Description
Title of Invention: JET GROUTING METHOD, GROUND IMPROVEMENT BODY,

AND GROUND IMPROVEMENT STRUCTURE

Technical Field

[0001] Thepreseninventiorrelatesgcamethodoftonstructing

a ground improvement body through use of a jet grouting method in
which an improving material is injected at high pressure to mix
iwithin-situsoil andamethodofconstructingeggroundmprovement
structure formed of a plurality of ground improvement bodies.
Further, the present invention relates to the ground improvement
body and the ground improvement structure. In this application,

a ground improvement body is referred to as "improvement body".
Further, a ground improvement structure is referred to as

"improvement structure".

Background Art

[0002] Jetgroutingisgenerallyknownasamethodforground
improvementandusesannjectionrod(drilrod)havinganinjection
nozzle arranged at a bottom end of the injection rod. Inthe jet
grouting, a pressurized air and an improving material (self-
hardening material) are injected from the injection nozzle of the
injection rod in a horizontal direction. The improving material
injectedfromthenozzlebreaksupin-situsoilsothattheinjected

material is mixed with the broken soil. Typically, the injection



rodadvancedtoadesigndepthinthegroundisrotatedandisraised
in a stepwise manner by several centimeters (specifically, the
injectionrod is pulled up stepwisely at certain time intervals),
thereby constructing an improvement body having an approximately
columnar shape (cylindrical shape) with a large diameter. An
overviewofstepsofthejetgroutingmethodisillustratedinFIGS.
20.
[0003] <Step a>

As illustrated in FIG. 20(a), a jet grouting machine 6 is
installed at a position where the improvement body (column) is to
beconstructed. Aninjectionrod7(drillrod)isassembledtothe
jetgroutingmachine6whilebeingsuspendedbyacrane. Then,the
injectionrod 7 isadvancedto apredetermined depthinthe ground
to be treated, while discharging drilling water from a bottom end
oftheinjectionrod7andbeingrotatedbythejetgroutingmachine
6.
[0004] <Step b>

After the injection rod 7 is advanced to the predetermined
depthintheground,arotationspeed(rpm)andraisingspeed(s/m)
oftheinjectionrodaresetappropriately. Then,injectionofthe
improving material (grout) is started. The improving material is
injected at high pressure from the injection nozzle arranged at
the bottom end of the injection rod 7. In-situ soil is broken up
andloosenedwithhighkineticenergyofajetflowoftheimproving

material.



[0005] <Step c>

Through rotation of the injection rod 7 at the set rotation
speed, the in-situ soil is broken up and loosened by the jet flow
othemprovingmateriainjectedatighpressure andtheimproving
material is forcibly mixed with the broken in-situ soil. In this
way, the improvement body is partially formed at the first stage.
Then, the jetgrouting machine 6is actuated so thatthe injection
rod 7 is lifted up in a stepwise manner to a second stage, a third
stage,andsoon. Forexample, asteplength (length perstep)is
setto 25 mm. The number of steps per meter is set to forty. As
described above, the improving material is injected from the
injection nozzle of the injection rod at high pressure while the
injectiorrodsrotatedathesetspeedneachstage. Thenjection
rodislifted up inthe stepwise mannerinaccordance withthe set
raisingspeed therebybeingcapableofconstructingtheimprovement
body having a substantially columnar shape.
[0006] <Step d>

Aftertheimprovementbodywithapredetermineddimensionis
constructed in the ground to be treated, the injection rod 7 is
withdrawnabovetheground. Then,theinside oftheinjectionrod

7 is washed with water.
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Summary of Invention

Technical Problem

[0008] In the jet grouting method, a slurry-like improving
materialgrout)snjectediromthenjectiomnozzleotherotating

rod. Thus, the jet grouting method is typically for use in
constructionofanimprovementbodyhavingaroundsectionalshape.
When the ground improvement has to be carried out at 100% as in
a case of full improvement (for example, in a case of batholith
improvement), a plurality of ground improvements with round
sectionalshapesareconstructedinanoverlappingarrangement(FIG.
21(a)).

[0009] However,whenawall-formarrangement(FIG.21(b))for
protection of a soil retainer absent part or a lattice-form
arrangement (FIG. 21(c)) for countermeasures to liquefaction has
tobeachieved,theroundsectionalshapeasdescribedabovecauses
formation of a large unnecessary portion exceeding an effective
wall thickness (wall thickness required in design).

Inparticular asadiameterofanundergroundpipeisncreased,
anecessarydiameteroftheimprovementbodyincreaseswithrespect
totheeffectivewallthickness. Asaresultareaotheunnecessary
portion is increased. When the unnecessary portion increases,
material cost and sludge removal cost increase, which may cause
a worse impact on the environment.

Further,alongwiththeabove-mentionedincreases,arequired



construction time also increases.
Further, inthe case of the protection of the soil retainer
absent part, drilling is carried out so as to leave a wall-form
part. At that time, the increase in unnecessary portion of each
improvement body may cause not only degradation in drilling
efficiencybutalsothenecessityofhighindustrialwastedisposal
cost, which may result in increase in the construction cost and
increase in the environmental load.
[0010] In order to solve the above-mentioned problems,
consideration has been made on construction of a wall shape
improvementbody,alatticeshapeimprovementbody,orasingle-fan
shapeimprovementbodyasillustratedinFIGS.22. Thewallshape,
lattice shape, and single-fan shape improvement bodies are
constructedthroughinjectingoftheslurry-likeimprovingmaterial
while oscillating the injection rod as illustrated in FIGS. 22.
However,inthe case of constructingthe wallshape, lattice
shape,orsingle-fanshapeimprovementbodyasillustratedinFIGS.
22, there arises a problem in that a necessary wall thickness
(effective wall thickness) cannot be secured in a central portion
(axis) of the improvement body.
[0011] In view of this, consideration has been made on
construction of an oval shape improvement body as illustrated in
FIG.23. Theovalshapeimprovementbody canensurethe necessary
wall thickness (effective wall thickness) in the center portion

(axis)thereof,whileitreducesanarea(volume) oftheredundant



portion. The oval shape improvement body is constructed by
"continuously changing" the rotation speed of the rod injecting
the improving material, as shown in FIG. 24.

Whenconstructingtheovalshapeimprovementbody,amaximum

diameterthereofisdetermineddependingonabilityofgetgrouting.

In this case, a construction pitch (spacing) between improvement

bodies to be constructed has to be narrowed (pitch L2<L1inFIG.
25) inordertosecurethenecessarywallthickness. Specifically,

as illustrated in FIG. 25, when the improvement body, which has

been constructed to have the round shape in the prior art, is now

formed into the oval shape, the construction pitch (i.e., spacing

of improvement bodies) that can secure a wall thickness tis L1

in the case of the round shape improvement body, whereas the
construction pitch is L2 (L2<L1) in the case of the oval shape
improvement body.

When the construction pitch (i.e., spacing of improvement
bodies) is narrowed as described above, the number of improvement
bodies to be constructed is increased. Specifically, when the
improvementbodyisformedintothe ovalsectional shape,thearea
oftheunnecessaryportion(volumeofaredundantportionexceeding
the effective wall thickness t) is reduced. However, the
constructionpitchisnarrowed,andhencethenumberofimprovement
bodies to be constructed is increased. Therefore, total
constructioncostisnotnecessarilyreduced,andisevenincreased

in some cases.



Further, when an oblateness of the oval shapeisincreased,
an overlapping width between adjacent improvement bodies has to
beincreased. Inthiscase, becausethe jetflowoftheimproving
material reaches a center (position of jetting) of the adjacent
improvement body, a risk of causing a so-called column-in-column
stateisincreased. Inthecolumn-in-columnstate thein-situsoll
cannotbe brokenupevenwithinjecting ofthe improving material.
Asaresult,thereisapossibilityofcausingconstructionfailures
such as disabled construction of an adjacentimprovementbody and
reduction in diameter of an improvement body.

Further,asshowninFIG.24 inorderto"continuouslychange”
the rotation speed of the injection rod for construction of the
oval shape improvement body, an apparatus configured to control
ajetgrouting machine is required. Many of general jet grouting
machines are hydraulically controlled. Therefore, in order to
continuously change the rotation speed of the injection rod, the
amountof oilto be used for the hydraulic control of the rotation
has to be continuously increased or reduced, which may result in
an apparatus having a complicated configuration (i.e., apparatus
configured to open/close a valve in a non-step manner). In the
hydraulic control, the amount of oil as well as viscosity thereof
changesdependingonoiltemperature. Therefore,thereareneeded
aninstrument or a controller configured to give feedbacks onthe
amount of opening/closing of the valve in accordance with the oil

temperatureortheviscosity. Thus,therearisesaprobleminthat



size and weight of a machine and equipment for the jet grouting
areincreased, inadditiontoaprobleminthatmechanical control

is complicated.  Further, the problems cause significant
degradation in construction efficiency.

