DESCRI PTION SO L | MPROVEMENT METHOD Technical Field
The present invention relates to a soil inprovenent
nmethod in a |and i nprovenent techni que of a
construction field, and ains at increasing strength
of the soil by supplying a grout material such as air
cenent mlk and a foamng material fromthe ground
into the soil. Background Art Generally safety and
econom c efficiency of ' he under ground, such
as groundwor k of civilDﬁggFﬁ%gFP g and construction,
3 subway, and ahsﬁﬁgeﬁﬂﬁﬁHggMﬁg@pﬁE@ﬁ parea heavily
epend on the rig or ‘'wrong of groundwat er
count er measures. Conventionally, a waterproof nethod
in which a inpervious wall prevents the groundwater
TeERAM-ELOW Bggi n or a groundwater-|evel |owering
met hod in which the groundwater is drained to the
ground peckewerihtiengionndeciwatertbexyekois wWebloksnwnt
as the groundwater counterneasures. The follow ng
mephbentis ar dagdanhedotremthe taventiqgueandl at henstruction
appl i cant. Patent Docunent 1: Japanese Patent
fiplBli entli shmkapd- 10penabong2000<2717 00 Japanesel Pavent
No. 3243501) Patent Document 2: Japanese Patent
suppbVigdt podreardnaietpen Nech2001211846M¢YApAhLseand a

Pat ent No. 3280935) Disclosure of the Invention
foaming materilial from the ground 1into the soil.

Background Art

Generally safety and economic efficiency of work in
the underground, such as groundwork of civil engineering
and construction, a subway, and an underground shopping
area heavily depend on the right or wrong of groundwater
countermeasures.

Conventionally, a waterproof method in which a
impervious wall prevents the groundwater from flowing in or
a groundwater-level lowering method in which the
groundwater is drained to the ground to lower the ground
water level is well known as the groundwater
countermeasures.

The following patents are granted to the inventor and
the applicant.

Patent Document 1: Japanese Patent Publication Laid-
Open No. 2000-27170 (Japanese Patent No. 3243501)

Patent Document 2: Japanese Patent Publication Laid-



Problens to be Sol ved by the Invention The
above-listed patents relate to a so-called super well
poi nt method, that is, a nethod for |owering the
groundwater |level to inprove the soil. An outline of
the super well point nmethod will be described bel ow
the water is forcibly drained while a strainer
portion is formed into a double-tube structure
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separate screen has a double structure including an
i nner tube and a w nding strainer. The groundwater
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t he above-listed patents are not the nethod for
greupphyiag theeyrbat imatereathsueshias the air cenent
mlk and the foam ng material fromthe ground into
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A structural separate screen of the special separate
screen has a double structure including an inner tube and a
winding strainer. The groundwater flowing from the winding
strainer is separated into air and water between the tubes,
and the water flow into the well through vent holes located
in a lower portion of the tube.

A negative pressure is applied to the inside of the
double tube using a vacuum pump, which continuously enables
vacuum drainage.

However, the strength of the soil cannot be increased,
because the above-listed patents are not the method for
supplying the grout material such as the air cement milk
and the foaming material from the ground into the soil.

The super well point method which is a deep

underground vacuum drainage and consolidated drainage



be propagated to performforced drai nage. Second,
unlike a well point nethod in which the depth is
restricted up to 6 mto 7 m the forced drai nage can
be perforned in a vacuum in the depth equal to that
of the deep well. Third, in the deep well, many wells
are required because gravity drainage has poor well
efficiency. On the contrary, in the super well point

Rl L LB B SRR
Bt e e e e s e

1nm@5§rd5§¥ehndé§?£8ﬁﬁﬁeda58 §h§05§85uﬁoékké99 QXHtQEdely

vacuum deep wel met hod. "Fifth, in the super wel
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deep underground by the vacuum effect, the water
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times to tens of tinmes larger than the conventiona

m tet hod, acker lbhgetiodaafiealegaencobadptirbormaddint hevacuum
groundwat er | evel can early be lowered in the w de

inr ahgedepkhnsafiat Sol thag thetPeobktepswehlt hellpredentn the
invention, at least two wells are provided at
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effect can be eliminated in the case where the water level
is lowered to a screen position by the vacuum deep well
method. Fifth, in the super well point method, the forced
drainage can be performed in the deep underground by the
vacuum effect, the water pumping amount of the super well
point method is 1.2 times to tens of times larger than the
conventional method according to a geologic condition, and

the groundwater level can early be lowered in the wide

range.

Means for Solving the Problems

In the present invention, at least two wells are
provided at predetermined intervals, and the super well
point method is performed to further improve the soil.

In accordance with a first aspect of the invention, a



the perforated pipe; a step of punping groundwater
near the underground by a super well point nethod in
which at least two wells are drilled with a
predetermned interval in the wunderground, and of
putting the underground in a substantially vacuum
state by reducing a pressure in a peripheral area of
t he underground a step of supplying a grout naterial
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In accordance with a second aspect of the invention, a
soil improvement method includes a step of extending
perforated pipe to underground from a ground surface of
soil in polluted ground, fresh air or fresh water being
supplied to the underground through the perforated pipe; a
step of reducing a pressure in a peripheral area of the
underground while pumping the groundwater near the
underground by a super well point method in which at least
two wells are provided with the predetermined interval in
the underground, thereby putting the underground into a
substantially vacuum state; a step of repeating the supply
of the fresh air or fresh water through the perforated pipe

extended from the ground surface to the underground; and a



surface in outer peripheries of at |east the two super
well point nethod wells provided with the
predeterm ned interval is covered with an airtight
mat eri al such as a sheet, pavenent with a concrete
material or an asphalt material, or new sludge. In
accordance with a fourth aspect of the invention, in
the soi |l inprovenent nethod of the first or second
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method is stopped, and air 1s supplied by natural air
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aspect, an operation of the super well point methods in
which at least the two wells are provided with the
predetermined interval is stopped, or the airtight material
with which the ground surface is covered is removed while
the operation of the super well point method is stopped,
and air is supplied by natural air supply generated by a
difference in pressure between the underground and the
ground surface.

