DESCRI PTI ON GROUND | MPROVEMENT METHOD AND DECOVPRESSI ON VESSEL TECHNI CAL FI ELD
The present inventionrel atest oagroundi

i nprovenent nethod by vacuum consol i dation and a deconpressi on vessel that can
be adopted in the ground inprovenent. nethod. BACKGROUND ART [ 0002]

Asuction apparatus in which a vacuum punp is used is well known as an
apparatus that generates a suction power to suck and drain water. In a
conventional nethod of the background art, for exanple, after a vertical drain

is driven into a soft ground, a ggﬁﬁgﬁ%' %yonpressed by action of a negative
pressure with the suction using v , thereby pronoting consolidation

of the ground (fop, exampley:SearPALENt LLLEr BLUFESLLsLoc) v psdi scl osed in

Patent Literature inventors and ano inventor have proposed a
suction power generator in which a vertical pipe is inserted in a
deconpressi on chanber and an air-liquid tw-phase flow fornmed in the verti cal
pi pe to fraciditcatie assirphon function. C TATI ON LI ST

[0001]

The present invention relates to a ground improvement method
by vacuum consolidation and a decompression vessel that can be
adopted in the ground improvement method.

BACKGROUND ART
[0002]

A suction apparatus in which a vacuum pump is used is well
known as an apparatus that generates a suction power to suck and
drain water. 1In a conventional method of the background art, for
example, after a vertical drain is driven into a soft ground, a
ground is decompressed by action of a negative pressure with the
suction using vacuum pump, thereby promoting consolidation of the
ground (for example, see Patent Literatures 1 to 3). As disclosed
in Patent Literature 4, one of the inventors and another inventor
have proposed a suction power generator in which a vertical pipe
is inserted in a decompression chamber and an air-liquid two-phase

flow formed in the vertical pipe to facilitate a siphon function.

CITATION LIST
PATENT LITERATURES

[0003]



PATENT LI TERATURES [ 0003] Patent Literature 1: Japanese Patent

Application Laid-Open No. 2000-328550 Patent Literature 2: Japanese
Pat ent Appl i cati onLai d- Open No. 2001-226951 Patent Literature 3:
Japanese Patent Application Laid-Open No. 2002-138456 Patent Literature

4: Japanese Patent Application Laid-Open No. 2010-090696 SUWARY OF THE
| NVENTI ON TECHNI CAL PROBLEM [ 0004]

Patent Literature 1: Japanese Patent Application Laid-Open
No. 2000-328550

Patent Literature 2: Japanese Patent Application Laid-Open
No. 2001-226951

Patent Literature 3: Japanese Patent Application Laid-Open
No. 2002-13845¢

Patent Literature 4: Japanese Patent Application Laid-Open

No. 2010-090690¢

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM
[0004]

In the case that both the vacuum pump and the suction power
of the siphon are used to suck and drain water as described in
Patent Literature 4 of the subject ground in a land area, a
decompression vessel including a vertical long drain pipe is
necessary to facilitate siphon function. In the case that the
decompression vessel is introduced for the purpose of soft ground
improvement in the land area, it is necessary to install the
decompression vessel in the earth. Therefore, methods for
producing and installing the decompression vessel become
troublesome. Particularly, in the case that the decompression
vessel is produced in the field, frequently it is difficult to
produce the decompression vessel having sufficient strength and

airtightness. Additionally, it is necessary that the siphon



In the case that both the vacuum punp and the suction power of the siphon are
used to suck and drain water as described in Patent Literature 4 of the
subject ground in a |land area, a deconpression vessel including a vertical

|l ong drain pipe is necessary to facilitate siphon function. In the case that
t he deconpression vessel is introduced for the purpose of soft ground
inprovenent in the land area, it is necessary to install the deconpression
vessel in the earth. Therefore, nethods for producing and installing the

deconpr essi on .vessel ?econe trouQ{esone. Particularly, in the case that the

deconpr eS8 G} VesSErUTS BT cBtted | A tRESFT ar . OF ragubhtly it LGN H1bult to

produce the decompregsi,on, yessel . hayi,ng, suffi.qi.ent. Strength. and, airti ght ness.
Y, y“tha e sip u stably a

Addition§1 i'S necessa hon nction ecause of

constructjson condidiQny iy Wich ajif s .apk it beJixgd by,a Jgakage of
ai rtightness and vaporization of a dissolved gas in a high negative pressure,
or the likegoH;00095] In view of the foregoing, an object of the

invention is to provide a deconpression vessel that can be produced in the
ground i nprovenent-ief stilbjrectroaleem iwdt, hagubhietentt .1sid enghtand akrtd ght ness,
and a ground inprovenent nethod enabling to install the deconpression vessel.
SOLUTI ONpFrORBREBEEM compress1an order 1t ohsolaen bleep poobtedimtgeoymdund

i nprovenent nmethod is characterized in that: a deconpression vessel in
t he eart hnipgcoonpingt ed tshigught: aarest ep tdf sdrfifMicigrda: sttesingdilpeiricnt o t he earth,
the steel pipe including a ring portion projecting frominner surface in an
upper porliron atieéresst,; aadst epoBndrieia Ry s di s thpamitHel 1rd Fenisterl L pi pe; a
step of installing a bottom plate on a bottom side of the steel pipe; and a
step of Pt i HLEARS B 7@ Sling portion of the steel pipe while a drain

pi pe connected to a lift punp accommodated in the steel pipe, a suction pipe
connected to a vacuum punp, and a vertical pipe through which a siphon

functi ons, j t he cover, the cover is brought into close contact
with t he%quﬁ{gﬂ&%ﬂTioo et

[0006]

In order to solve the problem, a ground improvement method
is characterized in that:

a decompression vessel in the earth is completed through:
a step of driving a steel pipe into the earth, the steel pipe
including a ring portion projecting from inner surface in an upper
portion thereof; a step of removing soils from the driven steel
pipe; a step of installing a bottom plate on a bottom side of the
steel pipe; and a step of putting a cover on the ring portion of
the steel pipe while a drain pipe connected to a 1lift pump
accommodated in the steel pipe, a suction pipe connected to a
vacuum punmp, and a vertical pipe through which a siphon functions,
project through the cover,

the cover is brought into close contact with the ring portion



of the steel pipe by negative pressure generated in operating the vacuum punp,
and a suction power by the vacuum punp and a suction power by a siphon
function of the vertical pipe are exerted to extract and drain pore water in a
ground to be inproved through a vertical drain nenber placed into the ground.

[ 0007] According to the ground inprovenent nmethod, the easily-avail able
steel pipe having a strength is driven into the around, and the cover is put
on the ringportionofthe steel pipe, so that the deconpression vessel can
easily be Eggletedbin the earth.. The cover is broughé.into clgse contact with
the ring Opfg Fohbyopérati Ry tHE Vatulimparp S &nd~t e~ it PHRERESE Yot T he
deconpr essi Y I be ensured with no use of attaching and fixing neans
such as bocgﬁﬁb%gﬁl’mgﬁg%ng. The vessel body inwhich the vertical pipe,

through which the EEQBH”%H%E%?”@MR%&E&PW%%@ %aQuQ%i%Hr‘é&%é‘Etﬁg by the

steel pipe. Therefore, t econpressi on vessel can easily be produced in the

ground areaigHbheglind©foh Mar exenedt s i and Jihe graunds cany easkkyrbeti mpyoved by
t he vacuum consol i dati on nmethod. [0008] In the ground i nprovenent

met hod, an-aaid thoght waerkernmadgroefinantel st igprateni ahrbsgproviaedi bet ween t he
cover and the ring portion. Therefore, the airtightness of the deconpression
vessel cardien enhéroechladc@Ddto the ground.

[0007]

According to the ground improvement method, the
easily-available steel pipe having a strength is driven into the
ground, and the cover is put on the ring portion of the steel pipe,
so that the decompression vessel can easily be completed in the
earth. The cover is brought into close contact with the ring
portion by operating the vacuum pump, and the airtightness of the
decompression vessel can be ensured with no use of attaching and
fixing means such as bolting and welding. The vessel body inwhich
the vertical pipe, through which the siphon functions, is
accommodated can be constructed by the steel pipe. Therefore,
the decompression vessel can easily be produced in the ground area
subject for improvement, and the ground can easily be improved
by the wvacuum consolidation method.

[0008]

In the ground improvement method, an airtight member made

of an elastic material is provided between the cover and the ring

portion. Therefore, theairtightness of the decompression vessel

can be enhanced.



