showing a tip portion of an

apparatus used in a ground improving method of the present



Sa can nove freely. The granular materials Sawhich can nove freely are
rnfluenced by gravitation and are urged to be rearranged in order to reduce
gaps so as to be conpact ed. 8 In a state in which the ultrasonic wave
acts on the granular materials Sa in fghe casing pipe 1, when the casing
pipe 1 is pulled up, the granular materials Sa hardly rub agai nst the inner
peri phery of the casing pipe 1 due to fine vibration, so that the granul ar
materials Sa are discharged fromthe tip of the casing pipe 1 easily as
shown in Fig. 4. A pulling-up dinension of the casing pipe 1 at this tine

i | h [ . of . . i als.  Af
pr cdet er B FEACHTRNCTEY P 1 ot granat tite Piars tase I e et e ¢ he
in put into the

gr anul ar eria%s %@ and t.he water i f necessary, are .aga
casing pfhe*1%and-t éﬂggévéﬁ@&¥1éﬁ§h¥%%¥%§i%§ Bedtte °§@lpﬁépe§lﬁﬁve-shaped
portion S conposed of the granular materials Sa,is fornmed intao the ground
G In orHeF TRPHFULE d U HARDE OF SR EnECHLFE. SRAPetr PERL i THESA%AM | ar |y
to the diameter wi dening work at the tipe of the prior sand pile form ng,
after t h@l}éﬁghﬁ@mﬁ: &é’idla IS SGRGeP pRf Iledr h]ﬁelb)?-né?oc%?‘?léﬁ?% bd’e@?%él,r 1Vings
vi brated by the vi brohammer or the like so as to be injected again. In such
a mannergevheedi ameter of the discharged granular materials Sa is w dened.
In the ground inproving nethod of the present invention, the pile-shaped
portion S conpbsethefapphergtasubfrthat preaestSanventopnedannotihersoft
ground G The ground inproving nmethod of the present invention does not
rely onl yepnphegai pralsls dbeiaipranidead tiohenprutside pfnehbarksiBy pipe

1 so that a cavity is formed around a tip (lower end in Fig.

1) of the casing pipe 1 and the peripheral wall has a duplicate

structure, and a plurality of ultrasonic radiators 2 are mounted

to an inner peripheral wall la in the formed cavity 1lc so as

to face each other. 1In the drawing, for easy understanding,

the cavity portion is enlarged, but in general, a gap dimension

of the cavity lc (dimension in a radial direction) is within

and without 10 cmwith respect to the casing pipe with a diameter

of about 1.2 m.

A publicly known tip lid of a hinge type or a ball valve
type, not shown, is mounted to an upper side of the casing pipe
1 to which the ultrasonic radiators 2 are mounted.
In the apparatus of the present invention having the above

structure, similarly to the prior sand pile forming device, the

casing pipe 1 is driven by the driving device, not shown, such

as the vibrohammer to a predetermined depth while ground soil

is prevented from intruding intc the tip of the casing pipe 1.

A material which is used for forming a portion corresponding



using dry sand, but in the ground inproving nethod of the present

i nvention, the pile-shaped portion S conposed of the granular materials Sa
is formed into the ground G by the wet method using water and ultrasonic
vibration. For this reason, there is po fear that anbient sand and sl udge
are not erupted by the high-pressure air even in the ground inprovenent in
-wat er such as undersea ground, and the peripheral water pollution due to
the work is suppressed mninmally, and a big noise due to split-second
forcible exhaust is not generated. Since the slag, coal ash or the |ike

uhich easl bl Lesoangahs diTL1 eUILLY SOMRCedisures 0 25 40 b capal e

of form ng e-shaped portio e sim urniction to that of
the prior,sand. pil consunption of high-quali sand being _in _demand is

br event oi™ S BngtBY ris ESRRHEE PR Rind S Re ErB P Ee ot ! it ccar ded
is attempted. _[Fig. .5 LS a,sectional view show ng.the ti ortion of the
casing pFp8 BEIREEAVAmNg o lanst REATEABOIFRERE 1O S Ré SPEBRRES Mfenti on. As
shown in the drawing, in this case, a ball valve type tip |lid is used as
the tip Lpgussrigl ‘ﬁ%%ﬁ?FH@? St-egsih COR IR §4 35 bRl 86 BEEQF d&NYFhe bal |
val ve tyge tip lid 12 has the basically sanme constitution as that whose