[0012] In view of the above-mentioned problems of the prior
art,anobjectofthepresentinventionistoprovideajetgrouting
method, an improvement body, and an improvement structure, which
arecapableofreducinganunnecessaryportion(redundantportion)
exceeding an effective wall thickness without narrowing a
constructionpitch(spacingetweenmprovementodies andcapable
of allowing easy mechanical control at the time of construction

of the improvement body.

Solution to Problem

[0013] In order to achieve the above object, the present

inventionisdirectedtoajetgroutingmethodforimprovingaground

to be treated, the method including:
forminganimprovementbodybyinjectinganimprovingmaterial

into the ground via an injection rod while rotating the injection

rod in the ground, the improvement body having a sectional shape

which is a combination of different kinds of fan shapes having

different radiuses, the ground improvement body being formed so

as to have an effective wall thickness that is required in design

thereof,

in which the sectional shape of the improvement body is a



combination of at least two kinds of fan shapes, one of the two
kinds corresponding to a fan shape having a smaller radius, and
the other corresponding to afan shape havingalargerradius, and

in which the at least two kinds of fan shapes are arranged
inorderbyradiussizeinalongitudinaldirectionoftheeffective
wallthickness(i.e.,inadirectionperpendiculartothethickness
directionofthe effectivewallthickness) whilefanshapeshaving
thesmallestradiusarearrangedinthethicknessdirection ofthe
effective wall thickness.
[0014] In the jet grouting method, the improvement body is
constructed so as to satisfy the condition that an effective wall
thicknessis 0.7 times a maximum diameter of the improvement body
or smaller.
[0015] Further, in the jet grouting method, the improvement
bodyisconstructedsoastosatisfytheconditionthattheminimum
diameteroftheimprovementbodyisO.2timesto0.8timesthemaximum
diameter thereof.
[0016] Further, in the jet grouting method, the improvement
body is constructed so asto satisfy the conditionthata/bis 0.9
or smaller. Inthis condition, ais awall thickness coefficient
that is obtained by dividing the effective wall thickness by the
maximumdiameteroftheimprovementbody,and bisasmall-diameter
coefficient that is obtained by dividing the minimum diameter of
the improvement body by the maximum diameter.

[0017] Further, in the jet grouting method, it is preferred



thatwhendesigninghemprovementodytdbeconstructed acentral
angle of the fan shape having the smallest radius is determined
with respect to (on the basis of) the effective wall thickness.

In addition, it is also preferred that central angles of the fan
shapes are determined in ascending order by radius size from the
fan shape having the smallest radius.

The term "effective wall thickness" represents a dimension
onashortside ofamaximum rectangular sectional regionthatcan
be included in the improvement body. The rectangular sectional
region has a maximum size that can be included in the improvement
body. The section herein represents a section in a horizontal
direction.

[0018] Further, in the jet grouting method, it is preferred
that, when forming the improvement body, a rotation speed of the
injectionrodinjectingtheimprovingmaterialischangedstepwisely

to control a diameter of the improvement body to be constructed.
[0019] Further, in the jet grouting method, it is preferred
that the sectional shape of the improvement body is a combination
of two to five kinds of fan shapes having different radiuses.
[0020] Further, in the jet grouting method, it is preferred
thatthe improving material injected via the injection rod in the
groundbreaksupandloosensin-situsoil,andastateofthein-situ

soil is monitored when breaking up and loosening the in-situ soil
by injecting the improving material.

[0021] Further, in the jet grouting method, a plurality of
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improvementbodiesareformedtoconstructanimprovementstructure
formed of the plurality of improvement bodies.

[0022] Further, in order to achieve the above object, the
present invention is also directed to an improvement body which
Is constructed through use of a jet grouting method. In the jet
groutingmethod,animprovingmaterialisinjectedintothe ground
viaaninjectionrodwhilerotatingtheinjectionrodintheground.

The improvement body has a sectional shape whichis a combination
of different kinds of fan shapes having different radiuses.

[0023] Still further, in order to achieve the above object,
thepresentinventionisalsodirectedtoanimprovementstructure
includinggpluralityoimprovementoodies. Eachothemprovement
bodies is constructed through use of a jet grouting method, and

is constructed so as to satisfy an effective wall thickness that

is required in design thereof. In the jet grouting method, an
improving material is injected into the ground via an injection

rod while rotating the injection rod in the ground. Each of the
improvement bodies has a sectional shape which is a combination
ofdifferenkindsofanshapeshavingdifferentadiuses. Further,

the improvement bodies forming the improvement structure are
arranged in an overlapping manner.

[0024] Ineachothemprovemenbodiedforminghemprovement
structure, the sectional shape of the improvement body is a
combination of at least two kinds of fan shapes, in which one of

the two kinds corresponds to a fan shape having a smaller radius,
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and the other corresponds to a fan shape having a larger radius.
Further,theatleasttwokindsoffanshapesarearrangedinorder
by radius size in a longitudinal direction of the effective wall
thickness (i.e., in a direction perpendicular to the thickness
directionofthe effectivewallthickness) whilefanshapeshaving
the smallest radius are arranged in a direction of the effective
wall thickness.

In the improvement body, the effective wall thickness is
preferably 0.7 times a maximum diameter of the improvement body
or smaller.

Further, the minimum diameter of the improvement body is
preferably set to be 0.2 times to 0.8 times the maximum diameter
thereof.

Still further, a/b is preferably 0.9 or smaller, where ais
a wall thickness coefficient that is obtained by dividing the
effectivewallthicknessbythemaximumdiameteroftheimprovement
body,andwhere bisasmall-diameter coefficientthatis obtained
by dividing the minimum diameter of the improvement body by the
maximum diameter.

[0025] The maximum diameter of the improvement body to be
constructed by the jet grouting method depends on ability of the
jetgrouting,suchasaninjectionpressure/amountoftheimproving
material, and a raising/rotation speed of the injection rod.
Therefore, by normalizing the minimum diameter and the effective

wall thickness by the maximum diameter of the improvement body,

12



variouscombinationsofthicknessesanddiametersforanimprovement
body can be evaluated. Further, a construction pitch (spacing)
betweenimprovementbodiesdependsonthe maximumdiameterofeach
improvementbodytobeconstructedandtheeffectivewallthickness
thereof. Therefore pynormalizingthepitchbythemaximundiameter

of each improvement body to be constructed, arisk of causing the

column-in-column can also be evaluated.

Advantageous Effects of Invention

[0026] According to the jet grouting method of the present

invention,animprovementbodyisformedbyinjectinganimproving

material (grout) intoagroundviaaninjectionrodwhile rotating

the injection rod in the ground. The improvement body is formed

soastohaveasectionalkshape(MultiFanshape)whichisacombination

of different kinds of fan shapes (sector shapes) having different

radiuses.
ThroughformationoftheimprovementbodyhavingtheMultiFan

shape, an area of an unnecessary portion (volume of a redundant

portion exceeding the effective wall thickness t) is reduced.

Specifically, a redundant ratio (i.e., a ratio of area/volume of

the unnecessary portion to the effective area/volume of the

improvement body) becomes smaller than those in the cases of the

round shape and the oval shape. Therefore, the amount of use of

the improving material as well as the amount of sludge removal is

significantly reduced. That is, the amount of material for the

13



improvement body to be constructed is reduced as compared to the
casesofconstructingtheroundshapeimprovementbodyandtheoval
shape improvement body. Thus, as a result, material cost as well

as sludge removal cost (i.e., cost for the disposal of industrial

waste) is significantly reduced.

Furthertheconstructionpitch(spacing)etweentheMultiFan
shape improvement bodies having the effective wall thickness is
equal to that for round shape improvement bodies of the prior art
(pitch  L3=L1inFIG.1). Thereforethenumberofimprovementbodies
to be constructed is also set equal to that of the round shape
improvement bodies of the prior art. That is, according to the
presentinvention,theamountofmaterialtobeinjectedisreduced,
and drilling cost is not increased. (Note that, in the case of
constructing an improvement structure formed of oval shape
improvement bodies, the amount of material to be injected is not
reducedanddrillingcostisincreased.) Further,accordingtothe
presentinvention, the risk of causing the column-in-column state
is reduced.