In the case that the deconpression vessel is installed in the soft ground such
that the distance between a position of the bottom plate of the steel pipe and
a lower end position of the steel pipe becones nore than at |east a half of a
di aneter of the steel pipe, stability of the deconpression vessel can be
ensured even an upward buoyancy is applied to the deconpression vessel. [0010]
In order to solve the problem a deconpression vessel for being installed in
the earth and an inside of the vessel being deconpressed by a vacuum punp,
characteri qgﬂby conpri si ng: a steel pipe to be placed as a vessel body
in the eart ;"'a bottom plate provided on a bottom side of the vessel body; and

a cover for cl a8l pa.t he yessel Bodiicconorccdtior oln the covet figs g g ruct ure

in which the cover 1's puf on a place rtion of the vesSse t he

cover is hrought %9&8118' 938, _th{gta%he"‘ﬁﬁQtfaﬂée%@@v@f'%rg%[l}aio%t%nao@e&%i ve

pressure generated 1 n operating the vacuum punp. . According to

the deconpiiassi onavessel rnkhetrwesseh phodyqusi ngwthesngribsat i Phpes e ough
whi ch the siphon functions, is acconmpdated can be constructed by the

easi | y- avaidaabbepst getopt pendayich@naast 1engt h hand thes cavalethasoffhenstructure
that put on the placed portion of the vessel body, and the cover is brought
i nto cl oseezdnpact, wthbt het platcetdepoetoaprbysoperats gl tdae Bactusmredinp, SO
that the deconpression vessel can be produced in the ground area subject to
i npr ovemrentemwiatthusuwhfdchenyasty engtdprandditct tght dessmpfo032pn vessel.

[0010]

In order to solve the problem, a decompression vessel for
being installed in the earth and an inside of the vessel being
decompressed by a vacuum pump, characterized by comprising:

a steel pipe to be placed as a vessel body in the earth;

a bottom plate provided on a bottom side of the vessel body; and
a cover for closing the vessel body,

wherein the cover has a structure in which the cover is put
on a placed portion of the vessel body, and the cover is brought
into close contact with the placed portion by a negative pressure
generated in operating the vacuum pump.

[0011]

According to the decompression vessel, the vessel body using
the vertical pipe, through which the siphon functions, is
accommodated can be constructedby the easily-available steel pipe
having a strength, and the cover has the structure that put on

the placed portion of the vessel body, and the cover is brought

into close contact with the placed portion by operating the vacuum



In the deconpression vessel, preferably the steel pipe includes a ring portion
provided so as to project froman inner surface in an upper portion thereof,
the cover is put on the ring portion while the ring portion is used as the

pl aced portion, and it is preferable that an airtight nenber made of an

el astic material is placed between the cover and the ring portion. Therefore,
the airtightness of the deconpression vessel can be enhanced by sinple
configuration. [0013] The airtightness of the deconpression vessel can

furth b h t th tight | ud h Ki t hat
furher by grhatesd suah.d Nt s ALt ot erber, | o6l ik, . g3, packi o tha

32252{"“%"% HEPLAYER ChpfeCT O J?ﬂ&ﬁpﬁe‘m%%éﬁ"&%"tﬁb%ﬁf%ﬁ“t' D95y ogeer eosion

i nvention ;Gan prowde a deconpression vessel that can be produced in the
ground area subject to inprovenent with the sufficient strength and
airtightness,ojand the around inprovenent nethod enabling to install the
deconpressi on vessel. BRI EF DESCRI PTI ON OF DRAW NGS

In the decompression vessel, preferably the steel pipe
includes a ring portion provided so as to project from an inner
surface in an upper portion thereof, the cover is put on the ring
portion while the ring portion is used as the placed portion, and
it is preferable that an airtight member made of an elastic
material is placed between the cover and the ring portion.
Therefore, the airtightness of the decompression vessel can be
enhanced by simple configuration.

[0013]

The airtightness of the decompression vessel can further
be enhanced such that the airtight member includes a high packing
that is easily deformed and a low packing that is hardly deformed.
[0014]

The ground improvement method can be performed by installing

the decompression vessel in the earth.

EFFECT OF THE INVENTION
[0015]

Accordingly, the invention can provide a decompression
vessel that can be produced in the ground area subject to

improvement with the sufficient strength and airtightness, and



Fig. 1 is a schematic illustration of a configuration of vacuum consolidation
around i nprovenent systemincluding a deconpression vessel in which a ground
i mprovenent net hod by vacuum consolidation according to an enbodi ment can be

per f or med. Fig. 2(a) is atop view of a steel pipe of the deconpression
vessel in Fig. 1 when viewed fromtop, and Fig. 2(b) is a top view of a rubber
packi ng section on a ring portion of the steel pipe. Fig. 3is a

flomchart for explaining steps 501 to S12 of the ground inprovenent nethod by
vacuum ¢ nsolidatkpn of the e odineqi in gpichi}he v cqﬂﬁ%:onsolidation
ground i mprovEite sYStEmS IR §° 9% Usedt "9 t° 1 4@ is a top view

illustratj ot her e of the configuration of the packing in Fig. 2(b),
and Fig.C%%%T%ﬂgxggﬁg}ﬁgéaeg§ection of a main part of the packing. Fi g.
51is a vertical section illustrating the main part of a packing different from
t he packing in Fig. 4. Fig. 6 is aviewfor explaining an exanple of a

confi gur &{ @ ik Wi ¢ 1@ ewerprand pesi tion of the steel pipe is sufficiently
deeper than the bottom plate position of the steel pipe after the steel pipe

in Fig. ldcsdriven. Fig. 7(a) is a view for explaining the problem
in the case that the |lower end position of the steel pipe is insufficiently
deeper than the&ibot tonsphatehpnsticonl dfisthetsteedfpapecafieurdheostetl pipe
in Fig. 1 is driven, and Fig. 7(b) is a view for explaining the effect in the
case of confulgurcatisen lidatRicgy dound improvement system including a
decompression vessel in which a ground improvement method by
vacuum consolidation according to an embodiment can be performed.
Fig. 2(a) is a top view of a steel pipe of the decompression
vessel in Fig. 1 when viewed from top, and Fig. 2(b) is a top view
of a rubber packing section on a ring portion of the steel pipe.
Fig. 3 is a flowchart for explaining steps 3501 to S12 of
the ground improvement method by vacuum consolidation of the
embodiment in which the vacuum consolidation ground improvement
system in Fig. 1 is used.
Fig. 4(a) is a top view illustrating another example of the
configuration of the packing in Fig. 2(b), and Fig. 4(b) is a
vertical section of a main part of the packing.
Fig. 5 is a vertical section illustrating the main part of
a packing different from the packing in Fig. 4.
Fig. 6 is a view for explaining an example of a configuration
in which a lower end position of the steel pipe is sufficiently

deeper than the bottom plate position of the steel pipe after the

steel pipe in Fig. 1 is driven.



Fig. 8 is a view for explaining a bottomplate that is installed on a bottom
side of the steel pipe in Fig. 1. DESCRI PTI ON OF EMBODI MENTS [ 0017]

Herei nafter, an enbodi ment of the invention will be described with reference
to the drawings. Fig. 1 is a schematic illustration of a configuration of
vacuum consol i dati on ground i nprovenent system i ncluding a deconpression
vessel in which a ground inprovenent method by vacuum consolidation of the

Fig. 7(a) is a view for explaining the problem in the case
that the lower end position of the steel pipe is insufficiently
deeper than the bottom plate position of the steel pipe after the
steel pipe in Fig. 1 is driven, and Fig. 7(b) is a view for
explaining the effect in the case of configuration in Fig. 6.

Fig. 8 is a view for explaining a bottom plate that is

installed on a bottom side of the steel pipe in Fig. 1.

DESCRIPTION OF EMBODIMENTS
[0017]

Hereinafter, an embodiment of the invention will be
described with reference to the drawings. Fig. 1 is a schematic
illustration of a configuration of vacuum consolidation ground
improvement system including a decompression vessel in which a
ground improvement method by vacuum consolidation of the
embodiment can be performed. Fig. 2(a) is a top view of a steel
pipe of the decompression vessel in Fig. 1 when viewed from top,
and Fig. 2(b) is a top plan of a state of a rubber packing provided
on the a ring portion of the steel pipe.

