1 TITLE OF THE | NVENTI ON HYDRAULI C CEMENT COMPCSI TI ON FOR | NJECTI ON | NTO
SO L, AND METHOD FOR | MPROVEMENT I N SO L USI NG SAME 5BACKGROUND OF THE

| NVENTI ON FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to a hydraulic cenent conposition for soil injection, and a soil
i nprovenent 10 nmethod using the sanme. DESCRI PTI ON OF THE PRI OR ART [0002]
As a sort of soil inprovenents, there has been a 15 chem cal

grout-injection nmethod in which a settabl & chemical grout is injected in
ground via a rod for the purp f firmer, and numerous
chem cal grouts have hitherto%ggg% ﬁﬁgﬁkﬁgﬁiﬁhémgﬁ#& For |nstance there is
the nmention of water gl ass-based grouts, special 20 silica-based grouts,

pol yneri ¢ GYPRAULBDCEMENANGOMPOSITION FORINIECEHNINT$@Ys, ANRd s| ag.
The grouting nmethod using such c h field proved
because of sone mMETH ﬁ%&ﬂﬂsRﬁﬁbﬁ¥#%ﬁéﬁ?§%ﬂﬁqﬁﬁﬁﬁfgﬁghﬁrb.ng t he ground
as nuch as possible unlike 25 a jet grouting or other simlar nethod in

whi ch the ground is disturbed by high-pressure jets, and using a conpact
installasion. The grouts arEAQEFROEND yODrDEKENINUBNTIONO a chemical 2 type
and a suspension type, and the chem cal grouts have often been used in

appl i cat i on$’Iwhér & thilghe pn&ENBEOMdN capability is in need. Wth the

chem cal grout, however, it has been found that although there is high
penetratlon[@o@édablI|ty, yet there may be a problemwith |ong-term

durability, because the set soil is of lowstrength in itself and undergoes
sonme consi der abl élesl?rrerﬁ?dbte l@cﬁ?et%ﬁéerﬂsqftﬁﬁ gF O Ut sPRAT Ayt Ry aFEEPF ¢

cenment, slag or onents,. t.he ot her  hand ave nerits Ef maki ng
it 10 |ikel Of“éjoﬁll dﬁ)&e & ast‘?Jv]eIJQ‘Jrﬁcgtﬁ%rf’r Mot h® andt rekTRE° EePE Fong- t er m

durablliéy, Q%W%%erSJH%F¥1Q9V d a | ow penetration problem Accordingly,
t he suspension gro ow under devel opnment have focused on inprovenents in

penetration capability. Wth soil inprovenents at

DESCRIPTION OF THE PRIOR ART
[(0002]
As a sort of soil improvements, there has been a
15 chemical grout-injection method in which a settable
chemical grout is injected in ground via a rod for the
purpose of making soft soil firmer, and numerous chemical
grouts have hitherto been known in the art. For instance,
there is the mernition of water glass-based grouts, special
20 silica-based grouts, polymeric grouts, and suspending
grouts such as cements, clays, and slag. The grouting
method using such chemical grouts has been much field
proved because of some merits of making improvements
without disturbing the ground as much as possible unlike
25 a jet grouting or other similar method in which the
ground is disturbed by high-pressure jets, and using a
compact installation.

The grouts are generally broken down into a chemical



15 harbors and coastal areas, however, there has still been an either-or
situation problem the higher the penetration capability of the suspension
grout, the nore likely it is to flow away with the tides. [0003] 20The
suspensi on grouts known so far in the art include a grout conposition
conprising fine grained cenent clinker and bl ast-furnace slag and
containing as an essential ingredient a polycarboxylic acid-based

di spersing agent (for instance, see PateBt Publications 1, 25 2 and 3).

e N R R e

capability I u rooxylFi¢ "acCi d-based

di spersi ng 8??@5’??55.§§¥d”95hhﬁg1?98%&oBQewﬂQk%LBég§°gQB%%?QEibﬂe grout 3

conposition fromflow ng away a all to provi xanpl e about

durability. 499041 Ref €&r i RInkR9r ot 8h hawd neh &Rl ELNIgLEEE, RBwéhEr Ot her 5
hand, grouts containing water glass, a solidifier and fine grained

bl ast - f ur nace BhagbbaMi AguAdBtRhAeastBBuhACehakreaivahighobeBe®@@ten®/ g or

hi gher, and the |ike have al so been known in the art (for instance, see

Pat ent Bubl tspabbhstg¢, Heaintdh6ye t1hB[0BBS5h problPat enthPabhigeakiron 4 t eaches
t hat the conbined use of fine grained slag gives a set soil having high gel
strengt h i n"ddoakehsibdy, seeoadset bha tew mspadt és, ofutlowhat rengédt imated i s
only strength, there is nothing set forth 15 about penetration capability,
and nmuch wateseyfasdndi yneprgarfedoMs Fensifgrapde ehEi8ERESsI t PRSI s
conposed primarily, of water g#ass. [OOOGL Tatent Publicgtion 5 i% al | about
a grout con%??@?ﬁélQE FEPBF S gPa¥inAabyHEHLAGI SPMPREY 0 SdR92°8 P50 and

fi i ned_sl ag_hayi t,i di aneter. of tq 10 d
Bl aine- o SpeRIPPReRhrr a0l APEacuArbenarar Mrads Hog o00 ChnbR i 10
f ly, L i,0i t. Wat
i S o L st
CO”DrGSSiOnséféePSBQ-@QQmp88§EB§§E99{fﬁB@QbEEEYthgggfbieQHhﬁeashb%nt about

the ability to prevent the grout to flow away. [O
penetration problem. Accordingly, the suspension grouts
now under development have focused on improvements in
penetration capability. With soil improvements at

15 harbors and coastal areas, however, there has still been
an either-or situation problem: the higher the
penetration capability of the suspension grout, the more
likely it is to flow away with the tides.

[0003]

20 The suspension grouts known so far in the art include
a grout composition comprising fine grained cement
clinker and blast-furnace slag and containing as an
essential ingredient a polycarboxylic acid-based
dispersing agent (for instance, see Patent Publications 1,

25 2 and 3). These publications provide a grout composition
having its penetration capability improved by the use of
a specific polycarboxylic acid-based dispersing agent,

but say nothing about the ability to prevent the grout



What is disclosed in Patent Publication 6 is characterized by conprising a
suspensi on grout containing a m xture of fine grained slag and fine grained
cenment, wherein the slag and cenment have each an average particle 5
dianeter of up to 10 gmand a Blaine's specific surface area val ue of at

| east 5,000 cnR/g, and the cenent is mxed at a mxing rate of up to 50%
and further characterized in that water glass and/or an alkali material are
contained init. In that publication, tod, 10 water glass is used in |arge

arount s, SOcAgIELFcAECARNHL 0% BegeL ol 09,53PaRLELLXachu Cher e 1

not hi ng sai e a reve e grout f mnng away, and

the set soil éﬁgﬁétéﬂgﬁ€ddh9aﬁ§iﬂ§y9f conpression strength alone. 15[0008]
What is set ?or in Patent Publication 7 is a suspension type soi

i mprover thptogontains water, fine grained, water granulated slag, an

al kali stinulator, a dispersing agent, and a polyneric substance that is 20
di ssol ved or diBpesseingntoagesutd havbggabellimgstoset yonwehl otheirt hout a
consolidation inprover. That publication refers to penetration capability
and t he sabihang, tgrpueventnpathivgesateongdessl i agsddwdifber sags not hi ng
about the properties of the set soil, so one has 25 no understandi ng of how
much the sofin¢sgrein¢driebdstpburnafeceiiag, handnBon RheRNEnE §HEGPCPs
prevented from fl ow ng away. 50002} 5 . . Patent Publica%ion 8 di scl oses
a grout tha®T@JInYalne Akt SplPleflzed T Ayl 9ol 5 r e L 5ks B4R ed

di spersi ng ent, and sodiumsjlicate. , This,publication refers.to injection
capabi lity %ﬁﬁoi%%?%v%ﬂ%ﬂ?slpnkﬁﬁnﬁng§%8ﬁ %RE??Bﬁﬁfhfeﬁu?a§§§§ not hi ng
about penet i it e ability to prevent the grout from

fl ow ng ama%&é{fgﬁﬁﬁﬁﬁ%Fthé %ﬁ?c&bART 10 15 PATENT PUBLI CATI ONS [ 0010]

Pat ent Publtg@@g n Patent Publication Patent Publication Patent Publication
Patentjﬁubllcatlon Pat ent Publication Patent Publication Patent Publication

1: 20 3: 4! pH®tent Publication 4 teaches that the combined use of
fine grained slag gives a set soil having high gel
strength in dozens of seconds to a few minutes, but what
is estimated is only strength, there is nothing set forth

15 about penetration capability, and much water glass is
contained in it; that is, the composition is composed
primarily of water glass.