In accordance with a fifth aspect of the invention, in

a soil improvement method, in multilayer soil of a clay
layer and sand layers, super well point methods in which at
least two wells are provided with a predetermined interval
suck a gap water of the sand layer below the clay layer to
reduce the pressure, thereby applying a stress load to the
clay layer to perform consolidated drainage of the clay

layer.



suck the sand | ayer below the clay |layer to reduce a
pressure, and a vacuum state is made to evaporate
water in the clay |ayer, thereby performng
dewatering. In accordance with a seventh aspect of the
invention, in a soil inprovenent nmethod, in
multilayer soil of a clay |ayer and sand | ayers,

super well point nethods in which at |east two wells
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soil, and the permanent grout material is injected to
sutkf thupsthe uaguvenpyisetthedcleonstyyet tONrelilice a
accordance with an eighth aspect of the invention, in

prassark, | apdoxenentiunethatde in medk tockudpbngadiesantder in
| ayer, super well point nmethods in which at |east two
theetlsy aegeprovhdedow phraoprnedgt éewihedingt erval suck
the sand layer to reduce a pressure, thereby |owering
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pressure, a portion below an already-existing aboveground
structure placed in the unevenly-settled ground surface is
drilled to make a hole with a boring machine, a permanent
grout material such as a foaming material is injected from
the hole to improve the soil, and the permanent grout
material is injected to 1lift up the unevenly-settled
construction.

In accordance with an eighth aspect of the invention,
in a soil improvement method, in soil including a sand
layer, super well point methods in which at least two wells
are provided with a predetermined interval suck the sand
layer to reduce a pressure, thereby lowering a water level
of underground, and then a dynamic consolidation method is
performed.

In accordance with a ninth aspect of the invention, in



inmparted to one of the two wells while a suction
operation is inparted to the other well is
alternately repeated in each predeterm ned tine,

t hereby generating water-binding action in the
underground. Effect of the Invention The present
invention has the followi ng effects because of the
above-descri bed configurations. That is, various
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the first to fifth aspects, when at |east the two

impdpeedwetbl opei bt BeRthods sutkstheisei h bycthenvegsuation
effects, it can be expected that the water level is
ispampeatky targekyotbweredl1Therefoeenathéycobpsiaved in
soil is inmproved not by a nethod for pressurizing the
eacbhesetdetsoininedi t hna, nbhadebbutebyrat meyhedteorbinding
| owering a punping pressure in a |lower portion of the
actohesivetsei ingerdraenéase the stress load. In the
second aspect, the 7 polluted ground can efficiently
be purified. In the sixth aspect, at least the two
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because of the above-described configurations. That is,
various vacuum effects are generated when the water pumping
and the consolidated drainage are performed with a high
vacuum level of about -0.085 Mp in the deep underground.
When the vacuum effects are utilized, the consolidated
drainage can early be performed, and the new soil
improvement is achieved in a multiple manner using the
feature of the vacuum effects.

In the first to fifth aspects, when at least the two
super well point methods suck the soil by the vacuum
effects, it can be expected that the water level is
partially largely lowered. Therefore, the cohesive soil is
improved not by a method for pressurizing the cohesive soil
with a mound, but by a method for lowering a pumping
pressure in a lower portion of the cohesive soil to

increase the stress load. In the second aspect, the



In the seventh aspect, the unevenly-settled
construction generated can be lifted up and corrected
by the permanent grout nmaterial. In the eighth
aspect, the water level is lowered to a deep position
to make an unsaturated soil by a conbination of at

| east the two super well point nethods and the

dynam ¢ consolidation nmethod, so that a shock can be
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Drawings FIG 1 is a flowhart showi ng a soil

alkapagveRestingetbpdtagceoidhng to an enbodi ment of the
invention. FIG 2 is a sectional view show ng a
confhgthat semenhil adpagta wekl ynavenperyveotusedal |,
vertical perforated pipe, and an airtight sheet in

conhersoiionnpenveacat aethbd la€teddiipgatd therected by
enbodi nent of the invention. FIG 3 is a sectiona
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pavéﬁeﬁ?elﬁlgﬁEhséﬁpeFﬁper%nﬁﬁ ernpEHBd accoPUFhRgIt B 2

t he enbodi nent of the invention, FIG 4 js artia
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dynamic consolidation method, so that a shock can be
propagated to the deep position to widely improve the soil.
In the ninth aspect, a water-binding effect of the
sandy soil can be expected by a swing cleaning effect of
the super well point method. Additionally, the super well

cleaning effect removes clay and colloid components from

the loose sandy soil to achieve soil strengthening.

Brief Description of the Drawings

FIG. 1 is a flowchart showing a soil improvement
method according to an embodiment of the invention.

FIG. 2 is a sectional view showing a configuration
including a well, a impervious wall, vertical perforated
pipe, and an airtight sheet in the soil improvement method
according to the embodiment of the invention.

FIG. 3 is a sectional view showing a configuration



I mprovenent net hod according to the enbodi nent of the
invention. FIG 5 is a partial sectional view show ng
a relationship between the soil particles and the
adsorption water in a state in which groundwater
(free water) and the air bubble are elimnated in the
soi |l inprovenent nethod according to the enbodi nent
of the invention. FIG 6 is a partial sectional view
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particles ree water, the adsorption water, and

thepakr bubbl g Ear@1$@t@écﬁﬁgﬁamgele§t@B@whﬁgtae soi
i mprovenent method according to the enbodi ment of the

relBYephEPNp Eh&ngB8sbslapseeitbBal Yiew showrnNgadswebtion
(super well point nethod) used in a step of punping
wathe, gandndnatér andbla step sternédustageaipressuseiin
soil in the soil inprovenment method according to the
impnbudneeht methofeactayentgoho BhEl Gnbodimentschenhti c
di agram showing lift-up work in which a pernmanent
ingepbiomaterial is injected into a foundation region

of a gate shape crane_which is a construction by the
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water in a state in which groundwater (free water) and the
alr bubble are eliminated in the soil improvement method
according to the embodiment of the invention.

FIG. 6 is a partial sectional view showing a
relationship among the soil particles, the adsorption water,
and air in an air supply state in the soil improvement
method according to the embodiment of the invention.

FIG. 7 is a partial sectional view showing a
relationship among the soil particles, the free water, the
adsorption water, and the air bubble in a water recharge
state in the soil improvement method according to the
embodiment of the invention.

