S ——

1 : Met hod and Appar atus to Inprove Sandy G ound
BACKGROUND OF THE | NVENTI ON Fi el d .of the Invention This i nvention
relates to a nethod and an apparatus used to inprove supporting force of

t he sandy ground and or to enhance |iqudgfaction resistance. Description of
the Prior Art: Her et of ore has been provided such a nmethod of inproving
soft ground as punping by disposing a deep well at every required interval

on the soft ground, suppl essed i nto round by
inserting an air tube bet&%@ﬁx§3§§§@WF EBERBF? E%Qﬁ8i$8P@gb|y cat chi ng
noi sture content in the soft ground by the deep wells (Japanese Patent
Appl n. Public D sclosure No. 54-1908). According to this conventi onal

nmet hod of i NPBACKGROUNROF THE BNWENTEONd| y decreases due to the catchment
by punping and the catchnment by air injection, so that, when a saturated

state of the Hisldofithelnwemtiont in the soil exists no longer, the buoyancy of
soil particles i he vvater i.s; rel eased ner |ng the A| 1
per vol une, where @E@ﬁ‘% "B%ﬁ‘%‘@%@s g’ﬁé"q{" :Src%Q_
7, | over 'efts,f,gtougﬁg o8 Ahhfide liquefctibR RRiRARAL 2l
when supplied t'0 the so t groun mxes W|th the earth and sand of the soft

ground to sti rofthealmins&nd In such a stirred state, the earth and
sand cannot be consol i dat ed. Consequently, a consoe% dating effect by.the

C(r)]rrpr esse(cji air hcaﬁﬂmﬁ?h%mm‘% tREravEeg, palt gzennd @s; o
only a 11tt f”%@?}@é@h@%ﬁgve&%}%ﬂ@%ﬁﬁg W@ﬁ?&%ﬁ i
that, by supp%wn% 23 thtd | the | Rt SErGithd By inkeritihg! &€ o6 Qubidbetiven

stirred soil 1sreaccumil ated durlng suspensi on of the su pIy of the

conpr essed ai ad;amﬁdbﬁewelh;andﬁmuﬂﬂ&@eﬁnngmmﬁtﬁmmmm safhgronnid by the An

Lo | nprove or dURIeLE @azanese Pyieat Appin. Ryblit Dicbres e S I0BH di schal bed i n

the ground. Am&ngbthswnmanTmmt%mmwlmpﬂy |
decreases due to the catchment by pumping and the catchment by air injection, so
that, when a saturated state of the moisture content in the sail exists no longer, the
buoyancy of sail particles in the water is released, increasing the weight of the soil
per volume, whereby the sail is consolidated by its own weight (ines 2 - 7, lower left
column, p. 2 of the Official Gazette).

Compressed air, when supplied to the soft ground, mixes with the earth and
sand of the soft ground to stir the earth and sand. In such a stirred state, the earth
and sand cannot be consdlidated. Consequently, a consolidating effect by. the
mmpressedaircannotbeobtainedbymﬂyslmplyingthemmpressedairto-the |
ground such as in the conventional method of improvement except for only a little
catchment effect. On the other hand, it has been confirmed that, by supplying the
compressed air intermittently to the ground, the stirred soil is reaccumulated during
suspension of the supply of the compressed air, and thereby a consolidation effect
can be obtained. _

An abject of the present invention lies in providing a method and an apparatus
to improve ground, effectively utilizing high-pressure fluid discharged in the ground.

SUMMARY OF THE INVENTION
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The nethod of inproving the ground rel ative t—e—%hrvh"rvenﬁ—on—cvrrprl ses

I Rserting a supply tube for the conpressed air hetﬁa‘sj.ﬁeenin Mbe for the
ground water and air, intermttently supplying T3l T t hr ough
t he supplying tube to the sandy grgund to give & ﬁﬁl I to the sandy

ground, and sucking the ground waté&r and the air ucklng t ube
out of the sandy ground while the conpressed air is intermttently supplied
or after the supply thereof is suspended. When the conpressed air is

i nternittent! yriglRigkhéiof iMifrovingethe preumdpielative tothis dneshtiom tdmprises | npact
| oad may be applied to the sandy ground.. In the ground Su?tjergCt ed to the
i mpact | oindertingy & isabply mbeﬁmﬂmmhmmm Be8 the grawngbnent |

and particles of t he, sancl and earth. sh en htly
connect edWaparranghais, inberoqr &3’ sse& H@M‘%‘é%@%ﬁf@@@&g air
is not on g{iﬁz}g g‘;é %adﬁ,ﬁié & anb@ucking™® and
t he irrpac#'}qeoagﬁét%ﬁal n ther é‘ftl zed, a grea %r%ad Is exerted to

the partlwmdtmmmﬁmmmmmmwﬁme asndyp geduridy el y
sucki ng the ground water _and the air [t of, the angl. earth
of the grwbild thesompaessednaimisciatermitien 31‘@’0 éﬁ%ﬂ‘%ﬁ‘&lﬁyqﬂﬁﬁ(’gﬁm gh
conmpact i ng effgﬁi of the ground can be obt ai ned.

Al so, sin npact load of the air is utilized, a great |oss due to

pi pel i ne re&gﬁ@ﬂ f if Ré hteiadttehtly mﬂpﬁed,efﬁeeﬁmebﬁr&mpplypmt | oad
of water can be avoi ded, and since the conpressed al r expands when supplied

Lo Lhef]gre'hmﬂenedlmt ﬁl?tmagp:t;cib%mtbel thel sandyt geoupide e Ifl_laﬂﬁ aI
igh effect can be ohtaine iie ﬁne Y. ; Rgiuppy
tube is p%?"é%e?b!i’-!?"f@%cwtﬁ%’dn 9&\‘7@”’% d sand
of the sa %ﬁﬂ{lﬁhﬁ% ative
pressure S‘géeréﬁ‘%ﬁﬂ }ﬁﬂ?ﬂe supply tugn&by t suspensi oﬁ@ofﬁnﬁéﬁgﬁ ﬁ;ﬁgt he

conpr essegightly connectedWigh eadheothepmhd reateuralatethpr essed air is suddenl y
suspended, a negative pressure may be gener ated o th %Berl .or
suppl y tube dSpnsadhe goronresses aisiynet enly tivq‘{mged

check val ye., aiidif tfi8 hha 3¢ 3A% ld obtamedtherebylsuhhzed, agreatload:s
exertedtotheparﬁdeébfﬂleearﬂlandsand, shaking them greatly and positively
eucking the ground water and the air, the particles of the sand and earth of the
ground are reaccumulated in a tightly connected state, and a high compacting effect
of the ground can be obtained. In place of the compressed air, high-pressure water
can be used as squirt fluid.  Also, since the impact Ioad of the air is utilized, a great
Joss due to pipeline resistance in case of obtaining a similar effect by an impact load
of water can be avoided, and since the compressed air expands when supplied to the
ground, thereby transmitting the impact load over a wide range, a high effect can be
obtained with a little waste of energy. !

The supply tube is preferably provided with a check valve. By this, the earth
and sand of the sandy ground can be prevented from being sucked due to the
negative pressure generated in the supply tube by the suspension of supplying the
compressed air.

