SPECI FI CATI ON

TI TLE OF THE | NVENTI ON:

| mproved Soi | Producti on Managenent SystemuUsi ng
Rotary Crushing and M xi ng Appar at us
TECHNI CAL FI ELD
[ 0001]

This invention relates to an inproved soil
producti on managenent systemusing a rotary crushing
and m xi ng apparatus for producing inproved soil by
utilizing construction generated soil or the |li ke as
a raw material .

BACKGROUND ARTS
[ 0002]

An applicant of the present application has
devel oped a rotary crushing and m xi ng nethod for
I mproving and effectively utilizing construction
generated soil or the |ike and a rotary crushi ng and
m Xi ng apparatus for useinthis nethod, resultingin
acquisition of alot of patents for the above net hod
and apparatus in addition to patents disclosed in
pat ent docunments 1 to 7 bel ow.

[ 0003]

The rotary crushing and m xi ng net hod uses the
rotary crushing and mxing apparatus having a
bel t - shaped i npact application nenber (which will be
hereinafter referred to as an i npact nenber) rotated
at high speed inside a cylindrical container for
crushing/fine granulation of charged construction
generated soil inside the container by inpact force
of the inpact nenber and is therefore effective in
finely and uniformy dispersing such soil material.
Besi des, therotary crushing and m xi ng nethodis al so
capabl e of perform ng adj ustnent of inproved soil in
properties, strength and the like by mxing wth
additives such as a quicklinme, slaked linme or I|ike



| i me-based solidifier, anormal cenent, blast furnace
sl ag cenment or |i ke cenent -based solidifier and a soi |
condi tioner consisting of a polyneric material, as
necessary.

[ 0004]

The rotary crushing and mxing nethod is
applicable to the wi de range of soil as conpared wth
conventional nethods and therefore enables uniform
m xi ng of even the soil having been difficult to be
| nproved wi th the conventional nethods. Nanely, the
rotary crushing and m xi ng nethod perforns m xing
while causing lunpy cohesive soil to be finely
granul at ed si nul taneously wi th crushi ng of soft rock
into fine particles by the inpact force of the high
rotary speed inpact nenber, thus allow ng stable
quality soil to be produced. Accordingly, the
construction generated soil or the |ike having been
hit herto subjectedtodi sposal onthe outsideof asite
can be efficiently utilized, resultinginachievenent
of a reduction in environmental |oad as well as a
reductionincost suchas constructi oncost and proj ect
cost.

[ 0005]

I nthisway, therotary crushi ngand m xi ng net hod
can performsi mul taneously crushing and m xing wth
a single nechanism and is suitable for effective
utilization of the construction generated soil or the
| i ke because of bei ng applicable to the wi de range of
soi | fromhi gh noi sture content cohesive soil to soft
rock.

PRI OR ART DOCUMENTS

PATENT DOCUMENTS

[ 0006]

Pat ent docunent 1: Japanese Patent Publication No.
3554829

Pat ent docunent 2: Japanese Patent Publication No.



3389202

Pat ent docunent 3: Japanese Patent Publication
3643587

Pat ent docunent 4: Japanese Patent Publication
3842062

Pat ent docunent 5: Japanese Patent Publication
4601951

Pat ent docunent 6: Japanese Patent Publication
4675571

Pat ent docunment 7: Japanese Patent Publication
5847394

SUMVARY OF THE | NVENTI ON

PROBLEMS TO BE SCLVED BY THE | NVENTI ON

[ 0007]

For a material (such as a ground material and a
soil material) utilized for the purpose of soil
| mprovenent, therotary crushi ng and m xi ng appar at us
assunes that soil is to be subjected to i nprovenent,
sothat achangeinsoil propertieswthsanplingdepth
and | ocation, weather and the |i ke is involved. For
t hat reason, in cases where a treatnent anount is too
| arge for a plant scal e and capacity and/ or where the
nunber and rotary speed of inpact nenbers are | arge
when two or three types of soil and rock are m xed or
crushed and sinultaneously m xed for particle size
adj ust rent and/ or when soil is mxed with additives,
thereisafear of failures caused by exertion of | arge
| oad on a pl ant.

[ 0008]

On the other hand, in cases where the treatnent
anmount is too small for the plant scal e and capacity
and/ or where the nunber and rotary speed of i npact
menbers are small, no load is exerted on the plant,
whereas there is a fear of troubles occurring in
execution of construction using inproved soil, as on
occasi ons when a target quality of the inproved soil
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fail stobeobtai ned because of degradati onini nproved
soil quality resulting from insufficient crushing
and/or insufficient mxing of such soil nmaterial.

[ 0009]

The present invention addresses the above
problens involved in a process of inproved soil
production using a rotary crushing and m xing
apparatus andistoprovideaninprovedsoil production
managenent systemusing a rotary crushing and m xi ng
apparatus, in which stably high quality inproved soil
I s produced i n a manner that perforns optim zation of
a plant specification (such as a treatnent anount and
the nunber and rotary speed of inpact nenbers) in
accordancewiththe propertiesof autilizednmaterial,
wher eby suppl y of the stably highqualityinprovedsoil
to its application place can be perforned.

MEANS FOR SOLVI NG THE PROBLEMS
[ 0010]

The present inventionrelatestoaninproved soi l
producti on managenent system and an inproved soil
production nmethod, in which a rotary crushing and
m xi ng apparatus for producing inproved soil by
utilizing a ground material such as construction
generated soil asarawmaterial is usedsothat stably
hi gh qual ity i nprovedsoil is producedinamnner that
perfornms optim zation of a plant specification such
as a treat nent anount and t he nunber and rotary speed
of i npact menbers in accordance with an i nproved soi l
application as well as the properties and anount of
a material utilized in a process of inproved soil
producti on.