FIG. 8 is a sectional view showing a well (super well
point method) used in a step of pumping the groundwater and
a step of reducing a pressure in soil in the soil
improvement method according to the embodiment of the

invention.



part of FIG 9. FIG 11 is an explanatory view show ng
a conventional sandy soil inprovenent nethod. FIG 12
is an explanatory view show ng a sandy soi

i mprovenent nethod of the invention. FIG 13 is a
schemati c explanatory view of the invention in which
a swng cleaning systemis adopted. FIG 14 is a
schenatic expl anatory view of the invention in which a
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Well (super well point) 2a Casing 2b Airtight cover
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FIG. 10 is an enlarged transverse sectional view of
part of FIG. 9.

FIG. 11 is an explanatory view showing a conventional
sandy soil improvement method.

FIG. 12 is an explanatory view showing a sandy soil
improvement method of the invention.

FIG. 13 is a schematic explanatory view of the
invention in which a swing cleaning system is adopted.

FIG. 14 is a schematic explanatory view of the
invention in which a swing cleaning system is adopted in at
least two wells (super well point method).

FIG. 15 is an analysis diagram showing grain sizes of

soll particles after swing cleaning of FIG. 13.

Explanations of Letters or Numerals
1 Soil

la Ground surface

1b Underground

lc Groundwater surface

1, Sand layer

1, Clay layer

15 Sand layer below clay layer
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2g Vacuum punp 2h and 2i Piping 2 Water tank 3
I nstrunent for supplying grout such as air cenent mlk
and foam ng material 3a Perforated pipe 3b Piping 3c
Val ve 4a Soil particles 4b Free water (groundwater)
4c Adsorption water 4d Air or air bubble 4e Vacuum
portion 5 Inpervious wall 6 Airtight material 7
Cbnstruction foundation 8 Aboveground structure 8
5 g Ego s st g" Hori z ptal beam 9 Gout material 11
580 NBHEST o SEArPYIAG Ot the |nvention In the
Zaagg¥§ngescr|bed configurations of the invention, the
de for carrying out the invention is as

2bd§§9EhBﬁg bgl,aw. The case in which two wells having
hi gh water punping efficiency are drilled as

>c0teupdwater punping nmeans to utilize the super well
poi nt method will be described as
2d Sediment pit

2e Water pump

2f Drain pump

2g Vacuum pump

2h and 2i Piping

27 Water tank

3 Instrument for supplying grout such as air cement milk
and foaming material

3a Perforated pipe

3b Piping

3c Valve

4a Soil particles

4b Free water (groundwater)
4c Adsorption water

4d Air or air bubble

de Vacuum portion

5 Impervious wall

6 Airtight material

7 Construction foundation
8 Aboveground structure
8’ Support post

8” Horizontal beam

9 Grout material

11



the best node for carrying out the invention with
reference to the drawings. FIG 1 is a flowhart

showing a soil liquefaction prevention nmethod of an
enbodi nent of the invention. Referring to FIG 1
cohesive soil inprovenent work in the enbodinent is
perfornmed as follow. Step (1): a inpervious wall is
constructed as preparatory work so as to surround
target soil. Step (2) : plural wells (super well
point) are placed. Step (3) : instrunents for

Bengﬁg gng h@a ;CENE | k. 9L the foaning material
B PrasE8oine She “rhtatife

are aced soil. Step (4)
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material. Step e groundwater in the soil Is
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the super well point nmethod placed in Step (2) . Step

de£B)iBeli Ui dwsubstance is supplied into the soil by
the instrunment for supplying the air cenment mlk or
t heTheantag imatkitchl ted Sbeps(BrvinStkpgh7yatepaptmping
or the whole of the airtight material with which the
ef@iomadcsuatacériéledoaeredOUndﬁmEQr(nmmp$ngemaaed to
Step % the sup Sly 12 instrunent placed in Step (3)
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recharged to a natural water |evel. Step % t he
th?mﬁeaé|m§d§|é@édC?ﬁrz&@a to} hbe lP%ﬁBGéﬂn gt b Feigrence
tg ervious wall constructed in Step (1) is
to 4{R9%he enbodi ment, sonetines Steps (1) and

(9 gons Sens (0 mng (1) coppponeing Lprets aan
pré@éht?gg flethod of an embodiment of the invention.
Referring to FIG. 1, cohesive soil improvement work in the
embodiment is performed as follow: Step (1): a impervious
wall is constructed as preparatory work so as to surround
target soil. Step (2): plural wells (super well point) are
placed. Step (3): instruments for supplying the air cement
milk or the foaming material are placed to the ground and
into the soil. Step (4): a ground surface is covered with
an airtight material. Step (5): the groundwater in the
soll is pumped and an air bubble in the soil is removed by
the super well point method placed in Step (2). Step (0):
a liquid substance is supplied into the soil by the
instrument for supplying the air cement milk or the foaming
material of Step (3). Step (7): part of or the whole of
the airtight material with which the ground surface is

covered in Step (4) is removed. Step (8): the supply
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construction existing on the ground or a ground
surface state. Steps of the cohesive soil inprovenent
work will be described in detail, and then a state
change in the soil wIll be described. Exanple (Step
(1): construction of inpervious wall 5) As shown in
FIG 2, a inpervious wall 5 is constructed to a
necessary depth with a steel sheet pile so as to

e R T R L
gr%ﬁn?wgﬁgr 9£a¥hga¥8£l lff$géﬁé§%gglpructe ﬁrgzswggg

nmpervi ous wa ons suc

1e¥789 end. e 91"6 Oéhé h&z mRer vd quis; valh 155 diS.pr oj ect.ed

froma ground su ace a and that a water seallng

reRHORRIt Yot S ensur ed et weed-v campaonent sesucth-@scddiein
steel sheet pile constituting the inpervious wall 5.

steptep) (2y: rphaceaent of well 2 (super well point))
Then plural (two in the shown exanple) wells 2 (super
13 wel thpoembpdanenp) asedet hmehestaper vi pusndal h) 5and
constructed in Step (1). As shown in FIG 8, the well
Stepésm@éramélI1bbin@;reSmhhdhngsthetatgeeeapheieyimhdated
hi gh- punp- head punpi ng system mainly includes a
depgsilhgo2an anshFrerghe @évéhezbaraetsﬁ©ainénd2@ a

sedinment pit 2d, a water punp 2 a vacuum punp 2
COB?EEé§téPnp?§Fﬁ§lQﬁ &RdtRE, gaﬁang ﬁét@rgFQHRdzﬁurfﬁce
e wel | ndent vacuum pu and te
St BRp SE Y 11y TS I o7 el MBI TR EHe W arei 11 be
deégggb% €in detail, and then a state change in the soil

will be described.