When the supply of the compressed air is suddenly suspended, a negative
pressure may be generated to the interior of the supply tube depending on the
length of the supply tube. By providing a check valve, the earth and sand is

a



prevented from being sucked into the supply tube fromthe anbi ent ground,

and a cause for clogging of the supply tu@gsmnﬂgggegn yedl. Furt her,
anot her nethod of inprovenent relative to (ME vention is

performed by di sposing a hol | ow body capab rts capacity in the
sandy ground and thereafter suppBying high into the hol | ow
body, thereby rapidly increasing the capacity of the hol | ow body. It is
possible to alternate supplying of high-pressure air into the holl ow body

and di sgrevegitethfrom bding sucketlrinto thecsupply tubelfroty thé>ambierdground) amidng t he
supply of the hi gh pressure air_ the ground water is sucked fromaround the
hol | ow lsause for clogging eftheisugplydubeeanshexpmavednyent i on, when the capaci ty of

inio the hofiBieb w%ﬁ%wéﬁe%feased %ﬁﬁ&%@?hﬁ&ﬁrﬁﬁwe o

anbi ent Bidobing 4 REHGW bbdy espdble b9y ;S]i:ﬂ?fiﬂ thd) ecei pt
of "'t he inpact fg?ce t he anbi ent ground shakes Wnere he accumnul ati on
densi t y ground end ¢herepfier sugipkeing tigh M%Whhnbasmrﬁhyo

ﬁiSE?Lh‘f’é % Hrpa e?imeg”’“”&paé‘iﬁéé%r@% ixasi Smoe%iﬂeg&oaﬂ%mm EZ& y
Eregggréﬁmwﬁgﬁgﬂgﬁ#@ﬁl{ﬁgrou# nor (}ﬁdgr ng%l [ (?‘?r on of t he

anbi ent fine dhsThalse badn Bieﬁefélﬂyelwmgﬂle@pp ¢l high-prbssupe fitid, thound can
be further |rrproved i effectrvely utilizi t he hi gh-pressure air. By

al t er natgrognd wphsrys -hi gh-pressure air into the
hol | ow body and .di schargin a t act, ong are e e%gﬂqmth nbi ent
ground a nuAGEXIHE %gprle%rm nel’fg‘eﬂ’eé}ee‘?ﬁ" W ¥ so,
since UR‘%B:dlfgﬁ‘drﬁéseﬂ gg?%é: WosH Wabethe bedpf the
sat ur at ed” sdndy grounc?asome S rises to econe plastic. T erefore, by

sucki ng dispesed inithe grauad, fhechollonebodyi kit thehambient grchmd;rekémmghmpacﬂuri ng
the supply of the high-pressure air the sandy ground with_a high ratio of

wat er cdhice e thepmbient geopag; e {nopareaiptof dhe papgcy fore, £hp ppbvent gro
oy SRR el o oo e 08 i >
ground is increased, to consolidate the ambient ground. Amordmgtpthepresent
invention, the high-pressure fluid exerts an impact action to the ambient ground
indirectly through the hollow body. ‘Therefore, there is no immersion of the high-
pressure fluid into the ambient ground nor lowering in consolidation of the ambient
_ground accompanying therewith. Consequently, the sandy ground can be further
~ improved by effectively utilizing the high-pressure fluid.
By alternating supplying and discharging of the high-pressure fluid into the
hollow body and discharging, impact actions are exerted to the ambient ground a
number of times to enhance the degree of consolidation. Also, since upon receipt of
an impact action, the ground water pressure of the saturate&sandyground
sometimes rises to become plastic. Thereﬁ;re, by sucking the ground water from
theneighbmh@dofﬂm_hoﬂmvbodvdmingﬂmsupplyofthehigh—messmeﬂmdﬂle
sandygroundwithalﬁghraﬁoofwateroontentcanbeprevenbedﬁ‘omtraneﬁém’ng
to a plastic state, thereby compacting the ground.
Such a method of improvementcanbeperformedbyusinganapparatus which
wmpﬂsesatubemembérhavingatleastmehdeommectedmahigh-pressmeﬂuid




conprises a tube nenber having at |east one hole connect ed to a
hi gh-pressure air TlusSheetHasBeenReplaced

supply source and a sheet member attached r and defi ni ng,
in cooperation with the tube menber, a hoI n| cating to t he
e rre e tube nmenbe

hole in the circunference of part ‘bf the tu
shoul d further have at | east one hol e connected a negatlve pressure source
and comruni cating to the hollow portion. Furthernore, the tube nmenber can

have at égmply scuree hata sipeb menber attsched o the tybeoentter taridedefiitg rinout si de
t he hol | ow portion agﬁ%connect d to the negative pressure source or another
R it

negativ rﬁbﬂi‘lw tthe, HB gr ound,

glpegatjlse&e a shieﬁt rreréﬁ :%llggl ni g hoI ll?lwtﬁﬁ%t | o& | nﬁipgﬁﬁ Blcum‘ erence

| NSer t i Mgy oAl OnBTHERS orindbid (e Reghing Wébm@&ﬁdh&&:hﬁ%&&ﬁig‘ @ is in

a state of a small volune due to the ground water pressure of the anbient

ground, thechellow podiben| yFatthegeorenthe fubet membet candramtahrhasinmd)hole

I nt roduction of, r}bg - ptessur r,. fromthe high-pr ur. a|r .suppl,y source
{hr ough PR W8 REUSHER o f0Raibe Tesntes cnieah shg dhatlow, et SR no
hol | ow bﬁfﬁ‘ﬁ%gh @@gg&e%ﬂﬁg ﬁe%ﬂ% 0 exert an

I mpact action. e alr 1nside th Ioltow portion can I'sC argedthrough

anot her hol dnothi ppatdathe foe mpedvarsy tnetgbmmbmmmeﬁmm It is
al so possr ble to suck the ground water from the anbient ground through a

hol e pro tmwmmmmbem@mﬁsmtﬁ@mdmmmey&%mm hol | ow

e & e et in e panrv o By Toeectiag B BHTE "DobAC LR S YRS o g

the gr outrHe hEllG pétidnTis i i Btdtd WA sl volume duE'tEthe?gzbﬁnév@é}BPﬁ&bé&ed' agram

showi ng an enbodiment for perform ng on an upper |eéevel the nethod of

i mpr ovi nof theeangbientground aand ead suddenly champeiinto @ statd ofia great vehgme by
introduction of high-pressure fluid from the high-pressure fluid supply source
through the hole of the tube member. The rapid change in volume of the hollow
portion makes the sheet member hit the ambient ground to exert an impact action.
The fhuid inside the hollow portion can be discharged through another hole of the
tubeconnectedtothenegaﬁve_pressuresomce. It is also possible to suck the
ground water from the ambient ground through a hole provided in the tube member
andopexﬁnghtheoutsideoftheho]lowportion.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a schematic diagram showing an embodiment of the method of
improving the ground relative to this invention.

Fig.2isaschematicdiagramshowinganembbdimentforperformingonan
upper level the method of improving the ground relative to the invention as shown
in Fig. 1.

Fig. 3lsaschematxcdmgramshowmgamtherembod1mentofthemethodof
improving the ground relative to this invention.

Fig. 4 is a schematic diagram showing still amother embodiment of the method
of improving the ground relative to this invention.