[ 0011]

The rotary crushi ng and m xi ng apparatus itself
I's the sane in basic configuration as the well-known
rotary crushi ng and m xi ng appar at us descri bed in the
f or egoi ng par agr aph of BACKGROUND ARTS, and hence, use



Is herein made of a rotary crushing and m xing
apparatus having a cylindrical container into which
raw material soil and as necessary, additives to be
added as a soil conditioner are charged so as to be
subjected to crushing and m xi ng treatnent, an inlet
for chargingtherawmaterial soil intothe container,
an outlet for taking out inproved soil produced by
subjecting the rawmaterial soil to the crushing and
m xi ng treatnent inside the container, a vertically
extending rotary shaft di sposed in the center of the
cylindrical container and nultiple inpact nenbers
(bel t-shaped i npact application nenbers) attached to
the rotary shaft in one or nultiple stages so as to
be allowed to nake centrifugal rotation inside the
contai ner by rotationof therotary shaft for crushi ng
and m xing of the raw material soil.
[0012]

The producti on managenent systemof the present
I nvention is to efficiently operate such rotary
crushi ng and m xi ng apparatus i n accordance with t he
| nproved soil application as well as the properties
and anount of the material utilized inthe process of
| mproved soi | production, and conprises the foll ow ng
means a, b, c and d.

a. an inproved soil information i nput neans for
I nputting information related to a target quality of
the i nproved soil

b. arawmaterial soil information input nmeans
for inputtinginformationrelatedtothe rawnmateri al
soi |,

C. a setting storage neans in which data
(i nclusive of data based on the existing results) or
a rel ational expression regarding arelation between
a setting condition (inclusive of an operating
condi tion) of therotary crushi ng and m xi ng appar at us
as suited for achi evenent of the target quality of the



| nproved soil and the information related to the raw
material soil is stored, and

d. a setting condition determ nati on neans for
determning the setting condition of the rotary
crushing and mxing apparatus by conparison or
arithmetic operation using the data or relational
expression stored in the setting storage neans based
on both the information inputted to the i nproved soi l
I nformati on i nput neans and the information i nputted
to the raw material soil information input neans.

[ 0013]

I nthepresent i nvention, theinformationrel ated
to the target quality of the inproved soil shal
include at least two or nore kinds of information
sel ected fromanong application or strength rel ated
information of the inproved soil, particle size
relatedinformationthereof, noi sture content rel at ed
I nformation thereof and property related i nformati on
t her eof .

[ 0014]

Meanwhi l e, the information related to the raw
mat eri al soil shall include at | east two or nore ki nds
of information selected from anong type related
I nformation of the raw material soil, particle size
relatedinformationthereof, noi sture content rel at ed
I nformation thereof and property related i nformati on
t her eof .

[ 0015]
The setting condition of therotary crushi ng and
m xi ng apparatus shall include at | east two or nore

ki nds of conditions sel ected fromanong arotary speed
related condition of the rotary shaft, a form or
specificationrel atedconditionof theinpact nenbers,
a position or nunber related condition of the inpact
menbers and a treatnent anount (such as a tota
treat nent anount and an anount of soil produced per



hour or day, for instance) or operation tine related
conditionof therotary crushi ng and m xi ng appar at us.
[ 0016]

Wth the production nmanagenent system of the
present invention having the above constitution, the
stably high quality i nproved soil can be produced in
the manner that perforns optim zation of the plant
specification by creating a database for conbi nati ons
of the utilized material (such as a ground materi al
and a soil material) and additives as suited for
targetedsoil i nprovenent withtheplant specification
providing an optimally i nproved quality on the basis
of the past constructionresults and the like and then
I ncorporating the thus created database into a pl ant
system
[ 0017]

It is noted that not only the rotary crushi ng and
m xi ng apparatus but also facilities such as a raw
mat eri al soil conveyingfacility, anadditivesfeeding
facility and an i nproved soil carrying-out facility
are included in an inproved soil production plant, or
I n sone cases, storage facilities for storage of the
rawmaterial soil, the additives and the i nproved soi |
may be al so i ncluded therein, so that the production
managenent systemof t he present i nventi on may be al so
constituted so as to performconprehensi ve managenent
I ncl usi ve of operating condition nmanagenents of t hese
facilities.

[ 0018]

The producti on managenent systemof the present
I nvention also allows a plant facility nmanagenent
state to be visualized by further providing a display
means such as a display for displaying the setting
condition and operating condition of the rotary
crushing and m xi ng apparatus as determ ned by the
setting condition determ nati on neans, an operating



state of each of other facilities and the |ike.
[ 0019]

Fromt he st andpoi nt of confirmng that aquality
of the inproved soil produced with the production
managenent systemof the present invention satisfies
the target quality, the producti on managenent system
thereof also allows corrections in the case of
occurrences of the inproved soil quality being | ess
than or over the target quality to be perforned by
further providing a neasured inproved soil quality
I nformation i nput neans for, after neasurenent of a
qual ity of theinprovedsoil dischargedfromtherotary
crushi ng and m xi ng apparatus, inputting information
of the nmeasured quality of the inproved soil and a
f eedback neans for correcting the setting condition
of the rotary crushing and m xing apparatus by
conpari son between the inputted information of the
nmeasured quality of the inproved soil and the target
quality of the inproved soil.

[ 0020]

Meanwhi l e, for therawmaterial soil, it is also
subject tochangeinits properties w th weat her, soi
sanpling | ocati on and ot her effects on the way of the
process of inproved soil production, and therefore,
the production nmanagenent system of the present
I nventi on perforns nmeasur enent of t he noi sture content
and strength of the raw material soil as well as the
quality of the inproved soil on a tinely basis to
reflect al so data obtained fromsuch neasurenent on
t he pl ant systeminreal tinme and then stores the t hus
obt ai ned datai nthe dat abase f or enhancenent of system
accuracy, thus allowing an increase in inproved
quality and productivity to be attai ned.