Example

(Step (1): construction of impervious wall 5)

As shown in FIG. 2, a impervious wall 5 is constructed
to a necessary depth with a steel sheet pile so as to
surround underground 1lb of multilayer soil 1 which is the
improvement target including sand layers 1; and 15 and a
clay layer 1,. At this point, it is assumed that the
impervious wall 5 is constructed such that a top end height
of the impervious wall 5 is projected from a ground surface
la, and that a water sealing property is ensured between
components such as the steel sheet pile constituting the
impervious wall 5.

(Step (2): placement of well 2 (super well point))

Then plural (two in the shown example) wells 2 (super
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well 2 and a function of punping the water to the
outside of the well 2. The inventor proposed the well
2 (see Patent Docunent 1). FIG 8 shows the state in
which a groundwater surface Ic is |owered, and arrows
in FIG 8 indicate groundwater and air flow
directions. FIG 8 also shows the state in which a
negati ve pressure is propagated in a |lower portion of

1,2, | G .2 d. inst t h
welh BYGITh AFE BT CERA-"( Step (S)F prATaHENT of Sghont cted
inHEES%igﬁ §upp|y instrument 3) Then, as shown in FIG
%ary pi eces of perforated pipe 3a are placed

in hheghppgr h°P§G“ﬁé| Btle &8@§tEU?ESHeknwéﬁ?ppéiﬁtPY

a hole dr|II|ng mef hod such as~ bori ng

whPEeces of 1pi-pbngaghcand 3Rqandqa- M@hﬁehéﬁd ?ﬁﬁpln system,
di sposed in an upper end portion of the per orate%
maPhPe igdajlutiber gbyakonyi ng, aasupplyipnst cutent 28, agti ng
as a passage through which the grout material is
stratneduged &rsadibhbetgpotndd, ThewswabyvyepBopi 8e¢l asedciinm
a stage in which the 14 supply instrunment 3 supplying
punhe2gr opt epatepfapisuoh ak ahfeZairaveénenvaniebrktand 27.
t he foaning material is placed. In FIG 2, arrows
Inj plecdeélazdi Feet iBASPANAANENVACHEBUPUNRRE 8r AR Yater

flows fromthe ground surface |a to the underground
pupg, Z?héaEHEEVy i ASEFhABAL O3 EahlarsonBetiigeyatep into the
or fresh water cover a

wel PR drft Fohtinbiar af By™TAROgFBUntSBGrf hoeths BRLEhds
Ofuggeg%SC?Pgnlg@a&gkqﬁﬁHgfc%%E§b$§§atggé} ef% (see
Patent Document 1). FIG. 8 shows the state in which a
groundwater surface 1lc is lowered, and arrows in FIG. 8
indicate groundwater and air flow directions. FIG. 8 also
shows the state in which a negative pressure 1s propagated
in a lower portion of the well 2. In FIG. 2, aboveground
instruments shown in FIG. 8 are omitted.

(Step (3): placement of grout material supply
instrument 3)

Then, as shown in FIG. 2, necessary pieces of
perforated pipe 3a are placed in the impervious wall 3d
constructed in Step (1) by a hole drilling method such as
boring work, and pieces of piping 3b and 3b and a valve 3c
are disposed in an upper end portion of the perforated pipe
3a, thereby forming a supply instrument 3 acting as a
passage through which the grout material is introduced from

the ground. The valve 3¢ is closed in a stage in which the
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surrounded by the inpervious wall 3d constructed in
Step (1), is covered with an airtight material 6, and
the airtight material is retained in an end portion
of the airtight material and sone of openings
generated by the perforated pipe 3a and well 2.
Therefore, the passage through which the grout
material 9 passes fromthe ground islimted to one

oo SRS e PUmPLYL s paTen, 3 Blecedobp. S g (3]
en gy SarheLbmher ok, B pSpoEReha MELSELBL syt 1o

FI@'rE'gQErﬁﬂ§t§ﬁH§Ea§e gxéﬂpég§ﬁ8£ EHeWHEQHtan8£8ﬁtal

I ncl ude t alr cement m| a foam ng materi a

matBraaPr gdet 44 B@erangeg%uﬁaesaafg@é undergeaund 1b,
an area whose side portion and top portion are seal ed

unt8rgeonstr ust edridroughl Wt epst {iled©® { Pan (Step dd)used
groundwat er punpi ng and air bubble renoval) The well
to2spbatedfrasbt epr(2)y byeshiWwhzeng the super well
poi nt method acts to collect the groundwater existing
15 i(Atehe (dhdergreuadel bitht eitheghel hakeandlt 6) punp
up the groundwater collected in the well 2 to the
gr olirg, grperebyurFewer F Agofhehgr soAawarerngutPacehieh

to the required groundwater level. At this point, in
begpeest hbe bRrTERE OEnééﬁ@?@ﬁﬁHlPB pFﬁEe@Fbaﬂd tep’

exi stin area above undma urface | c
sufhOURECanbEr PO HACE bV SuUNPLl S GpCaNaL BroYRd LT anicP
he. grout mater.i 9 exis nder gr Qu I b

?S a%sgovgﬁ%ve@lgghere oré gthwaﬁ §lggc§Ung §tg€%

ai%'@?!’;ﬁt”ﬁg‘a@hé?f eLredehonas igubstangi ghlysyacgunt).

airtight material and some of openings generated by the
perforated pipe 3a and well 2. Therefore, the passage
through which the grout material 9 passes from the ground
is limited to one system of the supply instrument 3 placed
in Step (3). For example, an airtight sheet, a pavement
made of an asphalt material or a concrete material, and new
sludge which does not smell bad can be used as the airtight
material 6. Examples of the grout material 9 include the
air cement milk and the foaming material.

In a predetermined range of the target underground lb,
an area whose side portion and top portion are sealed is
constructed through Steps (1) to (3).