Eg.5isaschemaﬁcdiagramshowingsﬁﬂanetherembodimentforperformjng




Fig. 8 is a schematic di agram showi ng anot her enbodi rent of the nethod of

I nproving the ground relative to this invention. Fig. 4is a
schemati ¢ di agram showi ng still another enbodi ment of the nethod of

i mproving the ground relative to5his invention. Fig. 5is a
schemati c di agram showi ng still another enbodi nent for performng

4 5 the nmethod of inproving the
ground relative to the invention. Fig. 6 is a schematic diagram

showi ng tHe hbthad of improeingdtie grnindatldtive torthietindention. npr ovi ng ground rel ative

0 sposi ng. cHBeKS s sebemic gigrbmoahongad il shher mbd S“"Wpfésexaeﬁieé’fcnan.
Fg 5 ElT %@ﬁ@ﬁ%ﬁ%ﬁ%@ﬁ@@@%@a@%ﬁ?&x eh an

effect simrhglbs sflisftRingFRhBdSvelied @mﬂwryound relative to this

i nvention can be anti ci pated. Fig IS a perspective view showing a
soil tank usEig f7ds adime chantishowing a negafive prestwredémpotarily geheratimghind of
irrprovin round relative to this invention. Fig. 10 shows a
result o W&&S‘gﬁ ment according to the present invention, in which (a)

is a contou(rng] % (Jhﬁ#a%‘ H;el;lh r aﬁnd t he
hori zont al I'sStance Trom tf‘ﬁ ozzie Eﬁ 5%; I's a gra (l))‘?VI ng cone

penet r at éffiet kel tto tiemethodef ipravingothe\srousd rebstive to thisfireentibh cahdes a
result of the experinent according to the present invention, in which (a)
i s a conanticipatedi ng the relation between the depth of the ground and the

hori zontal dj nce fromthe nozzhke. .and ) raph._show n one
penetrationdbgss W é’h?’?‘%nuse%%g e’qffmgfﬁg;v@a
result O&gﬁrﬁpﬂié%&ﬂdfﬁl@ﬂlﬁﬂ{dd'&ﬂhprdvﬁxg’ﬂhb%&ﬂrdaﬁv%tﬁ Sk PventigAW ng the
rel ati on between the depth of the ground and the horizontal distance from .
t he nozzl e, PigdlQ bhoﬁmmdﬁﬁ&heeMﬁMgMegrmhﬂkwehﬁondhor

vari ation, Fig. 13 is a schenptjc _di agram showi ng. a gap generated in
the gr ouMdiskH@his contour ﬁmr@ the depth unligandthe

horizontal distance from the nozzle, and (b) is a graph showmg cone penetration
res:stancevaluesbycokn'vanahon

Fxg. 11 shows a result of the experiment according to the present invention, in
which (a) is a contour showing the relation between the depth of the ground and the
horizontal distance from the nozzle, and (b) is a graph showing cone penetration
resistance values by color variation.

Fig. 12slmwsaresxﬂtofacomparal:iveexpéﬁment, in which (a) is a contour
showing the relation between the depth of the ground and the horizontal distance
from the nozzle, and (b) shows cone penetration resistance values by color variation.

Fig. 13isaschemaﬁcdiagramshowingagapgeneratedinth<iegroundwhena
supply of the compressed air is continued for a long time. '

Fig. 14 is a schematic illustration of the apparatus for improving the ground
installed in the ground..

Fig. 15isaschemaﬁciﬂustraﬁonofﬂ1eapparatusﬁ)rimprovingtheground
under improvement.

Fig. 16 is a partly enlarged perspective view of the apparatus for improving the
ground.




supply of the conpressed air is continued for a long tine. Fig. 14 is

a schematic illustration of the apparatus for inproving the ground
installed in the ground.. Fig. 15 is a schematic illustration of the
apparatus for inproving the ground under inprovenent. Fig. 16 is a
partly enlarged perspective view Of the apparatus for inproving the ground.
6 Fig. 17 is an expl oded view of elenents form ng the hollow portion
of the apparatus for inproving the ground. DETAI LED

DESCRI PTI ON (ig. THEid bFxXploddd view dfrelémentenforrdinge thies hollewmportiortiof $he 1
t hrough 6, the sane reference nurrerals i ndi cate the parts of the sane

funct i on apRaradupigrampeeing theerauad.ons are omitt ed. As shown in Fig. 1,
t he supply tube 20 f ﬁ%ﬁm tube 22 for the
ground water and air mﬁﬁﬁ@mgﬁiﬁfw gﬁk{?&g4 The |nsert|on
of these t ubgn tREBRALSHRRSAEhdHPir PSP U Bind AL hALCIL™

through a common tube nmenber 26. Tlril%ssuppl y tube 2 the suction tube 22
are insi d@mmm&ﬂnmﬁnﬂmnmﬂmpeﬂﬁmuiwmhﬁonmmﬂﬁdl s

provided with a,plur.al of squirt hole conmuni cating to the supply
tube 20 and Q%Wm %PBPPIMGPQ%ZQ?PT girtand; the sugen on t ube
22. The Kb s%&%@ t%:rh.ﬁqd @Bi“lii tiV anged at
|ntervals |nthe cirtunferentia %rec Ion ﬁwﬁgﬁ@ﬁﬁgﬁ%‘f%%

i nsert ed ingeirtion bethese thbeanembers20, hzmmnébmw ufd 224s KE%QdéfEt hods,
or by | oading_a weight (not shown on th gper end of the tube nenber 26

whi | e dr dbraugh avearamon tyhe mem dvbe 20tand the sietioy tupeo22id 24,

bl ow { n? S B SBape tf?ﬁgeff-ﬂ%”“e b i, e’fﬂ%@becmsg&eﬁ“ TE S

sand at tyieh fof BREraRGASE ycoﬁ:fm’ﬁllli‘jﬁa&% syction
tube 22 at the tine of I se%léﬁ%gglnto t he sandy groun 4 can dogﬁ%vé'm ded,
and t he phimatityef inletipoirtsr23conihanieating to theicon suse 221 The hélge 22 can

Pe M N G "Gnd he Cinlet posts 23" re “reopeckively arsanged b infervals in the
circumferential direction. The tube member 26 can be inserted into the sandy
ground 24 by inserting or other well-known methods, or by loading a weight (not
shown) on the upper end of the tube member 26 while dropping water from the
lower end thereof onto the sandy ground 24, or while squirting water jet from the
lower end onto the sandy ground 24 below the lower end. By using the tube
member 26, clogging of the earth and sand at the front ends respectively of the
supply tube 20 and the suction tube 22 at the time of inserting into the sandy -
ground 24 can be avoided, and the relative position of the supply tube 20 and the
suction tube 22 can be maintained to be constant. The supply tube 20 is connected
toacompres_sedairgeneratorZS,andthesuctiontube22iseomxechedtoapump30.

Through the supply tube 20, the compressed air is intermittently supplied to
the sandy ground 24 from the squirt holes 21 formed like a nozzle, to give an impact
load to the sandy ground 24. The impact load is generated by opening and closing
for a short time an electromagnetic switching valve 32 incorporated into the supply
tube 20. The switching time to turn on and off the electromagnetic switching valve
32 should be 0.1 second or less. The impact load becomes an impact wave 34 and
propagates through the sandy ground 24 to disconnect the earth and sand of the




to a conpressed air generator 28, and the suction tube 22 is connected to a
punp 30. Through the supply tube 20, the conpressed air is
intermttently supplied to the sandy ground 24 fromthe squirt holes 21
formed |like a nozzle, to give an inpact |load to the sandy ground 24. The

i npact load is generated by openin§ and closing for a short tinme an

el ectromagnetic switching valve 32 incorporated into the supply tube 20.
The switching time to turn on and off the el ectromagnetic sw tching val ve
32 shoul csaindy @réurxkfonad instant: s SThelésrth iapd sand anel shalemnbys thenmpachetaveave 34

and propa ate t hrough t he.san y ound 24 to di onn (;t t he earth and sand

irgztcgﬂtrruliiia&ggﬁe%{]e yq:aﬁ%e] |rrpac@qkrg)smgevrl(%'F)Ie}‘f1 Col |§¥)&Xﬁbe?weﬂéﬂﬂ?v\o

articl es grughndlnt Motishl @ fofeCiNitifiingCloR Hbout 1/1000RBécHAsGb H10 ¥edoRs i - e. |
I mpul sive or transient notion or force continuing for about 1/1000 seconds-

to 1/10 sﬁhnh@gnmmamhamdereaomamaﬁanm dashtaeexplosionapact
wi nd due t | osI. 0 _that he switching ti of . such a. range as
rrentionedsozbﬂ ST %W?Qf epgql i x the tine
fromthe st a’WthF' gﬂ@ﬁ{ﬁh Bﬁ B%Hﬁééﬂégﬁﬁ{i”%ffﬁ
supply to be wt 1|sn e aﬁﬂ\#e rreﬂrifr oned range 21‘?‘4{”*0‘ seconds

seconds) ,airtill theesuspensién of styely stodeewithim thd aboveahyntionddearige! (140009 St art

of supply does not. matter. The latter time can he determ ned on the basis -

of such feeeensisdo 1410 iseeonds)yand the timedrom thesuspansion ofsupply: tothe &llowdngi r f or -

