1 DESCRIPTION Title of the Invention GROUND IMPROVEMENT METHOD, AND SYS1EM
FOR MANAGING 5CONSTRUCTION IN GROUND IMPROVEMENT METHOD Technical Field [0001]
The present invention relates to a ground improvement method used when 10improving a soft ground
to prepare a solidified body of a block type, a wall type, a lattice type, a pile type, a layer type, or the
like, or an improved ground in the ground, and a construction control system applied to the ground
improvement method. This application clREFSBHIHENo and the benefits of Japanese Patent
Application Nos. 2011-118234 and 2011-118235 filed on May 26, 2011, the disclosures 150f which are
incorporated herein by reference. Background Art [0002] As is well known, there is a ground
improvement method of: preparing ZOsoIidifE ior} [qurial% such as lime and cement in a slurry form;
agitating and mixing the slurry with soil in th @;[o n eto”%%%'rﬂ?cally solidify the soil using a chemical

cementation reactioa%%qmg%@ag@}ﬁe i %t%«?ﬁg‘%ﬁ%rﬁmﬁxﬁ RM an ion

exchange action between a hydration product obtained IS on reaction and a clay mineral,

or a pozzojanic reaction; dxhiBEER RYTRESPARERBPKRY L BRes/BNi g ieHR8 e thereby improve the
ground (increasing a strength of the ground) or preparing
Technical Field
[0001]
The present invention relates to a ground improvement method used when
10  improving a soft ground to prepare a solidified body of ablock type, awall type, alattice
type, apiletype, alayer type, or the like, or an improved ground in the ground, and a
construction control system applied to the ground improvement method.
This application claims priority to and the benefits of Japanese Patent
Application Nos. 2011-118234 and 2011-118235 filed on May 26, 2011, the disclosures

15  of which areincorporated herein by reference.

Background Art

[0002]

Asiswell known, there is aground improvement method of: preparing

20  solidification materials such as lime and cement in a slurry form; agitating and mixing

the slurry with soil in the ground to chemically solidify the soil using a chemical
cementation reaction based on a hydration reaction of the solidification material slurry,
an ion exchange action between a hydration product obtained by this hydration reaction
and aclay mineral, or a pozzolanic reaction; and thereby preparing improved pilesin the

25  ground to thereby improve the ground (increasing a strength of the ground) or preparing



2 a solidified body (e.g., see Patent Document 1). This type of ground improvement method is called a
deep mixing method. [0003] In this ground improvement method, a ground improvement apparatus
5(treatment machine) 1 based on a pile driving machine and a construction control system as shown in
FIG. 8 are used. The treatment machine 1 is configused to cause a base machine 4 to vertically
support a screw rod 3 whose tip has agitation blades 2, to cause a driving unit 5 to rotate the screw

rod 3 to penet@felifdethlod 98 ERRIABE RPGHTRGBmMehb S TaeTgENddMREMER®Ement slurry as a
ground improvement material 10 into the ground from an injection outlet formed in the tip of the screw
rod 3, to withd PARNGSE SERLGH AP IR AGIERRTY and mixing the injected cement slurry with soil using
the agitation blades 2 &l@l&% injecting of the cement slurry, and to form an improved pile. [0004]
Further, when the impYoved pile is formed by the treatment machine 1, the 15construction control

system includes a slquhﬂ%\gﬁ%%ﬁ%ri c%qaoggsﬁgrjm%w% ggjﬂ%eir e@r%iz@r?eﬁ%@é\éﬂﬁgs& an ammeter 8 of

the driving unit 5, a dept an elevation speed gauge 10 of the screw

rod 3, andyjs Cf}%@w&%ﬁ%} StRetRsh IHE Bl HOGRECAR RSP ARG RIMIGh é&&%ﬁé&(ﬁeﬂ’ and to

monitor the volume of injection’of the cement slurry, and the number of rotation, arrival penetration

depth, penetrajioghafrspese,. srecwiddran@ feeedhibehse Vs teffaes dpkiamaeAmong

reference numerals, 12 indicates an operation monitor installed on the base machine 4, and 13
indicates a pelisatiaheampuseiciiiy dappstaiagew B80S Mnobagi g Few bgitar praamaent tmeshesausing this

treatment machine 1, first, the 25screw rod 3 having the agitation blades 2 is rotated to penetrate into
the ground to aryegurdt 5 to rotate the screw rod 3 to penetrate into the deepest point of an
improvement target range, to inject acement slurry as a ground improvement material
10  intotheground from an injection outlet formed in the tip of the screw rod 3, to withdraw
the screw rod 3 while agitating and mixing the injected cement slurry with soil using the
agitation blades 2 during injecting of the cement slurry, and to form an improved pile.
[0004]
Further, when the improved pile is formed by the treatment machine 1, the
15  construction control system includes aslurry flowmeter 6, a shaft revolution counter 7 of
the screw rod 3, an ammeter 8 of the driving unit 5, a depth gauge 9 of the screw rod 3,
and an elevation speed gauge 10 of the screw rod 3, and is configured to input detected
values of these sensors to a control apparatus 11, and to monitor the volume of injection
of the cement slurry, and the number of rotation, arrival penetration depth, penetration
20  speed, and withdrawal speed of the screw rod 3 as control items.  Among reference
numerals, 12 indicates an operation monitor installed on the base machine 4, and 13
indicates a personal computer for data storage.
[0005]

In the ground improvement method using this treatment machine 1, first, the

25  screw rod 3 having the agitation blades 2 is rotated to penetrate into the ground to a given



depth without injecting the ground improvement material. Next, while rotating the screw rod 3 and
injecting the ground improvement material from the tip of the screw rod 3, and the screw rod 3 is
withdrawn while the ground is agitated and mixed with the ground improvement material by the
agitation blades 2. Thereby, the improved pile is 5pregpared by solidifying the soil in the ground in a
columnar shape. In this ground improvement method, a blade rotation number per unit depth (1 m) in
the ground whegPER&ERRE BIeHIRg e oraradimmiexamefhmaieire ghRtdvRlsRe fematerial is

injected) becomes the construction control item. [0006] 10The bhlade rotation number is influenced by a

degree of agitafEHH AL ANDENGREIEY tRe BPY0A MR BYETER! SrateAatLram Hhrfime (RS SHEMI e blade
; bar is | d ; s slow. . but.a mi » o
round improvrTn b ATl A LS Y RS Lt I LR T M Bonaterial and the
q ; ; . N
mole. As suchhae it SERR A By e enrbiagy £~ aey B IR ey
results in g slightexHainerRARG AY B85 IR #RY - NQIthaAh ale: Sit HEL?Fdﬁrﬁet to add an

extra at a given rate to the design ' UCS in consideration of a variation in in-situ UCS from improvement

body in actual igqislepERmERi)d Aldfeteriiasiinthe pERORif ko (L MHMPeTRiS HRAY Adnthe

construction speed increases. However, due to insufficient mixture between the ground improvement

material and thieegigitsidndlpast orr@twithidiatingwnaitthd ieSui inweareshimayrdryelapidecridlh, in this
case, the in-situ UCS needs a great extra increase over the design UCS. 25What is associated with
this extra increlzsereatoeedhsiamtion canabiaterand the variation 4 coefficient of the in-situ UCS and
the blade rotation number have a given relation.
[0006]
10 The blade rotation number is influenced by a degree of agitation/mixture
between the ground improvement material and the ground.  If the blade rotation number
is increased, the construction speed is slow, but a mixture condition between the ground
improvement material and the ground isimproved. If the ground improvement material
and the ground are well mixed, the generated ground-improved body develops uniform
15  strength on thewhole.  Assuch, the in-situ UCS (unconfined compressing strength of
improved body for the site) results in aslight extra increase over the design UCS. Note
that this “in-situ UCS’ is set to add an extra a a given rate to the design UCSin
consideration of a variation in in-situ UCS from improvement body in actual
construction.
20 [0007]
In contrast, if the blade rotation number is reduced, the construction speed
increases. However, due to insufficient mixture between the ground improvement
material and the ground, a portion at which the in-situ UCS is lowered may develop. As

such, in this case, the in-situ UCS needs a great extraincrease over the design UCS.

25  What is associated with this extraincrease is a coefficient of variation, and the variation



[0008] Note that a relational equation between the design UCS, the in-situ UCS, and the variation
coefficient of the ground-improved body is as follows: 5Qf=Qd/(1-ceiVc/100)(1) where: Qf; the average
in-situ UCS (kN/m2) Qd; the design UCS (kN/m2) a; the coefficient (a=1.3 when a defect incidence
rate of 10% is considered) 10Vc; the variation coefficient of in-situ UCS (%) [0009] According to
Equation (1), for example, when the design UCS Qd=1000 kN/m2, if the variation coefficient of the
in-situ UCS V/ceastiigeth&hiheitir 4 5 €S5:206 s RIAS ot iR AiMa NGB RRAN of the in-situ UCS
Vc=15%, the in-situ UCS Qf=1240 15kN\10112. [0010] To enhance the in-situ UCS Qf, the amount
(volume) of the groumﬁ%q ovement material (cement slurry) composed of water and cement injected

into th d ds th tio of t d t h 20
Grount improvement INAB T & B GE R U R SEHE e S e crease the
amount of adm)élllé{%ﬁ){:égﬁ g%m%pghga%n@mggggqug ggqo\{ﬁ)(}\%tlon coefficient Vc has influence

on the construction cost
5 Qf=Qd/(1-01Ve/100).....veeveeee.. (1)

where:
Qf; the average in-situ UCS (kN/m?)

Qd; the design UCS (kN/m?)

a; the coefficient (a=1.3 when a defect incidence rate of 10% is considered)

10 V¢c; the variation coefficient of in-situ UCS (%)

[0009]

According to Equation (1), for example, when the design UCS Qd=1000 kN/m?,
if the variation coefficient of the in-situ UCS V c=30%, the in-situ UCS Qf=1640 kN/m?,
and if the variation coefficient of the in-situ UCS V c=15%, the in-situ UCS Qf=1240

15 kN/m?,

[0010]

To enhance the in-situ UCS Qf, the amount (volume) of the ground
improvement material (cement slurry) composed of water and cement injected into the
ground needs to be increased.  Since the weight ratio of the water and cement of the

20  ground improvement material is almost the same, to enhance the in-situ UCS Qf is also
to increase the amount of admixture of the cement.  Thus, the magnitude of the variation
coefficient V¢ has influence on the construction cost.

[0011]

Conventionally, the relation between the blade rotation number and the variation



[0011] Conventionally, the relation between the blade rotation number and the variation 5 coefficient
of the in-situ UCS after the ground improvement material is injected is obtained. The construction
control is performed to consider the blade rotation number involved in the construction efficiency and
the variation coefficient of the in-situ UCS involved irgthe construction cost, to obtain the blade rotation
number corresponding to a 5desired variation coefficient of the in-situ UCS, and to make the in-situ
blade rotation FeftiiseeglEIEHIY bigsehistiareid apr pyement matera da iipriethis relation between

the variation coefficient of the in-situ UCS and the blade rotation number, in the conventional ground

improvement AE#BFof HiECORT YEHPRCGATCE PR PEErHe RO ae Hhr BB 8 g 80 Al Tie rotating

h d h d .and aqgitati d mixing th din ial
andl the oround RS L FSTATD o L o K TR RN TS e o graph) as
InFIG. 9.7 e@@g@ﬁ@[mwgﬁhﬂ?ﬁﬁé%@ﬁ% Eﬁg‘?&&@ﬁﬁ@@w\%ﬁﬁgg Shaggdaprovement

material is inje into the ground, and then is agitated and mix ound.”[0013] On

the other handyds (e, GFoHBH BARTRITS MR SRARSCAYPIIGHRE SRRISTAGIRIRRGIERE without

injecting the ground improvement material; and then simultaneously injecting the ground improvement

material and withakanangat e th B R d9Hakshand 20 mix the ground improvement material with
the ground, the relationship diagram is used even when the blade rotation number during the

withdrawal of the screfgaog] from which the ground improvement material is injected is set from a
targeted variation coefficient of the in-situ UCS. [0014] 25Further, in the conventional general deep
mixing method, a larg&egandiititythe relation between the variation coefficient of the in-situ UCS and
the blade rotation number, in the conventional ground improvement method of injecting
10  theground improvement material into the ground while rotating the screw rod as the
screw rod penetrates, and agitating and mixing the ground improvement material and the
ground, the blade rotation number is set based on arelationship diagram (semi-log graph)
asinFIG. 9. The blade rotation number here is the blade rotation number when the
ground improvement material is injected into the ground, and then is agitated and mixed
15  with the ground.
[0013]
On the other hand, in the ground improvement method of: causing the screw rod
to penetrate without injecting the ground improvement material; and then simultaneously
injecting the ground improvement material and withdrawing the screw rod to agitate and
20  mix the ground improvement material with the ground, the relationship diagram is used
even when the blade rotation number during the withdrawal of the screw rod from which
the ground improvement material is injected is set from atargeted variation coefficient of
the in-situ UCS.
[0014]

25 Further, in the conventional general deep mixing method, alarge quantity



6 (volume) of ground improvement material (cement slurry) is injected into an original ground, and thus
the volume of the original ground is inevitably increased. For this reason, there is a possible that, due
to the increase in the volume, the original ground is raised or an adverse influence is exerted on the
surrounding ground. 5100151 Thus, as a countegmeasure for preventing the adverse influence on
the surrounding ground in the deep mixing method as described above, soil equivalent to the
discharge voIugfaL{'iFﬁ%inSFP%ﬂUm@&%@@%@@m&%@m&%@%%éﬁ%MH@) are removed
from the original ground. Thereby, the volume expansion of the o_{ié%inal 10 ground is avoided. Such a

soil-removal-tyP QUi ISR EEE S S oM S8 RIRHRCLS Ry el St R of RV Been proposed

by th li f the i ' . nt 1). In thi di hod,
e mporan RETTS NG 3 BB Bt b GERRFeR Ul s B el RO ey

material and sp‘g Mpgﬁ\la}ﬁ%@%ﬁﬁﬁﬂgi@%iﬁgd ﬁﬁﬁ%g&}ﬁﬂ% rqéf%%ghgf these amounts is thus the

crux 15 of the construction control. Here, t Ischarge volume ground improvement material
can be measured by qé&\gjneter. However, it is difficult to know the actual soil-removal volume during
construction. Thus, in Patent Document 1, in an actual measurement test, a measured soil removal

volume V1 and a valugqfs(sgetinreancabiferscheierting @ awd s ifflencits gdt rotation number N)

are obtained, and a soil removal coefficient K is obtained from these results based on K = V1/(SxPxN).