[0006]
Patent Publication 5 is all about a grout comprising

20 water glass having a molar ratio of 2.8 to 4.0 and fine
grained slag having an average particle diameter of up to
10 pm and a Blaine’s specific surface area value of at
least 5,000 cm?/g or, preferably, at least 8,000 cm?/g,
and optionally containing cement. Water glass being used

25 in large amounts, that publication refers to compression
strength and penetration capability, but is quite silent
about the ability to prevent the grout to flow away.
[0007]



6: 7: 8 JP(A) JP(A) JP(A) JP(A) JP(A JP(A) JP(A) JP(A) 2007-238428
2007- 238925 2004- 175989 02-167848 07-229137 07-286173 2005- 344078

2002- 212556 20 SUVMMARY OF THE | NVENTI ON OBJECTS OF THE | NVENTI ON [ 0011]
The primary object of the invention nade with such problens in mndis to
provi de a hydraulic cenment 25 conposition for soil injection, which is
inproved in terns of penetration capablllty and the ability to prevent a
grout fromflow ng away, produces good e ough strength, and is inproved in

sam. NEANS ECHTACoOBLT S N i BRSERe Pobi 5 PE AL e G gt o t e pr esent
I nvention, éﬁ§r§é9é§§§é9 Bgl88ﬁpk§s%ﬁ@OHth§BéH%§oﬁy8EBﬁtf@bh@@hﬂgn@SpeCtS

1to 5. Aspect e invention provides a hydraulic cenent

conposi ti ong ff x6@1é bf'] echéograchanast eyl 26d By neogtraiinedg ckineatgr ai ned
bl ast-furnace slag, classified 10 cenent, a polyacrylic acid-based

di spersi ng @@@ﬂélﬁnﬁhansahgahndneémbn3|havateasalanaawemggaSpamtagé&t for
preventing a grout fromflow ng away, wherein the al kaline nmetal silicate
salt issusediametenpbfirupate hOofmatndleasBl8ibel m sheciblitosiimgagener a
formula (1), and in

area value of at least 5,000 cm?/g, and the cement is

mixed at a mixing rate of up to 50%, and further

characterized in that water glass and/or an alkali

material are contained in it. In that publication, too,

10 water glass is used in large amounts, so there is the
mention of penetration capability, but there is nothing
said about the ability to prevent the grout from flowing
away, and the set soil is estimated in terms of
compression strength alone.

15 [0008]

What is set forth in Patent Publication 7 is a
suspension type soil improver that contains water, fine
grained, water granulated slag, an alkali stimulator, a
dispersing agent, and a polymeric substance that is

20 dissolved or dispersed in water to bring about viscosity,
with or without a consolidation improver. That
publication refers to penetration capability and the
ability to prevent particles from settling down, but says
nothing about the properties of the set soil, so one has

25 no understanding of how much the soil is reinforced upon
injection, and how much the group is prevented from
flowing away.

[0009]



15 an anmpbunt of 0.2 to 7 parts per a total of 100 parts of the

bl ast-furnace slag and classified cenent: R20.nSi 02 where Ris an al kal
nmetal -(1) Aspect 2 of the invention provides a hydraulic cenent
conposition for soil injection as recited in Aspect 1, 20 characterized in
that the polyacrylic acid-based dispersing agent is a copolynmer that
contains a nononer represented by the follow ng general fornula (2):

CH2=C( R1) 0(R20) nR2. .. (2) where RI- is 2 hydrogen atomor a nethyl group,

R20 i's an 25 Ox¥akkxg uﬁyé%é hav%n%lsclose %%% %F 't %dﬁ%ﬁyﬁé nt eger

of 5 to 40, and B fom-or an Al Kyl group havin

car bon at o ASREGE 320l Lhad, NY n%e eg&@ogrﬁw@%%l%%@l'dl%wﬂig !

conp05|t|on soil injectio in Aspect 1 or 2, characterized

in that theafkne, %aun%@dl%aasfsﬂlird&%%e S*rﬁgsa?dbm@a%h@ﬁsIr‘elf@@sc@asent have
each a Blainé s Specific surface area value of 7,000 to 16,000 cn2/g and 5

a nedi an di angkerieh tababilRty and iAgpesierkrafs tite dowmperddsarorprovi des a
soi |l inmprovenent nmethod in which a hydraulic cenent conposition for soi
injecti an astreagtéad botasyyenaodhisgpedisitl peheanmhtd drs dagadeitleid ¥ n
ground. 10Aspect 5 of the invention provides a soil inprovenent nethod as
recited in Aspethedabfilify itovemevent dher sstart Aawpm Mﬂﬁkﬂﬁlﬁ#ﬁyfor soi
i nprovenent intended to prevent |iquefaction. It is here noted
that unl ess otherwi se stated, the 15 part and % are given on a nass basis.

ADVANTAGES OF THE | NVENTI ON [0013 The hydraul i c cement conposition for
soi | |njectPSﬁTiﬁGaQEbFHFnSREQRt Tinvention is inproved in terns of

penetration ability to prevent a grout fromfl ow ng
away, So itpﬁieggfépkﬁ&ga&&%R§b i nprovenent, and so on. 25 MODE FOR
CARRYI 6@6 | NVENTI ON [0014] The inventive hydraulic cenent
conposi |on 0|

Patent Publication 1: JP(A) 2007-238428
Patent Publication 2: JP(A) 2007-238925
Patent Publication 3: JP(A) 2004-175989
Patent Publication 4: JP(A) 02-167848
15 Patent Pﬁblication 5: JP{A) 07-229137
Patent Publication 6: JP(A) 07-286173
Patent Publication 7: JP(A) 2005-344078

Patent Publication 8: JP(A) 2002-212556

20 SUMMARY OF THE INVENTION
OBJECTS OF THE INVENTION
[0011]

The primary object of the invention made with such

problems in mind is to provide a hydraulic cement

25 composition for soil injection, which is improved in
terms of penetration capability and the ability to
prevent a grout from flowing away, produces good enough

strength, and is improved in terms of long-term



injection is conprised of fine grained blast-furnace slag, 8 classified
cenent, a polyacrylic acid-based dispersing agent and an al kali netal
silicate salt acting as an agent for preventing a grout fromfl ow ng away.
The fine grained blast-furnace slag and classified cement are used 5 for

t he purpose of producing high strength, long-termdurability, and high
penetration capability. [0015] The fine grained blast-furnace slag is
produced by the pul verization of steel sﬁ%g occurring upon pig iron 10
producti on, as drgxturse £, 9en t-f. ceRnt or
concrete. da@g?ggggyﬁeagga%ng%ﬁﬁ1éggygﬁ?nacgygFﬁgkggéﬁ£ﬁg$gﬁﬁahas a
fineness represented by a Blaine's specific surface area val ue (hereinafter
called the Blaine's value) of 15 preferably at |east 7,000 cn2/g, nore
preferably M8 torleceotrenaNnEaEndimesigrwreferably 9,000 to 13, 000
cn2/g. A Blaine's value of less than 7,000 cn2/g will often result in no
sufficient péeneenati on capability, and a Bl aine's value of greater than
16,000 cn2/g will be 20 inpractical because of incurring too much
productif®n cost AcThedBhgi he' $healpwe siestheaswerdd okt the HOMREROHM Bl ai ne' s
air penetration apparatus. Preferably, the fine grained blast-furnace sl ag
shoul d havechIRedi as @icarBPad sbbdreeftar &y foltlewAnsmasme el hore o-
preferably 2 to 5 gm For instance, the nedian di ameter my be neasured
with a |aser di PFPSEE] énOfypéepditiedite o8y P ayiistss Buth e adurqsent
apparatus. A nedian.dianeter of l.ess than 1 gmw Il be ippractical because

of 9 incurfpﬁ80?65?ﬁﬂc Oﬁr&&&&ﬂ%ﬁ?%ﬁﬁﬁﬁn%i & Gt ter of greater
than 7 pm “‘c{ab&%@fxibﬁ%l ¥ V‘é:% n% VeIS& ¥l yence squEﬁgo,ieSQ:e]'{a{]ﬁi'Pi%

capability. he “cla i céement ‘use erei e one(%hat IS

regul atfgd i BehEHEE. ?T g%%&faic‘i i %%Siq’l‘g]a%eﬁ PSIId CAH PL LA PIRNLa, The

cenent to be cl assi i ncl es Port cenent's such as normal Portl and

cement, earhykstinengthiPenrtliand Ccommnt adtawdeat dfprddand ceanent,
noder at e- heat 10 Portland cenment, and sul fate-resisting cenent. The sane

al so hol ds peevehxedgcangirbs ts feras ifdwi s hwesnenthe maich siHd ca cenent as
well as for refractory cenent such as alumna cenent. In addition to the
cenent i ngredkentipet hetallassilfiiced el 5addnerst umpd ciontaainm Iy statiairhyadr at e
and cal cium carbonate added in the cenment production process. Sone

cl assified eéntaresil Bowednt &heododilipwringe e 18 lurfatblohate pand cires

t hrough classification nmay work _nore in favor of strengfh.
15 an amount of 0.2 to 7 parts per a total of 100 parts of

the blast-furnace slag and classified cement:
R,0*nSi0, where R is an alkali metal +-° (1)
Aspect 2 of the invention provides a hydraulic cement
composition for soil injection as recited in Aspect 1,

20 characterized in that the polyacrylic acid-based |
dispersing agent is a copolymer that contains a monomer
represented by the following general formula (2):

CH,=C (R') COO (R?0) 4R’ <ee (2)
where R' is a hydrogen atom or a methyl group, R?°0 is an

25 oxyalkylene group having 2 to 4 carbon atoms, n is an
integer of 5 to 40, and R® is a hydrogen atom or an alkyl
group having 1 to 5 carbon atoms.