[0018]

As illustrated in Fig. 1, a vacuum consolidation ground
improvement system 1 includes a vertical drain member 11 that is
placed in a ground G to be improved and a vacuum decompression
device 10 that includes a decompression vessel 20 installed in

the earth.



enbodi nent can be perforned. Fig. 2(a) is a top view of a steel pipe of the
deconpression vessel in Fig. 1 when viewed fromtop, and Fig. 2(b) is a top
plan of a state of a rubber packing provided on the a ring portion of the
steel pipe. [0019] As illustrated in Fig. 1, a vacuum consolidation
ground i nprovenent system 1 includes a vertical drain nenber 11 that is placed
in a ground Gto be inproved and a vacuum deconpressi on device 10 that
includes a deconpression vessel 20 installed in the earth. [0019] The
vacuum d ool reSS|on device 10 includes a vertical drain pipe 21, a horizontal
drain plﬁ lthat is connected to an upper end of the vertical drain pipe 21,

a vacuum pump 23 anc A SUSLLAN, BLAS RO, IhAL 26e suicklan. Lnstallathons, a lift

punp 24 and a drain at “ar e drainage inst at i ons,

deconpr e%sﬂp%nz‘ieséeﬂo@lozéd‘taél u%&%%éezdz 't'?latth?se@éﬁrlﬂect-r t%aEHULE% er

deconpression dévice 10 is installed Tn a ground GL near the ground G to be

'”DrOVedeth%fcbﬁgbﬁﬁﬁiuﬂﬂ?Hﬁ%ﬁ%cglp@f2Ih%1Q%%@UPJ§§ﬁbQﬂ3%@§§§|s@@%i§n
deconpressed by the vacuum punp 23, ereby t he vacuum deconpressi on device 10

acts as @igecoapriessker geoefahiiens Ssoure8.0{0020]ift pump Thesrdeeodps&$Si on
vessel 20 includes a cylindrical steel pipe 29 that constitutes a vessel body
and i s cansgta eét ethaitn atrkedgroundeGinsaadiskishapedndoviee 3O-shate ptaced on an
upper side of the steel pipe 29 in order to close the vessel body to seal the
chanber, vardcd Lot ttidmtplist 6 127 prievd ded tdre ®aott-.onifsedeacfiutthe steel pipe

decompression device 10 is installed in a ground G1 near the ground
G to be improved. The chamber (inner space) of the decompression
vessel 20 is decompressed by the vacuum pump 23, whereby the vacuum
decompressiondevice 10 acts as a decompression generation source.
[0020]

The decompression vessel 20 includes a cylindrical steel
pipe 29 that constitutes a vessel body and is constructed in the
ground G1, a disk-shaped cover 30 that placed on an upper side
of the steel pipe 29 in order to close the vessel body to seal
the chamber, and a bottom plate 27 provided on a bottom side of
the steel pipe 29.

[0021]

After the steel pipe 29 is driven into the earth to remove
solls in the steel pipe 29, a solidifyingmaterial such as concrete
is installed on the bottom side of the steel pipe 29, thereby
constructing the bottom plate 27. Therefore, the strength and
waterproof can be ensured in a bottom portion of the decompression

vessel 20.



[ 0021] After the steel pipe 29 is driven into the earth to renove soils
irithe steel pipe 29, a solidifying material such as concrete is installed on
the bottom side of the steel pipe 29, thereby constructing the bottom plate
27. Therefore, the strength and waterproof can be ensured in a bottom portion
of the deconpression vessel 20. [0022] As illustrated in Figs. 1 and 2
(a), aring portion 28, which is installed into a ring shape so as to project
radially froman inner circunferential surface, is provided in an inner
surface quﬁﬂwupper portion of the steel pipe 29, and the cover 30 is put on
the ring porti‘on 28 while the ring portion 28 is used as support hol der of the

cover 30. Thatzgfssililﬁ‘%%%%& 3l F?é%i.”l %'&ﬁﬁ% g%)ghta{‘ égégﬁ%%tp%%?Z%S’Wﬁ ¢y the

suction pi pe are a ed projeéectfing t and theé cover 30

s put on fhe thng-Rorhion .10y avldedshnsthe, ynper.portion hnstde,the | nner

surface of the steel pipe 29. In this case, e cover 30 has a structure in

whi ch t he rgRVer- ;30 uns <SPl 1PU e dehe ikl pgoROREROMN28nh0f ntbe steel-pi pe 29
wi t hout attaching and fixi ng means such as bolting and wel di ng. [0023]

As descriibednabpyer postiesl ofi pachavéay @ st rengthdi shasedras sohesviessel body
of the deconpression vessel 20, so that the strength of the vessel body can be
ensur ed. cAddhtixnal byrthecausehtine sheelimi pertsoneldat sveled easshypavai | abl e,
the steel pipe is suitable for production of the deconpression vessel 20 in
the fiel dh(lgrcound theroverent .subjettisar ¢ae vef0024] drain pipe 21, the

drain pipe 25, and the suction pipe 26 are attached projecting
through the cover 30, and the cover 30 is put on the ring portion
28 provided in the upper portion inside the inner surface of the
steel pipe 29. 1In this case, the cover 30 has a structure in which
the cover 30 is simply put on the ring portion 28 of the steel
pipe 29 without attaching and fixing means such as bolting and
welding.

[0023]

As described above, a steel pipe having a strength is used
as the vessel body of the decompression vessel 20, so that the
strength of the vessel body can be ensured. Additionally, because
the steel pipe is relatively easily available, the steel pipe is
suitable for production of the decompression vessel 20 in the field
(ground improvement subject area).

[0024]

The cover 30 is put on the ring portion 28 of the steel pipe

29, and the cover 30 comes into close contact with the ring portion

28 by negative pressure action in operating the vacuum pump 23,

10



The cover :30 is put on the ring portion 28 of the steel pipe 29, and the
cover 30 cones into close contact with the ring portion 28 by negative
pressure action in operating the vacuum punp 23, thereby naintaining
airtightness in the deconpression vessel 20. The step of placing the cover 30
by welding or bolt fixing is elimnated, so that the deconpression vessel 20
can easily be produced in the field. [0025] As illustrated in Fig.
2(h), a packing (0-ring) 51 made of rubber that is an elastic material is

i ded irtight nmenb bet th 30 dth i i 28 of

pr ol o0,3%,30 AULA B0 TRIOCT, BELIRER.L TG ERYCL. 90,200,105 iR pork on 29 ¢
30 d i Al 8. - ti i 11

cover 0,410 45 Lng Bertl PN, g0 LO0RCk 1o et 0 Y37 YIGH gl maroer 11

soft ground G sybjectsd Qe IRy %%%mﬁ%s@i%d‘%‘s&%ﬁ”%b'c%nu@atsﬂ% gQnnect ed

to the upper end of the vertical drain nenber 11 is |located at a ground water

| evel HOprHheuppan end afidibe air non-pernmeable unit 12 is connected to the
hori zontal drain pipe 22 of the vacuum deconpression device 10 at a ground
| evel S. [Q0Z7]

As illustrated in Fig. 2(b), a packing (O-ring) 31 made of
rubber that is an elastic material is provided as an airtight
member between the cover 30 and the ring portion 28 of the steel
pipe 29, which allows the airtightness to be enhanced between the
cover 30 and the ring portion 28.

[0026]

The vertical drain member 11 in Fig. 1 is placed in the soft
ground G in order to extract pore water in the soft ground G subject
to be improved. An air non-permeable unit 12 connected to the
upper end of the vertical drain member 11 is located at a ground
water level HO. The upper end of the air non-permeable unit 12
is connected to the horizontal drain pipe 22 of the vacuum
decompression device 10 at a ground level S.

[0027]

The plural vertical drain members 11 are placed in soft
ground G as needed basis, and the vertical drain members 11 and
the air non-permeable unit 12 can constitute, for example, the
configuration disclosed in Patent Literatures 2 and 3.

