DESCRI PTION SO L | MPROVEMENT METHOD Technical Field
The present invention relates to a soil inprovenent
nmethod in a |land i nprovenent technique 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 obE®IRKPTIONt he under ground, such
as groundwork of civil engineering and construction,
a subway, and afOlhdéMEROVANENAOMBIIHGD area heavily
depend on the right or wong of groundwater
count er measures. Conventionally, a waterproof nethod
in which an inpervious wall prevents the groundwater
Techpagpf| 8WeRg in or a groundwater-|evel |owering
nmet hod in which the  groundwater is drained to the
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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 an
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-



Di scl osure of the Invention Problens to be Solved by
the I nvention The above-listed patents relate to a
so-call ed super well point nethod, that is, a nethod
for lowering the groundwater |evel to inprove the
soil. An outline of the super well point nethod wll
be described below. the water is forcedly drained
while a strainer portion is forned into a doubl e-tube
OpeBtREcCt pOe1l-($peci aUapepasat BaseneeN).t 32keep5i he wel |
in a vacuum state. A structural separate screen of
the special separate screen has a double structure
i ncluding an inner tube and a w nding strainer. The
Disgloandnapér theowHgnfiem t he winding strainer is

separated into_air and water between the tubes, and
Prophengater PEl SRLVACPYhENGeEPVERESGE vent hol es
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separate screen can exert the vacuun1effect in the

desteeBcHNERNGFQURGe aRdelhe svacwumdehf eehiean whdekya be
propagated to performforced drai nage. Second, unlike
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(spigiai separate screen) to keep the well in a vacuum
state.

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.

The super well point method which is of a deep
underground vacuum drainage and consolidated dewatering
method has the following effects. First, the development
of the special separate screen can exert the vacuum effect
in the deep underground, and the vacuum effect can widely

be propagated to perform forced drainage. Second, unlike a

well point method in which the depth is restricted up to 6



mto 7 m the forced drainage 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 drai nage has poor well efficiency. On
the contrary, in the super well point nethod, the
nunber of wells can be decreased because the well
effect is inproved by the vacuumeffect. Fourth, that

m tbhe airteat ébscekHedwelihatte denrbaspethiermaduum aefbheptim
can be elimnated when the water level is lowered to

in ahscdephhpesgiitiionobyheheofathantdeppwaell rErhod. in the
Fifth, in the super well point nmethod, the forced
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the vacuum effect, the water punping anmount of the
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larger 1.2 times to tens of times 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 while separated from each other, and the super
well point method is performed to further improve the soil.

In accordance with a first aspect of the invention, a
soil improvement method includes a step of constructing an
impervious wall to a necessary depth so as to surround an
underground of soil using a steel sheet pile, and of
extending a perforated pipe to the underground in the
impervious wall, a grout material being supplied to the
underground from a ground surface of the soil through the

perforated piping; a step of covering the ground surface of



3 the inmpervious wall with an airtight material such
as an airtight sheet, a pavenent with a concrete
material or an asphalt material, and new sludge; a
step of punping groundwater through at |least two wells
to lower a groundwater surface to a necessary water
| evel by a super well point nmethod in which the wells
are drilled in the wunderground in the inpervious wall
thedimBeptedgtenm nedithnberyaktiyhe gaovndasustianeabeang
covered with the airtight material in the inpervious
airvabht 8ndedf pupiiregentheitkghonohnrateanatirrseaterbyn

deaerating unsaturated soil in a region by the
aspgrdunduatetapunphdgnevhelndgeonabetayg osupkwohded by
the i npervious wall, thereby vacuum evaporating water
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concrete material or

surrounded by the impervious wall, thereby vacuum-
evaporating water of the underground to perform dewatering;
a step of supplying a grout material such as air cement
milk or a foaming material from the ground surface into the
underground through the perforated pipe; and a step of
recharging the groundwater into the underground to a
natural groundwater level.

In accordance with a second aspect of the invention,
the soil improvement method of the first aspect includes a
step of extending the perforated pipe to the underground
from the ground surface of the soil in polluted ground, the
fresh air or fresh water being supplied to the underground
through the perforated pipe; a step of covering the ground .
surface of the soil with the airtight material such as the
airtight sheet, the pavement with the concrete material or

the asphalt material, and the new sludge; a step of

reducing a pressure in a peripheral region of the



the asphalt material, and the new sludge; a step of
reducing a pressure in a peripheral region of the 4
under ground whil e punpi ng the groundwater near the
under ground by a super well point nmethod in which at
| east the two wells are provided in the underground
at a predetermned interval, thereby putting the
underground into a substantial vacuumstate; a step
und@kgi-epaat ivAg1thgumptippl ¥hef gt-hantivesbraneaer theesh
water through the perforated pipe of the grout
undBBbebuad sypel ¥uperf aeillli poest mthaodeifiowatiet pitpéeast
bei ng extended fromthe ground surface to the
theunéer geausdarangravstiep oh téehandemgrbohed gtoandwat er
into the underground to the natural groundwater
predevelrminedadooedande whekekvt buitdiagpébe sndegground
_ invention, the soil inprovement nethod of the first
intgspestbsitensiall Fpehugoisitate idei FILe8 @it KeRe@hipg the
bori ng machine to nake a _ hole toward, a hori zont al
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al ready-exi sting construction foundation and oy s
Peréﬁﬁ?%ﬁ?%&ﬁ@espgu r@lﬁﬁﬁcﬁwgﬁélﬁﬁagggpﬁglpﬁé%%Fé&ﬁgles’
sur e, .the perforated pj i S | r [ h I
the] Fe R At BOFFoRacl Spe betadan L Kot FaRe ang T afee
to ?af#eet & o3l eRN; &%irsd 'an%t%gf]%tf yeldngR Jfigundatd on, and

grout “material 1s in ected fromthe perforated

gréﬁﬂgaé 0 ithe reRAIHAUNG IR ldd terdp ntt@iral groundwater
unevenl y-settl ed construction. Effect of the

1evdivention The present invention has the follow ng
effects

In accordance with a third aspect of the invention,
the soil improvement method of the first aspect, lower-
layer soil is drilled with a curve boring machine to make a
hole toward a horizontal direction from the right and left
of an already-existing construction foundation and an
aboveground structure which are placed in the ground
surface, the perforated pipe is inserted into the hole to
lay the perforated pipe between the right and left of the
already-existing construction foundation, and the grout
material is injected from the perforated pipe into the

underground to lift up the unevenly-settled construction.