In detail, on Catliesimdiagardimates: asidgesingixHxtréihoesas dusciziontabevdsahndylvasrm wetical axis,
several points of the value of V1 relative to the value of (SxPxN) are plotted. A linear approximation

equation is obtdistbar georol thesgnpaings. Al stogeoiritia p durebingopyexenatateed (edioenbgooyjes K. 7
Then, an estimated soil removal volume V in actual construction is obtained by a calculation equation
of V=KxSxPxNafegampvettogvihesmnaval goefiitieheredyd theawbumesspaatieschtis aigind N in the

following actual construction. 5Citation List Patent Document [0016] _
10 ground isavoided. Such asoil-removal-type deep mixing method and a construction

control system thereof have been proposed by the applicant of the invention (e.g. see
Patent Document 1).  In this ground improvement method, the important point is that a
balance between the discharge volume of the ground improvement material and soil
removal volume be maintained. Keeping track of both of these amounts is thus the crux
15  of the construction control. Here, the discharge volume of the ground improvement
material can be measured by a flowmeter. However, it is difficult to know the actual
soil-removal volume during construction.
Thus, in Patent Document 1, in an actual measurement test, a measured soil
removal volume V1 and a value of (section area of the screw S) x (screw pitch P) x
20  (shaft rotation number N) are obtained, and a soil removal coefficient K is obtained from
these results based on K = V1/(SxPxN). In detail, on Cartesian coordinates adopting
(SxPxN) as ahorizontal axis and V1 as a vertical axis, several points of the value of V1
relative to the value of (SxPxN) are plotted. A linear approximation equation is

obtained from these points. A slope in this linear approximation equation becomes K.



Patent Document 1: Japanese Patent No. 3583307 10 Summary of Invention Technical Problem
[0017] However, in the ground improvement method based on the agitation blade, as described
above, if the blade rotation number is increased, the mixture condition between 15 the ground
improvement material and the ground is improved, byt the construction speed is lowered. In contrast, if
the blade rotation number is reduced, the construction speed is increased, but there is a possibility of a
desired UCS fdillfiy 8 8 Haifs| s bEproMab e medVi Rl Senstiyclion S PROeRRE A the actual
measurement test for obtaining the estimated soil removal volume V should be carried out three times
or more on ea&A 3|5 &t BifiivR AN TWinstrbebidroreibe SR S remakd CesfiR e & k. Also, to
guarantee reliability, a considerable amount of data is required to some extent, but in the actual

measurement [REE4aRIGMALER R 51 ANH N EhBedBlh Y BRAEd SRS Aata. 25[0019] 8 Accordingly,

the present invention was devised in view of the above circumstances, and has as an object the
provision of a ground improvement method capable of securing the quality of construction and

improving ghe %W&i%ﬂ%s?f construction. 5[0020]

Patent Document
[0016]

Patent Document 1: Japanese Patent No. 3583307

10  Summary of Invention

Technical Problem

[0017]

However, in the ground improvement method based on the agitation blade, as
described above, if the blade rotation number is increased, the mixture condition between

15  the ground improvement material and the ground is improved, but the construction speed
islowered. In contrast, if the blade rotation number is reduced, the construction speed
isincreased, but there is a possibility of adesired UCS failing to be developed in the
ground-improved body.

[0018]

20 Further, the actual measurement test for obtaining the estimated soil removal
volume V should be carried out three times or more on each type of soil in each
construction field, and thus takes effort and time.  Also, to guarantee reliability, a
considerable amount of data is required to some extent, but in the actual measurement
test, it is difficult to obtain such a considerable amount of data.

25 [0019]



Further, another objective of the present invention is to provide a construction control system in the
ground improvement method which is capable of speedily calculating the estimated soil removal
volume with high reliability. 10 Solution to Problem [0021] To solve the above problems, the
applicant focused on a blade rotation number that is greatly connected to construction efficiency.
Specifically, the applicant completed the present invention by eyaluatinc}; the blade rotation number
when a screw 15rod pRAEkdifRdhe greemidepentionsndayEesp WY stlifeeiPRpYSvement material.

In detail, according to a first aspect of the present invention, there is provided a ground improvement

method includ ARG LA R Ao RRURAG NEREQUIS PB e aursHFRT e BEBYnd to a given

depth while rotating the screw rod in a state where a ground improvement material is not injected; and
withcrawing tHEEHS SR B WSS SR el Lne D8 hS S5l improvement

material from t &Sﬂ\éﬁOd to agitate and mix the ground with the ground improvement material using
the agitation blades, in which: a sum of a blade rotation number of the agitation blades when the screw

rod is cauged to pene @590@]” the state where the ground improvement material is not injected and a
blade rotation number of the agitation blades when the screw rod is 25withdrawn while injecting the

ground improvement mpgigEAlisoARICHIRNEHER HesHThVRri AR asliisiesb blasleratatian number;

the adjusted blade rotation number is set from a relation between a preset UCS variation coefficient of
a ground-impreusobegycerich the grojwstdppteeesnt atianon whichribased o of apasgaied UCS variation
coefficient of the ground-improved body; and ground improvement using the set adjusted blade
rotation 5Snum waicasiangdnststictiaadcmitrehosah velpedovitield gthrehiebilingducing the blade rotation
number of the agitation blades when the screw rod is withdrawn while injecting the ground
improvement material, in comparison with a case in which only the blade rotation number of the
agitation blades when the screw rod is withdrawn while injecting the ground improvement material is
used as tHe copRHiRHENTEBRIEH item while securing the 10same quality.

[0021]

To solve the above problems, the applicant focused on a blade rotation number
that is greatly connected to construction efficiency.  Specifically, the applicant
completed the present invention by evaluating the blade rotation number when a screw

15  rod penetrates to a given depth without injecting a ground improvement material.

In detail, according to afirst aspect of the present invention, thereis provided a
ground improvement method including: causing a screw rod having agitation blades to
penetrate into a ground to a given depth while rotating the screw rod in a state where a
ground improvement material is not injected; and withdrawing the screw rod while

20  rotating the screw rod and injecting the ground improvement material from the screw rod
to agitate and mix the ground with the ground improvement material using the agitation
blades, in which: a sum of a blade rotation number of the agitation blades when the screw
rod is caused to penetrate in the state where the ground improvement material is not
injected and a blade rotation number of the agitation blades when the screw rod is

25  withdrawn while injecting the ground improvement material is calculated to use the sum



[0022] According to the ground improvement method according to the first aspect, the ground
improvement is performed based on the adjusted blade rotation number. Thereby, the ground
improvement is improved even if the blade rotation number when 15 the screw rod is withdrawn while
injecting the ground improvement material is reduced more than that of the related art. For this reason,
the blade rotation number is reduced more than that of the related art, so that the construction
efficiency can BeaBEEIsaEPIade olaiRe NURReTHIE cevRRsBRsIR PRI ETIRRE S BEEBREPA system that

controls a situation of the ground improvement, the construction control can be performed directly

20using the adfti&iof BRMEPRARIRH M b &1 9P SOSTHE R #led SEREIHIBHI AT RPAY SR of the
di t d to.add up the bl ti dyring the. trati fth
Fod and the bIALALDGHIACH CHITRY TS e B S Re SEH B TR Attt BRoverment depth
to be ab [ I : | . ' | th
construetion oG AHFSER g BFSGRY oA S AR ENE B U7 e,
according $0 256004 a3REEL QLY BEREENERY %’,F%MQHQQSW&GGQ @%@H&%%‘?&%ﬁ ment

method including: causing a screw rod having agitation blades to’penetrate into a ground to a given

depth while roiqiigetite SrrayMARchi Dl BSiPNRRS 8chel S50 WRitRAPAAYEIMABY MRtfiahis not injected;

and withdrawing the screw rod while rotating the screw rod and injecting the ground improvement
material from thegeieworodencapitaterahdmabnibeigsowith withstha @ricinehipprobietea btamsierial using
the agitation blades, in which: a sum of a blade rotation number of the agitation blades when the screw
rod is caused tupbeetiate mitat atdteded e hertitiee gooam cotmpvotreraamt winkemgddsngahd Oinjected and a
blade rotation number of the agitation blades when the screw rod is withdrawn while injecting the
ground improveioignst imarteyRIngstaniteiateslused ee thecangusicircear|ok ttanidile segatiomthember; the
adjusted blade rotation number is set from a relation between a preset UCS variation coefficient of a
ground-imiprov@MBEdiAnd the adjusted blade rotation number based on a targeted UCS variation
coefficient of the 15 ground-improved body; and ground improvement using the blade rotation number
of the agitation bladed %%&h the screw rod is withdrawn, which is obtained by subtracting the blade

rotation number of the agitation blades when the screw rod is cause?;fj to penetrate from the set
lusted blade rotatiof FOTLEH G0 GG RN BT R B U d Sy (Eing the
blade rotation ngfrn_%{ & ﬁgif [ |%Q§F1 %ﬁ ' % H}ﬁ{%ﬁg yvhile injecting the
ground improvgmuen 'm E[ébﬁa, m%OBr%r@mson wi %&Eﬁgﬁﬁ% IC é‘?)% gtaile ade rotation number of
the agitation biades\yhen dhe TR S0 ILIATE RS BIs iERINGLREBHRFBAT QYement material
is used as the construction control item while securing the same quality.
15  thescrew rod is withdrawn while injecting the ground improvement material is reduced
more than that of the related art.  For this reason, the blade rotation number is reduced
more than that of the related art, so that the construction efficiency can be enhanced.
Further, with this configuration, in a construction control system that controls a
situation of the ground improvement, the construction control can be performed directly
20  using the adjusted blade rotation number. For example, the construction control system
of the ground improvement is used to add up the blade rotation number during the
penetration of the screw rod and the blade rotation number during the withdrawal of the
screw rod at each improvement depth so as to be able to display theresult.  Thereby, the

adjusted blade rotation number is set as the construction control item, so that the

25  construction control can be performed.



[0024] 25According to the ground improvement method according to the second aspect, 11 the
ground improvement is performed based on the adjusted blade rotation number. Thereby, the ground
improvement is improved even if the blade rotation number when the screw rod is withdrawn while
injecting the ground improvement material is reducegymore than that of the related art. For this reason,
the blade rotation number is reduced 5more than that of the related art, so that the construction
efficiency can be enhdAe&d. Further, with this configuration, in a construction control system that
controls a situation of the ground improvement, even if each of the blade rotation humber during the

penetration of the scréw e SEPHIN PR SN ARRAID hR oseatiPEath e e SRIBYRSS but the
dj d blad ' b b Iculated and displayed, 10 when th i
Configured such I MTHE PR Yo BN DL AR HE et b LY BELERE P Bmost
i ! , j he blad
Fotation nambe R e P R Y R IR 16 aspe

of the present ipyaaiipy BRIRdS RAWHF A PHRELITIPRRE MRS RedIRAI e irfRuSINg a screw
rod having agifation blades to penetrate into a ground to a given depth while rotating the screw rod in a
state where a g5@HRg IRRREANETRRhARIBEAJS R RIRFIAgaNs uihAsRWING SrereEeMATagavhile
rotating the screw rod and injecting the ground improvement material from the screw rod 20 to agitate
and mix the greigitasétbrtheigroengionng oNe the g soade iprosingriteagitatismb desitisigwich: a sum
of a blade rotation number of the agitation blades when the screw rod is caused to penetrate in the
state where thélgies)naviimiphoasoment ataseradigiootrundeieol Hechgi tatamhdbladesiohemiheseranf the
agitation blades when the screw rod is withdrawn while injecting the ground improvement material is
calculated to ukssl ihgasioed RReseiratadilibeddeaecie the orowithimerovemegerateliie S valriation

coefficient of a _ o _
10  injected and a blade rotation number of the agitation blades when the screw rod is

withdrawn while injecting the ground improvement material is calculated to use the sum
as an adjusted blade rotation number; the adjusted blade rotation number is set from a
relation between a preset UCS variation coefficient of a ground-improved body and the
adjusted blade rotation number based on atargeted UCS variation coefficient of the

15  ground-improved body; and ground improvement using the blade rotation number of the
agitation blades when the screw rod is withdrawn, which is obtained by subtracting the
blade rotation number of the agitation blades when the screw rod is caused to penetrate
from the set adjusted blade rotation number, as a construction control item is performed,
thereby reducing the blade rotation number of the agitation blades when the screw rod is

20  withdrawn while injecting the ground improvement material, in comparison with a case
inwhich only the blade rotation number of the agitation blades when the screw rod is
withdrawn while injecting the ground improvement material is used as the construction
control item while securing the same quality.