ri ght isTAegBried MSLReR wgRd itdehids Yomethedpresaat ONhYeREY dRes Jafanese
Pat ent No. 2093345. The tip lid 12 is conposed of a tip lid case 13 having
an appr okheatnetiodonifc theapesesed ts hayenthose adoptiss aniwddnow tined digened, a
ball valve 15 housed in the tip lid case 10 13 novably up and down, and a
val ve seatitsécoti theldrahiudhrcopteriialeoSbacogrithert e thaWatea We 15 so as
to bring the inside of the tip of the casing pipe 11 into a sealed state. A

ref erenceonurbeeli&d shohe idr Ry n@ , desiugnef esheai giitods off bhprgranadron an
open portion of the tip. A nunber 16 designates a ful crum section for

preventi pgtektppi tho_ﬁ.htaf thee chalihgvalipe 19, wamert healdulber umasegtd on 16 is
provided into a floating state via a reinforcing nenber 17 attached in the
tip lid p2esBlhioean AUY N MELELHIAHRIS t SNERE watl ¥ @ udFade! E 9MfMe to

be equal with pressure received from the soft ground G at the

depth of the tip of the casing pipe 1, and the tip lid, not shown,

is opened in this state, so that the granular materials Sa

saturated with the water are placed at the tip of the casing

pipe 1. At this time, the granular materials Sa saturated with

water are in a lcose state as shown in the conceptual diagrams

of Fig. 7 or 8.

In this state, when the ultrasonic radiators 2 provided

to the tip of the casing pipe 1 is operated, the vibration of

the ultrasonic radiators 2 acts on the granular materials Sa

via water W, sc that the particles of the granular materials

Sa are unconnected by the vibration and the granular materials

Sa can move freely. The granular materials Sa which can move

freely are influenced by gravitation and are urged to be

rearranged in order to reduce gaps so as to be compacted.



the ball valve 15 is detailed in Japanese Patent Application Publication
No. 8-1060 (1996) corresponding to the above nentioned patent, its
explanation is omtted here. In the present invention, the tip lid case 13
- is extended downward, a drum shaped igner peripheral wall 13a is provided
into the Iid case 13 so that a predeterm ned gap is provided, and a
plurality of the ultrasonic radiators 2 are nounted to an outside of the

i nner peripheral wall 13a in a cavity 13c forned between duplicate
peripheral walls 13a, 13b. The ultrasonic radiators 2 are connected with an
external power_source supply device (not_shown) via a power souyce cable
(ot shown) " prie: B aTBNG? MISHP a0 FLEEFORRAF  FRESCaCE RGP P11 by
suitable means . In the ground inprovi ng apparatus havjng the above

st ruct ur 3B F FARRRIG tshe2 abb F8erdt 115 &3 PRahn s e RBICAHIGPAREI ar
materials and water are put into the casing pipe 11 driven by the driving
devi ce stchs Rulird Wy didmEERNY ath@atert adrse ddt BaFdied reepeAainkE casing
pipe 11 is pulled up by a predeterm ned di nension and at this tine pressure
on the upperiiegersrirheradf the ¢asibacipact kg W thineh¥ibaprtsoseat
section 14 is raised by buoyance fromthe ground, so that the ball valve
15a i s psshstkddbe ardnuiegmateiraelsateraad sdimthar¢ed ttheomather tape
dropped into a space formed on the | ower portion. The pressure on the upper
side of ¢hethal taybhyepibei $ cassed a8 shoknainaphgr ¢hat the air pressure
is accessorily applied to a weight of the put granular materials and water.
In such a manngrpultlhiegHdd daserngibadbatths cAsimppdeed ot MRi@ cenaf erence
of the tip lid case 13 are operated so as to apply vibration to the

granul ar; gedrefiad S th=0PPRE hei ght e bevweke NBddvsRAGR A RBLEKRaNED case 13
via the water, and the rearrangenent is induced so that the gaps between

the particles grgenarpouBltethenellaCaPAG) RO hDRWANY AhatBLERI 8l 5. The

vibration at this tine %ﬁnctlons soas to reggce friction between the inner

per i pher gl oLy A3 afoddie tiobobid 885033, 2001 LN, QLAY JIRLGY yal 5, S0

that the the gra t'eri al are conpacted into a pilTar’shape

accor di ng.t h | 1ipng-u the,.casLng, pLp easily.dr Lpto the
space fo %e@e% §?§§y10§g? %%%%?o%ugofgégt%H%ega%%%ﬂaggga }r%ﬁgthgecasing
pi pe 11. Thereafter en_the above operation is repeated simlarly, the

gr anul ara?r%‘{%?‘?%ﬁ"%?@hcﬂa‘?%é& FPBRPERE TRsTHMYE it B ifi‘ %@%9{35?985 so that
the pile-shaped portion is foyned 12 iin the soft ound. Simlarly to the
above caS&CTRRSER %%Eg’éee?r%?‘f r PREeCASi L PitF Cirlm‘?é 1gheehrueredntp to a
certain degree, the vibration is applied to the casing pipe 11 by the

vi brohanfrer or the like and the casing pipe 11 is again injected, so that

the dianeter of the formed pile-shaped portion can be w dened. The
enbodi nent s shbBweLden ke hmdgm ags ameiesi af tafetBR4tip @ shaped portion