Asdescribed above, according to the presentinvention, the
area of the unnecessary portion (volume of the redundant portion
exceeding the effective wall thickness t) of the improvement body
is reduced, while the construction pitch (i.e., spacing between
improvement bodies) equal to thatin the case of the construction
oftheroundshapeimprovementbodyiskept. Therefore,thepresent

inventionhasbothanadvantageobtainedinthecaseofconstructing

14



theroundshapeimprovementbody (whichisconstructedwithawide
pitch) and an advantage obtained in the case of constructing the
ovakhapemprovementody(whichreducestheareaotheunnecessary
portion).
Further,theMultiFansectionalshapeoftheimprovementbody
reducesatime period ofinjecting the improving materialforeach
improvementbody. Thus, a construction speed becomes higherthan
thatinthepriorart,therebyachievinganexceptionaleffectthat
the construction time for each improvementbody is reduced. That
istheconstructiorperiodothgegroutingseduced. Therefore,
according to the present invention, the improvement body having
thenecessarywallthicknessisefficientlyconstructed. Further,
the improvement structure formed of the plurality of improvement
bodies is efficiently constructed.
[0027] Further,inthepresentinvention,thesectionalshape
of the MultiFan shape improvement body is formed by a combination
of at least two kinds of fan shapes. One of the two kinds of fan
shapescorrespondstothe smallfanshape havingthe smallradius,
and the other corresponds to the large fan shape having the large
radius.
Whenconstructingthe MultiFanshapeimprovementbodyasdescribed
above,itispreferredthatacentralangle ofthefanshapehaving
the smallest radius is determined based on the effective wall
thickness. Inaddition, itis also preferred that central angles

ofthe fanshapesare determinedinascending orderbyradius size
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fromthefanshapehavingthesmallestradius. Inthismanner,the
MultiFanshapeimprovementbodyhavingtheeffectivewallthickness
can be securely constructed.
[0028] Stillfurther,accordingtothepresentinvention,the
rotationspeedoftheinjectionrodisstepwiselychangedtocontrol
thediameterotheMultiFanshapemprovementodytabeconstructed.
Throughtheintermittentchange oftherotationspeedasdescribed
above, controland an apparatus configuration become simplerthan
those in a case where the rotation speed is continuously changed
(specifically, in a case where the oval shape improvement body is
constructed). Therefore, increase in size and weight of the jet
grouting machine and the equipment therefor can be suppressed to
preventdegradation ofthe construction efficiency. Further,the
control and the apparatus configuration are simpler, and hence an
existing jet grouting machine can be used for this invention with
a simple modification.
[0029] Further,accordingtothepresentinvention preferably,
theimprovementbody isformed so asto satisfy the condition that
its effective wall thickness is 0.7 times the maximum diameter of
the improvement body or smaller.
Stilfurther,morepreferably theimprovementbodyisformed
S0 as to satisfy the condition that the minimum diameter of the
improvement body is 0.2 times to 0.8 times the maximum diameter.
Stilfurther,morepreferably theimprovementbodyisformed

soastosatisfythe conditionthat a/bis0.9orsmaller. Inthis

16



condition, a is a wall thickness coefficient that is obtained by
dividing the effective wall thickness by the maximum diameter of

the improvement body, and b is a small-diameter coefficient that
is obtained by dividing the minimum diameter of the improvement
body by the maximum diameter.

Still further, when constructing the improvement body, the
small-diameter coefficient b thereof is preferably set so as to
satisfy the condition of a~ b2.

When theimprovementbodyisconstructedsoastosatisfythe
conditions described above, an efficient shape (which has a small
unnecessaryareal/volumewithrespectiotheefficientwallthickness
t) is obtained.

[0030] Further, according to the present invention, it is
preferredthattheMultiFanshapeimprovementbodyhasashapeformed
byacombinationoftwotofivekindsoffanshapeshavingdifferent
radiuses. Through constructionoftheimprovementbody employing
the MultiFan shape described above, the area of the unnecessary
portion (volume of the redundant portion exceeding the efficient
wall thickness t) is reduced without complication in control of

the rotation speed of the injection rod.

Preferably, the MultiFanshapeisformedbyacombination of
three or more kinds of fan shapes having different radiuses. In
this manner, an unnecessary area/volume is further reduced.

Further, more preferably, the MultiFan shape isformed by a

combinationofthreetofive kinds offanshapes. The combination
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otthreetdfivekindsoffanshapesispracticallyusefulandachieves

a significant reduction in redundant ratio. Therefore, the most
efficientshape(withasmallunnecessaryarea/volume)isachieved.
[0031] Further, accordingtothe presentinvention, the soil
breaking state achieved with the improving material injected at
high pressure is monitored at the time of forming the improvement
body. Forexample,themonitoringiscarriedoutforeachsoillayer
oreachdepth. Inthis manner, atthetime of construction ofthe
improvementbody, theradiusesofthefanshapes(sectors)forming
the sectional shape of the improvement body can be checked, and
theeffectivewallthicknessoftheimprovementbodycanbechecked.

As a result, the improvement body and the improvement structure
as designed can be constructed.

[0032] Further, according to the improvement body and the
improvement structure of the presentinvention, the amount of use

of the improving material and the amount of sludge removal can be
significantlyreduced. Specifically,theamountofinjectingthe
improvingmaterialisreducedascomparedtothecaseofconstructing
theroundshapeimprovementbodyortheovalshapeimprovementbody.
As aresult, the material cost and the sludge removal cost (i.e.,

cost for the disposal of industrial waste) can be significantly

reduced.

Brief Description of Drawings

[0033] FIGS. 1areviewsforillustratingimprovementbodies
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according to the presentinvention in comparison to conventional
improvement bodies.

FIGS.2areviewsforillustratinganexample ofasectional
shape oftheimprovementbody constructedaccordingtothe present
invention. The sectional shape of the improvement body shown in
FIGS.2isformedbyacombinationoftwokindsoffanshapeshaving
different radiuses.

FIGS. 3areviewsforillustratinganexample ofasectional
shapeoftheimprovementbody constructedaccordingtothe present
invention. The sectional shape of the improvement body shown in
FIGS. 3 is formed by a combination of three kinds of fan shapes
having different radiuses.

FIGS.4areviewsforillustratinganexample ofasectional
shapeoftheimprovementbody constructedaccordingtothe present
invention. The sectional shape of the improvement body shown in
FIGS.4isformedbyacombinationoffourkindsoffanshapeshaving
different radiuses.

FIGS.5areviewsforillustratinganexample ofasectional
shapeoftheimprovementbody constructedaccordingtothe present
invention. The sectional shape of the improvement body shown in
FIGS.5isformedbyacombinationoffivekindsoffanshapeshaving
different radiuses.

FIGS. 6 are views for illustrating improvement structures
formedofapluralityofimprovementbodiesaccordingtothepresent

invention.
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FIG. 7 is a graph for showing a change of a rotation speed
ofaninjectionrod atthetime of construction oftheimprovement
body.

FIGS.8areplanviewsforillustratingwall-formstructures
each of which is an example of the improvement structure of the
present invention. FIG. 8(a) is an illustration of a wall-form
structureformedbyarrangingapluralityoftheimprovementbodies
inanoverlappingmanner. Eachoftheimprovementbodiesshownin
FIG. 8(a) is formed by a combination of two kinds of fan shapes
corresponding to large and small fan shapes. FIG. 8(b) is an
illustrationofawall-formstructureformedbyarrangingaplurality
of the improvement bodies in an overlapping manner. Each of the
improvement bodies shown in FIG. 8(b) is formed by a combination
of three kinds of fan shapes. FIG. 8(c) is an illustration of a
wall-formstructureconstructedsoastohavearoundshapeinplan
view. The wall-form structure shown in FIG. 8(c) is formed by
arrangingapluralityoftheimprovementbodiesalongaroundshape.

FIG.9isaplanviewforillustratingaplanarstructurewhich
isanexampleoftheimprovementstructureaccordingtothepresent
invention. Theplanarstructureisformedbyarrangingaplurality
of the improvement bodies in an overlapping manner. Each of the
improvement bodies shown in FIG. 9 is formed by a combination of
twokindsoffanshapescorrespondingtolargeandsmallfanshapes.

FIG. 10 is a view for illustrating a configuration of a

monitoring apparatus that is used in the present invention.
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FIG.11lisatableforshowingconditionsettingsand
of simulationsrelatedtoanimprovementbody havingaroundshape
section (Comparative Example 1).
FIG.12isatableforshowingconditionsettingsandresults
of simulationsrelatedtoanimprovementbody having anoval shape
section (Comparative Example 2).
FIG.13Aisatableforshowingconditionsettingsandresults
of simulations related to an improvement body having a MultiFan
shape section (Example).
FIG.13Bisatableforshowingconditionsettingsandresults
of simulations related to an improvement body having a MultiFan
shape section (Example).
FIG.13Cisatableforshowingconditionsettingsandresults
of simulations related to an improvement body having a MultiFan

shape section (Example).

FIG. 14A is a graph for showing a relationship between a

redundant ratio (Ajg-Aw)/Aw and a wall thickness coefficient

(a=t/D1)showninFIG.11toFIGS.13,inwhichtheredundantratio

(Ajg-Aw)/Aw is obtained by dividing a redundant amount (Ajg-Aw)

results

by an effective cross sectional area (Aw) ofanimprovementbody.

FIG. 14Bisagraphforshowingresultsrelated tothe round

shape improvementbody (Comparative Example 1) and the oval shape

improvementbody(Comparative Example2),whichare extractedfrom

the results shown in FIG. 14A.

FIG. 14Cisagraphforshowingresultsrelatedtothe round
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shape improvement body (Comparative Example 1) and the MultiFan
shape improvement body (Example), which are extracted from the
results shown in FIG. 14A.

FIG.15isagraphforshowingarelationshipbetweenthewall
thickness coefficient a (a=t/D1) and a pitch ratio (L/D1) shown
in FIG. 11 to FIGS. 13.