[0028]

The pore water extracted in a direction a in the soft ground

11



The plural vertical drain nenbers 11 are placed in soft ground G as needed
basis, and the vertical drain nenbers 11 and the air non-perneable unit 12 can
constitute, for exanple, the configuration disclosed in Patent Literatures 2
and 3. [0028] The pore water extracted in a direction a in the soft ground G
by the vertical drain nenber 11 flows in a direction b through the horizontal
drain pipe 22 and the vertical drain pipe 21, the pore water is drained froma
| ower end 2la of the vertical drain pipe 21, and the pore water is reserved in

by the 113 7pURD. S8 BY 11 GWTg, TR =di Focl 1 GH L OUBE LHE"dPal § BIbe 25,
[0029]  cpe oS 231, gglﬁg&fg dhe, ghgﬁgdvémggfm ethad by fhe vacuum

consolldatlon 0 e vacuum conso tion’ ground

' nprove%tres%%tt%@ hﬁ & Qindyl ﬁrén? ab?o@gi)péﬁg 2 'o'f l%%ed%%h@g? kel oy with

reference to a art 1n Fig. 3. Firstly, the ring portion 28

in Fig. 2(ge '251 pfa%\ﬂ ded 'ﬁbﬂ@%a‘t@eﬁquretéé}ﬂréd" ithe, ipneswi age of the
steel pipe 29 (501) A steel pipe having a dianmeter of about 800 mmto about

1000 mm ik csuiprala frorvause 1as at.heTsteekaphbpe R9teandsadgeneeal opus pose
product for civil engineering and construction such as a steel-pipe
pi | e( SKK4G0 tandl #49Quand dabst Eebwpnhpe rpal dihgeboasd  SKY40QandeSKY490) can be
used as the steel pipe 29.

pipe 25.

[0029]

Steps S01 to S12 of the ground improvement method by the
vacuum consolidation of the embodiment in which the vacuum
consolidation ground improvement systemin Fig. 1 is to be adopted,
will be described below with reference to a flowchart in Fig. 3.
[0030]

Firstly, the ring portion 28 in Fig. 2(a) is provided in
the upper portion in the inner surface of the steel pipe 29 (S01).
A steel pipe having a diameter of about 800 mm to about 1000 mm
is suitable for use as the steel pipe 29, and a general-purpose
product for civil engineering and construction such as a
steel-pipe pile (SKK400 and SKK490) and a steel-pipe poling board
(SKY400 and SKY490) can be used as the steel pipe 29.

[0031]

The steel pipe 29 is driven into the earth near the target

ground to be improved with a vibratory hammer and the like (S02).

For example, the steel pipe 29 is driven into the ground G1 with

a depth of about 4 m. Then, the scils in the steel pipe 29 are

12



[ 0031] The steel pipe 29 is driven into the earth near the target
ground to be inproved with a vibratory hamer and the |like (S02). For exanple,
the steel pipe 29 is driven into the ground  with a depth of about 4 m

Then, the soils in the steel pipe 29 are dug out and renoved wth an auger
drill or a hammer grab (S03). Therefore, a deconpression chanber 20a is forned
in the steel pipe driven into the earth. The dug earth and sand are
tenporarily stored in a neighborhood of the construction |ocation in order to

conot 3§t$ﬁ%5%h3n83§e§8}7?ﬂ e SR iy s P zédga@m Y ERBat bk er i al s
L00%2] s S TR QoL Rk el e e il pragsbauched on the
Ther ef ore,q H?%véhrﬁ?% hch%f eLhepbot fomguy E%Q%hozﬁm%hs%n%e%?m&%ﬁé%‘ri’ﬁse' 20
is ensured. Next, the lift punp 24 connected to the drain pipe 25 is
aCCO”nDd%&QQEkﬁlhh% Q@ﬁ@%%b@%o%@eo$t@ﬁé PbPet29-€ibR083tation in order

to reuse as backfill the earth and sand after the ground

improvement construction. The dug earth and sand may be utilized

as a preload materials.

[0032]

Then, a solidifyingmaterial such as concrete is constructed
on the bottom side of the steel pipe 29 to provide the bottom plate
27 (804). Therefore, the strength of the bottom surface of the
decompression vessel 20 is ensured. Next, the 1lift pump 24
connected to the drain pipe 25 is accommodated in the bottom of
the steel pipe 29 (S05).

[0033]

Next, the cover 30 is put on the ring portion 28 with
projecting drain pipe 25, the suction pipe 26, and the vertical
drain pipe 21 (S06). 1In this case, the cover 30 is not fixed to
the steel pipe 29 by bolting or welding. A steel plate or a PC
(Precast Concrete) plate is suitable to use as the cover 30, and
prefabricated in a plant. As to a method for putting the cover
30 on the ring portion 28, for example, a suspension wire is hung
on a hook attached to the cover 30, and the cover 30 is put on
the ring portion 28 while the suspension wire is slowly lowered.

[0034]
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Next, the cover 30 is put on the ring portion 28 with projecting drain pipe
25, the suction pipe 26, and the vertical drain pipe 21 (506). In this case,
the cover 30 is not fixed to the steel pipe 29 by bolting or welding. A steel
plate or a PC (Precast Concrete) plate is suitable to use as the cover 30, and
prefabricated in a plant. As to a nethod for putting the cover 30 on the ring
portion 28, for exanple, a suspension wire is hung on a hook attached to the
cover 30, and the cover 30 is put on the ring portion 28 while the suspension
wireis slowy | red

packing 31 in %Pg gdﬁeﬁg gééevW88E|§hFofPH%eFoR%? gg?%%m€$n€%£ec%3£$er
correspog%{ o Hﬂgf gﬂgﬁpgt t?ﬂs%ﬁmt aqgﬁhgﬁéC)ac%Plk! teddn disposing the

packi ng &fie mei nt enance I'ng BT s I nproved. The

vat er pro%for'r%s‘ﬂ{}?{gfl‘ﬁ%dttéh@t@e tﬂ%g“%%‘ﬂt@%n‘ 8 '@&%ﬂl%t @%5&99198‘&%&0& 28 of

the steel pipe The packing 31 can be nmade of a rubber material. Alternatively,
t he packifig MRy e mdeiefy anotiher-Hmtardial, %@ﬁhn@%rﬁdéda@% d0G3x]

As descri bed above, the deconpression vessel 20 i s conpleted (S07). At the
sanme ti mpa=asciely @i drs iingiraldeat.i omhef whhergdeeofpressinphovessehe20ththe
vertical drain nenber 11 is placed in the soft ground Gto be inproved as

i | lustrateedtkdimdriig. placEheochothzontalb doathopi pe 22 ektended] fpom t he.
deconpressi on vessel 20 is connected to the |leading end of the air

non- per médlsl paghiingl2l width ke wennect iomulibictr fnoeriblustibted)aoverlappi ng
(S08). [0036] The vacuum punp 23 is operated to deconpress the

deconpr esdicoRpagéssel 20me 8095, nahrerebyaidgat Mvé epressarelasshi ghl @t about - 70
to -85 kN M2 acts on the cover 30. Therefore, the cover 30 and the ring
portion 28 %t he steel plpe 29 cones |nto cl ose contact with each ot her
(S10), and the_ai s in thﬁyg re55|on vessel %g is secured. [0037]
Both the SUCtléﬁ(% @PSV@G Bﬁﬁﬁﬁtﬁﬂﬁﬁ*§§ﬂa IEheP Bt Foh power

generated(c)l%)theAEdt hon function of the vertlcgglg %ln plee %1 are exerted

and used o?etlmFegslﬁrtﬁrlorf%n i's extrScted and
drained (p12)., %QST?P%eEErEOEG‘”Bh&h$é§%9 d %%%E%E\QX YéﬁHPQ&ed
consolldatlon rained watef I's reserve ottom of ¢

f'le??”glrjrer;ﬁ PR Vessely 23inand Jrai nedrout gide ; tl@h%ggt‘é&ah@ mipe;25 with the
horizontal drain pipe 22 extended from the decompression vessel
20 is connected to the leading end of the air non-permeable unit
12 with a connection unit (not illustrated) overlapping (S08).
[0036]

The vacuum pump 23 is operated to decompress the
decompression vessel 20 (S09), whereby a negative pressure as high
as about -70 to -85 kN/m’ acts on the cover 30. Therefore, the
cover 30 and the ring portion 28 of the steel pipe 29 comes into
close contact with each other (810), and the airtightness in the
decompression vessel 20 is secured.