Aspect 3 of the invention provides a hydraulic cement



20As is the case with the fine grained blast-furnace cenment, the classified
cenent shoul d have a fineness represented by a Blaine's value of preferably
at least 7,000 cn2/g, nore preferably 7,000 to 16,000 cnR/g, and nost
preferably 9,000 to 13,000 cn2/g. A Blaine's value 25 of less than 7,000
cn2/g will often fail to nake sure good enough penetration capability, and
a Blaine's value of greater than 16,000 cn2/g will be inpractical because
of incurring too nmuch production cost. 70 The cl assified cenent
shoul d have i an_di ter.of .preferabl y 1 : m..a e preferably
2 to 5 gm %%?ggggﬁgﬁge?g?hgoﬁgdﬁghggﬁgﬁgtéF %%%léggkéégggﬁggﬁﬁghcgilaser

di ffractionytypgaPabtichcedi 28 dhatr ihul iR 5 MBASY Y ARPA ALMSe A Medi an
di anmeter of {ess than 1 pmw Il be inpractical’ because of incurring too
much productigg &88tthandlaspedian deaBhtehafk @:eat er Bikdmes spm wil |

possi bly have an adverse influence on penetration capability. 10[0017]

The cl assi f spdctetensuesatenarehowbdube offr f, @0ablty 3 6,0 030 qudr ysandnd nor e
preferably 10 to 25 parts per 100 parts of the fine grained blast-furnace
sl ag. Ascontemeédoén| éssmehan bfparts W pin.possibly contribute to strength,
15 and a content of greater than 30 parts will possibly have an adverse

i nfl uence on pehepeati dno€aphbi LNVeNtioD1BFOVACERe 3 BPAt LRI oviggent

pol yacrylic acid-based di spersing agent is used. The ,palyacrylic acid-based
20 di spersifgthad ancBhbrhed BYfiéetlon FREGENt ICREPEEHT IO ed Fr SRlset t1i ng
down in a susgen Lon forn1ang ingarting ﬁene%; tion.ca abiliéy 0. t. That
di spersi ng HyeRt T8 cASr AEEEFPTed b BePRG RIcOSERTS: refr &%hted Sy t he
foll owi ng ge (o] : 25CH2=C( Rl ) CO0( R20) nR2( 2) I n Fornul a
(2), R2 stah@iégé?&agﬂyé?8%éé'aton1or a nmethyl group, R20 is indicative of

an oxyalkyl ene group: Navi g got 9ngefnh BANSLOABSUGN 538 1- T Qment
-CH2CH2CH20-, 11 -CH2CH(CH3) 0-, -CH2CH( OH20H3) 0-, and - CH2CH2CH2CH20-; and

nis an intggeroQfas kecﬂeehn@hcabgé@toh bire thenher <oft iagded nol es of the
oxyal kyl ene group. As the nunber of added noles (n) gets too small, the

di spersi ng peseacget$zedi bgubtiagenkedwiereasiilt igerevicaentarigeerideer e W |
be a difficult-to-handle solid having a high nelting point.
to prevent ligquefaction.
It is here noted that unless otherwise stated, the

15 part and % are given on a mass basis.

ADVANTAGES OF THE INVENTION
[0013]
The hydraulic cement composition for soil injection
20 according to the invention is improved in terms of
penetration capability and the ability to prevent a grout
from flowing away, so it is effective for soil

improvement, and so on.

25 MODE FOR CARRYING OUT THE INVENTION
[0014]
The inventive hydraulic cement composition for soil

injection is comprised of fine grained blast-furnace slag,



R3 stands for a hydrogen atomor an al kyl group having 1 to 5 carbon atons
such as a nethyl, ethyl, propyl or butyl group. 10Exenplary nononers, for

i nstance, include polyethyl ene glycol nono(neth)acrylate, polypropyl ene

gl ycol nmono(neth)acryl ate, pol ybutylene glycol nono(neth)acryl ate, nethoxy
pol yet hyl ene glycol (neth)acrylate, nethoxy pol ypropyl ene gl ycol
15(nmet h) acryl ate, nethoxy pol ybutylene glycol (neth)acrylate, ethoxy

pol yet hyl ene gl ycol (nmeth)acrylate, ethoXy pol ypropyl ene gl ycol

(et h) acryl Y ut yl . (get QL a . PL,OpPOXY
polyethyleﬁ%iﬁfigﬁ?g§n%€ﬁ%%€fy aﬁg?yaﬁéggﬁﬁ ?E%Bng%%ép ggsggggéggd nol es of
al kyl ene oxigent SaRdton 491 KB1 eSmeTHESEi MDRQREr §aTRY abeiHgedsakane or in
conbi nation of two or nore. As |long as the nononer represented by Ceneral
Formul a (2)agentonbai pedventsengay §eotvdereon dleapabyswayconbhaedimeéth a
nononmer conponent havi ng anot her chem cal 25 structure. Anong t hese,
pref erence gsagneeénblasa- fopohyaeslagchndi njaretifidryd pehpethyplrenesghkdycol
(meth)acryl ate, and net hoxy pol ypropyl ene glycol (nmeth)acrylate in view of
12 the abilfey the ppevense paftprbdgcingnhsght btngnddwn, land-pemet r ati on
capability. . The polyacrylic acid-based dispersing agent should have a
mass aver agdhdP ekt ar #edghtobfrpreferhbry) 5apebisity-100, 000, and nore
preferably ﬁ? 090 to 80, 000. By way of exanple but not by way of
limtation, %% bolyacrylic aci d- based di spersing agent should be used in
an anmount of prgferably 0.1.t0 arts. _and nor referably 0.3, to 2 parts
per a total of 60 i St iRe HbAPtEuEParnea BPage. PLPALCE sPYg and the
classified ; heci [ t ryli i, d= ed

i aper si ng ‘Soort ke bz ol Fe' BEERY Slag BRCRRRAGT KL BkCaRg

di sper signg ﬁ%ﬁﬁﬁcti@@}gin_5JQ§daé§aé? E&&@ktﬁké'@@Eeg§ﬁFEal”B§5%%—t0 the

hydraul i ¢ cenent conposition for soil injection the ability to prevent it

fromfl ow niuavweye déménabbtityntpepeevent the conposition fromfl ow ng
away i s achievable by making it thixotropic. 20Note here that "thixotropy"

refers to the priopefine ofraicedtlal asgefuonatéustlaghasedshatefinr sbsdief fi cul t
to fluidize like a solid, but gets fluidized like a liquid with the

appl i cat i orf ofefieseerepnke behbedsbyi keBhasoel d apehifémovakfefet haeaf orce.
When it cones to a grouting 25 nethod, the_ thixotropic hydraulic cenent
conposi ti oV®fue heN¢FRem f ot i s2 bl eewedet BLaADe  Ai §RLERI 8fzati on by

'njection BY eSS, P A0 PELLO, bBE &RY) AN N ke rab1y 7,000 to
16,000 cm®/g, and most preferably 9,000 to 13,000 cm®/g.
A Blaine’s value of less than 7,000 cm?/g will often
result in no sufficient penetration capability, and a
Blaine’s value of greater than 16,000 cm?/g will be
20 impractical because of incurring too much production cost.
The Blaine’s value is measured with a JIS R5201 Blaine’s
air penetration apparatus.
Preferably, the fine grained blast-furnace slag
should have a median diameter of preferably 1 to 7 pm,
25 and more preferably 2 to 5 um. For instance, the median
diameter may be measured with a laser diffraction type
particle size distribution measuring apparatus. A median

diameter of less than 1 pm will be impractical because of



penetration capability so that it can easily penetrate 13 ground. After
the injection, the fluidity goes down due to no pressure |oad, so the grout
does not flow away even when there is a hydraulic gradient on the order of
the tides. 5The tighter the hydraulic gradient (water pressure per unit
distance in a water flowing direction: hydraulic gradient = water |evel
difference/water flow ng distance), the re likely the grout is to flow
away; when there is no alkali netal silicate salt, the grout will often

f1ow 10 away,at, 2; hydrayl ht-0r B9LENL: 9bnOcd P ghaageﬁedﬁgncaqgh@%@ruse of

a specific anount o neta Silicaté salt owever, the grout

does not flow anayrevephah 4 ﬂMd&ﬁﬂidﬁogéﬁglgnBaQE Onlagiegkeater. [0020]
15The alkali netal silicate salt used with the inventive hydraulic cenent

conposi ti onifhprusnté oNj pehédRatsonepapapntedyby the fol | owi ng general
formula (1) where the nolar ratio nis at least 3.5. R20.nSi 02 where Ris
an alkali ne@@l6].. (1) 20The alkali netal silicate salt includes sodium
silicate, pota55|un13|llcate and lithiumsilicate, anpbng which sodi um
silicaté i s nostherelzssedied ve@@nbfusedbh@rgmppny &he pnecéhathésal kal i

nmetal silicate salt exists in aqueous solution and omder forms, and there
is a 25 wi depgskreedi bR BErEaguUebuBaEbLGLPoAd Z88NiTRFE] 5#?&5&%@@&5% so

th | ut th t f kal t | t
when_ ueed vPERIGFEHE o, e ARETndy i %%Joﬂf%@r KobuEs ontlagd © °2
Referring to the nolar, rati h t h f

flomﬁnb gmaﬁeﬁf??sg%u% m%sa?OF%§ ?ﬁﬁﬁig magtggggrl& %a%gkcoaﬁght may
possi bl y 'e@9r£9a§8n8§&@n£haio&hﬁegxdﬁsgkganaeegﬁbﬁe ?ho&%@?@% “hgafeld S

back, resultlng in decreased strengths ccordingly, ratio n nust

be at |,@astp3rH]aR@d-BhEHET aRMY §uif§9e5rgs1§tﬁﬁbaﬁehéhho nTRE ahmbéeast 3.5
causes the alkali content of the alkali netal silicate salt to get | ow,

easi ng | oadsl &0 hbEdENFbF oMTRBY. cdRERO21Eutheagomt @nksaf ckhenal kahd net al
silicate salt should be 0.2 to 7 parts (in the case of an aqueous sol ution,