[0024]

25 According to the ground improvement method according to the second aspect,



12 ground-improved body is set from a relation between the preset adjusted blade rotation number
and the UCS variation coefficient of the ground-improved body based on the adjusted blade rotation
number; and an injected volume of the ground improvement material, which is injected into the ground,
is set from the set UCS variation coefficient 50f the ground-improved body, and the injected volume is
injected into the ground, thereby reducing the injected volume of the ground improvement material in
comparison witheQE45e BRRIBYSIRANY ifeetanged AndheAdiistRAdI eHe TGO ved body from
only the blade rotation number of the agitation blades when the screw rod is withdrawn while injecting

the ground impraRrEe e gL QVEMEakiR I YRER1EY 16 fladst 9EtiAR rBhr R Provement

ial whil ing th lity..[0026].. Accordin h di hod
mccording to U LA N BRI DR T B S ATEED biace
rotaion numbeg, FRLeAURULILE SoSIY R ELIFSAGK IS kEALYAS hARBed dra dua of the
VO t al IS reauce

related 15art, the injecte ume of the ground improvement materi , and thus a cost of

the ground impraKemEN A EHIA RIS TEIHFEAHO0RTruction S HSBRY BRI EHEHGA fourth aspect

of the present invention, in the first to third aspects, water is injected from the screw rod during the

penetration of the screwirtag iAitndAisRerIQuBROR B NG aEIBHLERHIPYsRUNthi I Mg srent method
according to the fourth aspect, the ground can be softened by the water Injected into the ground. As a

result, the pensitiation efrttle giatinui oiptoecaase\eved ibeachvg ablathe biaivihainbleekeinng effect
25caused by the previous blade rotation before the ground improvement material is

the penetration of the screw rod and during the withdrawal of the screw rod can be

calcutlated but the adjusted blade rotation number cannot be calculated and displayed,

10  whenthereis asystem configured such that the blade rotation number during the
penetration of the screw rod is almost constant at each improvement depth, the
construction control can be performed based on the blade rotation number during the
withdrawal of the screw rod.

[0025]

15 Further, according to athird aspect of the present invention, there is provided a
ground improvement method includes: causing a screw rod having agitation blades to
penetrate into a ground to a given depth while rotating the screw rod in a state where a
ground improvement material is not injected; and withdrawing the screw rod while
rotating the screw rod and injecting the ground improvement material from the screw rod

20  to agitate and mix the ground with the ground improvement material using the agitation
blades, in which: a sum of a blade rotation number of the agitation blades when the screw
rod is caused to penetrate in the state where the ground improvement material is not
injected and a blade rotation number of the agitation blades when the screw rod is
withdrawn while injecting the ground improvement material is calculated to use the sum

25  asan adjusted blade rotation number; atargeted UCS variation coefficient of a



13 discharged is increased. [0029] Further, according to a fifth aspect of the present invention, in
the fourth aspect, a volume of the injected water approximates a volume of water obtained from a
liquid 5limit of an improvement target ground. [0030] According to the ground improvement
method according to the fifth aspect, the volume of the water injected into the ground is used as a
proper amount. Thereby, it is possible to prevent the strength of the ground-improved body from being
reduced by andO¢¥EEERBY H ORH ihve! HomAse Atier RAVRED thrRyPeR FelUresthisQusiaionhe

penetration and rotation of the screw rod become smoother, so that a loosening effect caused by the

previous blade HRRRA BTG TRy Y RRCRRISIC CRRE e ARSI MPRvehBrg¥ gt rdited, and

imul ly th h of d-i d b liabl d. 15[0031] Further,
Solve the abovB TR SHeC KAEBR L, S Hetrar O oL BT T provided &
construction CM&‘&W@@Q&%@%@W&W&V&W&% @Fﬁb%tﬂ@@?%%&%\ﬁﬁoﬂ%&&ﬂ&' out the

ground improvement m causing a screw rod, a tip portion o as agitation blades, to

penetrate into g grodngrAQRIRFARDGY SHIMhETREAVS IO RIGHALIHIBE-EYdivia the screw rod;
withdrawing the screw rod while agitating and mixing the ground improvement material with soil by
rotation of the MMH@%@W&%‘W@%@?@@@MY@@%&% Iigsied yebmparebie ground
improvement material, from the ground by the screw rod, and which detects and monitors a depth,
rotation numberitheretdiashspeagirndoBisiraalceptribdtod tHbgreanavinipaesibtiay fiyected volume
of the ground improvement material, in which 14

only the blade rotation number of the agitation blades when the screw rod is withdrawn

while injecting the ground improvement material and of setting the injected volume of
10  theground improvement material while securing the same quality.

[0026]

According to the ground improvement method according to the third aspect, the
ground improvement is performed based on the adjusted blade rotation number.
Thereby, although the construction efficiency is kept unchanged from that of the related

15  art, the injected volume of the ground improvement material is reduced, and thus a cost
of the ground improvement method can be reduced.

[0027]

Further, according to afourth aspect of the present invention, in the first to third
aspects, water is injected from the screw rod during the penetration of the screw rod into

20  theground.

[0028]

According to the ground improvement method according to the fourth aspect,
the ground can be softened by the water injected into the ground. As aresult, the
penetration and rotation of the screw rod become smoother, so that a loosening effect

25  caused by the previous blade rotation before the ground improvement material is



the system: uses a rate of the injected volume of the ground improvement material slurry with respect
to an improvement ground as a ground improvement material admixture rate; sets a soil removal
coefficient from a relation between the ground improvement material admixture rate previously
obtained for each ground condition and the soil 5 reqpval coefficient based on the given ground
improvement material admixture rate; and computes an estimated soil removal volume caused by the
screw rod bas8FGRERE KeERIEMoval coefficient and the rotation number and monitors the
estimated soil removal volume as a control item. [0032] 10According to the sixth aspect, the soil
removal coefficient calPB&set based on the ground improvement material admixture rate, and the
estimated soil removaL\dqéume can be calt%ﬁl%ted %%%g on the qu” re[noval oeff(gicrit%nt. The estimated

C0H R REG RS TR HE"ESmAYEd S8 oVl Vbitite can be

soil removal volume is us

speely calcula e AN AR A5 SaHI 08 SRSUFIOSSRHPLAIRIEN g contibute o

reduction in construction period and cost in'the ground improvement m trolling

displacemgnt %HH%PMH@L&IQHM-@ %}wnd_According to a seventh aspect of the present
invention, in the sixth aspect, the construction control system is configured to compare the estimated

soil removal volume 2fpp4t) the injected volume of the ground improvement material, and to determine
whether construction is poor. [0034] According the seventh aspect, the estimated soil removal volume
is compared  with thcdojentgdovbiugnsund thpekedit metrdersntinpie e fifiesspacg eiermining

25whether the construction is poor. Thereby, the reliability of the construction can be 15
volume of the water injected into the ground is used as a proper amount. Thereby, it is
possible to prevent the strength of the ground-improved body from being reduced by an

10  excess of the volume of water injected into the ground.  In other words, the penetration
and rotation of the screw rod become smoother, so that aloosening effect caused by the
previous blade rotation before the ground improvement material is discharged is
increased, and simultaneously the strength of the ground-improved body can be reliably
secured.

15 [0031]

Further, to solve the above problems, according to a sixth aspect of the present
invention, there is provided a construction control system in aground improvement
method which is applied on carrying out the ground improvement method of: causing a
screw rod, atip portion of which has agitation blades, to penetrate into a ground;

20  injecting aground improvement material into the ground viathe screw rod; withdrawing
the screw rod while agitating and mixing the ground improvement material with soil by
rotation of the agitation blades; and removing the soil, equivalent to an injected volume
of the ground improvement material, from the ground by the screw rod, and which
detects and monitors a depth, rotation number, penetration speed, and withdrawal speed

25  of the screw rod and the injected volume of the ground improvement material, in which



sufficiently secured, and the necessity of modified construction becomes clear. [0035] The sixth
and seventh aspects may be applied when carrying out the ground improvement method of: causing
the screw rod having the agitation blades to penetrate 5 into the ground to a given depth while rotating
the screw rod in a state where the ground improvemgnt material is not injected; and withdrawing the
screw rod while rotating the screw rod and injecting the ground improvement material from the screw
rod to agitate APRISIFRTHESGRG e Rifhenel epfed Mel WnB RIVER (K ALH ATSRTQY SR MECHBIEHEY blades.

[0036] 10In this case, for example, the sixth and seventh aspects may be applied when carrying out

the ground imﬂ\’gbéfﬁ%% Fﬂé’fh%%%%ﬂ%bﬂﬁﬁ%aééig%ﬁﬂmwmt |ﬁ]@9ﬁ@ﬁ%ﬂfﬁ\’éeof the ground
oo el (0 A S e IS PR s ol or
the agitation biadesfo 45 ﬁﬂ&?a?&ja#@&?oﬂ%%%?édH&W@é&%@@%ﬁﬁ&ﬂhﬁiﬁ% Soialent to a plunged

mixing tool volume; when the tip portion approaches a st point of a ground improvement range,

further causing e, SFre R PRERFGAR WS BIRFINEERAG SFUEFHBREP MR Y3E Iptinto the

ground from a lower injection outlet formed’in the tip of the screw rod; and when a most tip of the

screw rod arriveppliieeaH eanfaien @il RhiBeoreNneE 28 HBPH)RERRL 309 Baddi A iR dagdie screw rod

while injecting the ground improvement material into the ground from an upper injection outlet formed
above the agitadinovblladefsitieagitalena notation tenpep and matitdhetigrestitaripsoy egentimaterial using

the agitation blades. [0037] 25Further, the sixth and seventh aspects may be applied when carrying
out the 16 growtdmegseventehitemethod of the first to third aspects. Advantageous Effects of Invention
[0032]
10 According to the sixth aspect, the soil removal coefficient can be set based on
the ground improvement material admixture rate, and the estimated soil removal volume
can be calculated based on the soil removal coefficient. The estimated soil removal
volume is used as the control item, so that the estimated soil removal volume can be
speedily calculated with high reliability. Asaresult, the construction control system
15  can contribute to reduction in construction period and cost in the ground improvement
method while controlling displacement of the original ground.
[0033]
According to a seventh aspect of the present invention, in the sixth aspect, the
construction control system is configured to compare the estimated soil removal volume
20  with the injected volume of the ground improvement material, and to determine whether
construction is poor.
[0034]
According the seventh aspect, the estimated soil removal volume is compared
with the injected volume of the ground improvement material, thereby determining

25  whether the construction is poor.  Thereby, the reliability of the construction can be



[0038] 5According to the ground improvement method of the present invention, the ground
improvement is performed based on the adjusted blade rotation number. Thereby, the ground
improvement is improved even if the blade rotation number when the screw rod is withdrawn while
injecting the ground improvement material is reducegsmore than that of the related art. For this reason,
the blade rotation number is reduced 10more than that of the related art, so that the construction
efficiency can BéfEHeRcRgURRFAHRRNPCERtY: Oh SIRgHiethcenmtidHignRkapesAeAanged from that of
the related art, while the injected volume of the ground improvement material is reduced, so that the
cost of the ground imp{ ent method can be reduced. [0039] 15Further, according to the

construction control system Etha ro%r}g im§8rto¥re]:m nt m?terhod theC scr)il rem(c)E\{El cPefrf]igient can be set
based on the ground i ﬁrt% e St&ri RIS ,' an\ﬁh[(ﬁqe ARG 'S6iPRM%val volume can

b lculated ' : Gl i ' ' d as th
control tem, s D T e ot LA o e R T
reliabilty. o & RS JRRAPRHARSARIAIBYSIEM AR SIRTRIS (2 sedigtion ecppsigiction time

and cost in the ground improvement method while controlling displacement of the original ground. Brief

Description of {RysiiRarnihaterial$nol it @tae shahARGARPIHEBE &F FPod M IELBiRIMGRRTOl System

used in a ground improvement method of an embodiment of the present invention. FIG.2is a
view showing aoregthatiantl detetimdniregpoand iraprovaheaafiicéaal (ionitaecaserofosabegiveesoil) used in

the construction control system used in the embodiment 50f the present invention.
and mix the ground with the ground improvement material using the agitation blades.
[0036]

10 In this case, for example, the sixth and seventh aspects may be applied when
carrying out the ground improvement method of removing the soil equivalent to the
injected volume of the ground improvement material from the ground by the screw rod,
the construction control system is applied on carrying out the ground improvement
method of: causing the screw rod, the tip portion of which has the agitation blades, to

15  penetrate into the ground while removing the soil equivalent to a plunged mixing tool
volume; when the tip portion approaches a deepest point of a ground improvement range,
further causing the screw rod to penetrate while injecting the ground improvement
material into the ground from alower injection outlet formed in the tip of the screw rod;
and when amost tip of the screw rod arrives at the deepest point of the ground

20  improvement range, withdrawing the screw rod while injecting the ground improvement
material into the ground from an upper injection outlet formed above the agitation blades
to agitate and mix the ground with the ground improvement material using the agitation
blades.