Effect of the Invention

The present invention has the following effects
because of the above-described configurations. That is,
various vacuum effects are generated when the water pumping

and the consolidated dewatering are performed with a high



because of the above-described configurations. That
is, various vacuum effects are generated when the
wat er punping and the consolidated dewatering are
performed with a high 5 vacuum | evel Pv of about
-0.085 Mo in the deep underground. Wen the vacuum
effects are utilized, the consolidated dewatering can
be perforned early, and the new soil inprovement is
vacaGhi exed1i pvacrubbbpt e-onoper Mgsingthbedeépatndergkound.
the vacuum effects. Wen at |east the two super well
Whepotht frethaflsestektst heecoheédiivedsothebyohheludetam
effects, it can be desired that the water level is
dewpaetﬁablyahabgepyrfommeédearihereﬁdréheth@Wc@hééive
soil is inproved by not a nethod for pressurizing the
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of the cohesive soil to increase the stress load. Further,

in accordance with the aspect of the invention, the

polluted ground can efficiently be purified.

The evenly-settled construction can be lifted up and
corrected by the permanent grout material.

At least the two super well point methods can suck the
cohesive soil to promote the settlement of a remaining
settlement amount of cohesive soil even in the already-
existing construction. The water level is lowered to a deep
position to make an unsaturated soil by a combination of at
least the two super well point methods, the impervious wall
surrounding the super well point methods, and the airtight
material with which the ground surface is covered in the

impervious wall, so that a shock can be propagated to the

deep position to widely improve the soil.



material with which the ground surface is covered in
the inpervious wall, so that a shock can be
propagated to the deep position to widely inprove the
soil. 6 Brief Description of the Drawings FIG 1 is a

flowchart illustrating a soil inprovement nethod
according to an embodi ment of the invention. FIG 2 is
a sectional viewillustrating a configuration

BriéAChYSE P8I ¥R! bt BRei DPEIYhQYS wal |, a vertica
perforated pipe, and an airtight sheet in the soi

i nprovenents setbhodchgeor dingst oat hegeabsdi ehtpodvehent
invention. FIG 3 is a sectional viewillustrating a
metEoaf hguoating tockodemgodimeht, odnthbovegeothan -
construction, a curved perforated pipe, and a
pave@en? ia aheesbnbnalnﬁl@WewﬁhUShﬁﬁhQEGa@cord|ng to
the enmbodi nent of the invention, FIG 4 is a partia
con§eguranapnvie@l AL0St RavPhg: aanrémQ?FﬁhgﬁﬁpW% ng@soi
Eartlcles free water, adsorption and. an ﬁir .
ver Hﬁﬁﬂep?ﬁfﬁr§F§§d9l§?at@nﬁnaph@l§599 tlﬁB?%%GhﬁhF e soil
et hod accor f .the .inye Lon.
lmpFP@FmgnFsmﬁtgﬁatPSFO§5&P9 8I 5E BPP&S?PgtIﬁgQé
invhE atlonshlp bet ween the soil particles and adsorption
FAateP i n a state in which groundwater (free water) and

the cai s Bubll g.a¢gqrLh M 08led110skhe $8L! of mpr ovenent

according to e enbodi nent of t i nventi on.
configuration including a well, an aboveground construction,

a curved perforated pipe, and a pavement in the soil
improvement method according to the embodiment of the
invention.

FIG. 4 is a partial sectional view illustrating a
relationship among soil particles, free water, adsorption
water, and an air bubble in a steady state in the soil
improvement method according to the embodiment of the
invention.

FIG. 5 is a partial sectional view illustrating a
relationship between the soil particles and adsorption
water in a state in which groundwater (free water) and the
air bubble are eliminated in the soil improvement method
according to the embodiment of the invention.

FIG. 6 is a partial sectional view illustrating 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 6 is a partial sectional viewillustrating a

rel ati onship anong the soil particles, the adsorption
water, and air in an air supply state in the soi

i mprovenent nethod according to the enbodi ment of the
invention. 7 FIG 7 is a partial sectional view
illustrating a relationship anong the soil particles,
the free water, the adsorption water, and the air

bubbke hnia wapartiaghaegeioshat @ikn theuseirhting a
i mprovenent nmethod according to the enbodiment of the
relb¥enkhap. alblg 8hies saisephironal exi ewhel fustr abichg,athe
wel | (super well point nmethod) used in a step of
adspuppiing theergr anddwaterianbdubbdeepnok wedeci mgcaarge
pressure in soil in the soil inprovenent method
stagecandithg o ithéremoyemmaitt mgthogheécicareAnto®o Fhe 9
is a schematic diagramillustrating lift-up work in
embphilgieng pér e VGRGdCtaterial is injected into a
foundati on regi on of a _gate-shape crane that is.of a
coﬁgﬁru@tﬂénabfeFﬁéo§€ﬁlVPﬁﬂré@EH@ﬁFaﬁéPﬁo& g@i&rd?ﬁﬁer
to the enbodi nent of .the invention. FIL.G is an
we ldn Pergéd mtert%ﬁ’ er'$& %5 4t Pof&PPy PdwrSF P LHSr tjﬁ%éef FIG 9.
Fgﬁ% 1 is _an explanatory Vi Il ystrating: T
I LV ET T oAl §aﬁ§f*ééﬁlriﬁ%¥§$%%€h §ﬁ€%Eo .léléPlelﬁé
£heL BXPl;; %IOQ)’e\fnel\ﬁte\Mééhélﬁs%%HH&QH% $aNdy e $Qodiment of
| mprovenent” method. Fl 3 1s a schematic explanatory
the/118Wdddist.rating
FIG. 9 is a schematic diagram illustrating lift-up
work in which a permanent grout material is injected into a
foundation region of a gate-shape crane that is of a
construction by the soil improvement method according to
the embodiment of the invention.
FIG. 10 is an enlarged transverse sectional view of
part of FIG. 9.
FIG. 11 is an explanatory view illustrating a
conventional sandy soil improvement method.
FIG. 12 is an explanatory view illustrating a sandy
soil improvement method.
FIG. 13 is a schematic explanatory view illustrating
the invention in which a swing cleaning system is adopted.
FIG. 14 is a schematic explanatory view illustrating
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 illustrating grain

sizes of soil particles after swing cleaning of FIG. 13.