0.2 to 7 assthical ateenonaa selldabasos) rpéraatbeyakementOBuplr s of the
fine grained bl ast-furnace slag and
alumina cement.
In addition to the cement ingredient, the classified

15 cement may contain gypsum dihydrate and calcium carbonate
added in the cement production process. Some classified
cement allowed to contain finer calcium carbonate
particles through classification may work more in favor
of strength.

20 As is the case with the fine grained blast-furnace
cement, the classified cement should have a fineness
represented by a Blaine’s value of preferably at least
7,000 cm?/g, more preferably 7,000 to 16,000 cm?/g, and
most preferably 9,000 to 13,000 cnﬁ/g. A Blaine’s value

25 of less than 7,000 cm?/g will often fail to make sure
good enough penetration capability, and a Blaine’s value

of greater than 16,000 cm®/g will be impractical because

of incurring too much production cost.



15 classified cenent, and preferably 1 to 4.5 parts. At less than 0.2
parts, the ability to prevent the grout fromflow ng away will di mnish. At
greater than 7 parts, on the other hand, the viscosity will decrease and
the ability to prevent the grout fromflowng away will again 20 di m nish
In addition, the alkali netal silicate salt and the cenent will cone
together into a coagulation, resulting in a decrease in penetration
capability. [0022] It is here to b® noted that inventive hydraul i c
25 jcoment ComPOShLl 895101 £904! cLALAE! LABLTRY naGeSCld] O ARKIOn Wi LD
known cement adm Xxture agents material's) unl'ess its own performance is
otherw se abfegtede by ASE8NGCunt NEHE herbhp BRaLLeNOf AR slanagents, AE
wat er - r educi ng agents, Klgh-perfgwnance wat er -r educi ng-agent s,

hi gh- per f or peRC@nAEawater thedhedAgnagednstelrl tadi ZRY sncaseirddderish a
early-strength agents, defoaners, thickeners, waterproof agents

(materi al s) labeexgafifiragtagantgpenphetialle) siker desitng baddelrer at or s,

shri nkage-reduci ng agents (nmaterials), rust preventives, polynmer emnulsions
for cenent meabutring, appdrekay.m Aenadisan| 9D2B¢t&heoEnvensti tbahydrpml i c
cement conposition for soil 10 injection is applied in a mlk formwth
wat er addedvibli be FHErAsEéchhebarsuse 6f darerriddedo M better the
penetration capability becones, but the nore likely material separation is
to occur, cRUSPHGLLAB €8FEnt 2R R &8N PdGFEd Sdp Aitn I SFHFS ﬁéaﬁo e. As

t he amount of 15 ﬁater dged is too small, it wll cause thee¥is%osity of
the cement WRI¥I10 BPEWPO¥ RRYR ?BraggﬁéﬁﬁaﬁP UERF&LPH By CHEE 650 mum
range of thg @@%gi-gged is preferably 400 to 1,500 parts, and nore
preferably 0 0 1, 00 parts, per a total of 100 parts of the fine grained
20 bl astyfurppgeyslag, classified cement and polyacrylic acid-based

di spersing agent:. [0024] The inventive soil inprovenent nethod nay be
applied to everynberea3dsikos8g asmehti sousedtl @hosoll ber @uededapilRpOVemTent .
For instance, it may be applied just only to grounds having various
structures tocabedathereand myppecglrkfeabbgr 0 riovers aadtsharexr Harks,
airports, and nunicipal and nountai nous soft grounds but also for the 16
pur pose of partefbfothshiféhd- gihigedubdashieduirmgcer elest-i oA grobest

subsi dence prevention grouts, blow_prevention grouts, soi
pressure-redficlfgsgEbans? pappsr WigdwPrsisAbleasiond Lgrothss t & RaLesWwth,

revention grquts and
P 15 gnd a content of greater than 30 parts will possibly have

an adverse influence on penetration capability.
[0018]
In the invention, the polyacrylic acid-based
dispersing agent is used. The polyacrylic acid-based
20 dispersing has a combined effect on preventing particles
from settling down in a suspension form and imparting
penetration capability to it. That dispersing agent is
characterized by being a copolymer represented by the
following general formula (2):
25 CH,=C (R') COO (R%0) 1R’ (2)
In Formula (2), R! stands for a hydrogen atom or a
methyl group, R?0 is indicative of an oxyalkylene group

having 2 to 4 carbon atoms such as —-CHyCH,O0-, -CH,CH,CH,0O-,



5 the like. Because of having good penetration capability, the inventive
hydraul i ¢ cenent conposition may al so be applied to sandy grounds
containing gravel, and effectively work for prevention of |iquefaction as
wel | . [0025] 10By way of exanple but not by way of limtation, the

i nventive execution nethod may rely upon execution installations used with
ordinary chem cal grouting and carried out pursuant to ordinary chem cal
grouting designs and schenes. For i nstantk, there is the mention 15 of a
met hod of puspi it m r |_n ] X¢ i e,. i.nj ecting
it in groundge%gggﬁgﬂﬁgérg§%#%§(ggaéﬁ §jwa3”g1 g%%ﬁg?%ﬁggg%nét% 9 @ay of
limtation, jshenr oaruged Bere tackddesqadcacRgkeoll R Qdmp rSigFgl e- pi pe
strainer rod, a doubl e-pipe rod, and doubl e- packer node 20 rod of a
doubl e- pi peadded mBaskcakl yhet Beyankenthee ghvdpaul A€ teseRtmbenrpesi tion for
soil injection may be injected in a one-shot node; however, depending on
the state ofdtibe modand (appbeed tpot braplr pates diispemay nge pomjeecigedtsi n 1. 5
shot or 2 shot 25 nodes while conmercially avail able setting accel erators
or others adihsvbffésiant, separaeel ytpgeped toEXARPRES [theze] wilit be a The
present invention will now be explained nore specifically wwth reference to
sone exanpl@sfffGBQVTtExbéﬂﬁﬁénﬁﬁﬂléxﬁﬁﬁﬂéglaSEPﬁé §eaditieg Brasit-f ur nace
slag, 20 parts of classifjied cenent per 100 parts of_ the fine grained

bl ast - f ur nace s$a§?%P§%n¢o¥ﬁat@%ﬁfﬁé%&mﬁ%@?CO%C?%-%%g% U SP8rsi ng agent

total, of . 100 parts of the fi i ped bl ast - | d
Clasei i §od REKAAY, aRD T0CABPER SHOUR PRCTaBFe™1 WoY i ST Poget ner for 1

mnute in 1.X i nt xture. Then, sodiumsilicate A was added
in such so??%5§g§t§% g%%ggtgrgggghomn in Table 1 to a total 100 parts of

the fing grai”eﬁx@%$§£r§uﬁ8ﬁ8ﬁe§k?gf@BdiﬁkéﬁﬁEELe@nﬁ@ﬁ%@t, and mxed for 1
mnute in a 15 grout mXer to prepare a grout conprising the inventive

hydraul i c cesEpetEQIBASI Hi0Bol OMos6i(hek R)) @etriy0aLeSheM vibkobghledel are the
vi scosity, conpression strength, penetration capability, outflow (that is
an i ndex togipeoeshonatmenhphctheaabi| pbyybotpienenyglyleel20 grout from

fl owi ng away) and shape of the grout as well as the result of water

penet r at i ommeest(iaghi acrpkasear i ngthhaydbadweshydenehglysolnass. For
conparative purposes, in the absence of sodiumsilicate A 20 parts of the
classified é@%ﬁgiaﬁéyéaﬁadeEGQBoﬁﬁ PodypaPPyLenet Hé YECde grai ned

bl ast-furnage_ o129.209,3.0 Rarho2l, LT BOLYASLY! 1 A5 d- based dispersing

(meth)acrylate, ethoxy polyethylene glycol (meth)acrylate,
ethoxy polypropylene glycol (meth)acrylate, ethoxy
polybutylene glycol (meth)acrylate, and propoxy
polyethylene glycol (meth)acrylate, wherein the number of

20 added moles of alkylene oxide is 5 to 40 moles. These
monomers may be used alone or in combination of two or
more. As long as the monomer represented by General
Formula (2) is contained, use may be made of a copolymer
combined with a monomer component having another chemical

25 structure.