[0037]

25 Further, the sixth and seventh aspects may be applied when carrying out the



FIG. 3 is a graph showing a relation between a blade rotation number and an UCS variation coefficient
in the ground improvement method of the embodiment of the present invention. FIG. 4 is a graph
showing a relation between a blade rotation number and an 10 UCS variation coefficient in the ground
improvement method of the embodiment of the presegt invention. FIG. 5 is a view showing an
example of control data in the construction control system used in the embodiment of the present
invention. FIG 96PHd ielp\asoipetiostRENeieh prdhbidasPedhtrol data in the same 15system.

FIG. 7 is a view showing a method of determining a soil removal coefficient (in the case of sandy soil)
used in the same system. FIG. 8 is a view showing an outline of a treatment machine and
construction c%nc}rol S steumé)ﬁ a co?Yenti%nﬁl deep mixing method. 20FIG. 9 is a graph showing a

] \/ n L. . . .
relation betweén'a RS SUMEETSNd an UCS variation coefficient in a conventional ground

improvement method. 0038 IG. 10A is a view showing an outline of a treatment machine in a deep
mixing method to Whi(!h tﬁ present invention may be applied. FIG. 10B is an enlarged view of a tip of

the screw god shown If E{RiA0R 1A RERGTRERYGHETPRMERT QAL invelieieipafter, a specific

embodiment of a ground improvement method of the present invention will be described with reference

to tthe drawinggrding BREHVERERREQERTIARUMRIRPEhAhERE| DsrReEIARTGaAEN AkniseaPplied to, for
e Thereby, the ground improvement is improved even if the blade rotation number when

the screw rod is withdrawn while injecting the ground improvement material is reduced

more than that of the related art.  For this reason, the blade rotation number is reduced

10  morethanthat of the related art, so that the construction efficiency can be enhanced.
Alternatively, the construction efficiency is kept unchanged from that of the related art,
while the injected volume of the ground improvement material is reduced, so that the cost
of the ground improvement method can be reduced.

[0039]

15 Further, according to the construction control system in the ground improvement
method, the soil removal coefficient can be set based on the ground improvement
material admixture rate, and the estimated soil removal volume can be cal culated based
on the soil removal coefficient. The estimated soil removal volume is used as the
control item, so that the estimated soil removal volume can be speedily calculated with

20 highreliability. Asaresult, the construction control system can contribute to reduction

in construction time and cost in the ground improvement method while controlling

displacement of the original ground.

Brief Description of Drawings

25 [0040]



soil-removal-type deep mixing method based on a treatment machine 1 shown in FIGS. 10A and 10B.
In short, in the treatment machine 1 shown in FIGS. 10A and 10B, a screw rod 3 having agitation
blades 2 is rotated, and simultaneously penetrates into the ground 10 without injecting a cement slurry
(a ground improvement material slurry) composed of yvater and cement. Then, when a tip of the screw
rod 3 reaches a length between upper and lower injection outlets 50 and 60 of a given improvement
range, the cement slufiGsliifactew Fapw R ad Riili e et acANStiHE! BUCRNIFRESY FEMEBE Bfahe screw rod
3 into the ground, and the penetration is further performed while blade rotation is performed on the

15ground by tEECHGHATBIPLATRANL Peer AT A RIALAL PRI B RSE L LPSEPHER 3 reaches the deepest
int of the i . th t sl is injected.from th injecti let 50 f d

Bhove the agittion bIAAES TR L BUS o AL CaPGa) TS R ORI e rotation

is performed b%é%%%%%)ﬁ%gﬂ&ip/l@gﬁﬁ fsdd %%%8H§Fn&ﬁf9é%§ﬁﬁo\%%@§g1%re odieppuivalent to

an injected volume e groun provement materia ry are remo y, ground
displacemgnt ﬁwﬁg&wmeﬁq%mjection of the ground improvement material slurry is reduced. That
is, the construction control system used in the present embodiment is configured to be based on the

conventional constructifs, eI8HekSHFLABN i 6l Betfeby b 19 RGBS SRR Y Olume a

calculation method of which is distinguished from that of the 19 related art, as control items thereof, to

monitor the sollcSwanalivo ki cantsedHe\ytbentr@aprvaaachined ofeherepestimeatriiinethe soil
removal volume, and to thereby prevent displacement of the original ground (swelling or adverse
influence on theresentoovatitngnground). 5Furthermore, in the construction control system of the present
embodiment, in order to quantitatively ascertain the agitated/mixed state of the cement slurry with soil
to properly control it, tREC!Aasia geaphisowing beetatien hetescindlede sutieniownher BRgbR rotation

number in the event of the penetration of the screw rod is added as the control item.
10  UCS variation coefficient in the ground improvement method of the embodiment of the

present invention.
FIG. 5isaview showing an example of control data in the construction control
system used in the embodiment of the present invention.
FIG. 6 isaview showing another example of the control data in the same
15  system.
FIG. 7 isaview showing a method of determining a soil removal coefficient (in
the case of sandy soil) used in the same system.
FIG. 8 isaview showing an outline of atreatment machine and construction
control system in a conventional deep mixing method.
20 FIG. 9 is agraph showing arelation between a blade rotation number and an
UCS variation coefficient in a conventional ground improvement method.
FIG. 10A is aview showing an outline of a trestment machine in a deep mixing
method to which the present invention may be applied.
FIG. 10B is an enlarged view of atip of the screw rod shown in FIG. 10A.

25



10[0043] That is, as shown by an outline thereof in FIG. 1, the construction control system used in the
present embodiment sets: a material,” "blending,"” and "mixture (blade rotation number)" as the control
items in view of quality control; a "piling position," "piling depth,” and "bottom contact" as the control
items in view of shape 15control; and a "soil removal golume as the control item in view of ground
displacement control. Among these control items, the "material,” "blending," "piling position," "piling
depth,” and "b&YESFH RIS AEETBPEBRNRON to the conventional construction control system shown in
FIG. 8. Further, the "mixture (blade rotation number)" and "soil removal volume" are the control items
to which contents diffd¥Hrom those of the 20 related art are added in the present embodiment.
[0044] Among the contrgl items common tq the related art, the "material” is an item that controls
the state (comentamdt U TSI IG AT BN TRE o L P e B

ovement

terial, the " Ing’ | ite . lnject it depth i
appropriate bab e o HG e e T e slury
flowmeter & anghiis, glRAIARIRRRG R HASAEERSAhA FRISGIRERY e Figuaion Speed gauge 10, the

"piling position” is an item that controls a formed position of the improved pile based on measurement
made by a trangif. igoRIINHEGRINMIRIAY HRMNBALAHA S EapraasHameb heswiew FpdS detected by
the 5depth gauge 9, and the "bottom contact” is an item that controls whether or not the tip of the
screw rod 3 reachepdn®Bleepest point of the improvement target range based on the operation state
of the driving unit 5 detected by the ammeter 8 and the penetrating speed detected by the elevation
speed gauge 10. [0045] $ORuntHbe, teastoregt threatome osiiamns raidesl iDthang iR re Enelvodih@ent, the
"soil removal volume" is an item that controls an estimated soil removal volume such that the
estimated soil heviag/agivai andelodeai is victed uhacksiryl tanequsivtieneliated o the erednew

10  without injecting a cement slurry (a ground improvement material slurry) composed of

water and cement. Then, when atip of the screw rod 3 reaches alength between upper
and lower injection outlets 50 and 60 of a given improvement range, the cement slurry is
injected from the lower injection outlet 60 formed in thetip of the screw rod 3 into the
ground, and the penetration is further performed while blade rotation is performed on the

15  ground by the agitation blades2.  Then, when the most tip of the screw rod 3 reaches
the deepest point of the improvement range, the cement slurry is injected from the upper
injection outlet 50 formed above the agitation blades 2 into the ground, and the screw rod
3 iswithdrawn while the blade rotation is performed by the agitation blades 2.

[0042]

20 In this ground improvement method, soil equivalent to an injected volume of the
ground improvement material slurry areremoved. Thereby, ground displacement
associated with the injection of the ground improvement material slurry is reduced.

That is, the construction control system used in the present embodiment is configured to
be based on the conventional construction control system shown in FIG. 8, but to add a

25  “soil removal volume,” a calculation method of which is distinguished from that of the



rod 3 detected by the shaft revolution counter 7, a screw shape, and a soil removal coefficient, is equal
to the slurry injected volume. 15[0046] In the present embodiment, the estimated soil removal volume
is calculated as follows. The estimated soil removal volume V is a function of a section area of the
screw S, a screw pitch P, and a shaft rotation numbggN, adopts the constant of proportionality thereof
as an soil removal coefficient K, and is expressed as follows: 20V=KSPN (2) where: V; the estimated
soil removal voRieE BRBSIROREI SiMehrRsoel E BIRRHERITS Sy eBeNaValwResUREcRYd0E (m2) 25P: the
screw pitch (m) 21 N; the shaft rotation number (rev.$) In Equation (2), the section area of the

screw S and t @@E?@WB%WB ﬁr@%@?ﬁfw E@f@?é%fé%ﬂh@%&ﬂﬁ’&%%@?ﬁﬁ@ YR ch, if a value of
the soil removal coe |e IKISi‘ mined gFen the esti atednfﬁ)l rem Xal volun(l) V can be

calculated onI)P'I'oy%1 SES%?WSI} Taft 9(5'? n(l%‘é I\Wr%r }ﬁa%éﬂ P60 the withdrawal.

[0047] surrounding ground).

5 Furthermore, in the construction control system of the present embodiment, in
order to quantitatively ascertain the agitated/mixed state of the cement slurry with soil to
properly control it, the “blade rotation number” that takes into consideration the blade
rotation number in the event of the penetration of the screw rod is added as the control
item.

10 [0043]

That is, as shown by an outline thereof in FIG. 1, the construction control
system used in the present embodiment sets: a“material,” “blending,” and “mixture
(blade rotation number)” as the control items in view of quality control; a*“piling
position,” *piling depth,” and “bottom contact” as the control itemsin view of shape

15  control; and a*“soil removal volume’ as the control item in view of ground displacement
control. Among these control items, the “ material,” “blending,” “piling position,”
“piling depth,” and “bottom contact” are common to the conventional construction
control system shown in FIG. 8.  Further, the “ mixture (blade rotation number)” and
“soil removal volume” are the control items to which contents different from those of the

20 related art are added in the present embodiment.

[0044]

Among the control items common to the related art, the “material” is an item
that controls the state (cement amount and water amount) of the cement slurry as the
ground improvement material, the “blending” is an item that controls whether or not an

25  injected volume per unit depth is appropriate based on the slurry injected volume



Here, the inventors of the present invention wondered whether a correlation existed between the soil
removal coefficient K and the ground improvement material admixture rate x, and checked the
correlation between the soil removal coefficient K and 10 the ground improvement material admixture
rate x based on a number of construction results (datg number n = 99). [0048] Here, the inventors of
the present invention wondered whether a correlation existed between the soil removal coefficient K
and the grounddisihaseechyelvmehesiasiersidnmaurey iy meten § andieRlart epmsretidifetween the

soil removal coefficient K and the ground improvement material admixture rate x based on a number of

construction reXffté rod 3 detected by the elegiianssrd Raed e FEiePasiBrayEnaaitEm dtetial

dmi h il val ffici K is obtained h in FIG, 2. FIG. 2 sh 20 th
Gata number r0 G0 E VAR ARG S BL e B e PR N0 o FIG. 2.
andcorclaton gt 08t A0 0985 ()b o hp dquappiement

material admixture'rat ation (3) Is applied'to a case in whi e groun esive soill,

and since ;22 e, FopRlRtion cORIIGiBAbI T by e SR R RARRIBG RIS OORSFRAG & Similar

correlation expression can be previously obtained for each soil condition of the ground. [0049] Further,

the ground impra\erER MbIBEEAESEHABEEHE PEK AP tRAAUFBGrASR @f get range based on the

operation state of the driving unit 5 detected by the ammeter 8 and the penetrating speed
detected by the elevation speed gauge 10.

[0045]

10 Further, among the control items added in the present embodiment, the “ soil
removal volume’ is an item that controls an estimated soil removal volume such that the
estimated soil removal volume, which is calculated by the rotation number of the screw
rod 3 detected by the shaft revolution counter 7, a screw shape, and a soil removal
coefficient, is equal to the slurry injected volume.

15 [0046]

In the present embodiment, the estimated soil removal volume is calculated as
follows. The estimated soil removal volumeV is a function of a section area of the
screw S, ascrew pitch P, and a shaft rotation number N, adopts the constant of
proportionality thereof as an soil removal coefficient K, and is expressed as follows:

20 V=K-SPN...........c..... 2

where:

V; the estimated soil removal volume (m?)

K; the soil removal coefficient

S; the section area of the screw (m?)