(Step (5): groundwater pumping and air bubble removal)

The well 2 placed in Step (2) by utilizing the super

well point method acts to collect the groundwater existing
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is formed al though soil particles constituting the
underground I b exist. FIG 8 shows the state in which
the groundwater surface | c becom ng the natura
groundwater level is lowered. (Step (6): supply of
grout material 9 such as air cenent mlk or foam ng
material) The valve 3c is opened, and the supply
instrunent 3 placed in Step (3) utilizes a pressure

ingl P CRRRREIR PR and (REC FRRnT R mht BPAar ot PORC 8 Ehe
grgpggggtgg Lhe, yodengr gupd 15 %%hﬁoyghtggeg 8688 Phereny

LK ng.-func e
ofgithy L8 BUBLaG EOE ShuSSELrg it gnsyoty Ul

grBBh8hakr91EScsuUpplt ath 19 ddenwnded %@@té& Because
the wunderground Ib is in the substantlally vacuum

undtateoasd descthbedraboveatthecundergyoundahbairsa above
filled wwth the grout material 9 at remarkably high
thdi §tushdnaspeedurThee 3apphythastndaegtolnidslal $8 pseded
when the fresh air or 16 fresh water is supplied
upi astleadmofetheagdotbhenatentahaderif bt Bpek¥ptingnbuathe
of airtight material 6) Then the airtight material 6
ungesgraedci hosStepafay removegpvediemiargs pdikghly vacuum
because the pressure near the ground surface la of
stehe uﬁlé?b?%ﬁﬁ@rlBeﬁ§r6?6u6ﬁtaél 08BPEBaNhK2 Al HDEPREBFTC)
pressure e to Step. (3 ressu glffe [gnce
5 5e ABEN ?ﬂghﬁHaﬁrﬁ?gﬁnﬁgFB G5ab: RetoF Sanatrg
[ im nat $o eas 'y ve the airti ht mat er i
anet GORa berBORr i Eront vt He SlS Thefhibrine
groundwater surface 1lc becoming the natural groundwater
level is lowered.

(Step (6): supply of grout material 9 such as air
cement milk or foaming material)

The valve 3¢ is opened, and the supply instrument 3
placed in Step (3) utilizes a pressure difference to supply
the grout material 9 such as the air cement milk and the
foaming material from the ground to the underground 1b
through the pieces of piping 3b and 3b and perforated pipe
3a. At this point, the pumping and degassing functions of
the well 2 are stopped before Step (6) in which the grout
material 9 is supplied to the underground lb. Because the
underground 1lb is in the substantially vacuum state as
described above, the underground 1lb is filled with the
grout material 9 at remarkably high diffusion speed. The

supply instrument 3 is also used when the fresh air or
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3) Then, the grout material supply instrunment 3 is
renmoved to perform back-filling of the piping pit.
(Step (9): water recharge) The groundwat er punped in
Step (5) is recharged to the groundwater surface |Ic
becom ng the natural groundwater |evel using the well
2. In Step (9), in the case of a small water head
di fference between the groundwater surface |c after
t he groundwater apd the_groundwat er urface
S S el ﬁ%dfPsmﬁﬁsyga8UEom%§8ﬁla§18)
Mﬁth ar e gr . the wel |
oL g%h Qéﬂgvéh o8 gupdYBher L aken,tr o

depends on Sca € Wor Step

11 e a I le t h
(usgfemmuniof ek a2 ool it <o .

reﬂb%ed( Step {H2) (pdammyvalefuddpeiyiQusswatd BDlaFinal |y

the inpervious wall 5 is renoved to end the series of
grstigpssultnatbelgase wherentibegheeddf op 14 pesigHtcalbye to

repeating the action of inproving the soil 1 arises,
ant henpephoeratedrpsperdadoé thesSsappl($) i nsheupeatsBre

the well 2, and the inpervious wall 5 may be left in
didfdeenctobdeeeensehehendanbepunfl hanahdutkef grothe is

next work. Another enbodi ment in an environnent
elginfneredt tPropaplihareBpvst éps eiytieht103tariplpe-

descri bed be|OMI However, an overl apping portion is

om tPE@Pand onF?mﬁvéﬁaﬁéearobBrW?Bﬁrﬁéldé@@?ﬂbeansﬁéument

3)shovvn in FIG 3, the ground surface la is paved by

Then, the grout material supply instrument 3 is
removed to perform back-filling of the piping pit.

(Step (9): water recharge)

The groundwater pumped in Step (5) is recharged to the
groundwater surface 1lc becoming the natural groundwater
level using the well 2. 1In Step (9), in the case of a
small water head difference between the groundwater surface
lc after pumping the groundwater and the groundwater
surface 1lc in the natural state, the flow may go to Step
(10) without recharging the groundwater taken from the well
2. Step (9) depends on a scale of the work.

(Step (11): removal of well 2 (super well point))

Then, the well 2 is removed to perform back-filling of
the well pit.

(Step (12): removal of impervious wall 5)

Finally the impervious wall 5 is removed to end the

series of steps. In the case where the need for
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the airtight material such as the concrete and the
asphalt, a construction foundation 7 and an
aboveground structure 8 such as a large oil tank and
lime tank are constructed in the underground Ib which
beconmes the inprovenent target, and the inprovenent
target covers the wi de range of the wunderground |b.
An exanpl e of each of the cases will be described

oo SRobee L by f Euas et atle BEtLAD’ af dbiphabend Sppecdil 1
YBGET GEOUNG. 0o, LD AL 0n.c3D DeBKER, Wi thObl o 5,

construc ous
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surroundi ngs o arget underground” 1b, and thus

totB@cE@HQ&aEh@fn&ﬁ@ek”@@rMhﬁuﬁoM@E|férlﬂhé*§9x£1%&rks
also elimnated. The ground surface la is covered
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wat er proof tent, the pavenent made of the cenment or
thasphal tfephe (v esh (sbudge lwhbeh ddees ibetl ®relolv.balpwever,

or the like is used as the airtight material 6
anacterdapgino phetianget omithsé afdl8npyogurkaratd

Even if the airtight material 6 is not constructed,
Porhiphelgadesefibegeoil structure in which a

highly-airtight inpernmeable |ayer is widely fornmed in

theASUEB%WnIéVeFIQreé th?h%rP%Pﬁe?uEﬁ@%?giéuha PpVeE by
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the underground 1lb which becomes the improvement target,

and the improvement target covers the wide range of the

underground 1lb. An example of each of the cases will be

described below.