S, similarly to the diameter widening work at the time of the
rior sand pile forming, after the casing pipe 1 is once pulled
up by a certain degree, it is vibrated by the vibrohammer or
the like so as to be injected again. In such a manner, the
diameter of the discharged granular materials Sa is widened.
In the ground improving method of the present invention,
the pile-shaped portion S composed of the granular materials
Sa is formed in the soft ground G.
The ground improving method of the present invention does

not rely only on high~pressure air unlike the prior dry method



in which the plural ultrasonic radiators 2 are provided into the cavities
c, 13c provided at the tip of the casing pipe 1 or the tip |lid case 13 so
.as to face each other and three sets of themare arranged i n up-down
direction, but the ultrasonic radiators 2 may be nmounted so as to transmt
the ultrasonic vibration to the inside of the casing pipe 1 via the casing
-pipe 1 or the inner peripheral walls la, 13a of the tip |lid case 13, and

t hus nmounting positions and a nunber of themare arbitrary. | NDUSTRI AL
APPLI CABI LI TY As nentioned above, in the ground inproving nmethod of the
present inventjon, the ultrasonic wave . s emtted to éhe g%anular materi al s
filled wEhNFser SaBde Rt tRENG ARUPEF IR SILRETSFROL Fripkiet EFESEAE sand i s
di scharged only by air pressure. For this reason, noise and vibration at
the tineldverhéoeor khekd Jesshanath DordE 190 6r CaBPAsad| of e Franyilg noi se i s
generated due to the split-second forcible exhaust, and hi gh-pressure air
i's not erapesdalasSaiseturmedtipdieths qurYRAG by e KAt metiehusdingt and
sand fly and that water are polluted greatly |ike the prior nethod, thereby
reduci ngwaherdhdencerasonie wWindatdmrent Fo8i hbést heagpanutlers s nances
such as slag and coal ash, which are difficultly used in such ground

i nprovenegari thhheapbientnebthddandaslhdgesades goadequakietly bgamntiewhi ch is in
demand can be left, and the effective use of industrial waste to be

di fficulhiyhtpeasedreadi bevaln eaptied groiyppairatremehe D wisgd: istichhe
ground inproving nethod of the present invention can be easily formed by

fabricat 80 éPse&agtdithd) RO P RUet pBrkbHeradws fer d5d Vi ek St \dufee tpuch as
t he vi brohamrer having the prior structure can be used in its original

ha' oo B TRPERLER 6Pz DL Scnson? Mot 845 0ol cisto and thus
split-second forcible exhaust is not generated.

Since the slag, coal ash or the like which easily flies
and is difficultly compacted is used so as to be capable of
forming the pile-shaped portion S having the similar function
to that of the prior sand pile, consumption of high-quality sand
being in demand is prevented, and effective use of industrial
waste to be difficulty discarded is attempted.

Fig. 5 is a sectional view showing the tip portion of the
casing pipe 11 according to another embodiment of the present
invention. As shown in the drawing, in this case, a ball valve
type tip lid is used as the tip lid 12 for preventing intrusion
of dirt from the outside. The ball valve type tip lid 12 has
the basically same constitution as that whose right is acquired
by the applicants of the present invention as Japanese Patent
No. 2093345. The tip lid 12 is composed of a tip 1lid case 13

having an approximately conic trapezoid shape whose tip is

widened and opened, a ball valve 15 housed in the tip lid case



1. A ground inproving nmethod, characterized in that a casing pipe is driven
into soft ground, granular materials and water are put into the casing
_pipe, an ultrasonic wave is enmtted to a periphery of the casing pipe in a
state in which the granul ar nateria]s1@re saturated with the water so that
the granular materials are conpacted via the water and frictional