[0037]

Both the suction power generated by the vacuum pump 23 and

14



[ 003 ] In the vacuum consolidation ground inprovenent system 1l in Fig.
1, in addition to the suction power generated by deconpressing the
deconpressi on chanber 20a of the deconpression vessel 20 with the vacuum punp
23 of the vacuum deconpression device 10, a suction power is generated by a

si phon function caused by a differential water-level AH (= HO - Hl) between
the ground water |evel HO and a water |evel Hl in the deconpression vessel 20,
the pore water in the soft ground Gis extracted by the suction powers to

lid h f d G W h I dat d
he case Wat Ut heOUG R SCBCERBACON y i LT ETHE (PACatm Uhp 23 =t Hooahter can
be suckeq, by { ha Jarger, sugti.on RowR, nga%glghegﬁs aqidi i pnal, sucton power

caused by ferenti al er-1evel case | evel H1

in the degonmrassign, yessel; 2Q . 49es. nof an%ﬁféﬂaﬁeed 0"3@2 )end 2laof the

vertical drain pipe 21, the differential water-1evel AR'i's a difference

bet ween %ﬁgtﬂbf%ﬂﬂé’W@Ee@r5§M§|lﬁ$}@WEhéﬁ%3H§“M@bu%ﬁﬁc3$§ollﬁa@1@n3 Orie

According to the conventional vacuum consolidation ground i nprovenent

const r uctdren met hgter iR thee case ihhaie bbetsucii ORe pRUheceT®s vtassdfi ci ent
only by use of vacuum punp, a load is applied by banking. On the other hand,

i n the erligdementiyabeeduset ¢ hée |t0adwofh the ibapkpbag tan the theducéd oump

el im nated by sinultaneously use of the suction power that is a natural power
by the sighon function, econony of the material and nmachine to be used and
shortenlng of a work perlod can be expected. The suction power is increased
conpar ed Wi%3¥lt he conventional construction method, so that a ground

i npr ovenent perlod in which the soft ground r eaches pr edet er mi ned strength can

be shortened. [O040F Vacuum»QQQQQ%édéﬁﬁﬁﬁiﬁéﬁﬂndd%%@¥%&ﬁ¥ﬁmEnﬁﬁ%¥%ﬁ t heé
verti cal dra| pi p

hat f nctlons S the siphon is s | east . about 3 in
o or dor it | a THEGHT W0 Badin B 6 Ak Houdu: JaBBHE" S 96 K HRL S O A he
vertical drain nember 11, even, tne neoatiNe BLESULE-<ion vessel 20 with
the vacuum pump 23 of the vacuum decompression device 10, a suction
power is generated by a siphon function caused by a differential
water-level AH (= HO - H1) between the ground water level HO and
a water level H1 in the decompression vessel 20, the pore water
in the soft ground G is extracted by the suction powers to
consolidate the soft ground G. When the vacuum consolidation is
compared to the case that the water is sucked only with the vacuum
pump 23, the water can be suckedby the larger suction power because
of the additional suction power caused by the differential
water-level AH. 1In the case that the water level H1 in the
decompression vessel 20 does not reach the lower end 2la of the
vertical drain pipe 21, the differential water-level AH is a

difference between the ground water level HO and the lower end

21la.
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generated by the vacuum punp 23 is |lowered to about -50 KN R(2. [0041]

As descri bed above, the relative length of vertical drain pipe 21 is
accomodat ed in the deconpression vessel 20 in order to exert the siphon
function, and the vessel body in which the vertical drainpipe 21 is
accomodat ed i s construct bdbyt he steel pipe, so that the deconpression vessel
20 can easily be produced in the field. Therefore, the production of the
deconpression vessel 20 has a little influence on the work period of the

gr ound |npﬁ93%nent- [ 0042] It is desirable that the deconpression
vessel 20 a5 'a structure in which the airtightness is maintai ned. According

to the embodi ”%[’&hbr%'l%g}’%és@ﬂe égo%/ L Cover%%%”%eé?h%1¥8§§§Enzcﬁ’ré§%i ch the

constructed b e ste ructure’in

cover 30 iinﬁarl%‘%zten%@mtt Q%r{s't'}glof%ﬂr b %t%%g‘)f ithe %%Jsep't@l%tz%hea%%ctt*l% cover 30

is brought 'into close contact with the ring portion 28 by negative pressure

action '@mﬁ&ﬁf%Eb@%e%h@ngéﬁﬁyﬁlQHBWb@ﬁykﬁPu%@aéft$@b@wﬁHhﬁﬁin%ﬁioQB the
deconpression vessel 20 can be naintaine Accordingly, in order to maintain

the airtigtinesshofbdhe rdeconpressoancvrassel, 20, thecause ithe tf,i xéagueé the
cover 30 by welding or bolting is elimnated, the deconpression vessel 20 can
easi |y beher dduced i ntHehdarikeld; da0043] reduced As ddsariinkeddaliove, the steel
pipe is used as the vessel body in order that the deconpression vessel 20 is
easi |y produdedirievushe fusel dfahdetouensur eodvver dtfreengsha Evenral pdieedi amet er
of the steel pipe that is available in the field is slightly larger, the
deconpr edsi ey éssdlon2@ean 1be . easPhympr 6duced Pattheatiend rb@xclauljl@sw ng an
outer diameter and an _inner diameter of the ring portion 28 relative to the
steel pipe, wd 09 SToHIYPHécesary "6 pep: d#égﬁ?ﬂQ éﬁ%é?ﬂ%ﬁFQﬁ§V|na Gini f orm
di aneter. gﬁguse the cover 30 is not fixed to steelxp Rt Id|ng and
the |ikeSUSH Thédsde Jtshdflctrﬁélsﬁ “PHF 5% b O Y corrpr essi on

vessel 15S ong term ground, it ORI PET Lo GOV, 5,405

the soft ground reaches predetermined strength can be shortened.
[0040]

In the embodiment, desirable length of the vertical drain
pipe that functions as the siphon is set to at least about 3 m
in order that a negative pressure of at least about -80 kN/m” acts
on the vertical drain member 11 even the negative pressure
generated by the vacuum pump 23 is lowered to about -50 kN/m”.
[0041]

As described above, the relative length of vertical drain
pipe 21 is accommodated in the decompression vessel 20 in order
to exert the siphon function, and the vessel body in which the
vertical drain pipe 21 is accommodated is constructed by the steel
pipe, so that the decompression vessel 20 can easily be produced

in the field. Therefore, the production of the decompression
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[ 0044] The deconpression vessel 20 is produced in the field, and
dismantl ed after the construction is conpleted. That is, when the construction
is not performed, only the cover 30 put on the steel pipe 29, the lift punp
24, the vertical drain pipe 21, the suction pipe 26, and the drainpipe 25
connected to the lift punp 24 may be stored and managed. It is not necessary
to store the steel pipe 29. Because the steel pipe 29 is the vessel body of

t he deconpressi o vessel 23 with the | arge volune, the nanagenent is easy to

f 004 Pr.ef d_enbodi f fi [ in Figs. 1
Bnd 2 v (106 0R8chThA BST o o LR Pt Brancat 6o FRgest 1 & 7 Probe ™

Fig. 4 (%mif% Qgﬁzviem/illustrating anot her exanple of the configuration of
t he packiné)in I'g. 2(b), and Fig. 4(b) is a vertical section of a main part
of the p ing. Fig. 5is a vertical section illustrating a main part of a
packing that 1's different fromthe packing in Fig. 4. [0047] In the

exanpl e in Fi gg: 4(a)icand 4ah) +rbhe raicr ti:ghtrenben npravicded -on pbhe or i ng
portion 28 of the steel pipe 29 is constructed by two kinds of packing, that

i's, the aimticghiramenberiof trheaexamphenkpsHi g.mairconstadict edcbydanbi gh rubber
packi ng 32 having | ow hardness and a | ow rubber packi ng 33 having hi gh
har dness.tHeoremexapleat ,t héer vbber lpackiyngf32hesdaadepotsaibowhasdhess rubber
mat erial having hardness of about 10 degrees or |ess, and the rubber packing
33 i s made obnathiighetidndhbsssrashbei prater tak draws ng OHaadnésss of uabewt 70
degrees or nore. The rubber ackin% 32 is higher than the rubber packing 33.

in which the cover 30 is put on the ring portion 28 of the steel

pipe 29, and the cover 30 is brought into close contact with the

ring portion 28 by negative pressure action in operating the vacuum

pump 23, so that the airtightness of the decompression vessel 20

can be maintained. Accordingly, in order to maintain the

airtightness of the decompression vessel 20, because the fixing

of the cover 30 by welding or bolting is eliminated, the

decompression vessel 20 can easily be produced in the field.