Fange of TS BBl topd 85 BEREEC e 1oAY b B NP Atelon B LBER A e
comressmlﬁm@&emw pr@ﬁﬁx‘a‘ﬂbno@éoxﬁwm%lbwhﬁéat ion

that a change |n m)rrentum equal s to. an inpul se he amobunt of force'is

det er m neappl, gree guiredna oﬂthe@ourhbﬂiemepﬁﬂwgomﬂtha an
object. Sing etrrrernt S, case has a c in range as. mant oned above,
t he armurﬂer’é’(;1 8¢] %@n%@% @?é&'ﬁ §u'r Adable to
det er m ney, w&] fackdle dﬁﬁgﬁ EH%]Ei me for
suppl yi ng cgnpacfa%u or exarrpl e, I n case corrpac arr ‘rs-supplied
from suppb)aﬂmlﬁ.ﬂse)ftm hmosBtref foiceeis detarndined pdlatde) 1o the tirhe d Gyhdgiied in

case of supplying for .1/100 seconds under pressure of 10kgf/cnferr] and in
case of Qg@nye@exertedonanob]ect Since the time in this case has a certain range as
mentioned above, the amount of pressure is not univocally determined. It is
recommendable to determine to give the impact load to the ground in relation to the
time for supplying the compact air. For example, in case the compact air is
supplied from supply holes of the same size, similar effects can be anticipated in case
of supplying for 1/100 seconds under pressure of 10kgficm?2and in case of supplying
for 1/200 seconds under pressure of 20kgf/em?2,

The ground water and air in the sandy ground is sucked out through the
suction tube 22. This sucking can be performed continuously from the time while
the compressed air is being supplied or after the supply of the compressed air is
suspended. Filters (not shown) are mounted on the inlet ports 23 in advance. By
sucking in the ground water and air as shown by arrows 25 and exhausting onto the
ground, the earth and sand of the sandy ground becomes further dense. It is also
preferable that the sucking of the ground water and air be also intermittent,

By repeating intermittent supply of the compressed air and sucking of the

\H




for 1/200 seconds under pressure of 20kgf/cnierr]. The ground wat er
and air in the sandy ground is sucked out through the suction tube 22. This
sucki ng can be perforned continuously fromthe tine while the conpressed
air is being supplied or after the supply of the conpressed air is
suspended. Filters (not shown) are gounted on the inlet ports 23 in
advance. By sucking in the ground water and air as shown by arrows 25 and
exhausting onto the ground, the earth and sand of the sandy ground becones

further dgmuad water and labo thiy &impatbddinigioted Bound @6 dver 8fceltath Siipetdnvat er
and air be al so |ntern1ttent By repeating intermttent supply of the
conpr essebe infFighg. n, pulling and moving upward the tube

?ﬁngg"gzﬁ Wat*%%?%”mﬁng@ed s C%ﬁéfﬁt@mﬁéﬁsﬁepﬂ%ﬁgmwwer : %%%Ed
Loﬁpﬁgsged arr and suc%?ﬁgkg?'&ﬁe grou%gnﬁﬁt an erﬂhgajr ar e red@%teé © | t

o prgferagb ?ﬂéﬁ h et dﬂgﬁhﬁ h &ﬁé h h ﬁmﬁrﬁhﬁwﬂ)
t { t t
Connoct odUPEEHE i B rEFrSCRTRL SR 1o el tibeZandAben t he
A] h d
s al 50 pwwg?éﬂ?%wﬁﬁo@ﬁ@% : %ﬁﬁa@%ﬁaﬂﬂp&” oy cihel e Poedl o

strut 38.can entef\thé BB ahd if-istalsc aoﬁgg%e.%gwaurmly
tube 20 to a tube nmenber 40 and the suctlon tube 22 to atu er 42 so
t hat t heydetachably enastrut8&ndy ground 24 separately. According to this

?ng?Lanfn tﬂelﬂrowwgﬁégﬁeépﬁggtalr can be sgg&g g&xﬁ S|t|on at an
vertical destiker#0as %*ﬁ%ommw%ﬁ s.ncétﬂ%@a%%%ﬁ?s%%@é‘?bwem

i nsert tf‘sarﬂy@oxﬂ&i%ﬂep&ﬁatd]ya Aﬂ@irﬂiﬂglwtlﬁs the graithdPatel BRI ound

direct -under anp existing building 41 and the ground_ in the neighborhood of
a struct RECaR ke gacked ap @P@@DﬂatanInEﬂwﬂnnﬁh@h&d&mﬂmﬁdmedmxmﬁmmnan Fig. 5, in

Sﬁfihtﬂie%%%?fov‘%hﬁﬁ?;ﬁﬂ%icﬂ#°be' DS Bl 5o riBn 8t et Sl B edtrbieal o ancy
gr ound tqmgpﬂkﬁ@&ﬁ&gan@aﬂxﬁpnpacted

As shown in Fig, 4, since it is also possible to insert the tube member 26
diagonally into the sandy ground 24, the ground directly under an existing building
41 and the ground in the neighborhood of a structure can be compacted.

As in the embodiment shown in Fig. 5, in case the sandy ground 24 to be
improved is below the surface layer ground 43 which needs no improvement, the
tube member 26 can be disposed on the sandy ground to be improved and compacted.
In this point, in comparison with, for example, compacting by the use of a
annmnﬁinmﬂshakhu;amnpauﬁngappamﬂuswdﬂdlahnshakeseveﬁthesur&me
layer ground 43, further energy saving can be intended. '

As shown in Fig. 7, the pressure within the supply tube is a positive pressure
at A when the compressed air is supplied by the supply tube, but it becomes a
negative pressure at B temporarily when the supply is suspended. So, as shown in
Fig. 6, the supply tube 20 is preferably provided with a check valve 44. The check
valve 44 permits the air flow from the supply tube 20 toward the sandy ground 24
but checks the ground water flow and the air flow from the sandy ground 24 toward



In this point, in comparison with, for exanple, conpacting by the use of a
conventi onal shaking conpacting apparatus which al so shakes even the
surface | ayer ground 43, further energy saving can be intended. As
shown in Fig. 7, the pressure within the supply tube is a positive pressure
at A when the conpressed air is suflied by the supply tube, but it becones
a negative pressure at B tenporarily when the supply is suspended. So, as

shown in Fig. 6, the sup lfﬁdtUbe 20 is preferably provided with a check
val ve 44. thi!hupplyd:ube%l ep)éndmentnﬁg‘i@B@ fthe chdéckwalverdd is ppsitignedibe 20
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9 th 44 j
pos}[tie;le a ove avvaym#&nmthg noz%hﬂﬁ‘%lﬁ%ﬂ‘)&w@ﬁ%&gﬁ)’ Yﬁe e

suppl y t udckValvedd isysdsitioned adjdcent 1o eacly Adele 21) whidhB Provilled WRh@hBer hand,

in the enbodi ment of Fig. 6(b), the check valve 44 is positioned adjacent
to each r@@ék@alﬂ-, which is provided with one check valve. As shown