[ 0021]

The inproved soil production nethod using the

rotary crushing and m xi ng apparatus of the present



I nvention is to provide a procedure of inproved soil

production using the above production managenent

systemand conpri ses a step of inputting at | east the
two or nore kinds of information sel ected fromanong
the applicationor strengthrelatedinformation of the
I nproved soil, the particle sizerelated i nformation
thereof, the noisture content related information
t hereof and the property related i nformati on thereof

by the inproved soil information i nput neans, a step
of inputting at least the two or nore kinds of
I nformation selected from anong the type related
I nformati onof therawmaterial soil, theparticlesize
related information thereof, the noisture content
related i nformati on t hereof and the property rel ated
information thereof by the raw material soi

I nformation i nput neans, a step of determ ning the
setting condition of the rotary crushing and m Xxi ng
appar at us by conpari son or arithneti c operati on using
thedataor relati onal expressionstoredinthesetting
st orage neans based on both the information i nputted
by the inproved soil information i nput neans and t he
information inputted by the raw material soil

I nformati on i nput neans and a step of operating the
rotary crushing and m xi ng apparatus based on the
setting condition of the rotary crushing and m Xxi ng
apparatus as determned by the setting condition
determ nati on neans.

EFFECTS OF THE | NVENTI ON

[ 0022]

Wth the production nanagenent system of the
present invention, the stably high quality inproved
soil can be produced in the manner that perforns
optim zation of the plant specification by creating
a dat abase for conbinations of the utilized materi al
and additives as suited for targeted soil inprovenent
with the plant specification providing an optinmally
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| nproved qual ity onthe basis of the past construction
results and the |i ke and then incorporating the thus
created database into a plant system

[ 0023]

In addition to the above, the production
managenent system of the present invention also
perfornms neasurenent of the noisture content and
strengthof therawmaterial soil aswell asthequality
of the inproved soil even on the way of the process
of inproved soil production to reflect also data
obt ai ned fromsuch neasurenent on the pl ant systemin
real tinme for enhancenent of system accuracy, thus
allowwng an increase in inproved quality and
productivity to be attai ned.

BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0024]

[FIG 1] FIG 1 is a perspective view schematically
showi ng a nechani smof inproved soil production by a
rotary crushing and m xi ng apparatus for use in the
present invention.

[FIG 2] FIG 2 is a vertical sectional view show ng
one enbodi nent of a structure of the rotary crushing
and m xi ng apparatus for useinthe present i nventi on.
[FIG 3] FIG 3is ahorizontal sectional viewshow ng
one enbodi nent of the structure of therotary crushing
and m xi ng apparatus for useinthe present i nventi on.
[FIG 4] FIG 4 shows different inpact nenber forns.
[FIG 5] FIG 5 is a schematic view showi ng one
enbodi nent of a process of inproved soil production
usi ng the rotary crushi ng and m xi ng appar at us for use
I nthe present inventionin cases where additives are
added to raw material soil.

[FIG 6] FIG 6 is a view show ng one enbodi nent of
an operati on nmanagenent screen on a nonitor included
In a production managenent system of the present
I nventi on.
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[FIG 7] FIG 7is aflowhart show ng an i nproved soi |
production procedure according to the present
I nventi on.

MODE FOR EMBODYI NG THE | NVENTI ON

[ 0025]

Hereinafter will be described an enbodi ment of
the present invention wth reference to the
acconpanyi ng draw ngs.

FIG 1 is a perspective view schematically
showi ng a nechani smof inproved soil production by a
rotary crushing and m xi ng apparatus for use in the
present invention, and FIGS. 2 and 3 are a verti cal
sectional view and a horizontal sectional view
respectivel y show ng one enbodi nent of a structure of
the rotary crushing and m xi ng appar at us.

[ 0026]

A rotary crushing and m xi ng apparatus 1 has a
mai n part having a cylindrical container 2 into which
three types of raw material soil Rl, R2, R3 and as
necessary, additives to be added thereto are charged
so as to be subjectedtocrushingand m xi ng treat nent,
aninlet 3for chargingthethreetypes of rawmateri al
soil Rl, R2, R3into the container 2, an outlet 4 for
taking out treated soil, that is, inproved soil T
produced by subjectingthethree types of rawnmateri al
soil Rl, R2, R3 to the crushing and m xi ng treat nent
I nside the container 2, avertically extending rotary
shaft 5 disposed in the center of the cylindrical
contai ner 2 and nultiple inpact nenbers (belt-shaped
| npact application nenbers) 6 attached to the rotary
shaft 5in one or nultiple stages so as to be al | owed
to make centrifugal rotation inside the container 2
by rotation of the rotary shaft 5 for crushing and
m xing of the three types of rawmaterial soil R, R2,
R3.

[ 0027]
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Referringto FIG 1, wwth the three types of raw
material soil RlL, R2, R3 charged into the container
2throughtheinlet 3, theinpact nenbers 6 arerotated
at high speed by rotation of the rotary shaft 5 for
uniform m xing of the charged three types of raw
materi al soil RlL, R2, R3 sinmultaneously wi th crushing
or finegranul ationthereof, onthe conditionthat the
three types of raw material soil Rl, R2, R3 are
respectivel y assunedt o be constructi ongeneratedsoil
consi sting of cohesive soil and silt, that consisting
of sandy soil and that consisting of soft rock and
gravel, for instance.

[ 0028]

It is noted that one or two types of locally
generated soil or thelikew || berendered for actual
utilizationastherawmaterial soil i naccordancew th
a site situation, an inproved soil application, a
target quality of i nprovedsoil andthelike, and hence,
m xi ngw th additivesto be added as a soil condi ti oner
such as linme and a cenent-based solidifier may be
perfornmed as necessary.

[ 0029]

| nside the container 2, the three types of raw
material soil RlL, R2, RBarem xedfinelyanduniformy
whil e a cohesive material such as cohesive soil and
silt is being finely granul ated sinul taneously with
crushi ng of soft rock and gravel into fine particles
by i npact force of the highrotary speed i npact nenbers
6, and accordingly, high quality inproved soil T can
be produced.