[0043]

As described above, the steel pipe is used as the vessel

body in order that the decompression vessel 20 is easily produced

in the field and to ensure the strength. Even 1if the diameter

of the steel pipe that isavailable in the fieldis slightly larger,

the decompression vessel 20 can be easily produced in the field

by adjusting an outer diameter and an inner diameter of the ring

portion 28 relative to the steel pipe, and it is only necessary

to prepare the cover 30 having uniform diameter. Because the

cover 30 is not fixed to the steel pipe by welding and the like,
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[ 3348] Possibly the airtightness is not enhanced, because not of a
strong conpression force but a weak conpression force mainly generated by the
deadwei ght of the cover 30 acts on the airtight nmenber between the cover 30
and the ring portion 28 until the deconpression vessel 20 is deconpressed to a
certain degree. On the other hand, as described above, the airtight nenber
provided on the ring portion 28 of the steel pipe 29 is constructed by two

ki nds of the soft rubber packing 32 and the hard rubber packing 33, the

| har d bb 3 be. d d.t h th ti ght
even under Lhe sk t@e%ptla%s% g ik L RS T L RGN

LS, Lower than the (ubber packing iz s alse prevlded, Ther efore, 8 comr essi on

failure of S ru revent ed eéven under the

COﬂdItIO%dglﬂ@1d§%§%ﬁ&{QﬂgI%%HB&Q§%H¥1 Qfce is exerted such that the

negative pressure i s enhanced to the theoretically maxi num negati ve pressure
of -100 kNowjin the deconpression vessel 20. [0049] The hardness of
the rubber material is neasured with a duroneter according to a rule of

"har dness test Tnet Redofupie¥bl eani-zede1 ubbers gt diherdmapl asti €i eubbesnd (JI'S
K6253). For exanple, the hardness of 10 degrees is expressed by P.10, and the
har dness difsméd tdegr ees drs téxpressed uby IAT01s[ @0sRlleted. TRt hg, thieen
deconpressi on of the deconpression vessel 20, it is necessary that the

| ow har drigss coulbericpacki ng 82tiger hdtialll yodef drived:oVErecéf pne, casthe
illustrated in Fig. 4(b), the | ow hardness rubber packing 32 is higher than
t he hi gh-st&@sdnesser abberhpalckingrss. 2 Fhethe ghehardness alabberepadki e 33 i s
deforned after the | ow hardness rubber packing 32 is deforned_to becone as
hi gh as ﬁﬁeﬁﬂﬁﬁb@ﬂpﬁa%ﬁtﬁﬁ“%?hepfrﬂe@ﬂee“b?5tﬁ%nH@FB?ﬁdF?6ﬁmbﬁl§ﬁep¥%®ber

packi ng 33 |s I wer than that of th ru ber ?e ki n so that the rubber
packi ng GntFPbite o THe Y nt t'A eé???ﬁgﬁ?né%%r%‘flr%

exceSS|ve co reSS| of _t he rubber i.S .pr ented an the
arrtrghtness cgﬁpﬁu herZbeT énhanced: é%b%%fme29 1s ?ﬁ %%%r pac%rng 32 and

the rubben, pac bﬁt %gs seeta ro‘%ﬂ?t‘? ﬁaggggﬁold}?} e% %anﬁt‘ﬂ gLnatively,
t he rubber pac eru ber pac dve ‘a circular shape or
an oval %Q@Q%mﬁﬁt%ﬁ%@ﬁ%bmﬂn Figs. 4(a) and 4(b), the rubber packing 32 is
| ocated in the’inner circunference of the rubber
[0045]
Preferred embodiments of the configuration in Figs. 1 and
2 will be described below with reference to Figs. 4 to 7.
[0046]
Fig. 4(a) is a top view illustrating another example of the
configuration of the packing in Fig. 2(b), and Fig. 4(b) is a
vertical section of a main part of the packing. Fig. 5 is a
vertical section illustrating a main part of a packing that is
different from the packing in Fig. 4.
[0047]

In the example in Figs. 4(a) and 4 (b), the airtight member

provided on the ring portion 28 of the steel pipe 29 is constructed
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packing 33 in the ring portion 28. Alternatively, the rubber packing 32 may be
| ocated in the outer circunference. [0052] As illustrated in Fig. 5, a
packi ng 34 constructed by a holl ow rubber nay be used instead of the

| ow- har dness rubber packing 32 in Fig. 4(b). The hol |l owrubber packing 34 is
hi gher than the rubber packing 33. In this case, the packing 34 may be nade of
t he rubber nmaterial having the sanme hardness as the rubber packing 33, and the
hol | ow r ubber packing 34 deforns easily than the solid rubber packing 33.

0053 | f | h th

ovor) end e fidisgt Bre Srge 2% %Faﬁa}aﬁﬂfﬁ% e e e Bt tom
| at t f t t ft t t

P ot PO g8 Ol i RS, A %e'}?&%eefe A d ?&5&%‘” g 3o o

the steel, RiPe deS syl fiei Fﬂ%ﬂ;é‘r%@@{nﬁhﬁ‘ rh8 ROt oM Bh%ﬁ%eegs' tF&P of the

steel pipe after the steel pipe iIn riven, “and F

expl ai ni ng. &b £f freet Lppthe §@§§n@f31hﬁs%ﬁﬂki%&rétﬂgﬂ hﬁrﬁhgssﬁru$9954]
As described above, the stee? pipe 29 is driven, and the bottomplate 27 is

i nstal | echatwhiich aldwawsy tthe decenressican Qﬂwlﬁé@re%@a dro 1ke snsced-hdHowever ,

as illustrated in Fig. 6, in a positional relationship between the

i nst al | atrudmeposatkong 33 i s made of a high-hardness rubber material having
hardness of about 70 degrees or more. The rubber packing 32 is
higher than the rubber packing 33.
[0048]

Possibly the airtightness is not enhanced, because not of

a strong compression force but a weak compression force mainly
generated by the deadweight of the cover 30 acts on the airtight
member between the cover 30 and the ring portion 28 until the
decompression vessel 20 is decompressed to a certain degree. On
the other hand, as described above, the airtight member provided
on the ring portion 28 of the steel pipe 29 is constructed by two
kinds of the soft rubber packing 32 and the hard rubber packing
33, the low-hardness rubber packing 32 can be deformed to enhance
the airtightness even under the weak compression force, and the
high-hardness rubber packing 33 is lower than the rubber packing
32 is also provided. Therefore, a compression failure of the
low-hardness rubber packing 32 can be prevented even under the
condition in which a strong compression force is exerted such that
the negative pressure is enhanced to the theoretically maximum

negative pressure of -100 kN/m" in the decompression vessel 20.
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of the bottomplate 27 and the | ower end position 29a of the steel pipe 29,
preferablya I ength h between the | ower surface position 27a of the bottom
plate 27 and the | ower end position 29a of the steel pipe 29 becones nore than
at least a half of a dianmeter d of the steel pipe 29. That is, assum ng that
the length h is an enbedded | ength, an enbedded rati o (enbedded | ength h/steel
pi pe dianeter d) of the steel pipe 29 is set to 1/2 or nore. The steel pipe 29
is placed to instaII the bottom plate 27 such that the enbedded ratio is

obt ai ned. (Jzﬂ% As illustrated in Fig. 7(a), when the enbedded ratio
of the ste(1 ipe 29 is small (the I'ength h between the |ower surface position

27a of the botiqm plate 2 and the Lover nd poshtian,29a,obthe steel pipe 29

35 i
is short:), an upwar uoyancy act’s Fession vessel i ncl udi ng

the chamber, o%%acetrh%rcﬁ‘:' dlrlllgt h;% Caasr%lteh%tf t”@n%r‘&lfn%%%d Gk $,89d fU}er efore, a

risk of floating the deconpression vessel 20 occurs losing the stability of
the deconpressiion & essgle 20nOrHNa RN ihandppahen (he empedded rati o of the
steel pipe 29 is increased (the length h between the Iomer surface position
27a of thedetitagmcpkaherdicandht he Hewekcendsposptds one298;, ofi ot hengt eed pi pe 29
is long), the steel pipe 29 is extended into a skirt shape as illustrated in
Fig. 7(bharamtss suctitonidooreees Rls wonks dyecalse Ate i nside of the
deconpression vessel 20 is sealed. Therefore, the steel pipe can be prevented
from novild@y the suction force FI and a circunferential friction force F2.
That is, even the buoyancy F acts on the deconpression vessel 20 in the case
that the gr oun&uGLrids te6f tiecpperrESkont of | baki AG-PRR deconpressioh véssel 20
occurs, and the deconpression vessel 20 is stabilized. It is conceivable that
the[HevHiSﬁyqﬁ%ﬁﬁ%@f&ﬂ$h&h%éPWﬁ%%ﬁ@%%%16Whﬁ%§@ﬁﬁ%mhé%r%6 out in the

field and e e the ear

The stabil on essel 20
| s enhanddt LR S b %reméséw Pl R SamPLaaR) Tres
f [t ki Y hi ki Morik E t Koi k
rer erenc O\/\; h%rrol(?;re % ILDEDO¥UFI§66%§I82 is KOS | Vutkﬁlp Effl al\lV\/a?h Han}#a SU O| e,