FIG.16isagraphforshowingarelationshipbetweenthewall
thicknesscoefficient a(a=t/D1)andanumberratioofimprovement
bodies shown in FIG. 11 to FIGS. 13.

FIG. 17 is a graph for showing a relationship between a
small-diametercoefficient b(b=D2/D1)andarateofredundantratio
related to the MultiFan shape improvement body (Example) shownin
FIG. 13B and FIG. 13C.

FIG.18isagraphforshowingarelationshipbetween a/band
therateofredundantratiorelatedtotheMultiFanshapeimprovement
body(Example)showninFIG.13BandFIG.13C,where a/b isobtained
bydividingthewallthickness coefficient abythesmall-diameter
coefficient b.

FIG. 19isagraphforshowing arelationship between b? and
therateofredundantratiorelatedtotheMultiFanshapeimprovement
body (Example)showninFIG.13BandFIG.13C,where b2 is obtained
by squaring the small-diameter coefficient b.

FIGS.20areviewsforillustratingstatesinstepsofground
improvement with a jet grouting method.

FIGS. 21 are views forillustrating examples of arrangement
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ofimprovementbodiesconstructedinaccordancewiththegetgrouting
method.

FIGS. 22 are views for illustrating shapes of improvement
bodies constructed in accordance with aconventional jetgrouting
method.

FIG. 23 is a view for illustrating an improvement body
constructedinaccordancewiththeconventionaljetgroutingmethod.

FIG.24isagraphforshowingachangeoftherotationspeed
oftheinjectionrodatthetimeofconstructionoftheconventional
improvement body.

FIGS. 25 are views for illustrating the sectional shapes of
the improvement bodies constructed in accordance with the

conventional jet grouting method.

Description of Embodiments

[0034] Inthisapplication,agroundimprovementbody(column)
having a columnar shape constructed by a jet grouting method is
referredto as "improvementbody". Further, agroundimprovement
structure formed of a plurality ofimprovement bodies constructed

in an overlapping arrangement is referred to as "improvement
structure”.

[0035] According to the jet grouting method of the present
invention, an improving material (self-hardening material) is
injected athigh pressurefromanozzle ofaninjectionrod (drill

rod) whiletheinjectiorrodsrotated toconstructheimprovement
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body having a predetermined shape. This construction process is
repeated for a plurality of times at different points where
improvement bodies have to be constructed, thereby constructing
an improvement structure formed of the plurality of improvement
bodies. Specificexamples oftheimprovementstructureinclude a
wall-form structure described later, a planar structure, a
lattice-form structure, and the like.

[0036] Further, a sectional shape of each of the improvement
bodiesthatformtheimprovementstructureaccordingtothepresent
inventionisacombinationofdifferentkindsoffanshapes(sector
shapes) having different radiuses. The improvement structure is
constructed by the overlapping arrangement of the plurality of
improvement bodies described above. The overlapping arrangement
isanarrangementinwhichtheadjacentimprovementbodiespartially
overlap with each other as shown in the plan views of FIGS. 8.
[0037] When constructing improvement bodies forming the
improvement structure of the present invention, each improvement
body is constructed so as to have a predetermined sectional shape
(a predetermined contour shape). The sectional shape (contour
shape) of each improvement body is formed by a combination of two
omorekindsoffanshapes(sectorshapeshavingdifferentradiuses,
anddormedoycombininghefanshapeqsectorshapes)tespective
centralangleportions(centralportions)thereof,asshowninFIGS.

2 to FIGS. 5. In each embodiment shown in FIG. 2(b), FIG. 3(b),

FIG.4(b),andFIG.5(b),asumofcentralangles ofthefanshapes
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that form the sectional shape of the improvement body is 360°.
Specifically, the combination of the fan shapes with the sum of
thecentralanglesbeing360°formsthecontourshapeofthesection
oftheimprovementbody. Notethat,the sumofthe centralangles

is not limited to 360°. As shown in FIG. 6(a), an angle smaller
than360°maybeselectedinaccordancewithconstructionconditions.
Further, as shown in FIG. 6(a), FIG. 6(b), and FIG. 6(c), the
combination of the fan shapes forming the improvement structure
isnotlimitedtoapoint-symmetricshape. The combinationofthe

fan shapes may be designed in accordance with a necessary wall
thickness and/or shape.

[0038] The sectional shape of the improvement body (entire
contourshapeformedbyacombinationoffanshapeshavingdifferent
radiuses) is referred to as "MultiFan shape" in this application.

The MultiFan shape represents a shape (contour shape) formed by
a combination of two or more kinds of fan shapes (sector shapes)
having different radiuses. In this application, the improvement
bodywiththe MultiFan sectional shapeisreferredtoas"MultiFan
shape improvementbody". Inthe same manner, animprovementbody
witheroundsectionakhapegeferredoas'roundshapemprovement
body" in this application. Further, an improvement body with an
ovalsectionalshapeisreferredtoas"ovalshapeimprovementbody"

in this application.

[0039] Now, aspecificembodimentofthe presentinventionis

described with a case where the wall-form improvement structure
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isconstructedthroughuseofthejetgroutingmethodasaspecific
example.
[0040] (DescriptionofEmbodimentillustratedintheDrawings)

InFIGS. 1,theimprovementbodiesto be constructedinthis
embodiment are illustrated in comparison to the prior arts.

FIG.1(a)andFIG.1(b)aresectionalviewswhicharethesame
as sectional views of FIG. 25, and FIG. 1(c) is a sectional view
for illustrating the improvement body constructed in this
embodiment.
[0041] ThereferencesymbolsdescribedinFIGS.lindicatethe
following sizes.

t: an effective wall thickness which is a minimum thickness
required in design of the improvement body

D1:adiameterofaroundshapeimprovementbodyshowninFIG.
1(a), along diameter of an oval shape improvement body shown in
FIG.1(b),andamaximumdiameteroftheMultiFanshapeimprovement
body shown in FIG. 1(c)

D2:ashortdiameteroftheovalshapeimprovementbodyshown
INFIG.1(b),andaminimumdiameteroftheMultiFanshapeimprovement
body shown in FIG. 1(c),

L1: a construction pitch (spacing) between round shape
improvement bodies of the prior art

L2: a construction pitch (spacing) between oval shape
improvement bodies of the prior art

L3: a construction pitch (spacing) between MultiFan shape
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improvement bodies of this embodiment.

Theembodimentandthe priorartsillustratedin FIGS. 1are
assumed that the improvement body and the wall-form improvement
structure having the effective wall thickness t are constructed
onafieldwiththesameconditions. Therefore,theeffectivewall
thickness t is common in FIG. 1(a), FIG. 1(b), and FIG. 1(c).

As shownin FIGS. 1, the effective wall thickness
improvementbodyrepresentsadimensiononashortsideofamaximum
rectangularsectionalregionincludedintheimprovementbody. The
effectivewalkhickness tisaminimunsizerequiredforconstruction
of the wall-form improvement structure. The improvement body

includesanunnecessaryportion(redundantportion)formedoutside

t of each

theeffectivewallportionwiththewalthickness t. Theunnecessary

portion(redundantportion)oftheimprovementbodydoesnotaffect
functions of the improvementbody/structure, and the functions of
the improvement body/structure are not impaired even with the
unnecessary portion.

Further, specifications ofajetgroutingmachinetobeused
are common to this embodiment and the prior arts illustrated in

FIGS. 1. Itis supposed that a maximum improvement diameter that

canbeachievedbythejetgroutingmachineis D1. Therefore,the

diameter of the round shape improvement body illustrated in FIG.
1(a) thdongdiameterotheovakhapeimprovementodyillustrated
in FIG. 1(b), and the maximum diameter of the MultiFan shape

improvement body illustrated in FIG. 1(c) are all D1.
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[0042] Withregardtothe priorartillustratedin FIG. 1(a),
theleftpartofFIG.1(a)showstheroundshapeimprovementbodies
in the overlapping arrangement, in which the improvement bodies

forming the improvement structure are constructed with the

predetermined pitch L1 so asto have the effective wall thickness

t.

ThecenterpartofFIG.1(a)showsarelationshipbetweenone
of the round shape improvement bodies and a rectangular region
(maximum rectangular section) thereof. The rectangular region
(maximumrectangularsection)securestheeffectivewallthickness
t in the round shape improvement body.

TherightpartofFIG.1(a)showsasectionoftheunnecessary
portion (redundant portion) of the round shape improvement body,
in which the unnecessary portion (redundant portion) is formed
outside the effective wall thickness t.

[0043] Withregardtothe priorartillustratedin FIG. 1(b),
theleftpartof FIG. 1(b) showsthe oval shapeimprovementbodies

in the overlapping arrangement, in which the improvement bodies
formingtheimprovementstructureareconstructedwiththeeffective
wall thickness t and the predetermined pitch L2.