[ 0030]

The three types of rawmaterial soil Rl, R2, R3
are subj ectedtoadjustnent for sel ecti on, conpoundi ng
(such as a conmpounded anount), a degree of crushing
andm xingandthelikesothat aqualityof theinproved
soil Tconestothetarget quality in noisture content
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and properties such as strength, viscosity and
fluidity in accordance with the inproved soi
application, in which case, as necessary, the
addi tives suchas theline and cenent-based solidifier
are charged into the container 2 for the crushi ng and
m xing treatnent to provide the target quality suited
for the inproved soil application

[ 0031]

The additives are charged through the inlet 3
together wwth the three types of rawmaterial soil R1,
R2, R3, or alternatively, through aninlet separately
provided for charging only the additives.

[ 0032]

As shown in FIG 2, the container 2 is supported
by a support franme 7 and has an upper part provided
with the inlet 3 for charging the raw material soi
and the like and a |l ower part provided wth the outl et
4 through which the inproved soil is discharged. It
I s noted that polyneric plates 3a, 4a arerespectively
attached to an i nner surface of the inlet 3 and that
of the outlet 4 in order to prevent soil from being
adhered thereto.

[ 0033]

The rotary shaft 5 is supported in a freely
r ot at abl e manner by a pair of upper and | ower beari ngs
8a, 8b vertically disposed in the center inside the
contai ner 2. The upper bearing 8ais heldto an upper
part of the center inside the container 2 by a spoke,
stay or | i ke nenber (not shown) installed onthe upper
part of the container 2. For the | ower bearing 8b,
itissimlarlyheldtoal ower part of thecenter inside
t he cont ai ner 2 by a spoke, stay or | i ke nenber di sposed
at the lower part of the container 2.

[ 0034]

Accordi ng to t he enbodi nrent shown in FIGS. 2 and

3, the container 2 is divided into three parts, that
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I's, an upper cylinder 2a, a |lower cylinder 2b and an
internediate cylinder 2c, the container being
constituted such that theinternediate cylinder 2cis
rotated in the inverse direction of the rotary shaft
5 by an internediate cylinder rotation notor 15.
Referring to FIGS. 2 and 3, reference nunerals 16a,
16b respectively designate internediate cylinder
rotation support bearings for supporting a flange 2d
provi ded on an outer periphery of the internediate
cyl i nder 2c.

[ 0035]

Mul tiple and | ongi tudi nal | y- ext endi ng
belt-shaped scrapers 9 (four scrapers in the
illustrated enbodinent) are attached to an inner
surface of the internediate cylinder 2c so as to be
allowed to scrape off adhered soil from the inner
surface of the container 2 by rotation of the
i nternmedi ate cylinder 2c in the inverse direction of
the rotary shaft 5.

[ 0036]

The i npact nenbers 6 in the enbodi nent shown in
FIGS. 2 and 3 are each constituted of a nmenber i nwhich
a steel thick plate 6b is attached to the tip end of
a netal chain 6a, these i npact nenbers being radially
attached around the rotary shaft 5in nultiple stages
(three stages in the illustrated enbodinent). The
nunber of the inpact nenbers 6 to be attached is
adj ustabl e i n accordance with t he type and properties
of the raw material soil, the treatnent anount, the
type and anount of the additives, the target quality
of the inproved soil and the I|ike.

[ 0037]

The i npact nenbers 6 are each attached in such
a manner that after a chainring onthe basal end side
of the chain 6ais interposed between a pair of upper
and |ower flanges 2la, 21b provided on an outer
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peri phery of the rotary shaft 5 to align | ock holes
of theflanges 21a, 21lbwiththechainringinavertical
direction, lock pins 22 are inserted into these | ock
hol es.
[ 0038]

In a state where the rotary crushing and m xi ng
apparatus 1 is stopped, the i npact nenbers 6 are each
I n adownwardly suspended state. Meanwhil e, when t he
rotary shaft 5 is rotated at high speed through a
driving pulley 12, a belt 13 and a driven pulley 14
by driving a notor 11 attached to the outside of the
contai ner 2, theinpact nenbers6areallowedtorotate
at high speed in a horizontal plane as shown in FIGS.
2 and 3 in a manner of centrifugal rotation
acconpanying the rotation of the rotary shaft 5.

[ 0039]

Referring to FIG 2, reference nuneral 35
desi gnat es a di schar gi ng conveyor for carryi ng out the
| nproved soil which is discharged through the outl et
4 after produced with the rotary crushing and m xi ng
apparatus 1.

[ 0040]

FIG 4 is aviewshowing different forns of the
| npact nenber 6.

The inpact nenber 6 shown in FIG 4(A) is
constituted mainly of the netal chain 6a. The i npact
menber 6 shown in FIG 4(B) is constituted mainly of
a netal blade 6c. The inpact nenber 6 shown in FIG
4(C) is constituted of a flexible netal wwre 6d. The
| npact nmenber 6 shown in FIG 4(D) is constituted of
a nenber in which polygonal netal washers 6e are
gathered up with a bolt and a nut.

[ 0041]

O her i npact nenbers such as a hanmer -t ype i npact
menber i nwhi chaspherical, cubic, cylindrical or |ike
proper -shaped hammer is attached to the tip end of a
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nmetal material such as netal rod, netal blade, netal
chain and netal wire can be al so used.
[ 0042]

FIG 5 is a view showi ng one enbodi nent of a
process of producing the inproved soil T using the
rotary crushing and m xi ng apparatus of the present
I nvention in cases where additives Aare added to the
raw material soil R
[ 0043]

The process of inproved soil production is
performed in accordance with such a series of flows
that the raw material soil Ris charged into a soi
hopper 32 by a backhoe 31 and is then fed in a fixed
anmount by a soil feeder 33 so as to be followed by
chargingintotherotary crushi ng and m xi ng appar at us
1 froma chargi ng conveyor 35 via a netering conveyor
(abelt scalefor netering aweight of therawmateri al
soil) 34, and then finally, the inproved soil T
producedwi ththerotary crushi ng and m xi ng appar at us
1 is discharged by the dischargi ng conveyor 36.

[ 0044]

Intheillustratedenbodi nent, thereis shownthe
process of inproved soil productionin cases where an
additives storage silo 37 is installed at the site,
so that the additives are fed in a fixed anount from
an additives feeder 38 to the rawmaterial soil which
I s conveyed through the charging conveyor 35 after
subj ected t o wei ght nmetering by the neteri ng conveyor
34, and as aresult, the raw material soil R and the
additives Aare simul taneously chargedintotherotary
crushi ng and m xi ng apparat us 1.