Among these, preference is given to a copolymer

including methoxy polyethylene glycol (meth)acrylate, and

methoxy polypropylene glycol (meth)acrylate in view of



was added to a total of 100 parts of the fine grained blast-furnace slag
and classified cenent. Then, 966 18 parts of water were added to 100 parts
of the resulting mxture for a two-minute mxing in a grout mxer, thereby
preparing a grout conposed of a conparative hydraulic cenent conposition
for soil injection, and simlar 5 testing was carried out. The results are
al so shown in Table 1. [0028] Used Materjals Fi ne grai ned bl ast-furnace
slag: Comercially available, 10 fine gr%@ned bl ast -furnace slag having a

Blaine's v : 00 cn®/ d [ i f; c ified
cenent : Clggggf?% }gggeg? ggfgfﬁgdp%§%§ﬁéggi%F%gf%%%tgﬁn o?%ﬁ?lPS%t and
cenent, and,baxipgtackl ahpghsivalue of 9,700 cn/g, a median dianmeter of

4.1 15 pmand a cal cium carbonate content of 11.3% Pol yacrylic acid-based
di spersi ng agenthecﬁma@k biy avadl-ahkedpaliyperyling agiettbasealdi spersing
agent (based on nethoxy polyethylene glycol nethacrylate); in General
Formul a (2)hatR asmassethglageonpleR?2Qairs wand ghty etth plrerfe r2® 1gr oy Ofavi ng 2
carbon atons, R3 is a nmethyl group, and n = 23), with a nass average

mol ecul &r wepghf0eP022, 600 merrenseifedaby vt BE,CPC et BO OOMi-t h a st andard
substance consisting of a sodi um pol ystyrene sul fonate/ water system 25
Water: Fresh maBErWQMdPﬁn?§ﬁmpé8tguA:nA ubu¥ayordt LdRikaFleg aths ar ratio
n of 3.97 and_conposed of ,23,38% Si (2 and . 6. 07% Na20_ wi th Si 02+Na20
concent r at i DAL BRCOYL2G0RC19-PeEREs PhRPSIELES 89RGuEFRE €St 5T havi ng a

nolar ratio_n of 3.69 and having.a Si Q2 _concentration of 21.2% a 1(20
concentra;i%ﬂ 8?05?g@§%aﬁﬁe g%ﬁg%¥K§6chﬁc npﬁgFFdha §6¥§@65?0029§

Testing Met he yisg0gi et :
esting ?gg?eg?Péy Eag.¥5550§5%¥s“@§r”%a%%%%q ngqggcéakﬁgﬁfﬁg%ﬁﬁy

vi sconet er ni Xi Ag an a“tenperatire
conpr esgj ong $HEePYLAne80pTh 0L rBOULeWRN8y and the classified cement.

In the invention, the polyacrylic acid-based
dispersing agent may be used in combination with a
melamine-based dispersing agent.

[0019]

15 The alkali metal silicate salt imparts to the
hydraulic cement composition for soil injection the
ability to prevent it from flowing away. This ability to
prevent the composition from flowing away is achievable
by making it thixotropic.

20 Note here that “thixotropy” refers to the property of
a certain gel or fluid that is at first difficult to
fluidize like a solid, but gets fluidized like a liquid
with the application of force and behaves like a solid
with removal of that force. When it comes to a grouting

25 method, the thixotropic hydraulic cement composition of
the invention is allowed to have high fluidization by
injection pressure on injection, thereby having high

penetration capability so that it can easily penetrate



10 weighed in a formof 100 mmin height, after which 306 g of #5 silica
sand were charged in that form The viscosity was neasured at a nateri al
age of 28 days. The penetration capability was neasured pursuant to the
sanpl e preparation nethod for soils stabilized by 15 grouting prescribed by
JGS0831- 2000. Qoservation was nade of how the grout nade its way into a
nodel ground at an injection pressure of_  0.05 MPa, which nbdel ground was
prepared by hydraulically filling #5 sil¥ta sand up in an acryl pipe of 50
mmin di ane d 1,600 i n: hei 2 t ration t hhg:

Qut f | ow, Sh%%%?ﬁghd%%xanepgﬁér%§¥% ei%%iOR%%SPqugpgghgéigt%§€%e%%§ration
testing Wﬂst@aﬁé!gﬂegﬁﬁrﬁuiéaaﬂtstthEe vater deerehbat Fapwt askiynavert hod
for soils prescribed in JGS0311-2000. Ngre exactly, a 25 transparent acryl
vessel of (VhdRX2Reedm Wasaphgledunithg#adsehitcansane atrdarperosihey of 40.5%
to prepare a nodel ground. Note here that the acryl vessel for preparing

t he nodel groded.was provided at its bottomwith a filter 20 out of which
wat er and the grout flowed down. Near the center of the prepared nodel
ground tShere waBhe bigeterttharbrghawhichorndignsutlwassri piressede The t hus
prepared nodel ground vessel was imersed_as a whole in a tank 5 filled up
with water , P@RdiRheréifhangewate? Feter dlprérgneersFt3on:cRYOERELAFdr aulic

dient = 0.152 i nt aj ned_ bet 1. th dof th del d
oradient = 84l PLaLAes el ecn i pasr, end of Lhe ol grond
t f t 0 t 21120 _md. . of
tas constanLly dodc! oL el ekn0crentacerent 1 1200IL0f AAR SraL Vare

ground. Forydher putposecof cheekhig Lherstahe golheyset giroul FomRining in

t he nodel ground, t no ground vessel was taken apart after a materi al

age of ;gevef,sayse &5h?89aﬁbse_c5§kaﬁﬁéﬁt“@$_ penpyedqi-eamew.t hsp to observe
its shape. When the set mass waS in a substantially spherical shape, its

di anet er wesorfioimed No&eoheaespbal ribeambliatser ehela0kall iohmegmout was
rounded, the dianeter of the set mass was 6.1 cm 20[0030] Table 1 25
Ex. No. Sodisii Srdteatel WAt kowever, the grout does not flow away even
at a hydraulic gradient of 0.1 or greater.
[0020]

15 The alkali metal silicate salt used with the
inventive hydraulic cement composition for soil injection
is represented by the following general formula (1) where
the molar ratio n is at least 3.5. |

R,0°nSi0, where R is an alkali metal °*++ (1)

20 The alkali metal silicate salt includes sodium.
silicate, potassium silicate, and lithium silicate, among
which sodium silicate is most preferred in view of stable
supply and price. The alkali metal silicate salt exists
in aqueous solution and powder forms, and there is a

25 wider selection of aqueous solutions commercially
available; so those aqueous solutions go the mainstream
of the alkali metal silicate salt when used with grouts,

because they are of good workability too.



8

npression Strength(N m®2) Penetration 1-1 1-2 1-3 1-4
A1l.0 A1l.5 966 665 664 663 962 4 29 34 38 33 0.5 1.0

10

15

20

25

954 947 944 962

14

Referring to the molar ratio n, the ability to
prevent the grout from flowing away will go down at less
than 3.5, and too much alkali content may possibly lead
to concern that the hydration reaction of cement is held
back, resulting in decreased strengths. Accordingly, the
molar ratio n must be at least 3.5, and preferably 3.7 to
5.0. A molar ratio n of at least 3.5 causes the alkali
content of the alkali metal silicate salt to get low,
easing loads on the environment.

[0021]

The content of the alkali metal silicate salt should
be 0.2 to 7 parts (in the case of an aqueous solution,
0.2 to 7 as calculated on a solid basis) per a total of
100 parts of the fine grained blast-furnace slag and
classified cement, and preferably 1 to 4.5 parts. At
less than 0.2 parts, the ability to prevent the grout
from flowing away will diminish. At greater than 7 parts,
on the other hand, the viscosity will decrease and the
ability to prevent the grout from_flowing away will again
diminish. In addition, the alkali metal silicate salt
and the cement will come together into a coagulation,
resulting in a decrease in penetration capability.

[0022]

It is here to be noted that inventive hydraulic
cement composition for soil injection may be used in
combination with known cement admixture agents
(materials) unless its own performance is otherwise

affected. For instance, there is the mention of AE

5
ull Full Full Full 215 1-6 1-7 1-8 1-9 1-10 A 3.0 A 4.5
7



42 45 52 5 35 0.6 0.6 0.6 0.4 0.8 Full Full Full 760mm Full In the
"penetration” colum, the full neans full penetration, and the shape of
Experiment No. 1-9 is anorphous due to no penetration of the grout, and *
in Experinment No. 1-10 shows that potassiumsilicate is used instead of
sodiumsilicate. 10 Table 1(continued) Ex.Qutflow No. Shape Di aneter of

t heRemar ks Set Mass(LengthXWdth cm 1-1Qutflow No trace of Conparative
15 after 5 min. of the set nass 15

agents, AE water-reducing agents, high-performance water-
reducing agents, high-performance AE water-reducing
agents, fluidizers, retarders, early-strength agents,
defoamers, thickeners, waterproof agents (materials),

5 expanding agents (materials), hardening accelerators,
shrinkage-reducing agents (materials), rust preventives,
polymer emulsions for cement admixture, and clay minerals.
[0023]

The inventive hydraulic cement composition for soil

10 1injection is applied in a milk form with water added to
it. The more the amount of water added, the better the
penetration capability becomes, but the more likely
material separation is to occur, causing the cement milk
to be clogged up in a pumping hose. As the amount of

15 water added is too small, it will cause the viscosity of
the cement milk to grow too high for penetration
capability. The optimum range of the water used is
preferably 400 to 1,500 parts, and more preferably 700 to
1,200 parts, per a total of 100 parts of the fine grained

20 blast-furnace slag, classified cement and polyacrylic
acid-based dispersing agent.