the invention in which a swing cleaning systemis
adopted. FIG 14 is a schematic explanatory view
illustrating the invention in which a swing cleaning
systemis adopted in at least two wells (super well
point nmethod). FIG 15 is an anal ysis di agram
illustrating grain sizes of soil particles after
swing cleaning of FIG 13. 8 Explanations of Letters

Exp%né}'@ﬂsﬁél §f dedOblsl 3r QreuWadasyrface | b Underground
Ic Goundwater surface 11 Sand |ayer 12 Cohesive soi

1 gbayer 13 Sand | ayer bel ow cohesive soil layer 2 Wl
(super well point) 2a Casing 2b Airtight cover 2c

la Stbahdesu2fdaSedi ment pit 2e Water punp 2f Drain punp
2g vacuum punp 2h Water piping 2i Piping 2] Water

1b Vadkr@8rfacdlities supplying grout such as air cenent

ml k and
lc Groundwater surface

1, Sand layer

1, Cohesive soil layer

15 Sand layer below cohesive soil layer
2 Well (super well point)
2a Casing

2b Airtight cover

2c Strainer

2d Sediment pit

2e Water pump

2f Drain pump

2g Vacuum pump

2h Water piping

21 Piping

27 Water tank

3 Facilities 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



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 9 4e Vacuum
portion 5 Inpervious wall 6 Airtight material 7
Construction foundation 8 Aboveground structure 8
Support post 8" Horizontal beam 9 Gout material 10
Best Mbde for Carrying Qut the Invention In the

4e @bevemdgsetibed configurations of the invention, the
best node for carrying out the invention is as

5 I@psevibed below. The case, in which a ground surface
is covered with an airtight material, two wells

6 Ahaviggthmghewader punping efficiency are drilled as
groundwat er punping nmeans to wutilize the super well

7 Cpoghrupeihndfowndaaiparforated pipe is |laid between
two wells, will be described as the best

8 Aboveground structure
8’ Support post

8” Horizontal beam

9 Grout material

10



node for carrying out the invention with reference to
the drawings. FIG 1 is a flowhart illustrating a
soil liquefaction preventing nethod according to an
enbodi nent of the invention. In FIG 1, cohesive soi
I mprovenent work in the enbodiment is perfornmed as
follow Step (1): an inpervious wall is constructed
as preparatory work so as to surround target soil

Bes®! BBdE2)or PhurghnyebLs ¢supernveBkionpoints) are
pl aced. Step ( 3? facilities supplying a grout
matherhal apuch-assairt beementh fitighlkaandna bdamiheg invention,
material 9 are placed on the ground and in the soil
theSbept( 4pde tfhe cgrovndgsoutachei snyeneied wst Bsan
airtight material. Step (5): groundwater in the soi
desicg ipgdpée l@wd an air bubble in the soil is renoved by
the super well point nmethod placed in Step (2) Ste
(6)he a:a@ﬁoutlnnﬁbéﬁhala grpém@sﬁﬁéfééqemlé C@H&é@&r a&ﬁ& an

by suppl yin l'i qui bs h h
i rEAA TRAR d EHE PodminG Hater Pa AP &Sh%gmpmg

f ted f. th t I
o AGTID 6 pIEged o LR L5 STRE B Colberance i s
]ﬁyenlxjm$CSUW+0%%g§e%o{ ! %ﬁ%h %? eV e%g %%%%r%%éﬁJplpe

“he Swho i'rtig teria
s Ra %"edcwe%qs%% (Ahiiss temved S 1) ) g

ities aced in Step (3) are renoved. Step (9):

nodd & tngr Jut the sQiderts Jrechanged fa chcanatdirale
mater | evel”. Step (10) : the two wells placed in Step

drdw@ng@y e renoved. Step (11) : the inpervious wall
constructed in Step (1) is renoved.

FIG. 1 is a flowchart illustrating a soil liquefaction
preventing method according to an embodiment of the
invention. In FIG. 1, cohesive soil improvement work in
the embodiment is performed as follow: Step (1): an
impervious wall is constructed as preparatory work so as to
surround target soil. Step (2): plural wells (super well
points) are placed. Step (3): facilities supplying a grout
material such as air cement milk and a foaming material 9
are placed on the ground and in the soil. Step (4): the
ground surface is covered with an airtight material. Step
(5): groundwater in the soil is pumped and an air bubble in
the soil is removed by the super well point method placed
in Step (2). Step (6): a grout material 9 is osmosed into
underground by supplying a liquid substance such as the air
cement milk and the foaming material through a perforated
pipe of the grout material supplying facilities placed in