[ 0045]

Aproducti on nanagenent syst emcan be constit uted

as foll ows.
[ 0046]
a. Inproved soil information input neans
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This neansistoinput informationrelatedtothe
target quality of the inproved soil. Specifically,
the information related to the target quality of the
| nproved soi |l shall beinputtedto managenent software
installedinanobiletermnal or aconputer installed
at the site or other places such as a control room

[ 0047]
The informationrelated to the target quality of
the i nproved soil shall include at | east two or nore

ki nds of information sel ected fromanong application
or strengthrelated information of the inproved soil,
particle size related informati on thereof, noisture
content related information thereof and property
related information thereof.

[ 0048]

The application of the inproved soil includes
backfilling of structures and buil di ngs, backi ng of
civil engineeringstructures, | andelevationfor river
enbanknments, roads and | and devel opnents, banki ng of
rai |l roads and ai rports, water surface reclamti on and
the |like, for instance.

[ 0049]

Inthe inproved soil application, others such as

detoxificationtreatnent of thelocal |y generatedsoil

when being contamnated wth heavy netal, VOC
(vol ati |l e organi c conpound) or |i ke harnful substances
are also included. In such cases, mxing wth the

addi tives for insolubilizing or purifying treatnent
shall be involved in the process of inproved soi
producti on.

[ 0050]

Wil e the inproved soil strength is considered
to have rel evance for the i nproved soil application,
it istobenotedthat i nformati on such as a cone i ndex
(KN'nt), a wuniaxial conpressive strength (kN nf)
prescri bed by a uni axi al conpressiontest, a cohesive
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force (kNnf) and an inner friction angle ( 6 ° )

prescribed by a triaxial conpression test and ot her
information related to strengths prescribed by a
consol idation test and other various conventional
testing nethods can be used as the strength rel ated
I nformation of the inproved soil according to the
pur pose.

[ 0051]
The particle size related information of the
| nproved soi |l includes information such as a particle

size distribution, a fine particle fraction content
(%9 and a maxi numparticle size (nm of the i nproved

soil, which information can be properly selected
according to the purpose.
[ 0052]

The noi sture content (w9 of the inproved soi
I s used as an i ndex for judgenent of soil conditions,
and in termof arelation between the type of soil as
roughly classified and the noisture content, it is
estimated that the noi sture content of hunus i s about
in the range of 100 to 1300% that of alluvial clay
I s about in the range of 50 to 90% that of dil uvium
Is about in the range of 30 to 50% that of sand is
about in the range of 8 to 15% and that of gravel is
about in the range of 2 to 5% for instance.

[ 0053]

The property rel ated i nformati on of the i nproved
soil includes information with respect to a test on
liquid limt/plastic limt as an index of soil
consistency and other information such as a
perneability coefficient prescribed by a water
perneability test, for instance.

[ 0054]
b. Raw material soil information input neans
Thisnmeansistoinput informationrelatedtothe
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raw material soil. Specifically, the information
related tothe rawnmaterial soil shall be inputtedto
the managenent software installed in the nobile
term nal or the conputer installedat thesite or other
pl aces such as the control room simlarly tothe case
of the information related to the target quality of
the i nproved soil.
[ 0055]

The informationrelatedtotherawmaterial soil
shal | i nclude at | east two or nore ki nds of i nformati on
sel ected fromanong type related informati on of the

raw material soil, particle size related information
t hereof, noisture content relatedinformationthereof
and propertyrelatedinformationthereof. It is noted

that one type of raw material soil may not be al ways
I n use, and hence, when nore than one type of raw
material soil isutilized, informationrelatedto each
of nmore than one type of raw material soil shall be
I nput t ed.

[ 0056]

The type of rawmaterial soil refers to the type
of locally generated soil utilizedastherawnmateri al
soil and is classified based on the particle size
conpositionandliquidlimt/plasticlimt of soil and
further in consideration of the presence or not of a
natural material and/or an artificial material and
I mpurities as wel|.

[ 0057]

The particle size, noi sture content and
properties of the raw material soil are the sane as
those having been described with respect to the

| nproved soil, i nwhi ch case, however, whenthelocally
generated soil or the like is utilized as the raw
material soil, the noisture content and the soil
properties such as consistency wll be largely

af fected by the weat her as i n the case of a successi on
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of fine days or rainy days and can be t hus consi der ed
to be inportant information for inproved soil
producti on managenent .

[ 0058]

It is noted that the operating condition of the
rotary crushi ng and m xi ng appar at us, t he conpoundi ng
ratio of the additives to be added as necessary and
the like are determ ned i n accordance with the target
quality of theinprovedsoil, thetreatnent anount and
the Ii ke and based on a concept that apprehends the
type of the raw material soil as roughly classified
al t hough the type of rawmaterial soil is conceptually
rel evant to the particle size conposition and liquid
limt/plastic limt of the raw material soil,
specifically, based on actual nunerical information
such as the particle size, noisture content and
properties of the raw material soil.

[ 0059]

c. Setting storage neans

Specifically, this neans stores data or a
rel ati onal expressionregardingarel ati on betweenthe
setting conditionor operatingconditionof therotary
crushi ng and m xi ng appar atus as suited for attai nnment
of the target quality of the inproved soil and the
informationrelated totherawmaterial soil by using
a hard di sc of aconputer or anobileterm nal install ed
wi th t he managenent software or a CD, DVD, USB fl ash
menory or |ike external storage device as a storage
medi um
[ 0060]

The data or rel ati onal expression stored in the
setting storage neans i s to store settings consi der ed
to be nost suitable for attainnment of the target
quality of the inproved soil in viewof the relation
wth the raw nmaterial soi | based on data,
t heoretical / experi nental val ues andtheli ke obt ai ned
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fromt he past i nproved soil productionresults and can
be updated at any tine based on the accunul ated
production results.