25 P; the screw pitch (m)



5the injected volume of the ground improvement material slurry to the original ground for improvement,
and can be decided by how high the UCS of the improved ground is set. An added amount (kg) of the
ground improvement material added to a unit original ground for improvement (1 m3) is previously
obtained. For example, the added amount of the grogind improvement material for each unit of
approximately 1 m3 of original 10 ground for improvement is 100 kg. Further, since the ground
improvement materialt§ IRpWHgsting @F@E‘ﬁﬁ(?ﬁ'{p?)ovement material slurry (cement slurry) in which
water is added to cement, and an addition ratio W/C of the Water(SW) to the cement (C) is also preset

in consideration of the! BEALHP{CE HEHRLN G FEA8WiRAnT4hd SR RigREFEREH G0
W/Ca'100%. 15 | i h d, ial sl : i . the added
e
ground 'mprovﬁ%e&&mtﬁi%?ltﬁ%rt%%ﬁééﬂ%ﬂ RIRAREIRR %9%’5%%%5%‘3&@9&? the original

ground for improvement, the ground improvement material admixture rate X = .3%). In this

way, the ground Ry erRCALMBIATA AJRISIN S 5AISH: AOIERIRAALTIS ARigIAIRRd. Then, X = 0.133 is

substituted into Equation (3), and the soil removal coefficient K = 0.075 is calculated. [0050] As
mentioned above, the[gpi{rpmoval coefficient K, which is previously obtained from Equation (3) based
on the given ground improvement material admixture 25rate x, is calculated and set. Alternatively, the
soil removal coefficienti&e; aresapencisgf & ppctaat gioeibinuitieesd eviichatersat@idmdture rate x may
be set on a line obtained by depicting Equation (3) as a straight line on the Cartesian coordinates of
the ground impastedzetlveen tinasbd denmrta eoeftécieari<l the theigraimad vapooetficie maée(ste FIG. 2).
Then, if the set soil removal coefficient K, the section area of the screw S, and the screw 5pitch P are
input to the coptdipiedpits A, anrekestibecedetdiorpaavesnibrisnek ngmwval coefficient K and

10  theground improvement material admixture rate x based on a number of construction
results (data number n = 99).
[0048]
Here, the inventors of the present invention wondered whether a correlation
existed between the soil removal coefficient K and the ground improvement material
15  admixturerate x, and checked the correlation between the soil removal coefficient K and
the ground improvement material admixture rate x based on a number of construction
results.
As aresult, the correlation between the ground improvement material admixture
rate x and the soil removal coefficient K is obtained as showninFIG. 2. FIG. 2 shows
20  the data number n = 99, and the following equation is obtained from the correlation
(straight line of FIG. 2, and correlation coefficient r = 0.81).
K =0.5116x + 0.0066.................. (3)
where:
x; the ground improvement material admixture rate (%).

25 Equation (3) is applied to a case in which the ground is cohesive soil, and since



computed and calculated according to Equation (2) only by inputting the shaft rotation number N
detected by the shaft revolution counter 7 to the control apparatus 11. Output of the shaft rotation
number N from the shaft revolution counter 7 may be automatically input to the control apparatus 11. If
done in this way, the estimated soil removal 10 voluge V is computed and calculated just after the
screw rod 3 is withdrawn according to the previously input soil removal coefficient K, section area of
the screw S, ai§ SerElRRPE fiFigaty, ?noté)é’ SRR Cantie FagRhe 8rene prstAt @mbodiment,
whenever one improved pile is constructed, the estimated soil remaval volume V thereof is computed.

The result is cGRASFLANAP TR0 GRR AR REEYEHYY BRRING dor rebsPther1dbion Sf HR i 6, thereby

determining Whethermﬁ nstruction is poor. If the shaft rotation number N is adjusted, the estimated
soil removal volume nbe increased or decreased. As such, the shaft rotation number may be

controlled every minuﬁguf#égab ¥ cé'la%&ﬁ“ﬁ}nh i é@-l‘iﬁ@%y W%rp&%{&g&o&&ggjﬁgﬁg%@te as

needed. [0051] 20Next, e rotatio at 1s the control item a e present

embodiment wiihe 48SPURFhe T REIGHE AR RHDBRHRREF Ay iR, DG RABP g RHmber Of times

the blade rotation by a unit length is performed by each agitation blade 2 when the screw rod 3 is

withdrawn. imprbBy&hent, Ahe Riade deiriabreabEgH tieyesier thésrglveryreiaios sy mber n

25[rev.s/min] x total agitation blade number M [number]) / (screw rod withdrawal speed v 24 [m/mini).
In this equatiomrsindedthedote(lagitatinadotace imyrdverniehisiiiterzpedific epastantraitie treatment
machine, the blade rotation number T can be obtained by the rotation number n detected by the shaft
revolution coutentidad theovémena(tahdps edevi dedgaibidibgoa speraskaaplgeti9: ddddtbaomimol apparatus
11, if the total agitation blade 5 number M is input, the blade rotation number T is automatically
computed andadhageesns Bonteennemeteiti dokeahiiaties epmeosisdteho latd ofruiigivet is within a

given control range value. [0052] In the actual construction, the ground improvement material in a
slurry forAfis ground for improvement is 100 kg.

Further, since the ground improvement material is injected as the ground
improvement material slurry (cement slurry) in which water is added to cement, and an
addition ratio W/C of the water (W) to the cement (C) is also preset in consideration of
the performance of construction. The addition ratio W/C is generally set to W/C=100%.

15 Inthis case, the ground improvement material slurry corresponding to the added amount
of 100 kg of the cement is about 133 liters (specific gravity of the cement is3). When
the ground improvement material slurry of 133 litersis injected and admixed into the 1
m?® of the original ground for improvement, the ground improvement material admixture
rate x = 0.133 (13.3%). Inthisway, the ground improvement material admixture rate x

20 ispreviously determined. Then, x = 0.133 is substituted into Equation (3), and the sail
removal coefficient K = 0.075 is calculated.

[0050]

As mentioned above, the soil removal coefficient K, which is previously
obtained from Equation (3) based on the given ground improvement material admixture

25 ratex, iscalculated and set.  Alternatively, the soil removal coefficient K corresponding



10injected while the screw rod 3 is withdrawn. A relation between the blade rotation number T
(rev.s/m) when the ground improvement material and the ground are agitated and mixed and the
variation coefficient Vc (%) of the UCS of each of the improved bodies A to D taken from them is
shown in Table 1. Further, these results are plotted gp the conventional relation graph (FIG. 9) by
triangular points Al to D1 of FIG. 3. 15[0053] Table 1 Improved body Blade rotation number T (rev.s/m)
Variation coeffieidIRtabPune Snpoyenyert mefesish apmixiresale xevaya s @0 Bagopieiged by

depicting Equation (3) as a straight line on the Cartesian coordinates of the ground
improvement material admixture rate x and the soil removal coefficient K (see FIG. 2).
Then, if the set soil removal coefficient K, the section area of the screw S, and the screw

5  pitch P areinput to the control apparatus 11, the estimated soil removal volumeV is
computed and calculated according to Equation (2) only by inputting the shaft rotation
number N detected by the shaft revolution counter 7 to the control apparatus 11.  Output
of the shaft rotation number N from the shaft revolution counter 7 may be automatically
input to the control apparatus 11.  If done in this way, the estimated soil removal

10  volumeV is computed and calculated just after the screw rod 3 is withdrawn according to
the previously input soil removal coefficient K, section area of the screw S, and screw
pitch P.  Then, in the construction control system of the present embodiment, whenever
one improved pile is constructed, the estimated soil removal volume V thereof is
computed. The result is compared with the slurry injected volume detected by the

15  dlurry flowmeter 6, thereby determining whether the construction is poor.  If the shaft
rotation number N is adjusted, the estimated soil removal volume V' can be increased or
decreased. As such, the shaft rotation number may be controlled every minute such that
the estimated soil removal volume V becomes appropriate as needed.

[0051]

20 Next, the “blade rotation number” that is the control item added in the present
embodiment will be described.  The blade rotation number is a value that indicates the
number of times the blade rotation by a unit length is performed by each agitation blade 2
when the screw rod 3 is withdrawn.

In short, the blade rotation number T (rev.s/m) = (screw rod rotation number n

25  [rev.dmin] x total agitation blade number M [number]) / (screw rod withdrawal speed v



D(DI) 679 11.1 [0054] Magnitudes of the variation coefficients Vc based on the blade rotation number
25 T after the ground improvement materials of the triangular points Al to D1 are injected become
values smaller than those of the UCS variation coefficients Vc obtained from the conventional relation
graph. In short, the blade rotation number when the ggrew rod penetrates before the ground
improvement material is injected contributes to the UCS 5variation coefficient. In other words, it can be
inferred that tol BYIE-and iSRS akeNgPhGR Rt AoiFEen PEREYRBSH ! iR B1e SeFERt material has

good influence on a ground agitation effect of injecting the ground improvement material in the future.

[0055] Then, t9B 51 SREHERMERBEE ARG AR s EHAH AN PURRE ] S BRI AR Sund
e s At e Y e 0,
tne varation cLEB e SO Shie e o aran (1.
9) by circudar ReiRjSeL AL KR 2RISR rBtation number T is automatically computed and
calculated, so that it can be checked whether the blade rotation number is within a given
control range value.
[0052]
In the actual construction, the ground improvement material in aslurry formis
10  injected while the screw rod 3 iswithdrawn. A relation between the blade rotation
number T (rev.s/m) when the ground improvement material and the ground are agitated
and mixed and the variation coefficient V¢ (%) of the UCS of each of the improved

bodies A to D taken from them isshown in Table 1.  Further, these results are plotted on

the conventional relation graph (FIG. 9) by triangular points A1 to D1 of FIG. 3.

15 [0053]

Table1

Improved body | Blade rotation number T Variation coefficient of UCSVc
(rev.s/m) (%)

A (A1) 350 17.7

B (B1) 467 15.1

C(Cy 548 14.3

D (D1) 679 11.1

[0054]

Magnitudes of the variation coefficients V¢ based on the blade rotation number



[0056] Table 2 Improved body Total blade rotation number T Variation coefficient Vc during
penetration and withdrawal (%) (rev.s/m) A (A2) 136 + 350 =486 17.7 B (B2) 346 + 467 =813 15.1

25
T after the ground improvement materials of the triangular points A1 to D1 are injected
become values smaller than those of the UCS variation coefficients V¢ obtained from the
conventional relation graph.  In short, the blade rotation number when the screw rod
penetrates before the ground improvement material is injected contributes to the UCS
5  variation coefficient. In other words, it can be inferred that to agitate and |oosen the
ground without injecting the ground improvement material has good influence on a
ground agitation effect of injecting the ground improvement material in the future.
[0055]
Then, the blade rotation number when the screw rod penetrates before the
10  ground improvement material is injected and discharged is added to the blade rotation
number when the screw rod is withdrawn after the ground improvement material is
injected and discharged. The added result is used as atotal blade rotation number. A
relation between the total blade rotation number and the variation coefficient is shown in
Table2. These are plotted on the conventional relation graph (FIG. 9) by circular points

15 A2toD2of FIG. 4.

[0056]

Table 2

Improved body | Total blade rotation number T Variation coefficient Vc
during penetration and withdrawal | (%)
(rev.s/m)

A (A2) 136 + 350 = 486 17.7

B (B2) 346 + 467 = 813 15.1

C(C2) 303 + 548 = 851 14.3

D (D2) 544 + 679 = 1135 11.1




C (C2) 303 + 548 = 851 14.3 D (D2) 544 + 679 = 1135 11.1 26 [0057] As shown in FIG. 4, the
circular points A2 to D2 are closer to the conventional relation graph than the triangular points Al to DI.
In short, it can be determined that the evaluation may be done by the total blade rotation number.
5[0058] In the four circular points A2 to D2 of Flgg 4, the vicinity of a verification range is
represented by a regression expression as follows. Vc = -7.45 In(T) + 64.221, r = 0.9345 (4) where:
10Vc; the variation cof#eidnt of UCS (%) T; the total blade rotation number

Asshown in FIG. 4, the circular points A2 to D2 are closer to the conventional
relation graph than the triangular points A1to D1. Inshort, it can be determined that
the evaluation may be done by the total blade rotation number.

5 [0058]
In the four circular points A2 to D2 of FIG. 4, the vicinity of a verification range

is represented by a regression expression as follows.

Vc=-745In(T) + 64.221, r=0.9345............... (4)
where:
10 V¢c; the variation coefficient of UCS (%)

T; the total blade rotation number
r; the correlation coefficient
In(T); the natural logarithm
[0059]

15 In the present embodiment, atargeted variation coefficient V¢ is substituted into
Equation (4), and thus the total blade rotation number T is calculated and set. The
construction control is performed based on the total blade rotation number T.  For
example, when the construction control system of the ground improvement is configured
so that the sum of the blade rotation number when the screw rod penetrates and the blade

20  rotation number when the screw rod is withdrawn is calculated and displayed for each
improvement depth, the construction control can be performed by setting the total blade
rotation number T as the construction control item.  Equation (4) may be a graph of the
Cartesian coordinates.  Inthis case, the targeted variation coefficient V¢ may be applied

to this graph, and the total blade rotation number T corresponding to this may be set.



r; the correlation coefficient 1n(T); the natural logarithm [0059] 15In the present embodiment, a
targeted variation coefficient Vc is substituted into Equation (4), and thus the total blade rotation
number T is calculated and set. The construction control is performed based on the total blade rotation
number T. For example, when the construction contegl system of the ground improvement is
configured so that the sum of the blade rotation number when the screw rod penetrates and the blade
20 rotation number wH88le screw rod is withdrawn is calculated and displayed for each improvement
depth, the construction _control can be performed by setting the total blade rotation number T as the

construction control ité?h [RERIBROMH) AlayPrPIS BrasFieisReel SR s rQInreR 22, In this case, the
t ted variatj fficient V b lied to thi h, and the total blade rotati ber T
cortesponding B HQAL L1 0% SIETIGH 14 Bt PO SR SHEUMIGH Lpeed of the

4 and ; _ | " o ; .
nich | the orel R B e o B R R SRS S o 6 tne
ground and argfoung-Rmmrica iR iieds PIRdeUGIaleR BB YR MNG RFksHEd penetrates

can be determined. [0061] When the construction control system of the ground improvement is
configured so taadihediRdarepisianjatEBehinken the screw rod penetrates and is withdrawn are
10calcuateld but the total blade rotation number is not allowed to be calculated and displayed, the
blade rotation number[@gszh the screw rod penetrates may be deducted, i.e. subtracted, from the total
blade rotation number T, and the construction control may be performed based on the blade rotation
number when the screwhethie eatitivetion Coine et epsuaticheognotnad caprbepentosoadigyreshy method.

so that the blade rotation number when the screw rod penetrates and is withdrawn are

10  calcuateld but the total blade rotation number is not allowed to be calculated and
displayed, the blade rotation number when the screw rod penetrates may be deducted, i.e.
subtracted, from the total blade rotation number T, and the construction control may be
performed based on the blade rotation number when the screw rod is withdrawn.  The
construction control can be performed by any method.