ThecenterpartofFIG.1(b)showsarelationshipbetweenone
otheovakhapemprovementodiesandarectangularegion(maximum
rectangular section) thereof. The rectangular region (maximum
rectangularsection)securesthe effectivewallthickness

oval shape improvement body. A contour of the “round shape
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improvement body constructed through use of the same jet grouting
machine is indicated by the broken line. Asis apparentfrom the
drawing whenthgetgroutingmachinehavingthesamespecifications
isused onthe samefield, the maximum diameter ofthe improvement
body that can be constructed remains unchanged.

TherightpartofFIG.1(b)showsasectionoftheunnecessary
portion (redundant portion) of the oval shape improvement body,
in which the unnecessary portion (redundant portion) is formed
outside the effective wall thickness t. Asis apparent from the
drawing,apartoftheredundantportioniseliminatedthroughchange
ofthe sectionalshape oftheimprovementbodyfromtheroundshape
tothe ovalshape. Intherightpartof FIG. 1(b), the eliminated
partoftheredundantportionishatchedwithlinesinclinedtoward
the upper right.

[0044] Withregardtotheembodimentofthe presentinvention
illustratedinF1G.1(c) thelefipartofFIG.1(c)showstheMultiFan

shape improvementbodies inthe overlapping arrangement, in which

the improvement bodies forming the improvement structure are
constructedwiththeeffectivewalthickness tandthepredetermined
pitch L3.

ThecenterpartofFIG.1(c)showsarelationshipbetweenone
of the MultiFan shape improvementbodies and arectangular region
(maximum rectangular section) thereof. The rectangular region
(maximumrectangularsection)securestheeffectivewallthickness

tinthe MultiFan shape improvementbody. Acontourofthe “round
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shape” improvement body constructed through use of the same jet
groutingmachineisindicated bythe brokenlines. Asisapparent
from the drawing, when the jet grouting machine having the same
specifications is used on the same field, the maximum diameter of
the improvement body that can be constructed remains unchanged.
TherightpartofFIG.1(c)showsasectionoftheunnecessary
portion(redundantportion)oftheMultiFanshapeimprovementbody,
in which the unnecessary portion (redundant portion) is formed
outside the effective wall thickness t. As is apparent from the
drawing,apartoftheredundantportioniseliminatedthroughchange
ofthe sectionalshape oftheimprovementbodyfromtheroundshape
totheMultiFanshape. IntherightpartofFIG.1(c) theeliminated
partoftheredundantportionishatchedwithlinesinclinedtoward
the upper right.
[0045] Further, the MultiFanimprovementbody constructedin
this embodiment is illustrated in FIGS. 2. The embodiment
illustrated in FIGS. 2 corresponds to the embodiment illustrated
in FIG. 1(c).
FIG.2(a)isasectionalviewforillustratinganexample of
an improvement body having a MultiFan sectional shape.
FIG.2(b)isaviewobtainedbyvisualizingthe plurality of
kindsoffanshapesthatformthesectionalshapeoftheimprovement
body illustrated in FIG. 2(a). From this illustration, it is
understoodthatacontourofthesectionalshapeoftheimprovement

body is formed by a combination of two kinds of fan shapes having
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different radiuses.

[0046] Asdescribedabove,theMultiFanshapeimprovementbody
illustrated in FIGS. 2 has a shape formed by the combination of
twokindsofarshapes. Oneothekindsothefarshapescorresponds
tothelarge fan shape havingthe large radius, and the other kind
corresponds to the small fan shape having the small radius. When
designing and constructing the MultiFan shape improvementbody as
illustrated in FIGS. 2, itis preferred that the central angle of

the fan shape having the smallest radius is determined based on
the effective wallthickness t. Inaddition, itisalso preferred
that central angles of the fan shapes are determined in ascending
orderbyradiussizefromthefanshapehavingthesmallestradius.

As a result, the MultiFan shape improvement body that satisfies

the effective wall thickness is securely constructed.

[0047] InFIG. 2(b), the contour of each of the fan shapesis
clearly illustrated individually for convenience in easy
understanding of a configuration of the sectional shape of the
MultiFan shape improvement body, and for convenience in easy
understandingofacombinationpatternofthefanshapes. Notethat
boundary lines asillustrated in FIG. 2(b) (X-like boundary lines

in the center of FIG. 2(b)) are not formed inside the actual
improvement body.

[0048] Next, description is made on advantages of this
embodiment which are found through comparison between the round

shape improvement body illustrated in FIG. 1(a) and the MultiFan
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shape improvement body illustrated in FIG. 1(c).

[0049] The round shape improvement body illustrated in FIG.
1(a)isconstructedwiththediameter D1. Arectangularregionwith
the wallthickness tand awidth L1lissecuredinsidethe section.

Specifically, a necessary number of the round shape improvement
bodies, each having the diameter D1, are constructed at the pitch
L1,andareconstructedinthe overlappingarrangementsothatthe

adjacent improvement bodies overlap over a predetermined length
(D1-L1). As a result, the wall-form improvement structure that

satisfies the effective wall thickness t is constructed over a
designed length. As illustrated in the right part of FIG. 1(a),
theunnecessaryportion(redundantportion)exceedingtheeffective
wallthickness tisformedinsidetheroundshapeimprovementbody.
[0050] Meanwhile, the multiple-fan shape improvement body
illustrated in FIG. 1(c) is constructed with a maximum diameter

D1 and a minimum diameter D2. A rectangular region with the wall
thickness  tand a width L3 (L3=L1) is secured inside the section
oftheMultiFanshapeimprovementbody. Specifically,anecessary

number of the multiple-fan shape improvement bodies, each having
themaximumdiameter DlandtheminimumdiameterD2,areconstructed
atthepitch L3,andareconstructedintheoverlappingarrangement
sothattheadjacentimprovementbodiesoverlapoverapredetermined

length (D1-L3). Asaresult, the wall-formimprovement structure
havingtheeffectivewallthickness tisconstructedoveradesigned

length. Alsointhisembodiment,asillustratedintherightpart
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ofFIG.1(c),theunnecessaryportion(redundantportion)exceeding
theeffectivewallthickness tisslightlyformedinthemultiple-fan
shape improvement body.

[0051] When the round shape improvement body illustrated in
FIG. 1(a) and the MultiFan shape improvement body illustrated in
FIG. 1(c) are compared with each other, itis understood that the
redundantportionisclearlyreduced. Inaddition,itisunderstood

that a maximum sectional area having the wall thickness

width L3 (L3=L1) is secured in the section of the MultiFan shape
improvementbody, andthatthe maximumsectionalareahasthe same
size as that of the rectangular region secured in the section of

the round shape improvementbody. Specifically, the pitch of the
MultiFan shape improvement bodies to construct the wall-form
structure having the necessary wall thickness t is same as that

of the round shape improvement bodies to construct the wall-form
structure having the necessary wall thickness t (i.e., L3=L1 in

FIGS. 1). Therefore, the number of improvement bodies to be

constructedremainsunchangedevenwhentheroundshapeimprovement

body is replaced by the MultiFan shape improvement body.

[0052] Next, description is made on advantages of this
embodiment, which are found through comparison between the oval
shape improvement body illustrated in FIG. 1(b) and the MultiFan
shape improvement body illustrated in FIG. 1(c).

[0053] TheovalshapeimprovementbodyillustratedinFIG.1(b)

is constructed with a long diameter D1 and a short diameter D2.
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Arectangularregionwiththewallthickness tandawidthL2 (L2<L1)

Is secured inside the section. Specifically, a necessary number

oftheovalshapeimprovementbodies,eachhavingthelongdiameter

D1 andthe shortdiameter D2, are constructed atthe pitch L2,and

areconstructedintheoverlappingarrangementsothattheadjacent
improvement bodies overlap over a predetermined length (D1-L2).
Asaresultthewall-formimprovementstructurehavingtheeffective

wall thickness t is constructed over a designed length. As
illustratedintherightpartofFIG.1(b),theunnecessaryportion

(redundant portion) exceeding the effective wall thickness t is

formed inside the oval shape improvement body.

[0054] Meanwhile, the MultiFan shape improvement body
illustrated in FIG. 1(c) is constructed with the maximum diameter
D1andtheminimumdiameter D2. Arectangularregionwiththewall
thickness  tandthewidth L3(L3=L1)issecuredinsidethe section
oftheMultiFanshapeimprovementbody. Specifically,anecessary

number of the MultiFan shape improvement bodies, each having the
maximum diameter D1 and the minimum diameter D2, are constructed
atthepitch L3,andareconstructedintheoverlappingarrangement
sothattheadjacentimprovementbodiesoverlapoverapredetermined

length (D1-L3). Asaresult, the wall-formimprovement structure
havingtheeffectivewallthickness tisconstructedoveradesigned
length. Alsointhisembodiment,asillustratedintherightpart
ofFIG.1(c),theunnecessaryportion(redundantportion)exceeding

theeffectivewallthickness tisslightlyformedinthemultiple-fan
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shape improvement body.