[0024]
The inventive soil improvement method may be applied
to everywhere as long as it is used for soft ground

25 improvement. For instance, it may be applied just only
to grounds having various structures located thereon,
typically harbors, river and shore banks, airports, and

municipal and mountainous soft grounds but also for the



1-2No outfl ow Substantial sphere 6.1X5.8 Inventive 1-3No outflow Sphere
6.0x5.9 Inventive 1-4No outflow Sphere 5.9x6.0 Inventive 1-5No outflow

Subst anti al

10

15

20

25

sphere
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purpose of cut-off or shield-off grouts, heaving
prevention grouts, subsidence prevention grouts, blow
prevention grouts, soil pressure-reducing grouts, support
power-increasing grouts, suction prevention grouts and
the like. Because of having good penetration capability,
the inventive hydraulic cement composition may also be
applied to sandy grounds containing gravel, and
effectively work for prevention of liquefaction as well.
[0025]

By way of example but not by way of limitation, the
inventive execution method may rely upon execution
installations used with ordinary chemical grouting and
carried out pursuant to ordinary chemical grouting
designs and schemes. For instance, there is the mention
of a method of pumping cement milk prepared in a mixer
via a hose, and injecting it in ground via an underground
rod. By way of example but not by way of limitation, the
rod used here includes a single-pipe rod, a single-pipe
strainer rod, a double-pipe rod, and double-packer mode
rod of a double-pipe.

Basically, the inventive hydraulic cement composition
for soil injection may be injected in a one-shot mode;
however, depending on the state of the ground applied or
the purposes, it may be injected in 1.5 shot or 2 shot
modes while commercially available setting accelerators
or other admixtures are separately pumped.

EXAMPLES

[0026]



5.8X6.1 Inventive 20 1-6No outfl ow Substantial sphere 6.0X5.8 Inventive
1-7No outflow Substantial sphere 6.0X5.8 Inventive 1-8No outflow
Substantial sphere 6.1X5.8 Inventive 1-9CQutflow after 10 m n. Anorphous

10

15

20

25
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The present invention will now be explained more
specifically with reference to some examples.
[0027] |
Experimental Example i

Fine grained blasf—furnace slag, 20 parts of
classified cement perfloO parts of the fine grained
blast-furnace slag, 1Epart of the polyacrylic acid-based
dispersing agent per 5 total of 100 parts of the fine
grained blast—furnace'slag and classified cement, and
water shown in Table i were mixed together for 1 minute
in a grout mixer into a mixture. Then, sodium silicate A
was added in such solid matter amounts as shown in Table
1 to a total 100 parts of the fine grained blast-furnace
slag and classified cement, and mixed for 1 minute in a
grout mixer to prepare a grout comprising the inventive
hydraulic cement composition for soil injection.

Shown in Table 1 are the viscosity, compression
strength, penetration capability, outflow (that is an
index to the estimation of the ability to prevent the
grout from flowing away) and shape of the grout as well
as the result of water penetration testing for measuring
the diameter of the set mass.

For comparative purposes, in the absence of sodium
silicate A, 20 parts of the classified cement were added
to 100 parts of the fine grained blast-furnace slag and
1.0 part of the polyacrylic acid-based dispersing agent
was added to a total of 100 parts of the fine grained

blast-furnace slag and classified cement. Then, 966



| mreasur abl e Conparative 25 1-10 No outfl ow Substantial sphere 5.8X6.1

I nventive 22 mxing was 29 to 52 nPa.s in Experinent Nos. 1-2 to 1-8
wherein the anount of sodiumsilicate was 0.2 to 7 parts. On the other
hand, the viscosity was 4 nPa.s in Experinment No. 1-1 free from sodi um
silicate, and 5 nPa.s 5 in Experinent No. 1-9 using 8 parts of sodium
silicate, both lower than the figures ohtained in the inventive exanpl es.
The conpression strength was 0.6 to 1.4 nm in Experinent Nos. 1-2 to

1-8. On th%ﬂ@rof%ef hee 20 &&&@&%&'P@osﬁéﬁﬂgtbf“@ﬁe resh kg n
Experinment 'No. 1-1 (conparative), : In Experinment No. 1-9

(conparat i \ﬁej)xture fc&l‘f£rﬁw&9nir%t€é19mﬂ£ﬂﬁc§ r@ﬁl Qngf?@@@bmhkék‘, thergpout
penetrated full down the 1,000 mm hei ght acryl pipe in 15 Experinent Nos.

1-2 to 1-8 duepeaninyed aurshiExpatipoead NO. a ledmpaoaparat hyeyraul hcExperi ment
No. 1-9 (conparative), on the other hand, the grout did not penetrate full
down: it perestardt exbressit7Eon nfor [HOBL] igikat Faperan@nsimblat- 9
(conparative) wherein the sodiumsilicate content was 8 parts, nore than
0.2 to 7 paiasfinerwas terrtied a0o. phresresuthe 2Faeagea ABEWB| 4Bt - f ur nace
sl ag and cl a55| fied cenment, the penetration capability and conpression
strength werdd Sonewhat Iovver 25 than those obtained in Experinment No. 1-5,
and in the Wegﬁ penetration testing, the grout flowed out of the acryl

pi pe only 1 utes after injection: an anorphous set mass was found due

to no uniqusrgd)%egéﬂé'fgn of the

Fine grained blast-furnace slag: Commercially available,

10 fine grained blast-furnace slag having a Blaine’s value
of 10,500 cm?/g and a median diameter of 3.6 um
Classified cement: Classified cement obtained by
classification of normal Portland cement, and having a
Blaine’s wvalue of 9,700 cmz/g, a median diameter of 4.1

15 um ahd a calcium carbonate content of 11.3%

Polyacrylic acid-based dispersing agent: Commercially

available polyacrylic acid-based dispersing agent (based
on methoxy polyethylene glycol methacrylate); in General
Formula (2), R! is a methyl group, R°0 is an oxyethylene

20 group having 2 carbon atoms, R® is a methyl group, and n
= 23), with a mass average molecular weight of 42,000 as
measured by the GPC method (with a standard substance
consisting of a sodium polystyrene sulfonate/water
system)

25 Water: Fresh water
Sodium silicate A: Agueous solution having a mélar ratio
n of 3.97 and composed of 23.38% Si0O, and 6.07% Naz0 with

a Si0,+Na,0 concentration of 29.45%



23 grout. In Experinment No. 1-1 (conparative) free from sodi um
silicate, the penetration capability was simlar to that of Experinment No.
1-5, but the conpression strength was 5 sonewhat lower. In the water
penetration testing, the grout flowed out of the acryl pipe 5 mnutes after
injection, leaving no trace of the set nmass: there was no effect on soil

i nprovenent (reinforcenent) at all. [Ooal?gl 10 Experinental Exanple 2
Experimental Exanple 1 was repeated wit he exception that the sodium

silicates showsdn,fab] £; 2. W8l epldsedusNs8MuBiBHNhafind: 8 RBLEE @8tio
calculated on a solid basis per a total of 100 parts of the fine grained

bl ast- 15 fursace. 66 agn@nga¢lngsafsed, casmint dhel sresat tB1 a2%, ShoO i n

Tabl e 2. [0034] Used Materials Sodiumsilicate B: Aqueous sol ution having
a nmol ar ratécen@htrotidn 96 a. 6% P2acdngedi0atK.0n cohcEAtFGXisamd cef Na20
concentration of 4.07% w th a Si02+Na20 concentration of 23.63% Sodi um
silicate C.3Ajfreous solution haying a nolar ratio n of 3.74, a Si02
concentration of 24.00% and a Na20 25 concentration of 6.62%with a

Si 02+Na20 coheehtration of 30.62% Sodiumsilicate D: Aqueous sol ution
haying a nolar ratio n of 3.5, a 5i02 concentration of 25.61% and a Na20 24
concent r at i gBSbing MEh9fEh a Si 02+Na20 concentration of 33.16% Sodi um

oncent rat i on- o 2! BH98 Shid o REZD R RERAGHE Pt FoR-bI8. A36RRTh a

Si 02+Na20 concentration of 38,27% [ 0035] _Tabl : i_yum 9
S 11 oat ovat GTVTRREETE o eBhot BEST oltt PORE: FREI 8% Ro FESRBIaEe of 25
Rat'O(WPaS)Streﬁgghéﬁgn@g&pression strength, 80 ml of grout were

10 weighed in a form of 100 mm in height,.after which 306 g

of #5 silica sand were charged in that form. The
viscosity was measured at a material age of 28 days.
The penetration capability was measured pursuant to

the sample preparation method for soils stabilized by

15 grouting prescribed by JGS0831-2000. Observation was
made of how the grout made its way into a model ground at
an injection pressure of 0.05 MPa, which model ground was
prepared by hydraulically filling #5 silica sand up in an
acryl pipe of 50 mm in diameter and 1,000 mm in height.