15 [0062]

For example, when the variation coefficient V¢ of the UCS of the
ground-improved body is set to 15%, the total blade rotation number becomes 740
rev.s/m according to Equation (4). When the blade rotation number in the event of the
penetration of the screw rod is set to 300 rev.s/m, the blade rotation number when the

20  screw rod is withdrawn becomes 440 rev.s/m.  The blade rotation number when the
screw rod is withdrawn is approximated to 1000 rev.m intherelated art. Thus, in
comparison with that of the related art, the blade rotation number is remarkably reduced.
Thereby, the withdrawal speed of the screw rod can be greater than that of the related art,
and thus the construction efficiency is improved.

25 [0063]



15[0062] For example, when the variation coefficient Vc of the UCS of the ground-improved body
is set to 15%, the total blade rotation number becomes 740 rev.s/m according to Equation (4). When
the blade rotation number in the event of the penetration of the screw rod is set to 300 rev.s/m, the
blade rotation number when the 20 screw rod is withgawn becomes 440 rev.s/m. The blade rotation
number when the screw rod is withdrawn is approximated to 1000 rev.s/m in the related art. Thus, in
comparison with that 6P {H8 Feialed AROHTRPHPAEBaSt AR ar kIR beinier RYethPK RS FEH 0 EE Thereby, the
withdrawal speed of the screw rod can he greater than that of the related art, and thus the construction

efficiency is imffFEHRIH 9% F5¥ES) obadiusting thR o AP QAN RERRGE AL ERR SHEGIind is improved by
forming th ' f adjusti d ' b ' th d

Witharawal spell RRHRRESH A Ol AR i oS R RSP o the
w rod is wj ' ich is di . [

SCrew rod IS M%%W@m?&n%ﬁfs‘%ﬂﬁﬁr%ﬁﬁgﬂ,mg \&Fégﬁsccﬁ%gﬁu&%ﬁg %ﬁ%@%@@e&gmg es hot

deviate from a given control value of eit e rota mber o rom the above

expression, (relatiom eXRLERSIORRFLTRFR 3R AALANIRY FABHTG RS iRa WP LkiRg fEpund-improved

body and the total blade rotation number) based on a targeted variation coefficient of the UCS of the

ground-improviqehiprelsiHRE fbird hesdirnexsreaben (YBrRN dhexprEaYorstiR| B ounibhe relation

between the 10 variation coefficient of the UCS of the ground-improved body and the total blade
rotation numbepisfupdririted ttdbefahoymenpiapsived Doty b ehang adtbytansunaribagn of future
construction data. [0064] Further, when the sum of the blade rotation number of the agitation blades
when 15the sdpesedod peEngdatesiaitho codfjiectn gfthe oS tine growvesent avatdrcalyaodhehe blade
rotation number of the agitation blades when the screw rod from which the ground improvement
material is injebled rotativrinambaswhsedheseravtond i ptkdratation hareled onthelwegd éheotation number

when the screw rod penetrates is added at 100% as in the above embodiment. In addition to this case,
a case inWhicMaaiFER ceglfielsaiLrf 1hedfeS of the ground-improved body and the total blade rotation

number is not limited to the above expression, but may be changed by accumulation of
future construction data.
[0064]
Further, when the sum of the blade rotation number of the agitation blades when
15  the screw rod penetrates without injecting the ground improvement material and the
blade rotation number of the agitation blades when the screw rod from which the ground
improvement material isinjected is withdrawn is used as the total blade rotation number,
the blade rotation number when the screw rod penetrates is added at 100% as in the
above embodiment.  In addition to this case, a case in which a part (e.g. about 70% to
20  80%) of the blade rotation number when the screw rod penetrates is added, or acasein
which a given upper limit value is set to add the blade rotation number when the screw
rod penetrates may be considered depending on a difference in the soil condition.
In the present embodiment, the inclusion of the blade rotation number when the
screw rod penetrates does not mean only simple addition, and may include: adding a

25  product of agiven coefficient; adding a given value as an upper limit; or multiplying the



20 80%) of the blade rotation number when the screw rod penetrates is added, or a case in which a
given upper limit value is set to add the blade rotation number when the screw rod penetrates may be
considered depending on a difference in the soil condition. In the present embodiment, the inclusion of
the blade rotation number when the screw rod penetates does not mean only simple addition, and
may include: adding a 25product of a given coefficient; adding a given value as an upper limit; or
multiplying thePl/PdesRigoroRHmRE Rl iscriEAi AR kigfesishen Mgssram Erd thensaignihg eHvhich the

ground improvement material is injected is withdrawn by a given coefficient in consideration of the

ground loosenl AP OYERER TS AL HIAGE P {SHE MU DYREER FREiicleRinB FarRIetaior Ald
trat it t injecting th: di t terial f the. 5 rod In thi ,
the total biade |G CHABET S L URL & e ah 1 B0 3 QRS 2 KB ing the biace
tati b [tati en. lled
usted blade B e SRR o e

during penetrafipn is 10subtracted from the total blade rotation number and the construction control is
performed by the blade rotation number during withdrawal, when the blade rotation number during

penetration is adjusteqiy tr el aniaeRIafRIEptRlim Rumke | tdnsasneimianethecrdiested blade

rotation number during penetration. 100651 15Each control item is input to the control apparatus
(computer) 11 anesvgiwateslritieig thisbtielerorinied miTtidast the agrsion diakiswpesthesdanodified
construction is performed based on the determination as needed. Then, the construction data is stored
in a personal cocperterates, amditpus pey derdabed ategdjostaustantes @atmphnmyrdsult tablleX as shown in FIG.
5 or a "daily piling report" as shown in FIG. 6 is printed out as needed. 20In the "piling result table" of
FIG. 5, the targéaeineatientsieabotfigientt vy bickHbabtadetatit o ratopenduribe paretrat goistrol value is
not represented. However, the total blade rotation number is calculated and set as the control value by

separate Ebmsykiiasted S g (eiabblaas refatiom i ehetrad Hie e9astrsticfca elda sriietbercontrol

apparatus. _ . . . :
by the blade rotation number during withdrawal, when the blade rotation number during

penetration is adjusted, the subtracted blade rotation number during penetration is the
adjusted blade rotation number during penetration.
[0065]

15 Each control item isinput to the control apparatus (computer) 11 and evaluated,
i.e., it is determined whether the construction is poor, and modified construction is
performed based on the determination as needed.  Then, the construction data is stored
in apersonal computer 13, and proper control data, for instance a“piling result table” as
shown in FIG. 5 or a“daily piling report” as shown in FIG. 6 is printed out as needed.

20  Inthe*piling result table” of FIG. 5, the targeted variation coefficient V¢ or the total
blade rotation number as the control value is not represented. However, the total blade
rotation number is calculated and set as the control value by separate computation using
Equation (4), and this control value is input to the construction control apparatus.

Otherwise, the regression expression of the variation coefficient V¢ and the total

25  blade rotation number T may be previously programmed for each ground, and the total



Otherwise, the regression expression of the variation coefficient Vc and the total 25 blade rotation
number T may be previously programmed for each ground, and the total 30 blade rotation number T
may be calculated and set as the control value by inputting the targeted variation coefficient Vc and
the ground classification to the construction control ggparatus. [0066] 5Further, from another
viewpoint, in the case that the blade rotation number of the agitation blades when the screw rod is
withdrawn is sEtoSIREEHIMINENST Telnaybesipliidptes ansksst aaEnecaTEAkGHES RydfRyEinad@ariation
coefficient Vc can be set to be less than that of the related art. The variation coefficient Vc being set to

be little means'FRESANAHAR EREIE SPThY Grad e Aol e EsH et Oal LRSS HE VMR that of the

10related art. In short, the injected volume of the ground improvement material can be set to be less
than that of thé78T u’&'art. With this configuration, the construction efficiency is not different from
that of the related art, @(55% e construction cost can be reduced more than that of the related art. [0067]
15For example, the blade rotation number when the screw rod is withdrawn after the ground

improvement material is inig CiRshisaShdP FORSH ML ACHRY BRIARAL IERRISALFSa ghe variation

coefficient of the UCS of the ground-improved body in this case becomes 20% from FIG. 9. On the

other hand, in {he-greEeRLRNRACHEEINe HRWIRKES AitiRaMIFSLtythe AURBS Gl /gehpenetrates

without injecting ground 20 improvement material can be counted. As such, if the blade rotation
number when tieiBeremhepdfpraetivie@si ihdehthddhevasiaiotheédtfisidtade ot btica rupaber becomes

800 rev.s/m. When this is substituted into Equation (4) above, the variation coefficient Vc=14.3%.
[0068] less than that of therelated art.  The variation coefficient V¢ being set to be little means
that the in-situ UCS of the ground-improved body can be set to be less than that of the

10 related art. Inshort, the injected volume of the ground improvement material can be set
to be less than that of the related art.

With this configuration, the construction efficiency is not different from that of
the related art, but the construction cost can be reduced more than that of the related art.
[0067]

15 For example, the blade rotation number when the screw rod is withdrawn after
the ground improvement material is injected is set to 500 rev.s/m.  In a conventional
technical idea, the variation coefficient of the UCS of the ground-improved body in this
case becomes 20% from FIG. 9.  On the other hand, in the present embodiment, the
blade rotation number when the screw rod penetrates without injecting ground

20  improvement material can be counted. Assuch, if the blade rotation number when the
screw rod penetrates is set to 300 rev.s/m, the total blade rotation number becomes 800
rev.s/m.  When thisis substituted into Equation (4) above, the variation coefficient
Vc=14.3%.

[0068]

25 When the design UCS is set to 1000 kN/m?, the in-situ UCS of the related art is



25When the design UCS is set to 1000 kN/m2, the in-situ UCS of the related artis 31 set to 1350
kN/m2, while the in-situ UCS of the present embodiment is set to 1230 kN/m2. Since the in-situ UCS
relative to in-lab. blending UCS has a relation of 0.5 to 0.8, when this is set to 0.5, the in-lab. blending
UCS is 2700 kN/m2 relative to the in-situ UCS of 1359 kN/m2, and the in-lab. blending UCS is 2460
kN/m2 relative to the in-situ 5, UCS of 1230 kN/m2. [0069] The relation between the cement (ground

improvement &S EFAKNER aiibigibaistielr-Re theniame ehsdimnest i5sedrdA%ing an in-lab.
UCS test. The cement dosage becomes about 165 kg/m3 relative to the in-lab. blending UCS of 2700

kN/m2, 10 and‘hl(@cemcé’?ﬁ gé\@é'tb'éég%'%aﬂlﬂ%fﬂ il @W&)ﬁ%'@l&%%ﬁ@ﬁ'%@ ing UCS of
KN/ h d I's |

frequenty sot BELBOR (45 BEh Qe T AR R b L oA tReSSTB e hprovernen

material slurry ipiecteg ﬁlmb%ﬁa%ﬁnl%é 1@\%% Fﬂ"ﬁ‘}t\ﬁ |?2%g¥ﬁg?e§éﬁrg?a%\lﬁéﬂéﬁfﬁe gnd the

ground improvement material slurry injecte becomes 1/m dosage of
150 kg/m3; [0Q78% of 1280 g fenstruction, on the basis of a given total blade rotation number
(adjusted blade rotation number), a targeted variation coefficient of the UCS of the ground-improved
bodly is calculated anggsgdirom the above expression (relation 20 expression between the variation
coefficient of the UCS of the ground-improved body and the total blade rotation number), and the

ground improvement maéetiatishibenirigateccuokimn@isupal turtednaad satdiasthrdanvarntation
coefficient of the UCS of the ground-improved body as described above. Then, the ground
improvement raadenirslaprpliepdoigt) CSlisse I3/ pafmgyecunder @anhies sestch thisd cemactual ground
improvement 25material slurry injected volume falls into a given range relative to the ground 32
improvement rfesegeesomss et ES eI rellive taithevs: lam diensi ot i S ¢ AR KNApFovement is

performed. According to the present embodiment, the ground improvement material slurry can be
reduced ffbre RAMEEENS ﬂ&%ﬁl@%ﬁ@&%@ﬂ'ﬂo%ﬁW&?@ﬁh@d@t'éﬁr@@@%d&@ of

2460 kN/m?.  The water/cement ratio of the ground improvement material slurry

(cement slurry) is frequently set to 100%. As such, when the water/cement ratio is set

to 100%, the ground improvement material slurry injected volume becomes 165 I/m?

relative to the dosage of 165 kg/m?, and the ground improvement material slurry injected
15 volume becomes 150 I/m? relative to the dosage of 150 kg/m®.