Iolr:])t 2: %edeyai fect méear @It he;caé) of tgg o&ﬂesseg air anggg24 d
ggg?;?hg%an |rrpact Ioag toéjtiﬂgélsandy grgmg}b%y %iﬁﬂ% g’i& osi Vgn_ '

50. In smwmmmmW%ahdapmmwthe
expl osi o he.ground wat nd the gas are sucked fromthe sandy ground 24
el trbisandy emena 243

t hr ough §¥plamive,00.5 Insueh éﬁg%ﬁasted onto the
d. 54

Pt or va ooyt o fiblatBheipd of aleh b sk R bt st Bl oy

ground Z%eéb,eafé@irﬁédﬁenﬁﬂ)e hndy grodadl 24 thidughithe budicdl taBe 82 agBRovae 9r ound

wat er and the gasé%enerate the expl osi on are exhausted by the suction
t ube 52. u@eéon’wt the gramd. s Aplixtality ofextplosivep 50aee¢ er i ned

e A RS BRI 1
Shown i n (ECGEd S BBy Rt e, sanﬁﬁa‘ms*’ép?“epar o it By ;ﬂ%%ﬁgs'eg”méi
i nserted andthemmdmatmhhdthsgadgdrﬁfdte@ﬂythea:plommareexlmustedbythe
suction tube 52, Thereaﬁer,ﬂmmcﬁontube&isptﬂledupbyapredetermined
distance, and then the explosive 50 at the second from the bottom is exploded and
the ground water and the gas generated by the explosion are sucked by the suction
tube 52.
A sail tank 60 having the dimension as shown in Fig. 9 and filled with sand
was prepared and a supply tube 62 was inserted into a corner of the soil tank 60.
A cycle of squirting the compressed air 64 of 10kgflem2 for 0.03 seconds from a nozzle
63providedatthe10werendofasupp]ymbe62andthenoonﬁmﬁn'gaone-sewnd
suspension of the squirting is performed for 120 seconds, and suction 66 of the water
and the air was continued during the squirting of the compressed air. This is called
Experiment A. Experiment B was conducted under the same condition except the
supply of the compressed air for 0.08 seconds. Incidentally, the nozzle 63 had the
inner diameter of 13 mm and was provided a tone portion of the supply tube 62, the
level of the nozzle 63 being 75 cm. |
Fig. 10(a) is a contour obtained by Experiment A, showing the relation between




A cycle of squirting the conpressed air 64 of 10kgf/cn{err] for 0.03
seconds froma nozzle 63 provided at the |ower end of a supply tube 62 and
then continuing a one-second suspension of the squirting is perfornmed for
120 seconds, and suction 66 ofthe water and the air was continued during
the squirting of the conpressed air10This is called Experinment A

Experi nent B was conducted under the sane condition except the supply of
the conpressed air for 0.08 seconds. Incidentally, the nozzle 63 had the

i nner di athetdeptinéf the groamiuhd the harieontabdistanics fiembihietriogsle,Grhild @) suppl y t ube
62, the |evel of the nozzl e 63 be| ng 75 ¢cm F| g. 100(ft%e|s a contour
obt ai ned BeN stagce weluesshowmby contour.
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genfat (raa'fl on reng!t ance val ues]m%% al ned gkb g%gl’l mﬁ%&yﬁ% gs E?Izli) and

(b) are mmwahmdof&mpamm&penmentmelmhﬂmbme@bdwar ative

ggg%geniw whi ch tEE % grgss d alr of 10kgf/crr[err] IS zsiggimrjted.for 2
h i 0,.4h
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that the ﬂmmmmmvwmpmﬁsm > WhidPiidicbss thbEthe
particularly great. In Fig the viewis sinilar to that of Experi ment

A while mneaepmmmweamwabes these pattions arparticulsily gredte boBig,

penet ratl esi st.ance, v spal | conparison wth Experl ment A
in Fig. ﬂ&] W%Mf%@?%m r%?“ﬁ‘@ﬂ BPdriion in
Fig. 12, 1@0&&&% @W%&@s@

conparison with F| gs. 10 and 1 en the corrpressec?ﬂgaaﬁ]re% uéﬂ#%d to the

sandy gr owith ExperintenbAlin$igri10. wOnthe btheediail, ﬂﬁfbﬁ%@vhﬂa&%&ﬂy&vﬁlﬁe cal | ed
boi I'i ng phenongngn whi ch stirs the earth and sand, causing pores 70 in the
Hbﬁﬁg eone pemetnation sesistAnces Yq&ms)aresma%er

gr ound 72P0gdon Bwonpressed air,
rsi ot ancEREfisdd areﬁ%mﬁwh%%}%n@xﬁm&%ﬁg# Bl o tne
Rgéélrgl Ing to mﬁgr@@ﬁ%gﬂﬂ&%%&fﬁeﬁgﬁ Sl M@d@ﬂn{)‘gessed air
i s suppl iRhengmenpon whichatirs sheearth and send, camsing pms 70 iwtht geund g2 as

shown in Fig, 13.’I‘he10ngerthesupp1yofthecompresseda1r,themorethesepores

~ 70. 'The fact that in Fig, 12 the cone penetration resistance values are small in the

portion above the 75 cm level of the nozzle indicates that compacting is difficult

because of many pores. According to experiments in the present invention, since

the compressed air is supplied only for such a short time as an impact load can be

obtained, it is considered that a boiling phenomenon has not substantially occurred.

Results of the examples of experiments and the examples of comparative

experiments are shown in the following Table, in which the relative density Dr can

be given by the following equation;

Dr = {{emax - €)/(€max - €min)} X 100 (%)

where e is the ratio of gaps in sand, . emaxis the ratio of gaps of the sand in the least

dense state, and eminis the ratio of gaps of the sand in the densest state.




obt ai ned,
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conparati ve experinments are shown in the fol

it is consi'dered that a boiling phenrocnenon has_not substantial ly
Results of the exanples of experinents and the exanples of

relative density Dr can be glven b
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Replgeedihi ch
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of the

t he

[err] where e

sand in

the | east dense state, and e[err] |s the rati o of gaps ofthe sand in the
densest state. ' Bef ore testing
After testlng Exper| Squirt- Rel ati ve Average cone Relative Average
cone nent (No-—Tmg—Trme—Der bTLy ) DersTt pELIratTo
soi |l tank Sqi Jﬁ%ﬁﬁﬁ%ﬁ%ﬁ? After testing ;
(Kg/ cnf er Hay— 'K"f“ﬂ{AT”JL’ B—03— 369 1.40
54. 0 Bipam | Soirt | | Reldjivgs | Averageggne | Relativg M\verage@%.ﬁ
6. 55 ment No. | ipg Gigne | Deysity | penetrationyg | Density g | penetrations 4
As seen flom the T3lfsee) in |Ederi mpmesistaneend B| &6k or di naesigtaneee present
i nvention| the reldtive defsities qvahiergfentivsd | i N conpvaheof entite
Conpar ati ye Experinent C and the a\gamﬂaﬂ§one penet r at i| @pil a8k St ancle val ues
of the enfire groufd are greater. (Kg/cm? (Kg/em?)

A 0.03 369 1.40 54.0 748

B 0.08 369 147 60.7 6.55

C 2.00 36.9 148 492 5.47

As seen from the Table, in Experiments A and B according to the present
invention, the relative densities are improved in comparison with Comparative
Experiment C and the average cone penetration resistance values of the entire
ground are greater.