20 Water Penetration Testing: Outflow, Shape, and Diameter

of the Set Mass

The water penetration testing was carried out
pursuant to the water penetration testing method for
soils prescribed in JGS0311-2000. More exactly, a

25 transparent acryl vessel of ¢10X23 cm was packed with #5
silica sand at a porosity of 40.5% to prepare a model
ground. Note here that the acryl vessel for preparing

the model ground was provided at its bottom with a filter



2-1E3.16 2-2D3.5 2-3C3.74 1-5A3.97 963 922 962 962 80.4 250.5 280.6 330.7
Full Full Full Full 15 2-4B4.96 960 410.8 Full Tabl e 2(conti nued)
Ex. Qut fl ow Shape D aneter of the

20

out of which water and the grout flowed down. Near the
center of the prepared model ground there was a pipe set
through which the grout was injected. The thus prepared
model ground vessel was immersed as a whole in a tank

5 filled up with water, and there was a water level
difference of 3.5 cm (the hydraulic gradient = 0.152)
maintained between the upper end of the model ground
vessel and the tank filled up with water. Under such
conditions that water was constantly fed for water

10 replacement, 120 ml of the grout were injected through
the pipe to observe how the grout flowed out of the model
ground. For the purpose of checking the state of the set
grout remaining in the model ground, the model ground
vessel was taken apart after a material age of seven days,

15 and the set mass was removed from within to observe its
shape. When the set mass was in a substantially
spherical shape, its diameter was found. Note here that
when the set of 120 ml of grout was rounded, the diameter

of the set mass was 6.1 cm.

20 [0030]
Table 1
Ex. No. Sodium Water Viscosity Compression Penetration
Silicate (mPa-*s) Strength(N/mmﬁ
1-1 -0 966 4 0.5 Full
25 1-2 A 0.2 665 29 1.0 Full
1-3 A 0.5 664 34 1.1 Full
i-4 A 1l.0 663 38 1.4 Full

1-5 A 1.5 962 33 0.7 Full



Remarks No. Set Mass(LengthXWdth cnm) 20 2-1Qutflow after 10 mn.

Anor phousl mmeasur abl e Conparative 2-2No outflow Substantial sphereb. 6X6.0

I nventive 2-3No outflow Substantial sphere5.7X5.9 Inventive 1-5No outflow
Substantial sphere5. 8X6.1

21
1-6 A 3.0 957 42 0.6 Full
1-7 A 4.5 954 45 0.6 Full
1-8 A 7.0 947 52 0.6 Full
1-9 A 8.0 944 5 0.4 760mm
5 1-10 ¥ 1.5 962 35 0.8 Full

In the “penetration” column, the full means full penetration, and
the shape of Experiment No. 1-9 is amorphous due to no

penetration of the grout, and * in Experiment No. 1-10 shows that

potassium silicate is used instead of sodium silicate.

10
Table 1 (continued)
Ex. Outflow Shape Diameter of the Remarks
No. Set Mass (LengthXWidth cm)
1-1 Outflow No trace of - Comparative
15 after 5 min. of the set mass
1-2 No outflow Substantial sphere 6.1X5.8 Inventive
1-3 No outflow Sphere 6.0X5.9 Inventive
1-4 No outflow Sphere 5.9X6.0 Inventive
1-5 No outflow Substantial sphere 5.8X6.1 Inventive
20 1-6 No outflow Substantial sphere 6.0X5.8 Inventive
1-7 No outflow Substantial sphere 6.0X5.8 Inventive
1-8 No outflow Substantial sphere 6.1X5.8 Inventive
1-9 Outflow - Amorphous Imm.easurable Comparative
after 10 min.
25 1-10 No outflow Substantial sphere 5.8X6.1 Inventive

[0031]

As can be seen from Table 1, the viscosity just after



I nventive 25 2-4No outfl ow Substanti al sphere5.7X6.2 Inventive [0036] From
Table 2, it has been found that the grouts of 25 Experinent Nos. 1-5 and
2-2 to 2-4 wherein the alkali netal silicate salts are used in an anmount of
1.5 parts as calculated on a solid basis per a total of 100 parts of the
fine grained blast-furnace slag and classified 5 cenent have a viscosity of
as high as 25 to 41 nPa.s just after ni:#;g and a conpression strength of
as high as 0.5 to 0.8 Nm®2 at a materi age of 28 days; so they are

i d i f i il h [ f f th
inproved in tern Qa%pggekgagboagéggﬁgg §%¥aﬁgﬂgn£ ﬁﬁg.|§_gotpug_gom10 t he

grouts in the™wat el “pefiet rat ©'én ereirn the hydraulic gradi ent

was relativghyr&ighth¥ sfbun® bl tREiskl sAASSakepivaisn 0a 2sibs7aphiralsl.y
spherical shape, indicating that the grouts are inproved in terns of the

ability to greveatothem fired, f Law R savway iyl haEXpempaest iNo. 2-1 wherein
the molar ratio n of 15 sodiumsilicate was 3.16 |less than 3.5, the

penetrati onEggpabinbht yNvas1sintkae feomhabdinmEspédiceert, Mod b- HPabset t he
conpression strength was sonewhat |ower, and the grout flowed out of the
acryl pispe 10 Fikperémentt¥p.i Aj8ctiséngi § Phatwardr speieny stildgatest i ng,
resulting in 20 an anor phous set mass. [0037] Experinental Exanple 3
Experinenta?OERahﬁWEthga§ EBBedi gy &St RPERA NELCdpt (tOF ﬂﬁ&@ngéggun1silicate
A was used in an_anmount of 25 1.5 parts as calculated on a solid basis per
a total of S1®BPp&EFts of the fine grained bl ast-furnace slag and classified

cement, and the,pol ¥acLYLLE;8E! dePaRgendlaRe0S " YAGeN nHhgen AN Tabl e 3
Experiment Nos. 1-2 to 1-8. On the other hand, the

10 compression strength was 0.5 N/mm? in Experiment No. 1-1
(comparative), and 0.4 N/mm? in Experiment No. 1-9
(comparative) .

Referring to the penetration capability, the grout
penetrated full down the 1,000 mm-height acryl pipe in

15 Experiment Nos. 1-2 to 1-8 (inventive) and Experiment No.
1-1 (comparative). In Experiment No. 1-9 (comparative),
on the other hand, the grout did not penetrate full down:
it penetrated just 760 mm.

[0032]

20 In Experiment No. 1-9 (comparative) wherein the
sodium silicate content was 8 parts, more than 0.2 to 7
parts, per a total of 100 parts of the fine grained
blast-furnace slag and classified cement, the penetration
capability and compression strength were somewhat lower

25 than those obtained in Experiment No. 1-5, and in the
water penetration testing, the grout flowed out of the
acryl pipe only 10 minutes after injection: an amorphous

set mass was found due to no uniform penetration of the



26 are shown in Table 3. [0038] 5 Ex. No. Table 3 Polyacrylic Acid- Water
Vi scosi t yConpr essi on Di spersing Agent (nPass) Strengt h(N mmR) Penetration
3-1 0.0 962630.7 500 mm 3-2 0.1 962580.7 900 mm 3-3 0.3 962450.7

10

15

20

25

23

grout.

In Experiment No. 1-1 (comparative) free from sodium
silicate, the penetration capability was similar to that
of Experiment No. 1-5, but the compression strength was
somewhat lower. In the water penetration testing, the
grout flowed out of the acryl pipe 5 minutes after
injection, leaving no trace of the set mass: there was no
effect on soil improvement (reinforcement) at all.

[0033]
Experimental Example 2

Experimental Example 1 was repeated with the
exception that the sodium silicates shown in Table 2 were
used in an amount of 1.5 parts as calculated on a solid
basis per a total of 100 parts of the fine grained blast-
furnace slag and classified cement. The results are
shown in Table 2.

(0034]

Used Materials

Sodium silicate B: Aqueous solution having a molar ratio
n of 4.96, a Si0O, concentration of 19.56% and a Nax0
concentration of 4.07% with a Si0,+Nay0 concentration of
23.63%

Sodium silicate C: Aqueous solution having a molar ratio
n of 3.74, a Si0O, concentration of 24.00% and a Nay0
concentration of 6.62% with a Si0,+Na,0 concentration of
30.62%

Sodium silicate D: Agueous solution having a molar ratio

n of 3.5, a Si0, concentration of 25.61% and a Nay0O



Full 1-5 1 962330.7 Ful
Tabl e 3(conti nued)

10

15

20

25

10 3-4 2 962280.5 Full 3-5 3 962260.4 Ful
Ex. Cutfl ow

24

concentration of 7.55% with a Si0,+Na,0 concentration of

33.16%

Sodium silicate E: Aqueous solution having a molar ratio

n of 3.16,

a Si0, concentration of 28.84% and a Na0

concentration of 9.43% with a Si0,+Na,0 concentration of

38.27%
[0035]

Ex. Sodium Silicate

No. Type Molar Ratio

Table 2

Water Viscosity Compression Penetration

(mPa*s) Strength (N/mm?)