[0070]

In the construction, on the basis of a given total blade rotation number (adjusted
blade rotation number), atargeted variation coefficient of the UCS of the
ground-improved body is calculated and set from the above expression (relation

20  expression between the variation coefficient of the UCS of the ground-improved body
and the total blade rotation number), and the ground improvement material slurry
injected volume is calculated and set from the set variation coefficient of the UCS of the
ground-improved body as described above.  Then, the ground improvement material
slurry injected volume is managed under control such that an actual ground improvement

25  materia slurry injected volume falls into a given range relative to the ground



5[0071] In this way, according to the present embodiment, the blade rotation number is reduced
more than that of the related art, so that the construction efficiency can be enhanced. Further, as a
separate method, the construction efficiency is kept unchanged from that of the related art, and the
ground improvement material slurry injected volumesk0is reduced, so that the construction cost can be
reduced. Which of the methods is employed may be decided in consideration of priority in an actual
field. Of courséNHEVSTEER %ﬁﬁ%%mw&f%‘ﬁyﬁ%@ HiB o sehabey feau EReretyd g iHBAe ously the

ground improvement material slurry injected volume may be moderately reduced. Thereby, both may

undergo balant ¥y AETEIHSREI0 R, MyGerdaya AR5 eeth eRbrRmeBt dte B5@4htiency and to obtain
d -savi ffect. [0072 Further, in th di be inj d
i sischarge TR EHE O RO Ao G A T B AP 0 VB mt 2

lower end positj el I%j e tip of the screw rod when the screw rod penetrates.
20With this coé%%%%ﬁ?%%e%e t%‘éj due to the water added to the ground, the ground becomes

soft, and the penetrati md rotation of the screw rod become smoother, so that the loosening effect
caused by the previous blade rotation before the ground improvement material slurry is injected is

increased. In this casgnanATsYMEHIAEEREI bR EHRsMRRAHORC aRHicisRti andunedawl blade
rotation number is 25considered to be located at a lower side than that based on the above expression
in the 33 grapfesiived mondthan that @ 13 related art, so that the construction efficiency can be
enhanced. Further, as a separate method, the construction efficiency is kept unchanged
from that of the related art, and the ground improvement material slurry injected volume
10 isreduced, so that the construction cost can be reduced. Which of the methods is
employed may be decided in consideration of priority in an actual field. Of course, the
blade rotation number may be moderately reduced, and simultaneously the ground
improvement material slurry injected volume may be moderately reduced. Thereby,
both may undergo balanced adjustment so as to moderately improve the construction
15  efficiency and to obtain a moderate cost-saving effect.
[0072]
Further, in the present embodiment, water may be injected and discharged from
the ground improvement material slurry injection outlet (in FIG. 8, located at alower end
position of the screw rod 3) of the tip of the screw rod when the screw rod penetrates.
20  Withthis configuration, it is inferred that, due to the water added to the ground, the
ground becomes soft, and the penetration and rotation of the screw rod become smoother,
so that the loosening effect caused by the previous blade rotation before the ground
improvement material slurry isinjected isincreased. Inthis case, an assumed
regression line of the variation coefficient and the total blade rotation number is

25  considered to be located at alower side than that based on the above expression in the



However, if the added water when the screw rod penetration is too much, this is assumed to have
influence on reduction in the UCS of the ground-improved body. For 5this reason, an amount of added
water is at most close to an amount of water calculated from a liquid limit of a target ground to be
improved, and may be favorable for approximation tgghe amount of water obtained from this liquid
limit. The added water when the screw rod penetrates has a particular effect on the ground higher than
an underwaterd@PBISINEHHY Betapplied to the conventional ground improvement method, 10 in which
the ground |mprovement material and the ground are agitated and mixed by the agitation blades, in
addition to the presen [ f8lodiment. [0074] Further, the constructlon control system of the present

bodi t which bed dition to bei f I trol and
Chape Lacontrol s %eﬁ%k%:ie%@e[eidé@ﬁ%s@ﬁeﬁ Lol e #%%‘bﬁ B3tne
soil-removal ty %ﬁiﬁ m%p& f?r%ﬁﬂﬂmﬁ% %ab m%gl volume

approximate to the actual SOI removal volume, and contri utesl%lmpro ment O e construction

efficiency as WL, e0rBHERANBIHF LR R Rl 1 D BREFRIN: o?wa%?éélema%e'tlon in the

construction control system of the present embodiment, the blade rotation number is controlled so that

the degree of fhgnagit@fiRNimixsirg tefdieyeRmet s iyrand tasdsal i AR RpRHatively ascertained.

As such, an excellent ground improvement effect can be obtained. 25[0076] 34 Further, for the
computation obppeogiiarmeyelecantiviesititcte phisriy fedraarielgion iexpressiensideayher

programmed for each type soil in the construction control system, and if the type of soil is selected and
the ground impvbsetheatrevated aadraiesines egiarticigangftednoththe grosind digmeciiatrahsystem, the soil
removal coefficient K may be
underwater level, and may be applied to the conventional ground improvement method,
10  inwhich the ground improvement material and the ground are agitated and mixed by the
agitation blades, in addition to the present embodiment.
[0074]
Further, the construction control system of the present embodiment which is
described above, in addition to being able to perform the quality control and shape
15  control similar to those of the related art when the ground improvement based on the
soil-removal type deep mixing method is performed, can speedily estimate the soil
removal volume approximate to the actual soil removal volume, and contributes to
improvement of the construction efficiency as well as enabling the construction control
with high precision.
20 [0075]
In addition, in the construction control system of the present embodiment, the
blade rotation number is controlled so that the degree of the agitation/mixture of the
cement slurry and the soil can be quantitatively ascertained. As such, an excellent

ground improvement effect can be obtained.

25 [0076]



S5automatically calculated and set. Alternatively, the soil removal coefficient K may be manually
calculated and set using a separate calculator, and a calculated value of the soil removal coefficient K
may be input to the construction control system. Afterwards, the method of computing the estimated
soil removal volume V from the soil removal coefficient K is as described previously. The "piling result
table" of FIG. 5 is an output 10 example of a system that automatically computes the estimated soil
removal volume V if tHIGRSUAEr i revByiaieheaibnsrharmRvat Sqdficiens ARy The

present invention is not limited to the aforementioned embodiments, and includes various

modifications (AR EXRISTARRE AR REPEIR BN IAsSRAHYDE SPY HEhe ATSHHSHP ROt and

fthe i tion. That is, th cific_stryct d fi ti i in th bodi t

metoty given S AR B SN P A BB L LA bl IR STIRGE present

bodi t, t ] To]aP il . ol - is th
cohese <oi HEERISHIBHEn BRAESTRIOAEh GRS REGTSLAIERA e e 0 e

coefficientwheq i fEqdisfifgand el ARalRRIp et ADIRLRCBR RASRyBNich the

ground is the cohesive soil. FIG. 7 is a graph showing a correlation between the ground improvement

material admixiqsaiecdans dherkrirameyabsspiicient feio thicAsecal4e vicly sl s3h FIG. 7

shows a result when the number of data n=16. The following expression 35 (straight line of FIG. 7) is
obtained from thisoies ol cret 493 béiAb 2o (e constriittonwatinol Systarcorrdiation gy efficient

r=0.858, and thus a correlation can be said to be strong. 5In this manner, the calculation expression of
the soil removatetbedfatieorinmting the estimated soil removal volume V from the soil removal
coefficient K is as described previously. The*“piling result table” of FIG. 5 is an output
10  example of asystem that automatically computes the estimated soil removal volumeV if
the ground improvement material admixture rate X is input.
[0077]
The present invention is not limited to the aforementioned embodiments, and
includes various modifications made in the af orementioned embodiments without
15  departing from the spirit and scope of the invention. That is, the specific structures and
configurations given in the embodiments are merely given as an example, and thus may
be properly modified.
[0078]
For example, in the present embodiment, the calculation expression of the soil
20  removal coefficient when the ground is the cohesive soil has been represented.
However, the calculation expression of the soil removal coefficient when the ground is
the sandy soil may also be derived similarly to the case in which the ground is the
cohesive soil. FIG. 7 isagraph showing a correlation between the ground improvement
material admixture rate x and the soil removal coefficient K in the case of the sandy soil.

25  FIG. 7 shows aresult when the number of datan=16. The following expression



previously obtained for each soil condition, or the setting chart is made. Thereby, the estimated soll
removal volume can be speedily calculated. However, the correlation expression described in the
present embodiment may be changed and obtained by introducing more data in the actual
construction. 10For example, the construction contrgsmethod based on the total blade rotation number
(adjusted blade rotation number) in the present embodiment may also be applied to methods other

than the soil-rd SHGEALNRHEES. ik aeH HPBrthishelg the soil equivalent to the ground

improvement material injected volume. Further, the computation method of the soil removal coefficient
of the present embodiﬁ]érﬁ-f'ﬁﬁ?‘aTsQ)%%e-ap'pi'red-to d¥round improvement method of injecting and
agitating a ground improvement material slurry into t_h_eﬁé:;&round when a screw rod penetrates. [0079]

Furthermore, the groul A0SR e EPHEIR SRS e AT ORRP ARSI SRR A Fa RS to the

present invention c%ag) b§ applied to ground improvement methods other 20 than the ground
improvement rﬂ%gn8 o mfﬁting the ground improvement material into the ground at a timing set forth

in the emb5odiment asII%ﬂgs %}ﬂ&(g{ﬁg@&%@pﬂgﬁ/& e .%eélpﬂ%i J‘I’t?g%wgogﬁ{{:%ﬁtﬁgg the screw rod

having the agitation blades in ground, causing the screw rod to penetrate to a given depth

without i”jeCti%%G&ngB%i RIPFO BDF 55 MR ftdn! AIAHB SN RSGHE S ARLER INpbHy gFRUNd

improvement material 25 from the screw rod, and withdrawing the screw rod while agitating and mixing

the 36 groundeyithatbe BPLATHIRRMATDES! FRaiREal s tieRIilasnE Blagiessikaipbhe injection of

the ground improvement material. In this case, the disposition of the screws in the screw rod is not

particularly limigsteFun dispobéian viihesorembdiayehenap difietheiependioigdnedivgracteristics of 5the
ground. For examiple, the screws may be not installed on a part of the screw rod. The pitch/interval
between the soneaduonayrer editssite théacegl tarestioetsoll removal volume. Further, the position of each
injection outlet in the screw rod is not particularly limited.
10 For example, the construction control method based on the total blade rotation
number (adjusted blade rotation number) in the present embodiment may also be applied
to methods other than the soil-removal-type deep mixing method of removing the soil
equivalent to the ground improvement material injected volume.  Further, the
computation method of the soil removal coefficient of the present embodiment may also
15  beapplied to aground improvement method of injecting and agitating a ground
improvement material slurry into the ground when a screw rod penetrates.
[0079]
Furthermore, the ground improvement method and construction control system
according to the present invention can be applied to ground improvement methods other
20  than the ground improvement method of injecting the ground improvement material into
the ground at atiming set forth in the embodiment as long as the ground improvement
method is performed by rotating the screw rod having the agitation blades into the
ground, causing the screw rod to penetrate to a given depth without injecting the ground

improvement material, rotating the screw rod to inject the ground improvement material

25  from the screw rod, and withdrawing the screw rod while agitating and mixing the



10Industrial Applicability [0080] According to the ground improvement method of the present
invention, the blade rotation number can be reduced more than the related art, while still enhancing
the construction efficiency. Alternatively, the construction efficiency is kept unchanged 15 from the
related art, and the injected volume of the ground imgyovement material can be reduced, so that the
construction cost can be reduced. Also, according to the construction control system in the ground
improvement rAEMSHVAHHE SredatheyRiBeNt imeterial Hel ned ke okt Aledehvdnedhtne speedily
calculated with high reliability. As a result, the system can contribute to reduction in 20 construction

period and codPIFCHAR GHSmAr st BRMEReRLAd @hile controlling displacement of the original
ground. Reference Si?ﬁ;ﬁ_is%%OE% ZSé%gRO D IMPRO\%EMI%NT@X.PARATUS TREATMENT 37
MACHINE) 2: AGITATIDNBEADE S SEREN ROH) FEREE AC PINEESESRIVING UNIT
limited. The disposition of the screws may be modified depending on characteristics of
5 theground. For examiple, the screws may be not installed on a part of the screw rod.
The pitch/interval between the screws may be adjusted to regulate the soil removal
volume. Further, the position of each injection outlet in the screw rod is not particularly

limited.

10 Industrial Applicability

[0080]

According to the ground improvement method of the present invention, the
blade rotation number can be reduced more than the related art, while still enhancing the
construction efficiency. Alternatively, the construction efficiency is kept unchanged

15  from therelated art, and the injected volume of the ground improvement material can be
reduced, so that the construction cost can be reduced.

Also, according to the construction control system in the ground improvement
method of the present invention, the estimated soil removal volume can be speedily
calculated with highreliability. Asaresult, the system can contribute to reduction in

20  construction period and cost in the ground improvement method while controlling

displacement of the original ground.