The improving method of the present invention can be performed by applying
hgﬂxpnﬁmmmevwnmrlnmnadxftheommpnxmedsmnsnnﬂaﬂyboﬁheca&eofumngﬁhe
compressed air. _

In the following, another method of improvement relative to the present
invention and the ground improving apparatus 80 for performing it are explained
with reference to Figs. 14 and 15. |

The ground improving apparatus 80 comprises a tube member 82 similar to
the tube member 26 shown in Fig. 1 and a sheet member 84 mounted on the tube

member 82,

'Theﬂhmmnnedtubenmnnberszhasalowerend:mwﬁan86:nnianopenummer

endphﬂﬂn188. The tube member 82 can be penetrated into the sandy ground 24
from its lower end portion 86, whereby the ground improving apparatus 80 can be
disposed in the ground. The lower end portion 86 of the tube member is set to have
a tapered configuration to make the intrusion resistance small. Also, it is blocked
s0 as to prevent the earth and sand from entering the tube member 82 while



In the foll ow ng, another nethod of inprovenent relati ve to the pr esent
IFnvention and the ground inproving apparatus 80 for performng it are
explained with reference to Figs. 14 and 15.ThisSheet HdaBe rB@nlﬂ:ddl nprovi ng

apparatus 80 conprises a tube menber 82 siyjl rrerrber 26 shown
in Fig. 1 and a sheet nenber 84l&punted on thglw The

I llustrated tube nenber 82 has a | ower end\.po and an open upper end
portion 88. The tube menber 82 can be penetrated ihto the sandy ground 24

fromits inseting@rdntradingd n'THE intviidorebithe tabemembér 821imto the gandypeoands 80
can be disposed in _the ground. The | ower end portion 86 _of the ube menber
is set t&f@mbeapqrﬁpmedd Brihegaseef the tube member 26, bynloading s weight oknce

S o) i) o e B S B AoRES (GBS ki35 b AW B

entering

I nsertin t e sandy
M@bﬂwmmmamﬁmwaﬂﬁpﬁe BRI aqbdr Wafed

ground 24 can be perforned, as in the case 6, by
| oadi ng getvwonghe samdy grioand)24further dgwaward dfromrthedowss enfl gdréionfe nmenber

gg,rtlo:‘)nf ggt hgﬁ by_dri pp‘iﬁr} \yat er,ﬁa.t, eﬁs q%ﬁ grgundé&frlomm}tgg@ger end
d d ' i ded
Womw:rpl%rm @%ﬂgﬂﬁgl m allégghﬁ% 0 eé%giwmggg?\els ©

openi ng og4 Lillapab ithe Slbe 28" RReplurklity af bolés B0 dré rédpdotivay ab the Bdmsi ni | ar

to the holes 23. The pl urallty of hol es 90 are res ectlvely at the sane
hei ght p are

cheiglt portiom, are
grg\e/![dedaﬁaﬁl eawg&g‘e%r&ﬁ%% @ghe%éﬁpgé% The Ies 90, 9 er{)eas
82, and e%&m&ﬂﬁﬂaéﬁép&ﬁmxﬁ&thembemembaszmeachoﬁhemm 92,

94 can be disposed at an arbitrary height position of the tube member 82. The
former two holes 90, 92 are, however, disposed at positions to be covered by a sheet
member 84 fully mentioned later, while the latter hole 94 is disposed at a position
not to be covered by the sheet member 84. It is desirable to cover the holes 92 and
94,suchasﬂ1eho]es23inFig.1,withaﬁlter97forprevenﬁngforeignsubstames
such as earth and sand or dust from entering.

Ead1ho]e903tﬂ;elﬁ§hestposiﬁonisconnechedtoahighpressureﬂ1ﬁd
supplysomcelOOsuchasahigh—pressurewatermmpressororanairmmpressor
installed on the ground, through a flexible capillary tube 98. By actuating the high-
pressure fluid supply source 100, high-pressure ﬂuidsuchashi‘gh—presswe water or
high-pressure air can be squirted into the outside of the tube member 82 from each
hole 90. | |

Oneliole92direcﬂybeloweachhole90isoonnectedtoan;egaﬁvepressure
source (not shown) such as a storage pump or a vacuum apparatus installed on the
ground, through a flexible tube 102 similarly extending upward and downward
within the tube member 82. By actuating the negative pressure source, a negative
- pressure action can be exerted from the hole 92 to the environment outside the tube
member 82.

In place of the illustrated embodiment for providing both of the holes 90 and




94 can be di sposed at an arbitrary hei gh{——pesk{—ken—e#——t—he—tube menber 82.
The fornmer two holes 90, 92 are, however,_ disposed at p03|t|ons to be

covered by a sheet nenber 84 fully nenti h een ‘the latter hole
94 is disposed at a position not to be cov | flget nenber 84. It
is desirable to cover the holesd®2 and 94, es 23 in Fig. 1,
with a filter 97 for preventing foreign substance such as Yearth and sand or

dust from entering. Each hol e 90 at the highest position is connected
to a hi gmqohelessﬂmtas posaibleitb previde eitheo of thecholes 90 or the holes 92, using

fUbe o8, Shspn a cermonplspdor peting e digh ereperre i ppd saliing a gesative | 'Y
hi gh- f th
191 P 334l One o o plurglitof e coBlbxP B b oylkind clpiate of  the
hol e 90 higlcpresseledtlifl eupplyagaide/H0HRbthe egativu peessir@sombe ioughah as a

storage punp or_a vacuum apparatus_ installed an the graound, through a -
f1 exi bl etabgpximilye te thﬁommpntim abowe ansla valve vaeans (rokshpwn) sueh@sihe t ube

Mot o CERoRARANE. it fe bk S hiEnHrBaR R i drihe BrB BRI fLaR S50 e
menber 8gogative pﬂegs&f@eans‘e dlRerridtely WM AdE By Ypeedting the eﬂvarﬁ\éaﬁsng bot h

of the holées 90
the hol es 92Th®hohs%qmmhbhaihnthmmwghlmh¢ihf¢hathrenﬂ@whoﬂ860fth$e hoI es

92, using them as commn hol es fg:ilgsqwrtlng t he hi gh presyre, air_and
appl yi ng & can be

t i d supol h
ﬁzngfviﬂﬁ%ﬁ%%é@%é&ﬁdﬁ%ﬁéw %ﬁ & %ﬁﬂé%ﬂn@t@‘ﬁ% above
and a vakieughvikve nisinsThet dhbwh) Slichods BitvroMRrayulve; adﬂﬂde&haeﬁwﬂiéze&,f t he

hi gh-pressure air and the applicati-on of the negative pressure can be

al t er nat &0 ynothée hegative rpressvge tsourcea(nob shown disposed Phnetheogeaymals Jysi ti oned
in the ”%cé?:a%ng?ﬁé’d of . tWr endapl(l)ergtahon 86 of atc%xem be applied to

the environment outside each haole 94 and suck the ground water from the sandy

ground 24. |

The sheet member 84 surrounds the periphery of part of the tube member 82,
deﬁningaho]lowporﬁbnmﬁpresenﬁnganarm\ﬂaroonﬂguraﬁonasawhole. The
holes 90 and 92 are covered by the sheet member 84 which is a hollow body, and are
oommuxﬁcatedfoﬂlehollowporﬁpnm& In place of the illustrated embodiment in
which one hollow portion 106 is provided, a plurality of hollow portions 106 defined
by a plurality of sheet members 84 can be disposed on multiple stages in the
longitudinal direction of the tube member 82. In such a case, it is preferable to
dispose holes similar to the holes 94 for sucking the ground water between the
hollow partions 106, .