[0055] As illustrated in FIG. 1(b) showing the oval shape
improvementbody anareaotthemaximumrectangularsectionsecuring
thewalkhickness is'txL2'inthecaseotheovakhapemprovement
body. Meanwhile,asillustratedinFIG. 1(c)showingthe MultiFan
shapeimprovementbody,anareaofthe maximumrectangularsection
securing the wall thickness tis"  txL3"(L3>L2and L3=L1) inthe
case of the MultiFan shape improvement body. In addition, the
rectangularsectionalregionhavingthe samesizeasthatobtained

with the round shape improvement body can be secured inside the
MultiFanshapemprovementody. Therefore everwhentheovakhape
improvementbodyisreplacedbytheMultiFanshapeimprovementbody,
the construction pitch is not narrowed, and thus the number of
improvement bodies forming the improvement structure is not
increasedinthecaseoftheMultiFanshapeimprovementbody. Note
that,whentheroundshapeimprovementbodyisreplacedbytheoval
shape improvement body, the construction pitch is narrowed, and
thus the number of improvement bodies forming the improvement
structure must be increased.

[0056] Therefore, from the above-mentioned results of
comparison, itisunderstood that an advantage (wide construction
pitch) obtainedinthe case ofthe construction oftheround shape
improvement body and an advantage (reduction in area (volume) of
the unnecessary portion) obtained in the case of the construction

of the oval shape improvement body can be both achieved according
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to the present invention.

[0057] Intheabove-mentionedembodiment,thesectionalshape
of the improvement body of the presentinvention is formed by the
combination of two kinds of fan shapes, in which one of the kinds

of the fan shapes corresponds to the large fan shape having the
largeradius,andthe otherkindcorrespondstothesmallfanshape
having the smallradius. However, the MultiFan shape improvement
body according to the present invention is not limited thereto,

and another embodiments of the MultiFan improvement body are
illustrated in FIGS. 3 to FIGS. 5.

[0058] FIG.3(a)isasectionalviewforillustratinganother
exampleoftheimprovementbody havingaMultiFansectionalshape.

FIG.3(b)isaviewobtainedbyvisualizingthe plurality of
kindsoffanshapesthatformthesectionalshapeoftheimprovement
body illustrated in FIG. 3(a). From this illustration, it is
understoodthatacontourofthesectionalshapeoftheimprovement
bodyisformedbyacombinationofthreekindsoffanshapeshaving
different radiuses.

As illustrated in FIG. 3(b), in the improvement body to be
constructedinthisembodiment,apairoffanshapeswiththesmallest
radius(whichareillustratedatthecenternFIG.3(b))arearranged
inathicknessdirectionofthewallthickness t. Furtherthethree
kinds offanshapesarearrangedsothattheradiusessequentially
increasefromthe"the pairoffanshapeswiththe smallestradius"

as a base point in a longitudinal direction of an effective wall
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portion (rectangular sectional region) of the improvement body.
Thelongitudinaldirectionoftheeffectivewallportioncorresponds
to a direction perpendicular to the wall thickness
[0059] FIG.4(a)isasectionalviewforillustratinganother
example oftheimprovementbody havingaMultiFansectionalshape.
FIG.4(b)isaviewobtainedbyvisualizingthe plurality of
kindsoffanshapesthatformthesectionalshapeoftheimprovement
body illustrated in FIG. 4(a). From this illustration, it is
understoodthatacontourofthesectionalshapeoftheimprovement
body is formed by a combination of four kinds of fan shapes having
different radiuses.
As illustrated in FIG. 4(b), in the improvement body to be
constructedinthisembodiment,apairoffanshapeswiththesmallest

radius(whichareillustratedatthecentennFIG 4(b))arearranged

tin FIGS. 3.

inathicknessdirectionofthewallthickness t. Further,thefour

kinds offanshapesarearrangedsothattheradiuses sequentially
increasefromthe"the pairoffanshapeswiththesmallestradius"
as a base point in a longitudinal direction of an effective wall
portion (rectangular sectional region) of the improvement body.
Thelongitudinaldirectionoftheeffectivewallportioncorresponds

to a direction perpendicular to the wall thickness

[0060] FIG.5(a)isasectionalviewforillustratinganother

exampleoftheimprovementbody havingaMultiFansectionalshape.

FIG.5(b)isaviewobtainedbyvisualizingthe plurality of

kindsoffanshapesthatformthesectionalshapeoftheimprovement
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body illustrated in FIG. 5(a). From this illustration, it is
understood thatacontourofthesectionalshapeoftheimprovement
body is formed by a combination of five kinds of fan shapes having
different radiuses.

As illustrated in FIG. 5(b), in the improvement body to be
constructedinthisembodiment,apairoffanshapeswiththesmallest
radius(whichareillustratedatthecenternFIG.5(b))arearranged
inathicknessdirectionofthewallthickness t. Further,thefive
kinds offanshapesarearrangedsothatthe radiuses sequentially
increasefromthe"the pairoffanshapeswiththe smallestradius"
as a base point in a longitudinal direction of an effective wall
portion (rectangular sectional region) of the improvement body.
Thelongitudinaldirectionoftheeffectivewallportioncorresponds
to a direction perpendicular to the wall thickness tin FIGS. 5.
[0061] INFIG. 2(b), FIG. 3(b), FIG. 4(b), and FIG.5(b), the
contourofeachofthefanshapesisclearlyillustratedindividually
for convenience in easy understanding of the configuration of the
sectional shape of the MultiFan shape improvement body, and for
convenience in easy understanding of a combination pattern of the
fanshapes. Notethattheboundarylinesillustratedinthedrawings
describedabovearenotformedinsidetheactualimprovementbody.
[0062] Further, the MultiFan shape improvement bodies
according to the present invention are shown in FIGS. 2 to FIGS.

5. Preferably, the MultiFan shape is formed by a combination of

three or more kinds of fan shapes having different radiuses. As
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aresulttheunnecessaryareavolume)surthereduced. However,
although the unnecessary area is reduced as the number of kinds
of fan shapes increases, more detailed control is required.
Therefore, more preferably, the MultiFan shape is formed by a
combination of three to five kinds of fan shapes. A practically
useful and most efficient shape (with a reduced unnecessary
area/volume) is obtained when three to five kinds of fan shapes
are combined.
[0063] (Construction of Improvement Body)
Aconstructionprocesswiththejetgrouting methodthathas
hitherto been carried outis as described above with reference to
FIGS.20. Whenthe round shapeimprovementbody (priorart)isto
be constructed according to the jet grouting method, a rotation
speed of the injection rod (injection tube) is constant as shown
in FIG. 7. Further, when the oval shape improvement body (prior
art)istobe constructed, the rotation speed oftheinjectionrod
iscontinuouslychanged. Morespecifically,therotationspeedof
the injection rod is continuously changed so as to draw a curve
(i.e.,sinecurve)asshowninFIG. 7. Specifically, therotation
speedoftheinjectionrodchangescontinuouslyinanon-stepmanner.
[0064] Meanwhile, when the MultiFan shape improvement body
according to this embodiment is to be constructed, the rotation
speed (rotation number) of the injection rod is changed
intermittently. More specifically, therotationspeedischanged

stepwisely so asto draw a square wave as shownin FIG. 7, thereby
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controlling the diameter ofimprovement body to be constructed so
astohaveaMultiFansectionalshape. Theterm"stepwisely"herein
represents,inotherwords,astep-likechangeoftherotationspeed

or an intermittent change of the rotation speed in a plurality of

steps.

[0065] For example, when constructing the MultiFan shape
improvement body whose sectional shape is the combination of two
kinds of fan shapes (i.e., large and small fan shapes) as shown

in FIGS. 2, the rotation speed of the injection rod is changed
stepwiselyintwostepsbetweenminimumspeed(lowspeed)andmaximum
speed(highspeed)asshowninFIG.7. Similarly,whenconstructing

the MultiFan shape improvement body whose sectional shape is the
combination of three kinds of fan shapes as shown in FIGS. 3, the
rotation speed oftheinjectionrodis changed stepwiselyinthree

steps. WhenconstructingtheMultiFanshapeimprovementbodywhose
sectional shape is the combination of four kinds of fan shapes as
showninFIGS.4,therotationspeedoftheinjectionrodischanged
stepwisely in four steps. When constructing the MultiFan shape
improvement body whose sectional shape is the combination of five
kinds of fan shapes as shownin FIGS. 5, the rotation speed of the
injection rod is changed stepwisely in five steps.

[0066] WhentheMultiFanshapeimprovementbodyisconstructed
according to the present invention, the improving material is
injected at high pressure from an injection nozzle mounted at a

bottom end of the injection rod while the injection rod is being
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rotated. Specifically, under a state in which the injection rod
isrotatedcontinuously(however therotationspeedotheinjection
rodchangesstepwisely),theimprovingmaterialisinjectedathigh
pressure. Therefore, when the improving material is injected at
high pressure, the injection rod is continuously rotated. As
described above, through injecting of the improving material at
high pressure while the injection rod is rotated, the improving
materialismixedthree-dimensionallywiththein-situsoilwithin
areachablerangeoftheinjectedimprovingmaterial. Asaresult,
thereisachievedaremarkableeffectinthatauniformimprovement
bodyformedofamixtureotthein-situsoilandtheimprovingmaterial

is efficiently constructed.