Step (3). The liguid substance is evenly vacuum-osmosed

11



In the enbodi nent, sonetines Steps (1) and (4) and
Steps (7) and (11) corresponding thereto may be
omtted depending on a structure of the target soi
and a 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 underground wll be described. Exanple

int6SERE (Adergenshaucttep of)knperyi oustmal khble Asf the
illustrated in FIG 2, an inpervious wall 5 is

air@@@ﬁtrﬁgtedlum pooalaede$sasyegemuh wst hemostdel Sthaet
pile so as to surround underground | b of
(8) k asupplgdnbayercidotlied phaced iis Shepi fipr owegenemoved.
target including sand layers 11 and 13 and a cohesive
Stebayer : 12heAgrehndwpbent 1nj thes soadshifedcthardtfeto 2
i mpervious wall 5 is constructed such that a top,end
nathspghvasert A8 VEApervidRis(Wal | Bhe st gfekte P ¥rom W

ground surface la, and it assuned that. an
yakel

StePnﬁﬁ?v?é@ErGBPBﬁ@rtyi?%pe | edt PRt WEET EonponEht &
suc e t t h
con?ﬁﬁefigﬁsu%@%ﬁps 13D srBoFS ol mcerent of well 2
#Ber el %%EHF% Egﬁgtﬁb%ra%t% Mo F? the (4) and
str'at 64 exanpi e Cstpe poi nt) "are

Ste? aq%isaﬂ t he 1i) "E%éYFQB%nW§|g %he%%@%tﬁﬁgt%g bRiStep

ustrate n Fl G t he wel (super wel |
dep@%ﬁ bl WNiaCR IS R ular 98- ¢aRagllyeand ohilghnpuep- head
punpi ng system mainly includes a casing 2a, an
condithlic@htn existing on the ground or a ground surface
state. Steps of the cohesive soil improvement work will be

described in detail, and then a state change in underground

will be described.

Example

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

As illustrated in FIG. 2, an impervious wall 5 is
constructed up to a necessary depth with a steel sheet pile
so as to surround underground 1lb of laminated-layer soil 1
which is the improvement target including sand layers 1
and 13 and a cohesive 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 it is assumed that an impervious
property is ensured between components such as the steel

sheet pile constituting the impervious wall 5.
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cover 2b, a strainer 2c, a sedinent pit 2d, a water
punp 2e, a vacuum punp 2g, pieces of piping 2h and
2i, and a water tank 2j. In the |arge-capacity,
hi gh- punp- head punping system the independent vacuum
punp 2g and water punp 2e satisfy a function of
collecting the water into the well 2 and a function
of punping the water to the outside of the well 2.
Thestayenbor prapesedttbe haryeszcapapétywehigheint))
punp- head punping system (see Patent Document 1). FIG
8 Thbhustuabes (the shatkei hlwhsthabedr exadpaekrwells 2
surface 1c is lowered, and arrows in FIG 8 indicate
(subbe gedblngwahe) amd pancedll bw HheetnponyiorrGradlabso
illustrates the state in which a negative pressure is
conptopagatiedni Atapl dwer portion of the well 2. In FIG
2, aboveground facilities shown in

: FILG, 8
onfst édlupsrapedayn BL&cefenthsf “Elout ﬁﬁP@?%ZWell
supplying facilities 3) Then, as .illustrated, in FlIG
pOl.F)mﬁH§é§§r%Sp?e&§§g8FcaB@FFgVa?Q8 b?ﬁ “BRM8r 8°Bfaced
in the inpervio I 1 t t. bn S 1) .
Puriong aw{%‘émggmﬁep“sﬁ&ﬁlgsiﬁd"%”%b%%%ﬁé%?‘k, LEPat LB
0 pi ng 3 _an 3¢ - di |
v G gpRP e SROFLIgh oF ' e BarForst 64 13061 i ng 5, Do E2e.

a v%%%ﬁﬁb%u&%rﬁbggggkggg et ghbahgsuppbyiangi , f aell bt kese?

acting-as-a ge through which the grout materi al
an;kf] zgr!t reduegd fnepLthep 9 ound. hi_@ﬁ—ﬂahﬁyehéﬁdi sumpl aged

stage in which the suppiying facilities 3
sys%%ﬁﬁli%%gikﬁﬁgﬁﬁﬁkkmﬂ&b@bhﬂlp&ﬂ@hZ@Sa&bﬁw&k@rC@@Bmt2e
satisfy a function of collecting the water into the well 2
and a function of pumping the water to the outside of the
well 2. The inventor proposed the large-capacity, high-
pump-head pumping system (see Patent Document 1). FIG. 8
illustrates the state in which a groundwater surface lc is
lowered, and arrows in FIG. 8 indicate the groundwater and
air flow directions. FIG. 8 also illustrates the state in
which a negative pressure is propagated in a lower portion
of the well 2. In FIG. 2, aboveground facilities shown in
FIG. 8 are omitted.

(Step (3): placement of grout material supplying
facilities 3)

Then, as illustrated in FIG. 2, necessary pieces of
perforated pipe 3a are placed in the impervious wall 5
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
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and foam ng material is placed. In FIG 2, arrows
indicate a direction in which the grout material 9
flows fromthe ground surface la to the underground
Ib. In the grout material supplying facilities 3 of
FIG 3, fromone of the two wells between which an
aboveground structure 8 placed in an already-existing
construction foundation 7 is sandw ched toward the
pifathkenRavelkhe reby Ferhanat edopicpeadarisl auboiiyzangt al |y
laid fromthe ground surface la in the wunderground Ib
faashiilte epassed thelgowst he palssegdy taxiostihnghictnsteugtioot
foundation 7 and 8 by the hole drilling method such
mataés itafe ilsordintg owoided Thrergithgt greted.al Teappeyvag3c is
facilities 3 can also be used to supply fresh air or
cldseskhin wassrge( Stewhieh thevevpge YWinch Taicitilghes 3
material 6) The ground surface |la of the under%:ounqk

e XY nMeTacti O Br Everiting 1afger "afid

and, PRy T (e RS Te S8 8- coneRF et eaipqicate
o SR, aroa i e B Raa ' SRR e

gr it e 9 Ho 1 TRIDEHIML LN RO EOEOLe

ra W e sdf)?{]lf O[ﬁ%ﬁlﬁ%i@ ano fvetlc 2.3, Thergf e dfhene

passage which the grout material 9 is passed

twd M1t k4, Ground dis dd HdRL 4@ ane sysiamef & g aced
supplying facilities 3 placed in Step (3). For

in examnl@adn-Blirddigh Eheainud i avienenda tiede Tofisan
asphalt material or a concrete material,
sandwiched toward the other well, the perforated pipe 3a is
a horizontally laid from the ground surface la in the
underground 1lb while passed below the already-existing
construction foundation 7 and 8 by the hole drilling method
such as the boring work. The grout material supplying
facilities 3 can also be used to supply fresh air or fresh
water.