Masakazu 1Zuno zama asic e erime suctron's ruc ure,

Report of uP% dord Repeapg h' HEEBW%EE r¥Bher48n O glbget‘sroy“k'

@'
Yamazaki et a orm an experi Ich arela |ons ween a | oad

and a d'%Eh%ﬁ%ﬁﬁﬁ%fk%r‘@N@%&h@%&ﬁQﬂQ%m@QB%%@@Qp5Bﬁlhg&ﬁzH% @e%HQﬁb@“t@as'C
structure under the condition that the enbedded rati 0 expressed by enbedded

| engt h/ steelonRi pes diignetey die bl baclidg @d 1hldehsca pesuht of the

experinent, the displacenent and a tilt angle with respect to the |oad are
decr easediafidindtnereasi ngeembeddedprakiag andisheostabthatythst emhaticed
agai nst an external force.
rubber packing 32, so that the rubber packing 33 can contribute
to the improvement of the airtightness while excessive compression
of the rubber packing 32 is prevented and the airtightness can
further be enhanced.
[0051]
The rubber packing 32 and the rubber packing 33 may have
a rectangular shape in section. Alternatively, the rubber
packing 32 and the rubber packing 33 may have a circular shape

or an oval shape in section. 1In Figs. 4(a) and 4(b), the rubber

packing 32 is located in the inner circumference of the rubber
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[ 0057] Fig.8 is explaining the bottomplate that is installed on the
bottom side of the steel pipe in Fig. 1. As described above, the bottompl ate
27 installed in the bottomside of the steel pipe 29 in Fig. 1 is nmade of
solidifying material such as concrete. As illustrated in Fig. 8, when the
deconpressi on chanber 20a in the deconpression vessel 20 is deconpressed, an
upward force F3 acts on the bottom plate 27 by the negative pressure, a risk
of a heaving failure or awat er pr oof Ieakage is occurs in the bottom pl ate 27.

Th f di f. t hi ck f

about 0. SR b ermt Fris VIR ARG Wnvi'ng R TAPG"or Sthe GAEoFOPBOF | eakage.

Desi r abl %Qb§g>%ﬂ%gp%§1%§le%§nx§tkzQ%nHLerQ§Q¥§ded in the inner
%P’%} steeI K}

surf ace osition 1n wh e concrete of the bottom
pl ate 27&qgﬁgﬁ into contact W th the i nner surface of the steel pipe [0058]
The enbodi ment of the invention is described above. The invention is not

limted to thezembadirent tdescri hed above, chut.ivar nauscmpaifi-eati gRs s.can be
made wi t hout departing fromthe scope of the technical feature of the

i nventi omollivwFirGhibbbr her bet temdpliatsa <24 icx idrst aldwethanirtds boidem si de
after the steel pipe 29 is driven. Alternatively, for exanple, the steel pipe
i n whi ch ghecibat Bam plEte. 27H)s previlous] ywinsblad t ecthd i ray priedetlet aiared
position nay be prepared to ensure the airtightness and the strength on the
bot t om sitde:n The cybbadrpeakisyeet. pilpethssusesei ntithezerbodi mentayThe st eel
pipe is not limted to the cylindrical steel pipe, but a steel pipe having a
squar e- t@g@kgﬁﬁﬁéﬁeﬁﬁ?b@étﬁg@@rlatg@ggpg1juesameﬁhardness as the rubber

packing 33, and the hollow-rubber packing 34 deforms easily than
the solid rubber packing 33.
[0053]

Fig. 6 is explaining an example of a configuration in which
the lower end position of the steel pipe is sufficiently deeper
than the bottom plate position of the steel pipe after the steel
pipe in Fig. 1 is driven. Fig. 7(a) 1is explaining a problem in
the case that the lower end position of the steel pipe is
insufficiently deeper than the bottom plate position of the steel
pipe after the steel pipe in Fig. 1 is driven, and Fig. 7(b) is
explaining the effect in the case of the configuration in Fig.
6.

[0054]

As described above, the steel pipe 29 is driven, and the
bottom plate 27 is installed, which allows the decompression
chamber 20a to be ensured. However, as illustrated in Fig. 6,

in a positional relationship between the installation position
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In order to further inprove the airtightness of the deconpression vessel 20 in
Fig. 1, a weight may be placed on the cover 30 or the upper portion of the
cover 30 may be coated with cohesive soil slurry. [0060] Whet her the

si phon functions in the vertical drain pipe 21 can be made based on whet her
the gas-liquid two-phase flowis fornmed in the vertical drain pipe 21
Alternatively, at least part of the vertical drain pipe 21 nay be nmade of a
transparent material such that the formng situation of the gas-liquid
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rate i s decreased to reduce size of a bubble while a flow rate of the water

i s increasedi pitheovepbieabsdnai-a phpe 21,1 Mich akbhows rt heqsipbon - tQ
function stably when the air is m xed. [0062] The ground i nprovenent

met hod ofoft heel Byeatipnoearp al o.heiapphsednnol oy dHe ilRhamct gr owngn but al so
t he underwater ground
embedded length, an embedded ratio (embedded length h/steel pipe
diameter d) of the steel pipe 29 is set to 1/2 or more. The steel
pipe 29 is placed to install the bottom plate 27 such that the
embedded ratio 1s obtained.
[0055]

As illustrated in Fig. 7(a), when the embedded ratio of the
steel pipe 29 is small (the length h between the lower surface
position 27a of the bottom plate 27 and the lower end position
29a of the steel pipe 29 is short), an upward buovyancy F acts on
the decompression vessel 20 including the chamber 20a therein in
the case that the ground G1 is soft. Therefore, arisk of floating
the decompression vessel 20 occurs losing the stability of the
decompression vessel 20. On the other hand, when the embedded
ratio of the steel pipe 29 is increased (the length h between the
lower surface position 27a of the bottom plate 27 and the lower
end position 2%a of the steel pipe 29 is long), the steel pipe
29 is extended into a skirt shape as illustrated in Fig. 7(b),
and a suction force Fl works because the inside of the
decompression vessel 20 is sealed. Therefore, the steel pipe 29

can be prevented from moving by the suction force Fl and a

22



by installing a | evee crown and the covering of the steel pipe in a water
surface or above. [0063] In the deconpression vessel of the invention,

t he suction power generated by the vacuum punp and the suction power generated
by the siphon function can be obtained. Obviously the deconpression vessel of
the invention can be applied for the case when the ground is inproved by
vacuum consol i dati on when only using the suction power by the vacuum punp

wi thout utilizing the siphon function. | NDUSTRI AL APPLI CABI LI TY [ 0064]

A di to t [ . t hod [ | of th
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i K on vessel” i i
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punp and diheg st opy, power, ?y e SiRPeR: funchions tihe ground _2%6@%&% nproved

by vacuum'consolidation at [ow cost while the working period is shortened.
REFERENCE 1Sl GN\S dd Shnd 006501l vacuum ¢ansethdal i 9849r ound si APk ey eAERt  syst em

that the previously-produced cylindrical decompression vessel is
carried out in the field and embedded in the earth. The stability
of the decompression vessel 20 is enhanced compared with such
cases.
[0056]

As illustrated in a reference literature (Hiroyuki Yamazaki,
Yoshiyuki Morikawa, Fumikatsu Koike, Masakazu Izuno, Gaku Yazawa
(2003) : Basic experiment of suction structure, Report of Port and
Airport Research Institute, Vol. 42, No. 1), Hiroyuki Yamazaki
et al. perform an experiment in which a relationship between a
load and a displacement is investigated by applying the load to
a suction basic structure under the condition that the embedded
ratio expressed by embedded length/steel pipe diameter is 0.0,
1/4, 1/2, and1/1. As aresult of the experiment, the displacement
and a tilt angle with respect to the load are decreased with
increasing embedded ratio, and the stability is enhanced against
an external force.