The sheet members 84 are selected so as to have a property not to pass any
liquid such as water or any gas such as air and such a strength as not to be cracked
by contact with gravel, earth and sand in the ground 24 when intruding into the
ground. As those suited to such a property, there are, for example, a rubber sheet
material, sheet materials such as a fabric made of aramid, high strength
polyethylene fiber (such as, for example, 4"/ =— (pronounced like “dainiims”




t ube rmenber 82 are connected to the negat-%—ve—*pr—em@'r?e simlarly

through a flexible tube 104 extending in t e el Galy itbh@at i on within the
t ube member 82 and through val ve means (not%j hﬁ! a two-way val ve,

or independent thereof, to anothﬁr negatlve e (not shown)
di sposed on the ground. By actua ng t he ﬂe source, a
negative pressure action can be applied to the enV|ronnent out si de each
hol e 94 and suck the ground water fromthe sandy ground 24. The sheet

nmenber 84 ppadhiced s Toye BosekipHabyshiki Kaishap! Ada fabpie medbef the, abwvei ning a
hol | ow portion 106 presenting an annular configuration as a whole. The
hol es 90 mentipped &1 eBves, fiwe exarople, having a thicknpsecof 0.36 mom nasebe body

g%ogir ereﬁo%#mxcat ed to the! hol lwg’n&’f()@bfig%f’ n EI ac of the |J I uqs)t rat ed_

hol | ow po 9‘5‘%8 by a plurality of sheet rrenbers 84 can be
di sposed ("l):iﬁh mﬁe stages I n the longitudinal direction of the tube

menber 82. InSmwftlmshﬂ:enateﬂaleﬁﬂMﬁ)hndmmﬁrmnbb klné eapagityiofdhe t o t he

hol es 94 for sucki, ng t he grouynd, wat er between ol | ow portion 6.

The sheet hellawfostion; 106 is 9@‘?’&92\9%@99@35 i“%s any
liquid su r ot to
be cracke%m%ig@%r%’?azfdug ear %ﬂ%ﬁt@;ﬁgm@@gﬁ When

i ntrudi ngﬂx@élﬁbethﬁemmmaﬁmwﬁm@ bfshgh® iritd ebntactwiththé periph@ak ar e,

for exanple, a rubber sheet material, sheet materials such as a fabric

made of amuniace ofithe-tubememyber 82 cindetheycapacity obthe allowhpartions K6 alxthip| e,

err ronounced, | i daj ni i m"

AR R W%M the-Jeeth of the shest membernge of
the abovegyl E%mf of

0. 36 m"nvnay e sgﬁgg?%%tﬁleresm caat1 ng |§%ﬁ§mﬁ% tdé&?ﬁ&r?)g ric, If

necessary méraber84; el &h e srbiltebrily dbtepginedand air tight ness. Si nce. t he

sheet material 84 is foldable and transformable, the capacity of the
shown in respective examples in Figs. 16 and 17, in order to form the

hollow portion 106 defining a sealed space, a hole 90 of the tube member 82 to be
covered by the sheet 84 and the portion 108 (Fig. 17) for disposing a hole 92 are set to
have larger diameters than ancther portion 110. In the vicinity of the large
diameter portion 108, a rubber band 112 is wound at each small diameter portion
110. Each rubber band 112 and the periphery of the large diameter portion 108 are
surrounded by the cylindrical sheet member 84. Each end portion of the cylindrical
sheet member 84 is narrowed, surrounded by another rubber band 114 which is
further surrounded by a stainless fastening band 116. Each fastening band 116
has an inner diameter smaller than the outer shape of the inner rubber band 114,
and has both end portions opposite to each other at an interval in the peripheral
direction. Each end partion of the sheet member 84 i mounted liquid-tightly or air-
tightly on each small diameter portion 110 of the tube member 82 through both
rubber bands 112, 114 by fastening of a bolt and nut assembly 118 which penetrates

both end portions opposite to each other of each fastening band 116.

As shown in Fig. 15, the improvement of the sandy ground is carried out by
supplying high-pressure fluid into the hollow portion 106 from the high-pressure
fluid supply source 100 through the tube 98 and the holes 90. The sheet member



hol | ow portion 106 is varied with transformations of the sheet menber 84.
In the sandy ground 24, due to the earth and et ?Séisgm @&pplied from

t he periphery, the sheet nmenber 84 in its majo Fxqught into
contact with the peripheral surfagg of the tub d the capacity
of the hollow portion 106 at this t|rre Is smal | . The ma I 'mumvei ze of the

capacity, the length of the sheet nenber 84 in the axial direction of the
t ube nmenber 82, the maxi mum di anmeter of the sheet nenber 84, etc. can be

ar bi tr ari By isiepbfilyekifihded by an‘iicrebidd of the R¥Brridl pFRBRRCLINIngX ARl sepplyn Fi 0S.
16 and 17, in order to fromthe hollow portion 106 defining a sea ed space,
a hol e 90afthet high tpressune B QZmdemmm@smpmyuc}han
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ar e surrogivdeabelif the bigh/brieastire dhlid 8t bk ssrdepéctivély 4t0:1 ~e001 pedohdemddf t he

cylindrical sheet rrerrber 84 is narrowed, surrounded by another rubber band
114 whi ch19s H00Kgian? fmexsmplied by a stainl ess fasteni ng band 116. Each

fastening bang 116 has I nney di aneter. shal,l er tha ut er

the inner ru ’6%@%6*3‘“?%{ %ﬁﬁm%%ﬂgpg‘gsﬁ?ep?ﬁﬁgﬁ ot her
at an iméfdtﬁhi!s“buﬂ}@heﬂ%‘ﬂiﬁbﬁfm@ééﬁ ‘shiRes, EaDfie 5 €hid Whiak8NtHY sthbifofs heet
menber 8471s nounted l1quid-tightly or air- tlghtly on eacﬁ’ smal | di anmeter
portion laéuniulatien tofbtheneatthr atd® &hdoubtﬂm)cpelmplmtdiegmhnddvaﬁés?anﬂlis by

Lg;égint[ gg of g bo!t and nut Senble@ﬁi' h rates bojh \%gglb%olrzt igons
15, th d
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84 is rapidly expanded by an increase of the internal pressure
foI | owi nglhadlmdppld;scgﬂmmbbmmlmgzmeamvmpmssme actiopetn thehelet 82 dwppl y

such an ag kg th fgaive pressure source and sucking the fiuid from the hallow portion
106. By repeating the impact action to the peripheral ground, the degree of
consolidation of the peripheral ground can be further enhanced. Also, according to
the example to dispose a plurality of hollow partions 106 in multistages, the ground
can be compacted in a wide range in the depth direction of the ground. The supply
of the high- pressure fluid to the multistage hollow portions 106 can be made to all
the hollow portions 106 temporarily or at intervals in time.

Preferably, during the application of the impact force, that is, during the supply
of the high pressure fluid into the hollow portion 106,theground.waterissucked
from the vicinity of the hollow portion 106. The sucking of the ground water is
donebyactuaﬁngthenegaﬁvepresmnesomoeandapp]yingneg;ﬁvepresswem
the holes 94 near the lower end portion 86 of the tube member 82.