(Step (4): coverage with airtight material 6)

The ground surface la of the underground 1b becomes
the liquefaction preventing target, and the ground surface
la of the underground 1b is surrounded by the impervious
wall 5 constructed in Step (1). The ground surface la of
the underground 1b is covered with an airtight material 6,
and the airtight material is retained in an end portion of
the airtight material and some of openings generated by the

perforated pipe 3a and well 2. Therefore, the passage

through which the grout material 9 is passed from the
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and new sl udge which does not snell bad nmay be used as
the airtight material 6. Exanples of the grout
material 9 include the air cement mlk and the
foami ng material. In a predeterm ned range of the
target underground I b, an area whose side portion and
top portion are sealed is constructed through Steps
(1) to (3). (Step (5): groundwater punping and renoval
gro&%daié_lﬁh@%&@)t5h§n@eé sZe®| Gcethd s PEPy{Zg Bycilities
utilizing the super well point nmethod is caused to
3 pfawsdion $@e}]got3)ect Hdre e:gi@urgwatrer iedisthtnghert, he
underground Ib into the well 2 and to punp up the
pav@honndwaierotohheetpdai h hheened]l Grto cohergreundterial,
t hereby | owering the groundwater surface 1c up to the
andregui s eddge oundwat @pe s evet . smell had peanitoei nseteas the
state of the underground |b, the groundwater existing
airthght heauaterhr oundddR ke P fartds e feerial 9

_ roundwat er surf lc i d d d

o b S erodi o G, el R AR
is also re d. . Th f , hi ghl
;h@pe?nﬁf?£§¥gamép?§3??85§sof?gﬁ%EF%%%¥§Fﬁ§3%§%%%ﬁ$§ 10,
iS est i she [th h iyl ' j '

an pReSoHReR G Bana PBUBSPD 2 koBabbHfIoR, FoRCLEpLnS

state, i ' h f I b '
congh Bk, M ahnanar sy Lver 12  owered. 15 (Siep.

%?%Et%ESQFY:g%rgﬁHHRaHEEeEEﬁEiggSHﬁa #8mdih1 6enent
oamng material) The valve 3c is opened, and
pubbig)supplying facilities 3

The well 2 placed in Step (2) by utilizing the super
well point method is caused to function to collect the
groundwater existing in the underground 1lb into the well 2
and to pump up the groundwater collected in the well 2 to
the ground, thereby lowering the groundwater surface lc up
to the required groundwater level. At this point, in the
state of the underground 1b, the groundwater existing in
the underground 1b in an area above the groundwater surface
lc is pumped up and removed, and the grout material 9
existing in the underground lb is also removed. Therefore,
a highly vacuum state (hereinafter referred to as
“substantially vacuum”) is established although soil
particles constituting the underground 1lb exist. FIG. 8

illustrates the state in which the groundwater surface Ic

becoming the natural groundwater level is lowered.
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placed in Step (3) utilizes a pressure difference to
supply the grout material 9 such as the air cenent
mlk and the foaming naterial fromthe ground to the
underground 1b through the pieces of piping 3b and 3b
and perforated pipe 3a. At this point, the punping
and degassing functions of the well 2 are stopped
before Step (6) in which the grout material 9 is

Su@@%éﬁd o8 t@@p#ﬁyeégrgﬁﬁgt|@at@@ﬁ@ys@ then as air

underground I'bi's 1n the substantial vacuum state as

cem88ECHi PRUaABOFEanihg waEergaound Ib is filled with the
grout material 9 at remarkably high diffusion speed.

Thehesupplyi Bg facopétées Snarehal soppbeinghéactheties 3
fresh air or fresh water is supplied instead of the
plagedutnnfitepi aB) Qut{Bteps () preenvyal doffarenfghto supply
material 6) Then the airtight material 6 provided in
theSgeputdpaieripbndvedchApst ks pbrn@em%@éaraéékt ped the

pressure near the ground surface |a of the
foaunhner groardalbf Eofesnel gseurd Af taﬁnﬁgﬁﬁéareuBﬁeégure

due to St 6), th
hrRgh GhoURGSFBEAAR PR -ORoRRG NS S8l PRInArEa 0 BdsP Iy

e e T%ﬁ‘%ﬁéiﬁ‘%ﬁwﬁ?ﬁ%% AR o
ro t

L L A S S D

mat@%agﬁ @eggﬁgepééIaa groupdwat.gk -BYRREE 1B, SteP:-48de i the

recharge groundwat er surface |c beconing the
undRabyhahgneuRdwabethe substantial vacuum state as
described above, the underground 1lb is filled with the
grout material 9 at remarkably high diffusion speed. The
supplying facilities 3 are also used when the fresh.air or
fresh water is supplied instead of the grout material 9.

(Step (7): removal of airtight material 6)

Then the airtight material 6 provided in Step (4) 1is
removed. At this point, because the pressure near the
ground surface la of the underground lb comes close to an
atmospheric pressure due to Step (6), the pressure
difference between the underground 1lb and the ground is
eliminated to easily remove the airtight material 6.