In such cases, Steps (1), ((4), (7), and (11) can be
omitted. Because of the wide range of the underground 1lb,
the action can be taken without constructing the impervious
wall 5 in Step (1) by lowering the groundwater surface 1c
in the surroundings of the target underground 1lb, and thus
the removal of the impervious wall 5 in Step (11) is also
eliminated. The ground surface la is covered with the
airtight material 6, and a vinyl sheet, a waterproof tent,
the pavement made of the cement or asphalt, the fresh
sludge which does not smell bad, or the like is used as the

airtight material 6 according to the target or ease of
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soil 1 including sand |layers 11 and 1 and a clay |ayer
1  which becone the inprovenent target, the
configuration of the supply instrument 3 in Step (3)
is changed to perform curve boring to the |ower-Iayer
soil below the construction foundation 7 unlike the
perforated pipe 3a vertically disposed as shown in
FIG 2, and the perforated pipe 3a is placed while
| ayi ng bet n the right and the left of. the
oreBHETREREr ort Ttnar o 2L Tl B €5 e hetSrtiht
sug¢ t oam ng eri be .
el P ehet ety TauEari Bt AT SFepott) ARGRTe Tn wnich

i Lgy | i r Ny r h € epsSr 'in
IR T R R A

uppgeperated khehherunder gpoynd dRgewgiehnhecones the soil
soil inprovenent target will mcroscopically be

imgesceinbed, atpsgart hgexphanatie@n bncawhbehrépeaced with
function is exerted nore effectively by adopting the
thsupepewabbbpeoi htyaet hindtashdhe) gr oundwat er punpi ng
step in the enbodinent. 19 As shown in FIG 4, soi
par pekesrdabauinky thenstreatingxtheingdeprgsbundtibn
groundwater 4b in the form of free water, adsorption
fowateriae adsofbphgvesrenedssFrucparei 8l ese4iodptndain the

physi cochem cal (el ectric) binding force, and an air
ITBUBBI 8U482EeRi §8i A FRSt HRIpFeECWAtetP4BT ERpsHuipijaver

S03bnbt LBEL FOT ASSBRONRIF RS G B ) m AtHe SSCAEE dF e 1°
anfRECLALoUnd LB 4 ALL ST hDg. PLEFSULS- [REUELND; BGLLPNL! of
the supply instrument 3 in Step (3) is changed to perform
curve boring to the lower-layer soil below the construction
foundation 7 unlike the perforated pipe 3a vertically
disposed as shown in FIG. 2, and the perforated pipe 3a is
placed while laying between the right and the left of the
construction foundation 7. Therefore, the permanent grout
9 such as the foaming material can be effectively supplied
in Step (6).

Other configurations are similar to those of Steps (2),
(3), (5), (6), and (8) to (10).

A physical phenomenon generated in the underground 1b
which becomes the soil improvement target will
microscopically be described along with explanation in
which the function is exerted more effectively by adopting
the super well point method as the groundwater pumping step

in the embodiment.
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and the punping of the groundwater 4b are performed in
Step (5), the groundwater 4b is collected into the
well 2 because the groundwater 4b is in the state of
the free water 4b, and only the soil particles 4a and
the adsorption water 4c exist. At this point, the
pressures in fields of the soil particles 4a and the
adsor ption water 4c substantially beconme a vacuum
state 4ﬁ. The ;EgﬁovEnent ?f E Yacu m | evel makes a
di f f&r 8nc& bet’ e weif Bofhtc e %dmaha Yhe
n h oL
coﬁggﬂu‘éﬁhg poL En%%EQQUnWEBmﬁ%ESM@WSP& 9{% Yh the form

such as air ce and t

ff9@QE”Qa9@£erFgEOEBtpgnsﬂggéplXCSHHQ%kggn5OtEh§he soil

under gr ound to maxi mze the supp t he grout

paHBE@Eé@'4aTh§E§fQrﬁhysRB@ch@ﬁE@M@”@BEe@Er&B? Magdufy
| evel becones extrenely effective neans in the

foeeadi thanahhat rt bebsupendwekl sponhgt innehBodreanwheer 4b
adopted. As shown in FIG 6, in the state in which the
exfjsouin mateebdl bEsasappkfedet ohtheouhdéngrouadehb from
the ground surface la in Step (6), the area which is
conehporaiphy put 20 in the substantial vacuumstate 4e
is filled wwth the supplied air. As shown in FIG 7,
i n fResBedhelnnT WAk ch, t he throbhdhat ef Kbeuénd@éﬁa©g@d 1b
into the underground Ib to recover the groundwater
aT8fFf hee RECEBUERET §FBGhAREeF1PRVEE 1A Pﬁ@eggéQHVd 1b
t %e in Ste é the fre ter 4b invade
anfi PhEbUIeH e G At be SAHUTRES DRBuAL 6FeaP?r§a§we hg otep
roun 1S LN e t I r
(5zbn%e%t E?u?ﬁ g?ouggma?egog% % gncrggsgg g%uge a
because the groundwater 4b is in the state of the free
water 4b, and only the soil particles 4a and the adsorption
water 4c exist. At this point, the pressures in fields of
the soil particles 4a and the adsorption water 4c
substantially become a vacuum state 4e. The improvement of
the vacuum level makes a difference between the well point
method and the super well point method, which allows the
grout material 9 such as the air cement milk and the
foaming material to be smoothly supplied to the underground
b to maximize the supply of the grout material. Therefore,
the improvement of the vacuum level becomes extremely
effective means in the condition that the super well point
method can be adopted.
As shown in FIG. 6, in the state in which the grout

material is supplied to the underground 1lb from the ground

surface la in Step (6), the area which is temporarily put
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degree of unsaturation of the groundwater 4b which is
usually in the unsaturated state further progresses, a
water ratio is relatively decreased to restrain an
increase in water pressure of gap water existing
between the soil particles, and decrease of

frictional force between soil particles is

restrai ned. Therefore, the soil can be inproved.