[0067] ThroughconstructionofthepluralityofMultiFanshape
improvementodiesntheoverlappingarrangementsoastabelinearly
continuousinplanviewbytheabove-mentionedmethod,thewall-form
structure formed of the plurality of MultiFan shape improvement
bodies as shown in plan views of FIG. 8(a), FIG. 8(b), and FIG.
8(c)isconstructed. Theapplicablerangeofthepresentinvention

is not limited to the construction of the wall-form structure as
illustratedinFIGS.8. Thepresentinventionisapplicabletothe
constructionofanystructureformedofthepluralityofimprovement
bodies. For example, the present invention is applicable to
construction of a planar-arrangement structure as illustrated in
FIG.9. Theplanar-arrangementstructureillustratedinFIG.9is

constructedbyformingthepluralityofMultiFanshapeimprovement
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bodies in the overlapping arrangement so as to be continuous in

a planar manner in plan view.

[0068] (Monitoring of Jet Flow of Improving Material)
Inthejetgroutingmethodaccordingtothepresentinvention,

a soil breaking is made by a jet flow of the improving material

injected from the nozzle of the injection rod in the ground. It

ispreferredtocheckastate(length)ofthesoilbreakingachieved

by the jet flow of the improving material in real time so as to

control the improvement diameter (i.e., the diameter of the

improvement body to be constructed). For example, a monitoring

apparatuslasillustratedinFIG.10isusedforatestconstruction

in the jet grouting to control the improvement diameter.

[0069] In the test construction, the in-situ soil is broken

upandloosenedbytheimprovingmaterialinjectedathighpressure

fromtheinjectionrod whilemonitoringthejetflowoftheimproving

materialthatbreaksupthein-situsoil. Dependingonthejetflow

of the improving material monitored by the monitoring apparatus

1 therotationspeed(rotatiomnumber)ottheinjectionrodinjecting

the improving material is adjusted in real time to be set to an

optimal value, thereby securing a desired improvement diameter.

[0070] Inordertomonitorthejetflowdescribedaboveinreal

timewhenconstructingtheimprovingbody,themonitoringapparatus

lillustratedinFIG.10isused. FIG.10showsastateoftheoverall

test construction where the monitoring apparatus 1 is used.

[0071] Asillustratedin FIG. 10, the monitoring apparatus 1
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includes:

alower-limitdetectiontube 24 fordetectinglower limit of
adiameterofthein-situsoilbrokenbythejetflowoftheinjected
improving material, which is inserted into a drilled hole and in
which a lower-limit detection sensor 21 is provided;

an upper-limit detection tube 34 for detecting upper limit
of a diameter of the in-situ soil broken by the jet flow of the
injectedimproving material, whichisinsertedintoadrilledhole
and in which an upper-limit detection sensor 31 is provided;

suspensioncables22and32configuredtosuspendthedetection
sensors2land3linsidethedetectiontubes24and34,respectively;

hoistingmachines25and35configuredtoraiseandlowerthe
detection sensors 21 and 31 through the suspension cables 22 and
32; and

aprocessingunit4configuredtorecorddataobtainedbythe
detection sensors 21 and 31 and to perform information processing
through use of the data.
[0072] The suspension cables 22 and 32 serve to suspend the
detection sensors 21 and 31 provided inside the detection tubes
24and34 respectively. Thesuspensioncables22and32aremounted
to the hoisting machines 25 and 35 installed on a ground surface
side so as to be able to be reeled up and out. Through actuation
ofthe hoisting machines 25 and 35along with lowering andraising
othenjectiornrod? thedetectionsensors2land3linthedetection

tubes24and34canberaisedandloweredsoastofollowtheinjection
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rod 7.

[0073] In the test construction process through use of the
monitoring apparatus 1, two vertical holes are drilled at points
correspondingto alower limitvalue (minimum allowable diameter)
andanuppeilimitvaluglmaximumallowablediameter)ntheallowable
rangeofdesignedimprovementdiameter. Thatis,theverticalholes
are drilled at points corresponding to a lower limitand an upper
limit of a designed improvement diameter. In the embodiment
illustrated in FIG. 10, the vertical holes are drilled at a point
atadistancer aandatapointatadistancer sfromacentral axis
of theimprovedbodytobeconstructed. Then,thedetectiontubes
24 and 34 are inserted into the respective drilled holes. The
detection sensors 21 and 31 are configured so asto detectthe jet
flow ofthe improving material thatis now breaking up the in-situ

soil, and they are provided inside the detection tubes 24 and 34,
respectively.

[0074] Subsequently thetestconstructionisstarted. Inthe
courseothetestconstructionthgeflonothemprovingmaterial
breakingupthein-situsoilismonitoredusingasetofthedetection
sensors 21 and 31 for each soil layer or each depth. Then, as a
specificationforeachsoillayeroreachdepth,therotationspeed
(rotation number) of the injection rod 7 is adjusted so that the
jetflowoftheimprovingmaterialisdetectablebythelower-limit
detection sensor 21 and so that the jet flow is undetectable by

the upper-limit detection sensor 31.
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[0075] In this embodiment, the jet flow of the improving
materiaismonitoredforonemonitoringpointeachtimetheinjection
rod7injectingtheimprovingmaterialmakesonerotation. Inorder
tomonitorthgetflonforonemonitoringpoint asetothedetection

tubes 24 and 34 having the detection sensors 21 and 31 isarranged

at the predetermined monitoring point.  Specifically, the

lower-limit detection tube 24 having the detection sensors 21 is

arranged at a detection point at the distance r A from the center
of the improvement body to be constructed, and the upper-limit
detection tube 34 having the detection sensors 31 are arranged at
adetection pointatthe distancer sfromthe centerthereof. The
number of points where the monitoring is to be carried outis not
limitedtoone. The monitoring may be carried outfor aplurality

of monitoring points each time the injection rod 7 injecting the

improving material makes one rotation. When the monitoring is

carried out for the plurality of monitoring points, a plurality

of sets of the detection tubes each having a detection sensor are

respectively arranged at monitoring points where the monitoring

is required.

Example

[0076] Next, a specific example of the present invention is
described.

[0077] Withassumptionthatthe samejetgroutingmachinewas

usedonthesamefield,simulationsforconstructingdifferenttypes

of improvement bodies having different sectional shape and a
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wall-form improvement structure were carried out. In the
simulations, effects were examined for Comparative Examples and
Example shown in Table 1.

[0078] [Table 1]

Comparative Improvementbodyhavingroundsectionalshapeasshown

Example 1 in FIG. 1(a)

Comparative Improvementbodyhavingovalsectionalshapeasshown

Example 2 in FIG. 1(b)

Improvement body having MultiFan sectional

shown in FIG. 1(c)

Example (Improvement body having sectional shape
combination of two kinds of fan shapes corresponding
to small and large fan shapes)

shape as

which is

[0079] Detailed condition settings and results of the
simulations are as shown in FIG. 11 to FIGS. 13.

[0080] InFIG. 11, the condition settings and the results of
simulations for the round shape improvement body (Comparative
Example 1) are shown.

In the simulations for the round shape improvement body
(Comparative Example 1), a variety of conditions were set for the
effective wallthickness t, whilethe value ofthe diameter
fixed to 1. Further, a redundant ratio, a pitch ratio, and an
improvement body number ratio derived from the simulation were
obtained as the results of simulations.

[0081] InFIG. 12, the condition settings and the results of
simulationsfortheovalshapeimprovementbody(ComparativeExample
2) are shown.

In the simulations for the oval shape improvement body
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(Comparative Example 2), a variety of conditions were set for the

short diameter D2 and the effective wall thickness t, while the

value ofthelongdiameter Dlwasfixedtol. Further,aredundant
ratio, apitchratio,andanimprovementbody numberratioderived

from the simulations were obtained as the results of simulations.

[0083] INFIGS. 13,the conditionsettingsandtheresults of
simulations for the MultiFan shape improvementbody (Example) are
shown.

In the simulations for the MultiFan shape improvement body
(Example), avariety of conditions were setforthe shortdiameter
D2andtheeffectivewallthicknesst, whilethevalue ofthelarge
diameter Dlwasfixedtol. Further,aredundantratio,aredundant
ratio rate, a pitch ratio, and an improvement body number ratio
derived from the simulation were obtained as the results of
simulations.

[0083] (Results of Simulations)

In the results of simulations shown in FIG. 11to FIGS. 13,
keypointsintheexaminationoftheeffectsofthepresentinvention
are graphically depicted in FIGS. 14 to FIG. 19.

[0084] FIG.14Aisagraphforshowingarelationshipbetween

the redundant ratio (Ajg-Aw)/Aw and a wall thickness coefficient

a (a=t/D1) shown in FIG. 11 to FIGS. 13, in which the redundant

ratio  (Ajg-Aw)/Aw isobtainedbydividingaredundantamount (Ajg-Aw)
by an effective cross sectional area (Aw) ofanimprovementbody.

FIG. 14B is a graph for showing the results related to the
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round shape improvement body (Comparative Example 1) and the oval
shapeimprovementbody(ComparativeExample2),whichareextracted
from the results shown in FIG. 14A.