(Step (8): removal of grout material supplying
facilities 3)

Then, the grout material supplying facilities 3 are

removed to perform back-filling of the piping pit.
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| evel using the well 2. In Step (9), in the case of a
smal | water head difference between the groundwater
surface |c after punping the groundwater and the
groundwater surface 1c in the natural state, the flow
may go to next Step (10) w thout recharging the
groundwat er taken fromthe well 2, and Step (9)
depends on a scale of the work. (Step (10): renoval of

wel 5+ 2, (syper wwekk pekAk}yeThen the well 2 is renoved
? C11al :
to performthe back-filling of the well pit. (Step

(1the yepuvalaebri pp@pedous wakb $%)Fisakéyhthgedater the
sealing wall 5 is renoved to end the series of steps.
grolindeases wherfecthécnbedofmdngpeheoditakby grepedwbhgr
the action of inproving the soil 1 arises, the
levper fisfatedhpi pellda2of ImeSteppl Yl ngli ddid izdss S 2 he
well 2, and the inpervious wall 5 may be left in
smadhduptes HeefeddéfenenpgnbelverNniRehBGPYNFBR T ERe SHEXRCS
wor k.  Anot her enbodi ment in an environnent different
lc pESRT PHEP1HE ShEpSreLNIEtEroOR N FhepergBBEFREEY

bel ow. Hog , I [ [ [ ' d
sursépgéccgﬁﬁé%% ns%?ler;é oot et RO ad Vaga) Bl Parel

I N t f I [
StegiﬁﬁogawlREP@Sigk% ggggﬁga%%% g%oh%dwgég?dtgkebﬂgrom the

i S theé& concrete an

wel%SEUagad_tg§§§0?§%rggﬁéggsf Hngagg De7o§nghéh§ork.

abovegroun ructure such as a large ol tank and a

liq%te athéner%Q%%%ﬁu%%e%élq the supder geoundolib tthat

beconmes the 17 inprovenent target, and the inprovenent

t anget, Gever&1h® is removed to perform the back-filling
of the well pit.

(Step (11): removal of impervious wall 5)

Finally the water sealing wall 5 is removed to end the
series of steps. In cases where the need for periodically
repeating the action of improving the soil 1 arises, the
perforated pipe 3a of the supplying facilities 3, the well
2, and the impervious wall 5 may be left in order to
decrease the number of man-hours for the next work.

Another embodiment in an environment different from
that of Steps (1) to (10) will be described below. However,
an overlapping portion is omitted and only a changed
portion is described.

As illustrated in FIG. 3, the ground surface la is
paved by the airtight material 6 such as the concrete and
the asphalt, the construction foundation 7 and the
aboveground structure 8 such as a large oil tank and a lime

tank are constructed in the underground 1lb that becomes the

17



wi de range of the underground |Ib. An exanple of each
of the cases will be described below |In such cases,
Steps (1), (4), (7), and (11) may be omtted. Because
of the wi de range of the underground Ib, the action
can be taken w thout constructing the inpervious wal
51in Step (1) by lowering the groundwater surface |c
in the surroundi ngs of the target underground | b, and

lmpggggﬁéhEYtQEgEBe READVAL OhptbechBREr YA oYst WBblrebsi Bhe
Step (11) is al so elimnated. The ground surface la

widkSreayered twet intibegabuhdghb . meterdedmbl, e anfl <aah nyt
sheet, a waterproof tent, the pavenent made of the
theCeHEGE @ﬁlasbbabbscrthedfbe$hws|udge whi ch does not
snell bad, or the like is wused as the airtight
mafer sath6cacesr dBhgpso (Lhe f4) get(70r aedsélé) may be
procurenent. Even if the airtight material 6 is not
omitomst r UBtealise nof hehe asedof randdi ¢ sthect i er RO WA chP-
a highly-airti I mpervious |ayer is. wde

thej gcEpen Gﬁﬁepelgﬁ@ﬁ“aWééhGPttﬁ@nﬁgFﬁgFlBﬂdELér8ﬁﬁarWBouS
lo the soil h ? . E airti terlalf ey
=155 ¢ §68§) sk OWﬁéH} b3 GpHityaELe  eked e
ustrate I
in éhﬁs??ﬁEPP lnﬁguﬁﬁagpgn %%§n§ h@%&% %ggﬂ g??i%&@?e 8
C f.th
R Rl PR e, o e

1l|nggu%%% %ﬁﬁ%@%eﬁayefﬁe1&r§ﬂgd1§uﬁﬁgcéh§a cohesi¥eed
become the inprovenent target, the

wi t(ho th'eg Wi atdiQm 0 tehe isuppl, yiang faciihitli esedti,naSt ep
(3) is changed to perforn1curve boring to t he

wa tle@Wiodrayemtsoidhe Relvewehite neerstafuatieorehemdatl ersphalt,
unl'i ke the perforated
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 procurement. Even if the airtight material 6 is
not constructed, in the case of a soil structure in which a
highly-airtight impervious layer is widely formed in the
upper-layer area of the target underground lb of the soil
improvement, the airtight material 6 may be replaced by the
impervious layer (not illustrated).

However, because the already-existing construction
foundation 7 and aboveground structure 8 are located in the
ground surface la of the underground lb of the laminated-
layer soil 1 including the sand layers 1, and 13 and the
cohesive layer 1, which become the improvement target, the
configuration of the supplying facilities 3 in Step (3) is
changed to perform curve boring to the lower-layer soil

below the construction foundation 7 unlike the perforated
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18 pipe 3a vertically disposed as illustrated in FIG
2, and the perforated pipe 3a is horizontally placed
while laying between the right and left of the
construction foundation 7. Therefore, the pernmanent
grout 9 such as the foaming material can be
effectively supplied in Step (6). O her configurations
are simlar to those of Steps (2), (3), (5, (6), and
plpéSEat9e£%9%a1fypaygFgggdpssnpnyagﬂrg@@ar@ﬁeﬂz@n ¢ heand
under ground | t hat becones the soil inprovenent
thetﬁégﬁbrﬁtéﬁ pﬂﬁérQ§C@§|E@khyobEaﬂ$§CpnbeddaWDngeml&hlng
the function t is exerted nore effectively by
betadept tng thehsupes wekk opotht mehbhoduasibhefoundation 7.
groundwat er punping step in the enbodinent. As
Theirkfusty atkd par®hGend, gsoilk Pasticbl es #kenépanyng
constituting the underground I b, groundwater 4b in the
matfoiml oﬁnfbeeeﬁéﬁ@ﬁlvaagospppéﬁeﬂa@érSa@pa&ébrbung
adsorbed to the soil particles 4a wt
Eﬁgﬁféoéﬁ@ﬁﬂéaFaFépéétﬁ?@)Sl@ﬁﬁéFnéofépeée 8hdSHRPEi K2)
u e 4d exi sti in ree water 4b exist in a
(3)gt dady é?éteaﬁgfggé tRe QEQ i npr ovenent
const uct 0 trated n_FEl G
of % R ys&ﬁagrEﬁgﬂﬁgepﬁnagFQ?rgtedp%gsgaseﬂrég g?&éhﬁ 1b
C|onof nder a in ofthe
tha% % er %bs% q géggggmggt.@g§Fg ?ﬂﬁ@ 9