ingt RS oPaRberh ok ERedoRorFabRt AT baan v ris L apported
? 1iL gQE and | eft support posts 8 . In FIGS 9 and
sy % Pter “consol idated drainage is perforned early to

unexensgelh! epeptcof st henfoypdarion pAr{hons ¢he
supporting the construction by vacuum dewatering of

grbfifapbtbeast {WorsHRgFgeMelhtfOLAE NBLBPYSouble1L to
per manent grout material 9 such as the foam ng

refBteri ahei gronhertedrbehovatbel toundahitogropatlhedr 7level
by the curved perforated pipe 3 of FIG 3, so that
int heef ptinddyi shaper inoftean (be, | thteflrap. wkt& 1% $howmses
conpari son of the | oose sandy soil 21 inprovenent
thaoekeaThal leg, wihht hkecase, ofndntiet Awousbnuéntiona
dynam c consolidation nmethod (FIG 11(b)), the
exsBEeRGt hni ShAogrpredeased fbolAuthcbeeaade 8p ahabakhe
shock bel ow the groundwat er surface generated by the
alHyﬁﬁﬁ?@ntc@ﬁth?d%FPBHdHéFﬁ6d4baha tRCEGARBE - bdecause a
ected that the, strength is increased Wﬁ
oGy RE e e UBE P uERG BRI Of ChTnaFRPORES TS SHOWR-TH B
at | east {: supe 0| nt rrethods
usgreFhu il FReShaPTE o=t ot R="y hah B EoREaTFBGCT S
waHEEh?QtlBh?5098§8£59359ddg5§é9988 Eé restrain an increase
in water pressure of gap water existing between the soil
particles, and decrease of frictional force between soil
particles is restrained. Therefore, the soil can be
improved.

FIGS. 9 and 10 show a gate-shaped construction 8 such
as a crane in which a horizontal beam 8” is supported by
right and left support posts 8’. In FIGS. 9 and 10, after
consolidated drainage is performed early to uneven
settlement of the foundation portions 7' supporting the
construction by vacuum dewatering of the at least two super
well point methods, the permanent grout material 9 such as
the foaming material is injected below the foundation
portion 7’ by the curved perforated pipe 3 of FIG. 3, so
that the foundation portion can be lifted up.

FIG. 11 shows comparison of the loose sandy soil
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performed early by the vacuum dewatering, and the
groundwater level is |owered, so that the shock
generated by the dynam c consolidation nethod can be
transferred to a deeper portion and the dewatering of
the clay layer 12 can be perfornmed by the vacuum
effect. Referring to FIG 12, in at least the two
super well point nethods, a Iarge anmount of water (Q

.. ~1to 4.0 ¢t/mn). 1is del i ver into th u der round,
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besbiepgthgebuntifgcsandyrsokl (8gerkt& 43) tlbeqdgsnease
in strength of the sandy soil is attributed to the

cohaet ifhat ohhResnnd, hangetycennbai ps @be@t@daﬂﬂasithe
conmponents. The wat er - bi ndi ng effect can be expected
stbhyntthe $w hgcebfisetl. 122t CeAEMBesiveAssoill ahdpbevenent
nmet hod conprising: a step of extending perforated pipe
ThéBafote, andengwound FILB), la(giouvhenteri akatd) thei hgo
supplied from a ground surface (la) of soil (1) to
SUPﬁé Wﬁéér@©éuhdm€§byd8thrgugﬁeﬂhénpédﬂéta@@dtgibhe
(3a a ste? g groundwat er near the
dyﬂﬁ@é?g?%ﬁﬁa l@PB}OBymﬁ @96ertﬂélFoﬁéPﬁ%dﬁE?ﬁoﬁr?hnage is
st two, we 2), are drilled w
pe“?%aﬁ?grﬁ?ﬁ H ?ﬁtEP@aVaFHu% éewaﬁas%agouﬁad(%g$

grounB% %Ele%QSlUQQeEg&gggg,(lb)that the shock generated

by the dynamic consolidation method can be transferred to a
deeper portion and the dewatering of the clay layer 1, can
be performed by the vacuum effect.

Referring to FIG. 12, in at least the two super well
point methods, a large amount of water (Q ~ 1 to 4.0 t/min)
is delivered into the underground, and the vacuum suction
is performed at a high vacuum level (Pv = -0.1 to 0.08 MP).
The water delivery is substantially equal to the vacuum
suction in time.

A fine component of the sand is removed to adjust a
matrix of the particles, thereby increasing the strength of
the sandy soil (see FIG. 13). The decrease in strength of
the sandy soil is attributed to the fact that the sand
largely contains colloid and silt components. The water-

binding effect can be expected by the swing effect.
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substantially vacuum state by reducing a pressure in a
peri pheral area of the underground; a step of
supplying a grout material (9) such as air cenent
mlk or a foam ng material fromthe ground surface
(la) into the underground (1b) through the perforated
pipe (3a); and a step of rechargi ng the groundwater
into the wunderground (lIb) to a natural groundwater

level. 2. A soil inprov thod conprising: a

?}gi o£ ext endi ng pgrfoEgﬁgg&%?Ee_(Sa) to _ugde;ground
r a . e roma

ground s§§ %C%ﬁ%?év B M?£§§? Sgﬂggﬁgggéd ground to

the, UQQ@?gé9U8Qté£91n5h§8998r59§d955£8r@%E? piLpe (33)

a step of reducing a pressure in a peripheral area of

untiBequbdergneynd élg}oﬁblhgtBHﬂE&ng9§hEeQﬁguggﬁﬁlﬁéd from
near the underground (I'b) by a super well point

a gevhed borvhbeh(abk) beasbilwpiyetbsthd)uasergrovhdedib)
with the predeterm ned 23 interval in the underground
thebbyh therebyfputtedgpibe (Baderground (Ib) into a
substantially vacuum state; a step of repeating the
suppl ytep thepfmpshgagroondwiteshnaaterhehrnodghgthend
erforated pipe §3a) extended from the ground surface
B ) apvt @ eHechnder§roandt (mpfhodnénavsiep of teehhr §ivag
t he roundmater into the wunderground (lb) to a
wehdgurla @F%uﬁaﬁé%%@ VévBl 2 BrefReCEBiNCHmproGEHRAL 1R the
thod a clai mgere n_the ?
ungEFRRROC 10101 - BUtent pBrFphEF! 6oeoP 4 oFEast The) i»
subskantﬁ211§°5aEHSmSEQeEe“E§'rBShQEnSEEhBQessure in a
peripheral area of the underground;

a step of supplying a grout material (9) such as air
cement milk or a foaming material from the ground surface
(la) into the underground (1lb) through the perforated pipe
(3a); and

a step of recharging the groundwater into the
underground (1lb) to a natural groundwater level.