[ 0061]

It is also allowable to feedback or update the
above stored data or rel ational expression based on
informationrelatedto the actually obtai ned i nproved
soi |l qualityduringthe progress of aconstructionwork
in the site.

[ 0062]

The setting condition of therotary crushi ng and
m Xi ng appar at us i ncl udes condi ti ons such as arotary
speedrelatedconditionof therotary shaft (theinpact
nmenbers), a formor specification related condition
of the inpact nenbers, a position or nunber rel ated
condition of the inpact nenbers, a treatnent anount
(such as atotal treatnent anount and an anount of soi l
produced per hour or day, for instance) or operation
time related condition of the rotary crushing and
m xi ng apparatus, for instance.

[ 0063]

It is notedthat not only the rotary crushi ng and
m xi ng apparatus but also facilities such as a raw
mat eri al soil conveyingfacility, anadditives feeding
facility and an i nproved soil carrying-out facility
are included in an i nproved soil production plant, or
I n sone cases, storage facilities for storage of the
rawmateri al soil, the additives and the i nproved soi |
may be al so i ncluded therein, so that the production
managenent systemof the present i nventi on may be al so
constituted so as to performconprehensi ve nanagenent
I ncl usi ve of operating condition managenents of these
facilities.

[ 0064]
d. Setting condition determ nation neans
Specifically, thesettingconditionor operating
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condition of the rotary crushi ng and m xi ng appar at us
I s determ ned using the data or rel ati onal expression
stored in the setting storage neans based on both t he
informationinputtedtotheinprovedsoil information
I nput neans and the information inputted to the raw
mat eri al soil i nformation input nmeans i n a manner t hat
makes use of a function such as anarithnetic operation
function and a conpari son function of the conputer or
the nobil e term nal based on t he i nstal | ed mranagenent
sof t war e.

[ 0065]

Basically, the setting condition or operating
conditionis determ ned autonmatically by i nput of both
the information related to the target quality of the
I nproved soil and the information related to the raw
material soil. In accordance with the setting
condition, the position and nunber of the inpact
nmenber s are subj ected t o adj ust nent, and i nstructions
for operation control are then given to the rotary
crushing and m xing apparatus and its peripheral
facilities.

[ 0066]

Table 1 below lists sinplified instances of a
rel ati on anong the information related to the target
quality of the inproved soil, theinformationrel ated
to the raw material soil and the setting condition.
While only typical itens are |isted for conveni ence
of expl anati on and space, it is amtter of course that
nore efficient control can be perfornedinactuality,
as the nunber of itens increases nore.

[ 0067]
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[ 0068]

The producti on managenent systemof the present
I nvention also allows a plant facility nmnanagenent
state to be visualized by further providing a display
means such as a nonitor (a display) for displayingthe
setting condition and operating condition of the
rotary crushi ng and m xi ng appar at us as det er mi ned by
the setting condition determnation neans, an
operating state of each of other facilities and the
li ke.

[ 0069]

FIG 6 shows one enbodi nent of an operation
managenent screen on a nonitor included in the
producti on nanagenent systemof the present i nvention
to visually confirmthe whol e operating state of the
| nproved soil production plant including the rotary
crushi ng and m xi ng apparatus on the nonitor screen
of the production nanagenent system
[ 0070]

An upper left part of an illustrated nonitor
screen di splays itens such as t he pl ant operationtine
and t he conpoundi ng rati o and noi sture content of each
of the raw material soil and the inproved soil. An
upper right part thereof i sconfiguredtoprovi degraph
type representation of a feed amount of the raw
material soil and the |i ke and a producti on anount of
the i nproved soil (the illustrated enbodi nent | eaves
out actual lines on a graph). A |ower part thereof
I s configured to provide nunerical representation of
an operating stateineach positionof aschematically
di spl ayed i nage of the plant.

It is notedthat characters onthe nonitor screen
as shown by | eader lines and reference nunerals are
as foll ows.

[ 0071]
51: Pl ant operation screen
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52: Back (X)
53: Metering (M
54: Configuration (O
55: Metering start (F1)
56: Qperation node setting (F5)
57: Data collection screen (F6)
58: End
59: Daily operation tine
60: Cunul ative operation tine
[ 0072]
61l: Item
62: Conpounding ratio (%
63: Moisture content (%
64: Sand gravel
65: Cohesive soi
66: Unused
67: Additives
68: Water adding 1
69: Water adding 2
70: I nproved soi
[ 0073]
71: Feed anpbunt and Production anount
72: 1 nproved soi
73: Sand grave
74: Cohesive soi
75: Unused
76: Additives
77 Water adding 1
78: Water adding 2
[ 0074]
81l: Inproved soi
82: Sand G avel
83: Cohesive soi
84: Unused
85: Additives
86: Water adding 1
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87: Water adding 2

88: Twister 1 (Product name of rotary crushing
and m xi ng appar at us)

[ 0075]

91: Under suspension of netering

92: No noi sture content neasurenent

93: Control of dry weight conpounding ratio
[ 0076]

From the standpoint of confirmng that the
quality of the inproved soil produced with the
producti on managenent systemof the present i nvention
satisfies the target quality, the production
managenent systemthereof further allows corrections
I nthe case of occurrences of theinprovedsoil quality
being |l ess than or over the target quality to be
perfornmed by further providing a neasured inproved
soil quality information input neans for, after
neasurenent of a quality of the inproved soi
di scharged from the rotary crushing and m Xxing
apparatus, inputting information of the neasured
quality of the i nproved soil and a f eedback neans for
correcting the setting condition of the rotary
crushi ng and m xi ng apparatus by conpari son between
the inputted informati on of the neasured quality of
the inproved soil and the target quality of the
| mproved soil
[ 0077]

Meanwhi |l e, for therawmaterial soil, it is also
subject tochangeinits properties w th weat her, soi
sanpling | ocati on and ot her effects on the way of the
process of inproved soil production, and therefore,
the production nmanagenent system of the present
I nventi on perforns nmeasur enent of t he noi st ure cont ent
and cone i ndex of therawmaterial soil as well as the
quality of the inproved soil on a tinely basis to
refl ect al so data obtained fromsuch neasurenent on
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the pl ant systeminreal tine and then stores the thus
obt ai ned datai nthe dat abase f or enhancenent of system
accuracy, thus allowing an increase in inproved
quality and productivity to be attai ned.