When the sandy ground 24 under improvement, more particularly, the
peripheral ground is in a saturated state, the impact action sometimes raises the
ground water pressure inside the peripheral ground to bring the peripheral ground
to a plastic state, while sucking of the ground water prevents the peripheral ground
having a great percentage of water content from transferring to a plastic state, so



pressure fluid as causes no elongation to the sheet nenber 84, that is,

I ess than the nmaxi mum capacity of the hollow portion 106. The supply tine
and the supply pressure of the high-pressure air can be set respectively at
0.1 ~ 0.01 second and 10 ~ 100 g/cn{err], for exanpl e. As a result of
t he rapid expansion of the sheetl®menmber 84, the peri pheral ground is
subjected to inpact force and shakes. Due to this shake, the state of
accurrul ati on of the earth and sand of the peripheral ground varies and is
consol i dghsithe poriphéail uht eanbe canpactéd gellund. The high pressure fluid can
be supplied repeatedly In such a case the hlgh pressure alr |s supplled
preferably aTheimprevement:

of
di scharg romth €,92. T air. scha ative
pressur egﬁé{q’ﬁ %Yt?ge‘h tf?é't&’n m%g%e%e urce
and SUCk'dEQﬁbe& %B%ﬁh} ?,ymlggr (Fmag@ Aldaeghdrpact
action to the perip gfrra groun e‘{jrg{ebiH consol 1 dation of the

per i phermmmmmmmﬂmﬂwwmmwmmmmam e
to di spose pluralit of .hol 1 ow_ p rtlons 106 in nultlsta t he ground
can be c&%&&l‘ &i ol dny 3 fe. ddbenegroundcun g"‘!’kié“@r@ﬂnd The

e e thearey AR %%?H%%@%W#% %ﬁ?f%hﬁr il R (T

Pr ef er abyembis 8o dinjdtlig Wi dinaitlyinded thé fho pafhey of the 10 (e
supply of the high pressure air.into the hoIIOM/portlon he ground

wat er i s buildingdn the samdyrgoundi nity of the holl ow portion 106. The sucking
of the ground water is done by actuating the negative pressure source and
appl yi ng negative pressure to the holes 94 near the | ower end portion 86
of the tube nenber 82. When t he sandy ground 24 under inprovenent,
nore particularly, the peripheral .ground is in a saturated state, the

i npact action sonetinmes raises the ground water pressure inside the
peripheral ground to bring the peripheral ground to a plastic state, while
sucking of the ground water prevents the peripheral ground. having a great
percentage of water content fromtransferring to a plastic state, so
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that the peripheral ground can be conpacted well. The i nprovenent of
t he sandy ground 24 by using the inprovi devi ce 80 can be done step by
step froma deep position to a shallow pﬁgmm one descri bed
above by intermttently pulling up the irrp“ ,M'Im Al so, the

| mprovenent of the ground by usi ng the inp mlﬂm be done wth -
the tube nmenber 82 tilted, not in zz vertical statte. "The gfound under a

bui |l di ng can, therefore, be inproved as descri bed above, for exanple, by
i ntrudi ng tWHATIE CAIVEED §3: di agonal |y toward directly under the building

fromthe periphery of the buildjng, on the sandy, ground. WHAT I S
CLAI MED | S: i Alnew@aw@ﬂnmag% QEEEHEAd conprising: inserting a
supply tube for t r%ﬁﬁﬂ Iﬁi [ 2 &tggg '! A% '@&1"’5’%}‘%9 wat er
and air into sand;’ﬁé%ﬁg& a%)gfq% ng an |rrp%éltc%mf%é ot eﬁggﬁ%y
ground by |%baﬁmqtab@r&{m§m ' .conpressed air for 0.1 - 0.01

seconds each tinme through the supply tube; and . sucking the ground
water and air fro Bﬁpplymg)ly of

anuy
the conpresged air or,after s ensi on of the supply of the conpressed air
t hr ough th&mw%ﬁem%@‘ﬁprovi ng the ground according
to claim1, Wnereisggﬁﬁ- g ' W&éﬁgp b &ir OGS é‘aﬂﬂﬁgrd(ﬁid‘%nﬁﬁgow vent s
sucking of earth and s %‘3@ t he san%typgl%oundﬂ%y a hegative pressure
gener at ed i fromalutingthe bypply bfthe\conpaesed airgr after suspphsiondf thie supplymf ts ed

air. 3. A nmet hod of inproving the ground, wherein after a holl ow body
capabl e of CPHR ﬂféﬁhmﬂk:ﬁhﬁ g'éhﬁased in the sandy ground, a high

pressure a7 1% SULIEA bR Bkl AR WiSpagEe
wher ei n - af t @ppleibh Phdiadis2dhick valve SHQ pRévehts sulRingdf et 2t 3dnd 8PRHal © Of
varying the capacity, a supply of a high-
sandy ground by a negative pressure generated in said supply tube by suspending
the supply of the compressed air.
3. A method of improving the ground comprising:
inserﬁngasupplyhﬁeforlﬁ@-pressurewaﬁerandasucﬁontubeﬁ)rthe
groundwaterfntosandygi'ound; _
applying an impact load to the sandy ground by intermittently supplying
the high-pressure water through the supply tube; and
sucking the ground water from the sandy ground continuously from
during the supply of the high-pressure water or after suspension of the supply of the
high-pressure water through the sucking tube.

4. A method of improving the ground, wherein after a hollow body capable of
varying the capacity is disposed in the sandy ground, a high pressure fluid is
supplied into said hollow body to rapidly increase the capacity of said hollow body.

5. A method of improving the ground, wherein after the hollow bodyis
disposed in the sandy ground capable of varying the capacity, a supply of a high-
pressure fluid into said hollow body to rapidly increase the capacity of said hollow
body and a discharge thereof from said hollow body are alternated.

6. A method as described in claim 4, wherein while said high-pressure fluid is
supplied, the ground water is sucked from the vicinity of said hollow body.

)
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pressure air into sai‘d hollow body for 0.1 - 0.01 seconds to rapidly
I ncrease the capacity of said holl ow body—and—a discharge thereof fromsaid

hol | ow body are alternated. 5. = A nethod [ [ | ai m 3, wherein
whil e said high-pressure air is supplied, ﬁ“l“ﬁm:“mﬁmll“mrl s sucked from
the vicinity of said hollow body. & A method as #des€&ribed in claimd4,
wherein while said high-pressure air is supplied, the ground water is
sucked fromthe vicinity of said holl ow body. 7. A nethod as
descri bed in 7| A ethodwaciesdiribedtin clairnd, whetah whilesaid lghipessuresflaidip| i ed,
the ground water_ is sucked fromthe vicinity of said hollow body. 8.
An appar & | er disposed in

ithe grouad; wager sgid;
t he sandy grqund,_for inpravenent .o aid sand roun d hagving at |east
one hol e con CM%: ‘W@M@?ﬁ%ﬁ@g ,and a sheet
menber NOHBARE] SithEAafd) BRI RApreREmERY df daidBand) Btdud B Hdvirl at

communi cated wth the periphery of part of the tube nenber. 9. An

appar at uslegstaﬁeimld@aﬂeétaiiﬂﬂbdﬁﬁ;pmbmneiﬂnﬁdaﬁpbhahmamﬂaslbet further
Communi ¢ APRPLMEHES o 751 (i OB definiogn baflo pOROR TEMHUnRet  bed
0 2L GBS Bt oot one ol ooeri o on the
connected t 0 g, hArEsharati as dbsibed in claim 8, wherein said tube member is further
providedwithatleastoneholemnnectedtoanegéﬁyepresmsoumeand
communicating with said hollow portion.
10. An apparatus as described in claim 8, wherein said tube member has at
leastonehdeopenmgmﬂmpmip}mélsurfaceoi'saidmbememberoﬁtsidesaid
ho]lowmemberandcoxmechedfoﬂlenegativeswrce.