ar san ma are or me t he
mlé% %@g 4%e ?g%%&h%%ﬁeglbﬁﬁow1kﬂetﬂ%lEu%c@@%ﬁuﬁﬁat
oun isinthe state of the free water

is %Qer@%@ %BE% %E%e%@hke@@rb&cb@%p%in@n@h%h%uper well
point method as the groundwater pumping step in the
embodiment.

As illustrated in FIG. 4, soil particles 4a mainly
constituting the underground 1b, groundwater 4b in the form
of free water, adsorption water 4c adsorbing adsorbed to
the soil particles 4a with a physicochemical (electric)
binding force, and an air bubble 4d existing in the free
water 4b exist in a steady state before the soil
improvement construction.

As illustrated in FIG. 5, in the state of the
underground 1lb after the pressure-reducing action of the
underground 1b and the pumping 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 adsorption water 4dc
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adsorption water 4c exist. At this point, the
pressures in fields of the soil particles 4a and the
adsorption water 4c 19 substantially beconme a vacuum
state 4e. The inprovenent of the vacuum | evel nekes a
di fference between the well point nethod and the
super well point nethod, which allows the grout
material 9 such as the air cenment mlk and the

subk@amicng 119t eki-ahet @ RacsmOkhbyesuppl i etlet OnphA€vement of
underground Ib to maxim ze the supply of the grout

theMtbeniual 1ebetamhseswal ldilfgcdescei bedwkanetheThedéf ppént
the inprovement of the vacuum |evel becones extrenely

me téflie einidv & heeangeirn wellé  podndi tiedhotihatwhtikd sdgerswehe
poi nt nethod can be adopted. As illustrated in FIG 6,

grout tasestiatle 9 sunhi els tthe agrogemgateriidlk sdsEpel i ed
to the underground I'b fromthe ground surface la in

foagtiay (E)tertifd &ce®et FACNLE live FpBPARELY topli s Hrdrgground
substanti al vacuum state 4e is filled mﬁthaﬁhe .

1b dgpplarddigier thas suamdst ot &89 FrerE Mot alhd PStade S

_n which th groundwat er, 4b i.s recharged into th

i Ljndr GG D6 L S cov SPSERECBF oun ANt AP -SUPTaeE P8
up. to th rqundwat er. |l evel jn t tat.e :in

EhegVgs ) ,%‘etq’ﬁg e eerxe%t?meilgvgggse%tttﬁ%%gﬁe%gﬁl’fsi Fedhe
1.th the.ajr, e unt, 9f ralde t 194 HANSBd RdRe

CO%%%%%%WE%%?!E%Q$§“%%%rgggéd%XHﬁ%?g%gfg%f?%épgéi% ed-

Co'ﬂser}LtllT st e G aynaved erg 4h 1 $HNGeased.n BeGase

degree of unsaturation of the groundwater 4b that is
gr&sualdoed it hes ungiurat ed strat edde-diesurr agr esses tha

water ratio is relatively decreased to restrain an
grdutd @Asface la in Step (6), the area that is temporarily
put in the substantial vacuum state 4e is filled with the
supplied air.

As illustrated in FIG. 7, in the state in which the
groundwater 4b is recharged into the underground lb to
recover the groundwater surface lc up to the groundwater
level in the steady state in Step (9), the free water 4db
invades the area filled with the air, and the amount of air
existing in the groundwater 4b is increased. Therefore, the
air content of the groundwater 4b is increased. Because a
degree of unsaturation of the groundwater 4b that 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 a frictional force between soil particles 1is

decreased. Therefore, the soil can be improved.
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in water pressure of gap water existing between the
soil particles, and a frictional force between soi
particles is decreased. Therefore, the soil can be

i mproved. 20 FIGS. 9 and 10 illustrates the gate-shape
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 dewatering

i sppesf opmedaeas! y110st WRe¥EN g6t theaeshapt thBstruction
foundation portions 7' supporting the construction by

8 sMBpUHE dewakpei N WEiHE athbeastnthe bewm sUpes wel |
poi nt met hods, the pernmanent grout material 9 such as

suppbettaaniyngignteshal 1esti njippbed bekbw 8he Frountz i oh
portion 7' by the curved perforated pipe 3a of FIG

and3]l0soafhat thesbouddaetodepetticongcap berfpftmed aprly to
FIG 11 illustrates conparison of the |oose sandy soi

uneivapr oegmganentr Rf That fpsndpfipheressécsf dnl yupherting
conventional dynam c consolidation method QFIG

the1 COPpfruckéonsPyeHgERUNs g PR PEal8d P08 - miERST the

because of _.a weak shock . bel th dwat f
tuogSHEFAt Hd by PPRACAPRARPES: cbRE0PPARENGH maEREd, TaRa T

t ted th he .str Do .
0 s_%’ﬁ b OO Sahd Chalian. * STHEreFory. PReSCaRed 11
[ strat in FLG .11 , I |
A e U

prcdynamge, %%%%pkkgakkgﬂdggﬁgﬁdFo%%%oﬁoﬁﬁglb@aﬁ§¢ted up.
orne

deméter!ng IS per earl'y by the vacuum
dewateriing,; 1and tt-he e s0ppAwaten bevehe 3dewereddyseoil