[0057]
Fig. 8 is explaining the bottom plate that is installed on
the bottom side of the steel pipe in Fig. 1. As described above,

the bottom plate 27 installed in the bottom side of the steel pipe

23



10 vacuum deconpressi on device 11 vertical drain nenber 20 deconpression
vessel 20a deconpression chanber 21 vertical drain pipe (vertical pipe) vacuum
punp 24 lift punp 25 drain pipe 26 suction pipe

29 in Fig. 1 is made of solidifying material such as concrete.
As 1llustrated in Fig. 8, when the decompression chamber 20a in
the decompression vessel 20 is decompressed, an upward force F3
acts on the bottom plate 27 by the negative pressure, a risk of
a heaving failure or a waterproof leakage is occurs in the bottom
plate 27. Therefore, desirable solidifying material (bottom
plate 27) has a thickness of about 0.5 m in order to prevent the
heaving failure or the waterproof leakage. Desirably, in order
to enhance adhesiveness, a tenon is provided in the inner surface
of the steel pipe 29 in a position in which the concrete of the
bottom plate 27 comes into contact with the inner surface of the
steel pipe 29.

[0058]

The embodiment of the invention is described above. The
invention is not limited to the embodiment described above, but
various modifications can be made without departing from the scope
of the technical feature of the invention. In Fig. 1, the bottom
plate 27 is installed on the bottom side after the steel pipe 29
is driven. Alternatively, for example, the steel pipe in which
the bottom plate 27 is previously installed in a predetermined
position may be prepared to ensure the airtightness and the
strength on the bottom side. The c¢ylindrical steel pipe is used
in the embodiment. The steel pipe is not limited to the
cylindrical steel pipe, but a steel pipe having a sguare-tube

shaped may be used.
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27 bottomplate 29 ring portion (placed portion) steel pipe 30 cover 31, 32,33
rubber packing (airtight nmenber) G ground, soft ground AH differenti al
wat er-level CLAIMS 1. ground inprovenent method, characterized in that:

[0059]

In order to further improve the airtightness of the
decompression vessel 20 in Fig. 1, a weight may be placed on the
cover 30 or the upper portion of the cover 30 may be coated with
cohesive soil slurry.

[0060]

Whether the siphon functions in the vertical drain pipe 21
can be made based on whether the gas-liquid two-phase flow is
formed in the vertical drain pipe 21. Alternatively, at least
part of the vertical drain pipe 21 may be made of a transparent
material such that the forming situation of the gas-liquid
two-phase flow can be observed and monitored from the outside
without depending on the measurement device, or the cover may be
made of transparent material.

[0061]

After the water drained from the decompression vessel 20
through the drain pipe 25 is reserved in a water tank, the water
flows back into a drain passage in front of the vertical drain
pipe 21, an air mixing rate is decreased to reduce a size of a
bubble while a flow rate of the water is increased in the vertical
drain pipe 21, which allows the siphon to function stably when
the air is mixed.

[0062]
The ground improvement method of the invention can also be

applied not only in inland ground but also the underwater ground
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a deconpression vessel in the earth is conpleted through: a step of
driving a steel pipe into the earth, the steel pipe including a ring portion
projecting frominner surface in an upper portion thereof; a step of renoving
soils fromthe driven steel pipe; a step of installing a bottom plate
on a bottom side of the steel pipe; and a step of putting a cover on
the ring portion of the steel pipe while a drain pipe connected to a lift punp
accomobdated in the steel pipe, a suction pips connected to a vacuum punp, and

tical_pi. t h ich i phon_f ti ject _th h.th ,
The. cover™ SR GUgNT A AL § Gr6e6” BB ABE W.Ch CRE™ P AgC hok ET Rt of UhEP St ool

pi pe by Q%Q%}i%ﬁfﬂi%ﬁﬁHiﬁxg%ﬂgkﬁkﬁgei” operating the vacuum punp, and a
suction pomerv%y the vacuum punp and a suction power by a siphon function of
the verti ¢Pipe are exerted to extract and drain pore water in a ground to

be inmproved through a vertical drain nmenber placed into the around. 2. The
ground i nprovenmentnEelbegae£0s dbng d O L1 alimche WhebgiRocan ahetight; sember

made of an elastic material is provided between
power generated by the vacuum pump and the suction power generated
by the siphon function can be obtained. Obviously the
decompression vessel of the invention can be applied for the case
when the ground is improved by vacuum consolidation when only using

the suction power by the vacuum pump without utilizing the siphon

function.

INDUSTRIAL APPLICABILITY
[0064]

According to the ground improvement method and
decompression vessel of the invention, the decompression vessel
that can be produced in the ground improvement subject area with
sufficient strength and airtightness can be installed in the earth.
Therefore, using both the suction power by the vacuum pump and
the suction power by the siphon function, the ground can be
improved by vacuum consolidation at low cost while the working

period 1s shortened.

REFERENCE SIGNS LIST
[0065]

1 vacuum consolidation ground improvement system
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the cover and the ring portion. 3. The ground inprovenent nethod according to
claim1l or 2, wherein a distance between a position of the bottomplate of the
steel pipe and a |lower end position of the steel pipe becones at |east half of
a dianeter of the steel pipe. 4. |la. deconpression vessel for being installed
in the earth and an inside of the vessel being deconpressed by a vacuum punp,
characterized by conprising: a steel pipe to be placed as a vessel body in the
earth; a bottomplate provided on a bottom side of the vessel body; and a
cover for, closin wherein the cover has a structure in

t | bod .
whi ch théléoyéFug@ g%?gﬁﬁ%gsﬁﬂgeggeﬁéFFion of the vessel body, and t he

cover is Qrogggkl Eodgggﬁe gﬁgg?ct with the placed portion a negative
pressure generate in-oper at’ I'ng the vacuum punp. 5. The deconpressi on vessel

aCCOfd'”9&%Odékéhgkéss%@ﬁf@besel

20a decompression chamber

21 wvertical drain pipe (vertical pipe)
23  vacuum pump

24 1ift pump

25 drain pipe

26 suction pipe

27 bottom plate

28 ring portion (placed portion)

29 steel pipe

30 cover

31,32,33 rubber packing (airtight member)
G ground, soft ground

AH differential water-level
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the steel pipe includes a ring portion provided so as to project froman inner
surface in an upper portion thereof, the cover is put on the ring
portion while the ring portion is used as the placed portion, and an
airtight menber nmade of an elastic material is provided between the cover and
the ring portion. 6. The deconpression vessel according to claimb5, wherein
the airtight nmenber includes a high packing that is easily deforned and a | ow
packing that is hardly deformed. 7. The ground inprovenent nethod as in any
one of clains 1 to 3, wherein the dqugghﬁ§sion vessel as in any one of clains
4 to 6 isinstalled in the earth.

1. A ground improvement method, characterized in that:

a decompression vessel in the earth is completed through:

a step of driving a steel pipe into the earth, the steel
pipe including a ring portion projecting from inner surface in
an upper portion thereof;

a step of removing soils from the driven steel pipe;

a step of installing a bottom plate on a bottom side of the
steel pipe; and

a step of putting a cover on the ring portion of the steel
pipe while a drain pipe connected to a 1lift pump accommodated in
the steel pipe, a suction pipe connected to a vacuum pump, and
a vertical pipe through which a siphon functions, project through
the cover,

the cover is brought into close contact with the ring portion
of the steel pipe by negative pressure generated in operating the
vacuum pump, and

a suction power by the vacuum pump and a suction power by
a siphon function of the vertical pipe are exerted to extract and
drain pore water in a ground to be improved through a vertical

drain member placed into the ground.

2. The ground improvement method according to c¢laim 1, wherein

an airtight member made of an elasticmaterial is provided between
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the cover and the ring portion.

3. The ground improvement method according to c¢laim 1 or 2,
wherein a distance between a position of the bottom plate of the
steel pipe and a lower end position of the steel pipe becomes at

least half of a diameter of the steel pipe.

4, A decompression vessel for being installed in the earth and
an inside of the vessel being decompressed by a vacuum pump,
characterized by comprising:

a steel pipe to be placed as a vessel body in the earth;

a bottom plate provided on a bottom side of the vessel body;
and

a cover for closing the vessel body,

wherein the cover has a structure in which the cover is put
on a placed portion of the vessel body, and

the cover is brought into close contact with the placed

portion by a negative pressure generated in operating the vacuum

pump .

5. The decompression vessel according to claim 4, wherein
the steel pipe includes a ring portion provided so as to
project from an inner surface in an upper portion thereof,
the cover is put on the ring portion while the ring portion

is used as the placed portion, and
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an airtight member made of an elastic material is provided

between the cover and the ring portion.

6. The decompression vessel according to claim 5, wherein the
airtight member includes a high packing that is easily deformed

and a low packing that is hardly deformed.

7. The ground improvement method as in any one of claims 1 to

3, wherein the decompression vessel as in any one of claims 4 to

6 is installed in the earth.

30