[ 0078]

FIG 7 is a sinplified flowhart show ng an
| nproved soil production process according to the
present invention, wherein the inproved soil
production is carried out according to the foll ow ng
procedure in outline.

[ 0079]

(1) Input of inproved soil information (101)

Datarelatedtotheitens suchastheapplication,
strength, particle size, noisture content and ot her
properties of the inproved soil is inputted as the
information related to the target quality of the
I mproved soil fromthe conputer, the nobile term na
or the like.

[ 0080]

(2) I'nput of rawmaterial soil information (102)

Data related to the itens such as the type,
particle size, noisture content and ot her properties
of therawmaterial soil isinputtedastheinformation
related to the raw material soil fromthe conputer,
the nobile termnal or the Iike.

[ 0081]

(3) Apparatus setting condition storage data
(103)

As previously described, this data is to store
the settings considered to be nobst suitable for
attai nnment of the target quality of the i nproved soi
inviewof therelationwiththerawnaterial soil based
on the data, theoretical/experinental val ues and t he
| i ke obtained fromthe past inproved soil production
results and can be updated at any tine based on the
accumul at ed production results.
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[ 0082]

(4) Conparison/arithnetic oper ati on of
apparatus setting condition (104)

The setting condition of therotary crushi ng and
m Xi ng appar at us and t hat of the peri pheral facilities
are determ ned by conparison or arithmetic operation
W thaconparison/arithneticoperationfunctionof the
conputer using both the information inputted in the
steps (1) and (2) andthe data or rel ati onal expressi on
stored in the production result storage neans in the
step (3).

[ 0083]

(5) D splay of apparatus setting condition (105)

The setting condition of therotary crushi ng and
m Xi ng appar at us and t hat of t he peri pheral facilities
as determined in the step (4) are displayed on the
noni tor screen of the conputer or the like to all ow
an oper at or or anmanager tovi sual |l y grasp such setting
condi tions.

[ 0084]

(6) Apparatus operation (106)

The plant is operated based on the setting
condi tion of the rotary crushi ng and m xi ng appar at us
and that of the peripheral facilities as determ ned
In the step (4).

[ 0085]

(7) Measurenent of operating state (107)

For the operating state of the rotary crushing
and m xi ng apparatus, it can be grasped in real tine
by directlytransmtting datafroma nonitoringdevice
or sensors installed in the various places of the
rotary crushi ng and m xi ng apparatus tothe production
managenent system

Meanwhil e, for the operating state of the
peri pheral facilities, information on the operating
state thereof can be also obtained in real tinme by
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usi ng t he netering conveyor or thelike for conveyance
of the soil
[ 0086]

(8) Display of operating state (108)

The operating state of the rotary crushing and
m xi ng apparatus and that of the entire plant are
di spl ayed on t he noni tor screen of the conputer or the
li ke.

For instance, a configuration which allows the
operatingstatetobevisuallyconfirnmedonthenonitor
screen of the producti on managenent system as shown
in FIG 6 can be adopt ed.

It is noted that the apparatus setting condition
in the step (5) can be displayed on the sane nonitor
by switching of the screen.

[ 0087]

(9) Measurenent of inproved soil quality (109)

Measurenent tests related to the strength,
particle size, noisture content and ot her properties
of theinprovedsoil asusedastheinformationrel ated
to the target quality of the inproved soil are
performed with respect to the produced i nproved soi l
to confirmwhet her or not the quality of the produced
| nproved soil satisfies the target quality.

[ 0088]

(10) Conparison with target quality (110)

When it is confirnmed in the step (9) that the
neasured quality of the produced inproved soil
satisfies the target quality, the procedure advances
toastep (12), and accordi ngly, the operation can be
conti nued.

On the other hand, when it is confirmed in the
step (9) that the neasured quality of the produced
| nproved soi |l does not satisfythetarget quality, the
procedure advances to a step (11).

[ 0089]



30

(11) Correction of apparatus setting condition
(111)

Wien it is determined in the step (10) that the
neasured quality of the produced i nproved soil does
not satisfy the target quality, a condition for
correction of the setting condition based on a
difference fromthe target quality is obtained, and
thereafter, the procedureisreturnedtothe step (4).
[ 0090]

(12) Continuation of operation (112)

Wien it is determined in the step (10) that the
neasured quality of the produced inproved soil
satisfies the target quality, the plant operati on can
be continued, and wupon the attainnent of a
predeterm ned treatnent anount, the operation is
fini shed.

[ 0091]

Wi | et he above series of fl ows are presentedw th
the sinplified steps for conveni ence of expl anati on,
It is a mtter of course that finer control can be
perfornmed in actuality.

EXPLANATI ON OF REFERENCE NUVERALS

[ 0092]

R Rl, R2, R3 --- Raw material soil,

T --- Inproved soil,

1 --- Rotary crushing and m xi ng apparatus, 2 ---
Cont ai ner, 2a--- Upper cylinder, 2b--- Lower cyl i nder
2C --- Internediate cylinder, 2d --- Flange, 3 ---
Inlet, 3a --- Adhesion prevention polyneric plate, 4
--- Qutlet, 4a--- Adhesion prevention pol yneric pl at e,
5--- Rotary shaft, 6 --- | npact nenber, 6a --- Meta

chain, 6b --- Steel thick plate, 6¢c --- Mtal bl ade,

6d --- Metal wre, 6e --- Washer, 7 --- Support fl ane,

8a, 8b --- Bearing, 9 --- Scraper, 11 --- Mtor, 12

--- Drivingpulley, 13--- Belt, 14 --- Driven pull ey,
15 --- Internediate cylinder rotati on notor, 16a, 16b
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--- Internediate cylinder rotation support bearing,