-resi stance between the granular materials and an inner periphery of the
casing pipe is reduced, and the casing pipe in this state is pulled out so
that the a pil e-shaped portion conposed of the granular materials is forned
in the grqund. 2 The _ground inproving, nethod according,tgo claim1,
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t he casing pipe. 3. An apparatus having a casing pipe with atip lid and a
driving 86¢i EéPf 6 GPEVFA§1RHEePEéRSI A4 pRBe BnEeadesusdafi-ch is used in a
ground inproving nmethod for formng a pile-shaped portion conposed of
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has duplicate peripheral walls at its tip and has a cavity therein, and
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casing pipe with atip lid and a driving device for driving the casing pipe
into grodedighaths a Falcgunsastt Tora fopushy ¢ mipi oy isng prhlaed ffos £ fthiem ng a
pi | e-shaped portion conposed of granular materials in soft ground,

charact ephzedvalvehat, t Agdtipe | £l ¢ Huk @OsEsh of6 & 4 igrdvidi&setaw ng an
approxi mately conic trapezoid shape whose tip has a wi dened di aneter, a

bal | val yecheungdstacbRed apréidreasenguvamer Uy andadawn, s ANth& tMal ve seat
section which comes in contact wwth thée ball valve so as to bring the tip
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peripheral walls an “formed with a cavity therein, rasoni c
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mentioned patent, its explanation is omitted here.
In the present invention, the tip 1lid case 13 is extended
downward, a drum-shaped inner peripheral wall 13a is provided
into the lid case 13 so that a predetermined gap is provided,
and a plurality of the ultrasonic radiators 2 are mounted to
an outside of the inner peripheral wall 13a inacavity 13c formed
between duplicate peripheral walls 13a, 13b. The ultrasonic
radiators 2 are connected with an external power source supply
device (not shown) via a power source cable (not shown) provided
along an axial direction of the casing pipe 11 by suitable means.
In the ground improving apparatuslhaving the above
structure, similarly to the above-mentioned manner, after the

granular materials and water are put into the casing pipe 11

driven by the driving device such as the vibrohammer to the
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rearrangement is induced so that the gaps between the particles
are narrowed, thereby compacting the granular materials. The
vibration at this time functions so as to reduce friction
between the inner peripheral wall 13a of the tip lid case 13
and the granular materials, so that the the granular materials,
which are compacted into a pillar shape according to the
pulling-up of the casing pipe 11, easily drop into the space
formed on the lower portion so as tobe discharged from the casing
pipe 11.

Thereafter, when the above operation is repeated

similarly, the granular materials discharged from the casing

pipe 11 are compacted so that the pile-shaped portion is formed
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The embodiments shown in the drawings explain the example

in which the plural ultrasonic radiators 2 are provided into
the cavities lc, 13c provided at the tip of the casing pipe 1
or the tip lid case 13 so as to face each other and three sets
of them are arranged in up-down direction, but the ultrasonic
radiators 2 may be mounted so as to transmit the ultrasonic
vibration to the inside of the casing pipe 1 via the casing pipe
1 or the inner peripheral walls la, 13a of the tip lid case 13,

and thus mounting positions and a number of them are arbitrary.

INDUSTRIAL APPLICABILITY

As mentioned above, in the ground improving method of the
present invention, the ultrasonic wave is emitted to the
granular materials filled with water so that the granular
materials are compacted, and sand is discharged only by air
pressure. For this reason, noise and vibration at the time of
the work are less than the prior method in which a big noise
is generated due to the split-second forcible exhaust, and

high-pressure air is not erupted. As a result, there is no fear
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which is in demand can be left, and the effective use of

industrial waste to be difficultly treated can be attempted.

The apparatus to be used in the ground improving method

of the present invention can be easily formed by fabricating

prior casing pipe and tip 1lid, and the driving device such as

the vibrohammer having the prior structure can be used in its

original state. The apparatus can, therefore, cope with

lowering of cost, and thus the use of this method is improved.
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to a periphery of the casing pipe in a state in which the granular
materials are saturated with the water so that the granular
materials are compacted via the water and frictional resistance
between the granular materials and an inner periphery of the
casing pipe is reduced, and the casing pipe in this state is
pulled out so that the a pile-shaped portion composed of the
granular materials is formed in the ground.

2. The ground improving method according to claim 1,
characterized in that an inside of the casing pipe is
accessorily pressured by air pressure so that internal pressure
of a tip of the casing pipe becomes approximately equal with
ground pressure in a depth of the tip of the casing pipe.

3. An apparatus having a casing pipe with a tip lid and
a driving device for driving the casing pipe into ground which
is used in a ground improving method for forming a pile-shaped
portion composed of granular materials in soft ground,
characterized in that the casing pipe has duplicate peripheral
walls at its tip and has a cavity therein, and ultrasonic
radiators are provided in the cavity.

4. An apparatus having a casing pipe with a tip lid and

a driving device for driving the casing pipe into ground which
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up and down, and a valve seat section which comes in contact
with the ball valve so as to bring the tip of the casing pipe
into a sealed state, and the tip lid case has duplicated
peripheral walls and is formed with a cavity therein, and

ultrasonic radiators are provided in the cavity.