Reference Signs List
[0081]

25 1: GROUND IMPROVEMENT APPARATUS (TREATMENT



6: SLURRY FLOWME | ER 7: SHAFT REVOLUTION COUN | ER 8: AMME LER 9: DEPTH GAUGE
1010:SPEED GAUGE 11:CONTROL APPARATUS 50:UPPER INJECTION OUTLET 60:LOWER
INJECTION OUTLET 38 CLAIMS 1.A ground improvement method comprising: causing a
screw rod having agitation blades to penetrate into gzground to a given 5depth while rotating the screw
rod in a state where a ground improvement material is not injected; and withdrawing the screw
rod while rotatM@fHé' %%bw rod and injecting the ground improvement material from the screw rod to
agitate and mix the ground with the ground improvement material using the agitation blades, wherein:
10a sum of a blade rofation nGYhER %B&glh%ﬁon blades when the screw rod is

3: SCREW ROD (ROD)
4 BASE MACHINE
5 5 DRIVING UNIT

6: SLURRY FLOWMETER
7 SHAFT REVOLUTION COUNTER
8: AMMETER
o DEPTH GAUGE

10 10  SPEED GAUGE

11: CONTROL APPARATUS

50: UPPER INJECTION OUTLET

60: LOWER INJECTION OUTLET



caused to penetrate in the state where the ground improvement material is not injected and a blade
rotation number of the agitation blades when the screw rod is withdrawn while injecting the ground
improvement material is calculated to use the sum as an adjusted blade rotation number; 15the
adjusted blade rotation number is set from a relationsgetween a preset UCS variation coefficient of a
ground-improved body and the adjusted blade rotation number based on a targeted UCS variation
coefficient of the ground-improved body; and gro&}‘fd\iMp?rovement using the set adjusted blade
rotation number as a construction control item is performed, thereby reducing the blade rotation
number of the 20 agitation blades when the screw rod is withdrawn while injecting the ground
improvement material, in comparison Witr&ha cas in which only the blade rotation number of the
agitation blade 'whenAtt’%rosu r‘g{/r\}]%%v%mv%ﬂ 'H?&v%’ﬁ (\:/\c/)mpé'%?g(':ting the ground improvement material is

used as the CO”SUUC“%%QJHBH&R%‘H G ﬁ@%ﬁi&%ﬁ%‘?aﬁ@% ;%\f{%i%e iﬁ?o%@&ma‘{bdaiamﬁvemem

method comprising: causing a screw rod having agitation es to penetrate into'a ground to a

given depth WIS IR R RRIRIRM ol LSRG S LR IR R ThAIRIS iehis o

injected; and 5withdrawing the 'screw rod while rotating the screw rod and injecting the ground
improvement mpégfdal Hm the screw rod to agitate and mix the ground with the ground improvement
material using the agitation blades, wherein: a sum of a blade rotation number of the agitation

blades when the screwitadrisviaysedd@peoe hik wothingtateswrbe iedadiigpedichy Ty grement material
is not injected 10 and a blade rotation number of the agitation blades when the screw rod is withdrawn

while injecting ithprgveuact mgbeosicimoemthe atexiatéd tadgithieeuhdonics éhidgr aunchvaishetheagitfustegd blade
rotation number;
improvement material using the agitation blades, wherein:

10 asum of ablade rotation number of the agitation blades when the screw rod is
caused to penetrate in the state where the ground improvement material is not injected
and a blade rotation number of the agitation blades when the screw rod is withdrawn
while injecting the ground improvement material is calculated to use the sum as an
adjusted blade rotation number;

15 the adjusted blade rotation number is set from arelation between a preset UCS
variation coefficient of a ground-improved body and the adjusted blade rotation number
based on atargeted UCS variation coefficient of the ground-improved body; and

ground improvement using the set adjusted blade rotation number as a
construction control item is performed, thereby reducing the blade rotation number of the

20  agitation blades when the screw rod is withdrawn while injecting the ground
improvement material, in comparison with a case in which only the blade rotation
number of the agitation blades when the screw rod is withdrawn while injecting the
ground improvement material is used as the construction control item while securing the
same quality.

25



the adjusted blade rotation number is set from a relation between a preset UCS variation coefficient of
a ground-improved body and the adjusted blade rotation number 15 based on a targeted UCS
variation coefficient of the ground-improved body; and ground improvement using the blade
rotation number of the agitation blades when the scrgyv rod is withdrawn, which is obtained by
subtracting the blade rotation number of the agitation blades when the screw rod is caused to
penetrate fromlthe seta@joidtd dBrRMENSIA DA PEPI'E4S: construction control item is performed,
thereby 20 reducing the blade rotation number of the agitation blades when the screw rod is withdrawn

while injecting the groGrHP P GrEEMERt PALRSH AR Lo ReRAIFALS 1N & HQNRRHR BAIYERe blade
rotation numbey of the agitation hlades when the screw rod is withdrawn while injecting the ground
mprovement SRR AN QP e Bl L e T At R BB B M iy 40 5.
ground improvmfré&% ahod, which includes: causing a screw rod having agitation blades to

, J ) . . . )
penetrate into a’ground to a given depth while rotating the screw rod in a state where a ground

improvement material AgtNAG RE A% RTDHTENaE e Scsu Rd Wl aipinadiRsriew rod and

injecting the ground improvement material from the screw rod to agitate an e ground with the

ground improvereiViefatenAtdRINGIMaRAEANE FoR RARRVEPERIK the gRGWIVRH ZBlgéar@tation

number of the agitation blades when the screw rod is caused to penetrate in the state where the
ground improvienpeitemateniatéd dosingantesiti endl adbsadedeiation number of the agitation blades
when the screw rod is withdrawn while injecting the ground improvement material is calculated to use
the sum as an adjustegaldnacé adtatierotatiorbember ofahasgattidiUHeraristithcaediciodi of a
ground-improved body is set from a relation between the preset adjusted blade rotation number and
the UCS variateusadbisoedfigiete ioftfiestgiowhaaisrorasnhioay eesaitonatedahijnste estede rotation
number; and an injected volume of the ground improvement material, which is injected into the
ground, id&et Aih IS EPIEHO8 RIRBRI MISIERERD biasks witanhe sepreved iIs¥dlds@dthe injected

volume is injected into the ground, thereby reducing the injected volume 20 of the ground improvement

material in coniS4BIESARE Bedounst igaarrmetheidRra Al Aebiorerdhe SiTheS §found-improved
Doy From o A S O Toer
the adjusted blade rotation number is set from arelation between a preset UCS
variation coefficient of a ground-improved body and the adjusted blade rotation number
15  based on atargeted UCS variation coefficient of the ground-improved body; and
ground improvement using the blade rotation number of the agitation blades
when the screw rod is withdrawn, which is obtained by subtracting the blade rotation
number of the agitation blades when the screw rod is caused to penetrate from the set
adjusted blade rotation number, as a construction control item is performed, thereby
20  reducing the blade rotation number of the agitation blades when the screw rod is
withdrawn while injecting the ground improvement material, in comparison with a case
inwhich only the blade rotation number of the agitation blades when the screw rod is
withdrawn while injecting the ground improvement material is used as the construction
control item while securing the same quality.

25



of the agitation blades when the screw rod is withdrawn while injecting the ground improvement
material and of setting the injected volume of the ground improvement material while securing the
same quality. 41 4.The ground improvement method according to any one of claims 1 to 3, wherein
water is injected from the screw rod when the screw4®d is caused to penetrate into the ground. 5
5.The ground improvement method according to claim 4, wherein an amount of the injected water
approximates &n amoGrrHGHBPEH RSB0 WHIHH IEHICES an improvement target ground. 6.A
construction control system in a ground improvement method which is 10 applied on carrying out the

ground improvement rrRHRRETETERUN §24 B8, 434 Bl SO RIS ARG ATA AL iR G Blades, to
penetrate into ound; injecting a ground improvement material jnto the ground via the screw rod;
Withcrawing BT oD AT Ay AT TE St A MLTS AT PR PRISARh aoi by

rotation of the mwades; and removing the soil, equivalent to an injected volume of the ground
15 improvement matérial, from the ground by the screw rod, and which detects and monitors a depth,

rotation number, penelyatiaRREeH: SR YEAMANAIERARHIR 858 L iPRRBBdRIRRiR volume of

the ground improvement material, wherein the system: uses a rate of the injected volume of the

ground improveresVeaterat e fYoRtME &S REFIT ARREBRACHBIIRI B REING AR gFalHed

improvement material admixture rate; sets a soil removal coefficient from a relation between the
ground improvienpaivemateniat aidimixing enesdgi priewi olislssobtriieat for each ground condition and the

soil removal coefficient based on the given ground improvement material admixture rate; and
25computes an estimatsarsadilarbleavzvratatcio menteustthdgoitei atitales o essbd sorewt 2od is
caused to penetrate in the state where the ground improvement material is not injected
10  and ablade rotation number of the agitation blades when the screw rod is withdrawn
while injecting the ground improvement material is calculated to use the sum as an
adjusted blade rotation number;
atargeted UCS variation coefficient of a ground-improved body is set from a
relation between the preset adjusted blade rotation number and the UCS variation
15  coefficient of the ground-improved body based on the adjusted blade rotation number;
and
an injected volume of the ground improvement material, which is injected into
the ground, is set from the set UCS variation coefficient of the ground-improved body,
and the injected volume is injected into the ground, thereby reducing the injected volume
20  of the ground improvement material in comparison with a case of obtaining the UCS
variation coefficient of the ground-improved body from only the blade rotation number
of the agitation blades when the screw rod is withdrawn while injecting the ground
improvement material and of setting the injected volume of the ground improvement
material while securing the same quality.

25



the set soil removal coefficient and the rotation number and monitors the estimated soil removal
volume as a control item. 7. The construction control system according to claim 6, wherein the system
is 5configured to compare the estimated soil removal volume with the injected volume of the ground
improvement material, and to determine whether cogstruction is poor. 8. The construction control
system according to claim 6 or 7, wherein the construction control system is applied on carrying out
the ground improvemdrheraeisH ot Berdimsthas serairi redaRVIRgeRE A MatbiP BIEZEH penetrate
into the ground to a given depth while rotating the screw rod in a state where the ground improvement

material is not IS HIEHEA ARG AGHHOLURD TSR P8 S FAYSAId SRPaG Asd R fjecting the

ground improvement material from the screw rod to agitate and mix the ground with the ground
improvement Aatenal using the agitation blades. 15 9. The construction control system according to
claim 8, wherein, in the ground improvement method of removing the soil equivalent to the injected
volume of the ground improvement material from the ground by the screw rod, the construction control

system is 8plisd on cABARG AIRFIEANREERER BRI GIBAMPL GRURGNSREfRY20rod, the tp

portion of which has the agitation blades, to penetrate into the ground while removing the soil

equivalent to atRii A NHBcGERPbNAHES RIS HRiRP BiRaRERFORERSA iRgPesaPoINt of a

ground improvement range, further causing the screw rod to penetrate while injecting the ground
improvement mapesianiet® tiegegpourdifrom a lower injection outlet formed in the tip of the screw rod,;
and when a most tip of the 25screw rod arrives at the deepest point of the ground improvement range,
withdrawing the 43 screw rod while injecting the ground improvement material into the ground from an
6. A construction control system in aground improvement method which is
10  applied on carrying out the ground improvement method of: causing a screw rod, atip
portion of which has agitation blades, to penetrate into a ground; injecting a ground
improvement material into the ground via the screw rod; withdrawing the screw rod
while agitating and mixing the ground improvement material with soil by rotation of the
agitation blades; and removing the soil, equivalent to an injected volume of the ground
15  improvement material, from the ground by the screw rod, and which detects and monitors
adepth, rotation number, penetration speed, and withdrawal speed of the screw rod and
the injected volume of the ground improvement material,
wherein the system:
uses arate of the injected volume of the ground improvement material slurry
20  with respect to an improvement ground as a ground improvement material admixture
rate;
sets a soil removal coefficient from arelation between the ground improvement
material admixture rate previously obtained for each ground condition and the soil

removal coefficient based on the given ground improvement material admixture rate; and

25 computes an estimated soil removal volume caused by the screw rod based on



upper injection outlet formed above the agitation blades to agitate and mix the ground with the ground
improvement material using the agitation blades. 510.The construction control system according to
claim 6 or 7, wherein the system is applied when the ground improvement method set forth in any one
of claims 1 to 3 is performed. 49

the set soil removal coefficient and the rotation number and monitors the estimated soil

removal volume as a control item.

7. The construction control system according to claim 6, wherein the system is
5  configured to compare the estimated soil removal volume with the injected volume of the

ground improvement material, and to determine whether construction is poor.

8. The construction control system according to claim 6 or 7, wherein the
construction control system is applied on carrying out the ground improvement method

10  of: causing the screw rod having the agitation blades to penetrate into the ground to a
given depth while rotating the screw rod in a state where the ground improvement
material is not injected; and withdrawing the screw rod while rotating the screw rod and
injecting the ground improvement material from the screw rod to agitate and mix the
ground with the ground improvement material using the agitation blades.

15
9. The construction control system according to claim 8, wherein, in the ground
improvement method of removing the soil equivalent to the injected volume of the
ground improvement material from the ground by the screw rod, the construction control
system is applied on carrying out the ground improvement method of: causing the screw

20  rod, thetip portion of which has the agitation blades, to penetrate into the ground while
removing the soil equivalent to a plunged mixing tool volume; when the tip portion
approaches a deepest point of a ground improvement range, further causing the screw rod
to penetrate while injecting the ground improvement material into the ground from a
lower injection outlet formed in the tip of the screw rod; and when amost tip of the

25  screw rod arrives at the deepest point of the ground improvement range, withdrawing the



43

screw rod while injecting the ground improvement material into the ground from an
upper injection outlet formed above the agitation blades to agitate and mix the ground

with the ground improvement material using the agitation blades.

10. The construction control system according to claim 6 or 7, wherein the system is
applied when the ground improvement method set forth in any one of claims 1 to 3 is

performed.