that the shock generated by the dynami c consolidation
imprRiRed rean e .t ransf t5edihotRBe case of only the
conventional dynamic consolidation method (FIG. 11 (b)), the
strength is not increased too much because of a weak shock
below the groundwater surface generated by the dynamic
consolidation method, and it cannot be expected that the
strength is increased in the cohesive soil and below.
Therefore, as illustrated in FIG. 11(a), when at least the
two super well point methods are used in addition to the
dynamic consolidation method, the consolidated dewatering
is performed early by the vacuum dewatering, and the
groundwater level is lowered, so that the shock generated
by the dynamic consolidation method can be transmitted to a
deeper portion and the dewatering of the cohesive soil
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 to the underground, and the vacuum suction is
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deeper portion and the dewatering of the cohesive soi
| ayer 12 can be perforned by the vacuum effect.
Referring to FIG 12, in at |east the two super well
poi nt methods, a | arge anmobunt of water (Q~ 11to0 4.0
t/mn) is delivered to the underground, and the
vacuum suction is 21 performed at a high vacuum | evel
(Pv =-0.1to 0.08 MP). The water delivery is
per SURSE @M £ ak | i @0UR c @ t ey acUpYN = SUTLT ofo [0, 48 mep) A
fine conponent” of the sand is renoved to adjust a
The M td X @f11herpardishessatheseby éqeaeasd ngh¢ heacuum
strength of the sandy soil (see FIG 13) The decrease
suctosttengtheof the sandy soil is attributed to the
fact that the sand l|argely contains colloid and silt
cohpbHieat somgheenhydf atlh¢ cs&ngl] i agrefderd campeust a
expected by the swng effect. 22 CLAAMS 1. A soi
matiimprofehpat pact hoteeonpresehy: 1aCEeapiyy st rieRPhy of
an inpervious wal | éS) to a necessary depth so aﬁjgof
the sgaRr@YngCah (R8Rr §Found> |t b)ThF d&GiqaseL)y - usiHgEet? ©
st eel shee ile, and of extending a erforated pipe
the(%%l)ldYoS%i Eﬁd%ﬁb?b%%eiil ﬁy Pﬁetg%(:ti%bae?v{;%%ss% |
5 a out material (9 hng ' to e
laréﬁ%@rﬁ?%ﬁﬁanflB?fi?%ﬁ1énér%g%g gﬁﬁ?gﬁ%ﬁ ia)t%%bthe
hyd%ghiic(%l%%958“99f59€ 8§£f8é3E§€ee¥Q& b hedsntigg oOf
COVering e ground surface (la) of the
effect.
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i mpervious wall (5) with an airtight material (6) such
as an airtight sheet, a pavenent with a concrete
material or an asphalt material, and new sludge; a
step of punping groundwater through at |east two

wells (2) to | ower a groundwater surface to a
necessary water |evel by a super well point nethod in
which the wells (2) are drilled in the underground
(I'b) in the inpervious cwivgdS) at a predeternned
interval, the ground surface (la) being covered with

the, alz(técgm 18 B5 ¥ @the {6)md thddecompipes Mipus wal | (5),
and of putting the region in a vacuum state by

deaegatpngrunsakuratedngobh imparvéguenwbylthg) to a
groundwat er punpi ng, the regi on being surrounded by
nectbBeariyngeprhoss wal ko( Shrrohedeby vadaugrevaporabingt
wat er of the underground (Ib) to perform dewatering;
soia dféepuefinguppkyernd ahgebupidatepndl of9pxsaefiag air
cement mlk and a foam ng nateri al fron1the gr ound
per§orpacd P{pg) ﬁﬁtotph§h9n6§ﬁ§F6@ﬁ§“€I }béhﬁauehethe
per f or at ed plpe (3a); and 23 a.s rechar ge
lmpgﬁaaﬁaﬁaWé# .ﬁ@é tﬁegraﬁaewéFSEﬁ& 8§ PSlﬁgné gﬂe to
r oundwat er he soil vene .
theaB@Q?&Qﬁﬁ”ﬁ& éﬁginﬁfom ﬁthSPHdaﬁ 5 3ratpgﬁ?§ o %ge soil
I'l_. poi nt neth at | east the two
m% mg_t FePEF5€F8 %%abqp Pédetern1ned i nterval
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an airtight sheet, a pavement with a concrete material or
an asphalt material, and new sludge;

a step of pumping groundwater through at least two
wells (2) to lower a groundwater surface to a necessary
water level by a super well point method in which the wells
(2) are drilled in the underground (1lb) in the impervious
wall (5) at a predetermined interval, the ground surface
(la) being covered with the airtight material (6) in the
impervious wall (5), and of putting the region in a vacuum
state by deaerating unsaturated soil in a region by the
groundwater pumping, the region being surrounded by the
impervious wall‘(S), thereby vacuum-evaporating water of
the underground (1b) to perform dewatering;

a step of supplying a grout material (9) such as air
cement milk and a foaming material from the ground surface

(la) into the underground (1lb) through the perforated pipe

(3a); and
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I's stopped, and air is supplied by natural air supply
generated by a difference in pressure between the
underground (1b) and the ground surface (la). 3. The
soi |l inprovenent nethod according to claim1l1l, wherein
| ower-layer soil is drilled with a curve boring
machi ne to nmake a hole toward a horizontal direction
from the right and left of an al ready-existing
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lift up the unevenly- settled construction (8). 24
which at least the two wells (2) are provided at 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 (lb) and the
ground surface (la).

3. The soil improvement method according to claim 1,
wherein lower-layer soil is drilled with a curve boring
machine to make a hole toward a horizontal direction from
the right and left of an already-existing construction
foundation (7) and an aboveground structure (8) which are
placed in the ground surface (la),

the perforated pipe (3a) is inserted into the hole to
lay the perforated pipe (3a) between the right and left of
the already-existing construction foundation (7), and

the grout material (9) is injected from the perforated

pipe into the underground (1lb) to 1lift up the unevenly-

settled construction (8).
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