FIG. 14C is a graph for showing the results related to the
roundshapeimprovementody(ComparativeExamplel)andtheMultiFan
shape improvement body (Example), which are extracted from the
results shown in FIG. 14A.

[0085] FIG. 15is agraph for showing a relationship between
thewallthicknesscoefficient a(a=t/D1l)andthepitchratio(L/D1)
shown in FIG. 11 to FIGS. 13.

[0086] FIG. 16 is a graph for showing a relationship between

the wall thickness coefficient a (a=t/D1) and a number ratio of
improvementbodiesshowninFIG.11toFIGS.13. The“numberratio

of improvement bodies” is a ratio given on the basis of the round

shape improvement body (Comparative Example 1), and indicates a
ratio of increase/decrease of the number of improvement bodies
constructed in a predetermined field.

[0087] FIG. 17 isagraph for showing a relationship between
asmall-diametercoefficient b(b=D2/D1)andtherateofredundant
ratiorelatedtotheMultiFanshapeimprovementbody(Example)shown

in FIGS. 13. The“rate ofredundantratio” is arate given onthe

basis of the redundant ratio of the round shape improvement body
(Comparative Example 1).

[0088] FIG. 18 is agraph for showing a relationship between

a/b and the rate of redundant ratio related to the MultiFan shape
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improvementbody(Example)showninFIGS.13,where a/b isobtained
bydividingthewallthickness coefficient abythesmall-diameter
coefficient b.
[0089] FIG. 19is agraph for showing a relationship between
b? and the rate of redundant ratio related to the MultiFan shape
improvementbody (Example) shownin FIGS. 13, where b2 is obtained
by squaring the small-diameter coefficient b.
[0090] (Observation based on FIGS. 14 to FIG. 19)

Accordingtotheresults of simulationsshowninFIG. 14Ato
FIG. 14C, through construction of the MultiFan shape improvement
body, itwas verified thatthe redundantratio thatwas much lower
than that of the round shape improvement body was successfully
achieved. Furtherjtwasalsoverifiedthathelowredundantratio
thatwasequivalenttoredundantratiooftheovalshapeimprovement
body was successfully achieved.

Inparticular,itwasverifiedthatthelowerredundantratio
was successfully achieved by constructing the MultiFan shape
improvement body so that the effective wall thickness t of the
wall-formimprovementstructurewas0.7timesthe maximumdiameter
DlofeachMultiFanshapeimprovementbodyorsmaller. Inaddition,
itwas also verified that the MultiFan shape improvement body was
efficiently constructed.
[0091] According to the results of simulations shownin FIG.
15andF1G .16 jtwasverifiedthatwhenthepluralityoimprovement

bodies were constructed within the same range on the same field,
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the construction pitch was unchanged and therefore the number of
constructed improvement bodies was unchanged even with selection
of any of the round shape improvement body and the MultiFan shape
improvementbody. Meanwhile, itwas verified that, when the oval
shapeimprovementbodywasconstructed,theconstructionpitchwas
narrowed toincrease the number of constructed improvement bodies
as compared to the round shape improvement body and the MultiFan
shape improvement body.

Therefore, it was found that, with the MultiFan shape
improvementbodyaccordingtothepresentinvention,theredundant
ratio lower than that of the round shape improvement body was
successfullyachieved,andthatthesameconstructionpitchasthat
of the round shape improvement body was successfully kept (i.e.,
the number of constructed improvement bodies was unchanged).
[0092] According to the results of simulations shownin FIG.

17, it was verified that the “rate of redundant ratio” of the
constructedimprovementbodywaseffectivelyreduced,andthatthe
improvement body was efficiently constructed, when forming the
improvement body so as to satisfy the condition that the minimum
diameter thereof is 0.2 times to 0.8 times the maximum diameter.
[0093] According to the results of simulations shownin FIG.

18, itwas verified that reduction in the rate of redundant ratio

was observed, and that the MultiFan shape improvement body was
efficiently constructed, when forming the improvement body so as

to satisfy the condition that a/b was 0.9 or smaller. In this
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condition, a and b are given as follows.
a:wallthicknesscoefficient(whichisobtainedbydividing
the effective wall thickness by the maximum diameter of the
improvement body.)
b:small-diametercoefficient(whichisobtainedbydividing
theminimumdiameterothemprovementodybythemaximumdiameter.)
[0094] According to the results of simulations shownin FIG.
19, itwas verified that the smallest rate of redundant ratio was
achievedwithrespecttothewallthicknesscoefficient
the MultiFan shape improvement body was efficiently constructed,
when forming the improvement body so as to satisfy the condition
of a~ b?. In this condition, b is given as follows.
b:small-diametercoefficient(whichisobtainedbydividing

theminimumdiameterothemprovementodybythemaximumdiameter.)

Reference Signs List

[0095]

1 monitoring apparatus

4 information processing unit
5 jet flow of improving material
6 jet grouting machine

7 injection rod (drill rod)

21 lower-limit detection sensor

22 suspension cable

24 lower-limit detection tube
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25

31

32

34

35

hoisting machine
upper-limit detection sensor
suspension cable
upper-limit detection tube

hoisting machine
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Claims

[Claim1]Ajetgroutingmethodforimprovingagroundtobetreated,
the method comprising:

forming aground improvement body by injecting animproving
material into the ground via an injection rod while rotating the
injection rod in the ground, the ground improvement body having
asectionalshape whichisacombination of differentkinds of fan
shapeshavingdifferentradiuses,thegroundimprovementbodybeing
formed so as to have an effective wall thickness that is required
in design thereof,

wherein the sectional shape of the ground improvement body
is a combination of at least two kinds of fan shapes, one of the
two kinds corresponding to a fan shape having a smaller radius,
andthe other correspondingto afan shape havingalargerradius,

whereinthedifferentkindsoffanshapesarearrangedinorder
by radius size in a longitudinal direction of the effective wall
thicknesswhilefanshapeshavingthesmallestradiusarearranged
in a thickness direction of the effective wall thickness, and

wherein the ground improvement body is formed so that:

the effective wallthicknessis0.7timesamaximumdiameter
of the ground improvement body or smaller,

the minimum diameter of the ground improvement body is 0.2
times to 0.8 times the maximum diameter thereof, and

a/bis0.9orsmaller,where aisawallthicknesscoefficient

that is obtained by dividing the effective wall thickness by the
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maximum diameter of the ground improvement body, and where b is
asmall-diametercoefficienthatsobtainedbydividingtheminimum

diameter of the ground improvement body by the maximum diameter.

[Claim 2] A jet grouting method according to claim 1, wherein a
centrabngleothefarshapehavinghesmallestradiussdetermined

with respectto the effective wall thickness, and wherein central
angles of the fan shapes are determined in ascending order from

the fan shape having the smallest radius.

[Claim3]Ajetgroutingmethodaccordingtoclaim1,wherein,when
formingthegroundmprovementody arotationspeedottheinjection
rodinjectingtheimprovingmateriaischangedstepwiselytocontrol

a diameter of the ground improvement body to be formed.

[Claim 4] A jet grouting method according to claim 1, wherein the
sectional shape of the ground improvement body is a combination

of two to five kinds of fan shapes having different radiuses.

[Claim 5] A jet grouting method according to claim 1, wherein a
jetflow of the improving material injected via the injection rod
breaksupandloosensin-situ soil,andwhereinthe methodfurther
comprises:

monitoring the jet flow of the improving material.
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[Claim 6] A jet grouting method according to claim 1, wherein a
plurality of ground improvement bodies are formed to construct a
ground improvement structure including the plurality of ground

improvement bodies.

[Claim 7] A ground improvement body, which is constructed so as
tchaveareffectivewalthicknesshatisequiredndesigrthereof,
the ground improvement body comprising:
asectional shape which is a combination of differentkinds
of fan shapes having different radiuses,
wherein the sectional shape of the ground improvement body
is a combination of at least two kinds of fan shapes, one of the
two kinds corresponding to a fan shape having a smaller radius,
andthe other correspondingto afan shape havingalargerradius,
whereinthedifferentkindsoffanshapesarearrangedinorder
by radius size in a longitudinal direction of the effective wall
thicknesswhilefanshapeshavingthesmallestradiusarearranged
in a thickness direction of the effective wall thickness,
wherein the effective wall thicknessis 0.7 times a maximum
diameter of the improvement body or smaller,
wherein the minimum diameter of the ground improvement body
Is setto be 0.2 times to 0.8 times the maximum diameter thereof,
and
wherein a/b is 0.9 or smaller, where ais a wall thickness

coefficienthatsobtainedbydividingtheeffectivewallthickness
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by the maximum diameter of the ground improvement body, and where
bisasmall-diameter coefficientthatis obtained by dividingthe
minimum diameter of the ground improvement body by the maximum

diameter.

[Claim 8] A ground improvement structure, comprising a plurality

of ground improvement bodies each of whichis as claimed in claim

7 and which are arranged in an overlapping manner.
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