2. A soil improvement method comprising:

a step of extending perforated pipe (3a) to
underground (1lb), fresh air or fresh water being supplied
from a ground surface (la) of soil (1) in polluted ground
to the underground (1b) through the perforated pipe (3a);

a step of reducing a pressure in a peripheral area of
the underground (1lb) while pumping the groundwater near the

underground (lb) by a super well point method in which at

least two wells (2) are provided with the predetermined
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provided with the predeterm ned interval is covered
wth an airtight material (6) such as an airtight
sheet, pavenment w th a concrete material or an
asphalt material, or new sludge. 4. The soi

i nprovenent nethod according to claiml or 2, wherein
an operation of the super well point nethods in which
at least the two wells (2) are provided with the

inbEERr alt L6 WIOREUAPER Tt LSO ouhasSEyYf BB L) e
onGEHBEEohe (HLTTDYES, MPLlE.Lecopetaton, o Lbe, sure

'S su ed by
nat yr I S e e I r
pregsgkggbéfmgggg¥ﬁgﬁgng§%9335%59 o@){g§d§? En! gﬁﬁuﬁé

frédhf ageet! BhroBghAtB8I bel AREQYEREPL pABY BA, e%@@ﬁ@éﬁ from
in multilayer soil of a clay layer (1) and sand

thkayepsnllshrande(1lia), tosuperunekbgpeintl Mebhedsnin
which at least two wells (2) 24 are provided with a
pr edeteenm nédrenheryahgstok grgapdwater iptessuee of
the sand layer (1,) below the clay layer (1) to reduce

untthegpeessur éb) t her ebyaappkyi agoangveess leuwdlto the
clay layer (1) to perform consolidated drai nage of the
cl ay-| &perspi2) impeovansol| Nehppdverenrdheghsd, claim 1,
wherein, in multilayer 50|I of a clay layer (1,) and

Wh@éﬁanl5§@r§r?§§daﬁarfﬁc? (laupéP WeFPZpBPAtPREERBEsOEnat
LeBPEdblGr HPhGG l oFVEl TRBCRUPRE. S5nd PPAJEr e iy bel ow
prE9§d853%1L§y§£e pf%degerﬁgHgg é%ég r?s covered with an
airtight material (6) such as an airtight sheet, pavement
with a concrete material or an asphalt material, or new
sludge.

4., The soil improvement method according to claim 1 or
2, wherein an operation of the super well point methods in
which at least the two wells (2) are provided with the
predetermined interval is stopped, or the airtight material
(6) with which the ground surface (la) is covered is
removed while the operation of the super well point method
is stopped, and

air is supplied by natural air supply generated by a
difference in pressure between the underground (1lb) and the
ground surface (la).

5. A soil improvement method, wherein, in multilayer
soil of a clay layer (1l.) and sand layers (1:) and (1s),

super well point methods in which at least two wells (2)
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and a vacuum state is nade to evaporate water in the
clay layer (12), thereby perform ng dewatering. 7. A
soi |l inprovenent nethod, wherein, in nultilayer soi
of a clay layer (1) and sand layers (1-) and (1,,),
super well point nethods in which at least two wells
(2) are provided with a predeterm ned interval suck
the sand layer (1,,) belowthe clay layer (1;) to

=T h oG Se Bena el aepar RS %%%8€P§§e3*%%9vﬁ i
prHISKED! XrSEhL: Elndr PUDE YT A0 b Vnd Sy 1AL 1.)

ton?gﬁﬁbéltﬁg)pkéséﬁkQCtgge£5891Egﬁlybﬁée tthQEEOYSa&hEO

soil, and the perrranent grou eria IS 1 njected

théocthtlayBrthﬁzUﬂﬁy%ﬁéﬂfé¥ﬁtééﬁ%di&@éﬁé@tdﬁHhﬂ e & the
A soil inprovenent nethod, wherein, in soil inc udlng

claysandekayer) . super well point nethods in which at
| east two wells (2) are provided with a predeterm ned
25 bntervallsimkrbdhemsandntayed, t eheediune anpmessiuteyer
thereby Ilowering a water |evel of underground (1b),
soahdothencadadyhaper consalidatdoh etdiod (s)peritdorided,
9. A soil inprovenment nmethod, wherein, in an operation
SuﬁﬁrawgébePO%Btlm@éhﬁﬂsnéﬂhwhlﬂh @hi eRaat Feasveins (2)
wells (2) are provided with a predeterm ned interval
ar?npraﬁaé?arwaﬁa ?1B¥eﬂﬁE€EEFﬂ@dséﬂHeFﬁ9ér§HFE17h§naand
(13 rel atianship mhlch pressure punping action
Laygri ﬁb%rﬁﬁéoﬂ - ?u?%ﬁyt o' V@||§ WA Sa 2 BEESGHT S

angf%g?%gggw;gF Egg?ég%gdggg%ﬂgvgég§5tgeagter in the clay

layer (1:), thereby performing dewatering.

7. A soil improvement method, wherein, in multilayer
soil of a clay layer (1l.) and sand layers (1:) and (1s),
super well point methods in which at least two wells (2)
are provided with a predetermined interval suck the sand
layer (1s5) below the clay layer (1l.) to reduce a pressure,

a portion below an already-existing aboveground
structure (8) placed in the unevenly-settled ground surface
(la) is drilled to make a hole with a boring machine,

a permanent grout material (9) is injected from the
hole to improve the soil, and

the permanent grout material (9) is injected to 1lift
up the unevenly-settled construction (8).

8. A soil improvement method, wherein, in soil
including a sand layer, super well point methods in which

at least two wells (2) are provided with a predetermined
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predeterm ned tinme, thereby generating water-binding
action in the underground (Ib). 26

interval suck the sand layer to reduce a pressure, thereby
lowering a water level of underground (1lb), and then

a dynamic consolidation method is performed.

9. A soil improvement method, wherein, in an operation
of a super well point method in which at least two wells
(2) are provided with a predetermined interval in
underground (1lb) including sand layers (1;) and (1l3), a
relationship in which pressure pumping action is imparted
to one of the two wells while a suction operation is
imparted to the other well is alternately repeated in each
predetermined time, thereby generating water-binding action

in the underground (1b).
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