2la, 21b --- flange, 22 --- Lock pin, 31 --- Backhoe,
32 --- Soil hopper, 33--- Soil feeder, 34 --- Metering
conveyor, 35 --- Chargi ng conveyor, 36 --- Di scharging
conveyor, 37 --- Additives Storage silo, 38 ---

Addi ti ves feeder
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CLAI M5
[Aaim1]

An inproved soil production managenent system using a
rotary crushing and m xing apparatus having a cylindrical
container into which raw material soil and as necessary,
addi tives to be added thereto as a soil conditioner are charged
so as to be subjectedtocrushingand mxingtreatnment, aninl et
for charging said raw material soil into said container, an
out | et for taking out i nproved soil produced by subj ecting said
raw material soil to the crushing and m xi ng treatnment inside
said container, a vertically extending rotary shaft di sposed
in the center of said cylindrical container and nmultiple and
bel t - shaped i npact applicati on menbers attachedto saidrotary
shaft in one or nmultiple stages so as to be allowed to nake
centrifugal rotation insidethe container by rotation of said
rotary shaft for crushing and m xi ng of said rawmaterial soil,
and conpri sing:

an i nproved soil information input means for inputting
informationrelatedto atarget quality of saidinproved soil;
arawmaterial soil informationinput neans for i nputting

information related to said raw material soil;

a setting storage neans in which existing data or a
rel ati onal expression regarding a rel ati on between a setting
condition of therotary crushi ng and m xi ng appar atus as sui ted
for attai nnent of the target quality of said inproved soil and
the information related to said raw material soil is stored;
and

a setting condition determ nati on neans for determ ning
the setting condition of said rotary crushing and m xing
apparatus using the existing data or relational expression
stored in said setting storage nmeans based on both the
information inputted to said i nproved soil information input
nmeans and the information inputted to said raw materi al soil
i nformati on i nput mneans;

whereintheinformationrelated to the target quality of
sai d i nproved soil includes applicationrelatedinformation of
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the inproved soil, strength related information thereof,
particle size related information thereof, noisture content
related i nformati on thereof and property rel ated i nformation
t her eof ,

the information related to said raw material soil
i ncludes type related information of the raw material soil,
particle size related informati on thereof, noisture content
rel ated i nformati on thereof and property related i nformation
t hereof, and

the setting condition of saidrotary crushi ng and m xi ng
apparatus includes a rotary speed related condition of said
rotary shaft, aformor specificationrel ated condition of said
bel t - shaped i npact application nmenbers, a position and nunber
related condition of said belt-shaped inpact application
nmenbers and a treatnment anount or operation tine related
condition of said rotary crushing and m xi ng appar at us.
[Caim?2]

The i nproved soi | producti on managenent systemusing t he
rotary crushing and m xi ng apparatus according to claim 1,
wher ei nsai dinprovedsoil producti on managenent systemf urt her
conpri ses a di spl ay neans for di splayingthe setting condition
of said rotary crushing and m xi ng appar atus as determ ned by
said setting condition determ nation neans.

[Caim 3]

The i nproved soi | producti on nanagenent systemusing t he
rotary crushing and m xi ng apparatus according to claim1,
wher ei nsai di nproved soi | producti on managenent syst emfurt her
conpri ses a nmeasured i nproved soil quality information input
nmeans for inputting information of a neasured quality of the
i nproved soil discharged fromsaid rotary crushing and m xi ng
apparatus and a feedback neans for correcting the setting
condition of said rotary crushing and m xi ng apparatus by
conpari son between the inputted informati on of the measured
quality of the inproved soil and the target quality of said
i nproved soil.

[ A aim 4]
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An inproved soil production nmethod using a rotary
crushi ng and m xi ng apparatus having a cylindrical container
intowhichrawmaterial soil and as necessary, additives to be
added thereto as a soil conditioner are charged so as to be
subjected to crushing and mxing treatnent, an inlet for
charging said rawmaterial soil into said container, an outl et
for taking out inproved soil produced by subjecting said raw
material soil to the crushing and m xi ng treatnent inside said
container, avertically extendingrotary shaft di sposedinthe
center of said cylindrical container and nultiple and
bel t - shaped i npact applicati on menbers attachedto saidrotary
shaft in one or nultiple stages so as to be allowed to nake
centrifugal rotation insidethe container by rotation of said
rotary shaft for crushing and m xi ng of said rawmaterial soil
and sai d additives, said rotary crushing and m xi ng appar at us
bei ng provi ded wi t h a producti on managenent systemconpri si ng:

an i nproved soil information i nput neans for inputting
information related to said inproved soil;

arawmaterial soil informationinput means for i nputting
information related to said raw materi al soil;

a setting storage nmeans in which existing data or a
rel ati onal expression regarding a rel ation between a setting
condi tion of therotary crushi ng and m xi ng appar at us as sui ted
for attai nment of the target quality of saidinproved soil and
the information related to said raw material soil is stored,;
and

a setting condition determ nation nmeans for deternining
the setting condition of said rotary crushing and m xing
apparatus by conparison or arithmetic operation using the
exi sting data or rel ational expression stored in said setting
storage neans based on both the information inputted to said
i nproved soil information input neans and the information
inputted to said raw material soil information input neans,

the inproved soil production nethod conprising:

a step of inputting application related infornmation of
the inproved soil, strength related information thereof,
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particle size related informati on thereof, noisture content
rel ated i nformati on thereof and property related i nformation

t hereof by said inproved soil information input neans;
a step of inputting type related i nformati on of the raw
material soil, particle size related information thereof,

noi sture content related information thereof and property
related information thereof by said raw material soi
i nformation i nput means;

astepof determ ningthesettingconditionof saidrotary
crushing and m xi ng apparatus by conparison or arithnetic
operationusingthedataor rel ati onal expressionstoredinsaid
setting storage neans based on both the information inputted
by said inproved soil information input neans and the
information inputted by said raw material soil information
i nput neans; and

a step of operating said rotary crushing and m xing
appar at us based on the setting conditionof therotary crushing
and m xi ng apparatus as determ ned by said setting condition
det erm nati on neans.