2-1 E 3.16 963 8 0.4 Full

2-2 D 3.5 922 25 0.5 Full

2-3 C 3.74 962 28 0.6 Full

1-5 A 3.97 962 33 0.7 Full

2-4 B 4.96 960 41 0.8 Full

Table 2 (continued)

Ex. Outflow Shape Diameter of the Remarks

No. Set Mass (LengthXWidth cm)

2-1 Outflow Amorphous Immeasurable Comparative
after 10 min.

2-2 No outflow Substantial sphere 5.6X6.0 Inventive

2-3 No outflow Substantial sphere 5.7X5.9 Inventive

1-5 No outflow Substantial sphere 5.8X6.1 Inventive

2-4 No outflow Substantial sphere 5.7X6.2 Inventive

[0036]

From Table 2,

it has been found that the grouts of



ShapeDi aneter of the Remarks 15 No. Set Mass(LengthXwdth cn) 3-1 No
out fl ow Sphere5. 0X5.0 Conparative 3-2 No outflow Sphere5.1X5.2 Inventive
3-3 No outfl ow Sphere5.5X5.7 Inventive 1-5 No outflow Substanti al

Spher e5. 8X6. 1

25

Experiment Nos. 1-5 and 2-2 to 2-4 wherein the alkali
metal silicate salts are used in an amount of 1.5 parts
as calculated on a solid basis per a total of 100 parts
of the fine grained blast-furnace slag and classified
5 cement have a viscosity of as high as 25 to 41 mPa‘*s just
after mixing and a compression strength of as high as 0.5
to 0.8 N/mm? at a material age of 28 days; so they are
improved in terms of penetration capability, and there is
no outflow of the grouts in the water penetration testing
10 wherein the hydraulic gradient was relatively tightly set,
with the set mass kept in a substantially spherical shape,
indicating that the grouts are improved in terms of the
ability to prevent them from flowing away.
In Experiment No. 2-1 wherein the molar ratio n of
15 sodium silicate was 3.16 less than 3.5, the penetration
capability was similar to that in Experiment No. 1-5, but
the compression strength was somewhat lower, and the
" grout flowed out of the acryl pipe 10 minutes after
injection in the water penetration testing, resulting in
20 an amorphous set mass.
[0037]
Experimental Example 3
Experimental Example 2 was repeated with the
exception that sodium silicate A was used in an amount of
25 1.5 parts as calculated on a solid basis per a total of
100 parts of the fine grained blast-furnace slag and
classified cement, and the polyacrylic acid-based

dispersing agent shown in Table 3 was used. The results



I nventive 20 3-4 No outfl ow Substantial Sphere6.2X5.9 Inventive 3-5 A
littl eSubstantial Sphere6.3X5.7 Inventive [0039] Wth the grout of
Experiment No. 3-1 wherein no poly-acrylic acid-based dispersing agent was
used, there was 25 no outflow of the grout in the water penetration
testing, but there was barely 500 mm penetration in the penetration
testing. [0040] 27 Experinental Exanple, 4 Experi nental Exanple 2 was
repeated with the exception that sodi um%?l icate A was used in an anmount of
1.5 parts a r%agﬁg\lﬂﬁt ed eppacsalid basis per a total of 5 100 parts of the
fine graine | ast-furnace slag and classified cenent, and the fine grained
bl ast-furnaggosgag and classified cenent shown in Table 4 were used. The
results are shown in Table 4. [0041] 10Table 4 Ex. Fine G ained

Bl ast - Furnace Sl agC assified Cenment WNablBl & ne's Val ue Medi an Di aneter

Bl ai ne' s Val ue Medi an Di anet er
Ex. Polyacrylic Acid- Water Viscosity Compression Penetration

5 No. Dispersing Agent (mPa-*s) Strength(N/mmz)
3-1 0.0 962 63 0.7 500 mm
3-2 0.1 962 58 0.7 900 mm
3-3 0.3 962 45 0.7 Full
1-5 1 962 33 0.7 Full
10 3-4 2 962 28 0.5 Full
3-5 3 962 26 0.4 Full

Table 3 (continued)

Ex. Outflow Shape Diameter of the Remarks
15 No. Set Mass (LengthXWidth cm)
3-1 No outflow Sphere 5.0X5.0 Comparative
3-2 No outflow Sphere 5.1X5.2 Inventive
3-3 No outflow Sphere 5.5X5.7 Inventive
1-5 ©No outflow Substantial Sphere 5.8X6.1 Inventive
20 3-4 No outflow Substantial Sphere 6.2X5.9 Inventive
3-5 A little Substantial Sphere 6.3X5.7 Inventive
[0039]

With the grout of Experiment No. 3-1 wherein no poly-
acrylic acid-based dispersing agent was used, there was
25 no outflow of the grout in the water penetration testing,
but there was barely 500 mm penetration in the
penetration testing.

[0040]



4-17, 3006. 39, 7004. 1 1-510, 5003.69, 7004. 1 154-215, 7001. 39, 7004. 1
4- 310, 5003. 67, 5006. 8 4-410, 5003. 615,5001.6 Table 4 (continued) 20 Ex. No.
Wat er Vi scosi t yConpr ession Strength Penetration 25 (mPa. $) (N mmR)
1-5 4-2 962 962 962 29 33 38 0.5

10

15

20

25

27

Experimental Example 4

Experimental Example 2 was repeated with the
exception that sodium silicate A was used in an amount of
1.5 parts as calculated on a solid basis per a total of
100 parts of the fine grained blast-furnace slag and
classified cement, and the fine grained blast-furnace
slag and classified cement shown in Table 4 were used.
The results are shown in Table 4.
[0041]

Table 4

Ex. Fine Grained Blast-Furnace Slag Classified Cement

No. Blaine'’s Value Median Diameter Blaine’s Value Median Diameter

4-1 7,300 6.3 9,700 4.1
1-5 10,500 3.6 9,700 4.1
4-2 15,700 1.3 9,700 4.1
4-3 10,500 3.6 7,500 6.8
4-4 10,500 3.6 15,500 1.6

Table 4 (continued)

Ex. No. Water Viscosity Compression Strength Penetration
(mPa-+s) (N/mm?)

4-1 962 29 0.5 900 mm

1-5 962 33 0.7 Full

4-2 962 38 0.8 Full

4-3 962 32 0.6 Full

4-4 962 35 0.7 Full

4-1



0.7 0.8 900 mMm Full Full 4-3 4-4 962 962 32 35 0.6 0.7 Full Full 28 Table
4 (continued) Ex.Qutfl owShapeD aneter of theRemarks No. Set

mass(Lengt hXwi dth cm) 4-1 No outflow Substantial Sphere5. 7X6. 0l nventive
51-5 No outfl ow Substantial Sphereb.8X6. 1l nventive 4-2 No outfl ow

Subst antial Sphere6. 1X5. 9l nventi ve

28

Table 4 (continued)

Ex. Outflow Shape Diameter of the Remarks

No. Set Mass (LengthXWidth cm)

4-1 No outflow Substantial Sphere 5.7X6.0 Inventive
5 1-5 No outflow Substantial'Sphere 5.8X6.1 Inventive

4-2 No outflow Substantial Sphere 6.1X5.9 Inventive

4-3 No outflow Substantial Sphere 5.7X6.1 Inventive

4-4 No outflow Substantial Sphere 5.8X6.1 Inventive
10 [0042]

The grout obtained using the fine grained blast-
furnace slag having a Blaine’s value of 7,300 cm?/g and a
median diameter of 6.3 pum and the classified cement
having a Blaine’s value of 9,700 cm?/g and a median
15 diameter of 4.1 um penetrated 900 mm: there was no full
penetration achievable.
[0043]
Experimental Example 5
Experimental Example 2 was repeated with the
20 exception that sodium silicate A was used in an amount of
1.5 parts as calculated on a solid basis per a total of
100 parts of the fine grained blast-furnace slag and
classified cement, and the classified cement was used in
such amounts as shown in Table 5 per 100 parts of the
25 fine grained blast-furnace slag. The results are shown
in Table 5.

[0044]



4-3 No outflow Substantial Sphere5.7X6. 1l nventive 4-4 No outfl ow

Subst anti al Sphereb. 8X6. 1l nventi ve 10[ 0042] The grout obtained using
the fine grained blast-furnace slag having a Blaine's value of 7,300 cnR/g
and a nedian dianeter of 6.3 Rmand the classified cement having a Blaine's
value of 9,700 cnk/g and a nedi an 15 di aneter of 4.1 Rm penetrated 900 nm
there was no full penetration achievabl;e,f2 [ 0043] Experinmental Exanple 5
Experimental Exanple 2 was repeated wit %he 20 exception that sodium
silicate A was used in an anmount of #gBjpakts as calculated on a solid
basis per a total of 100 parts of the fine grained blast-furnace slag and
classified geneditassanded he wdtassiviseds copeosmpessused | reesuehtanbunt s as
shown in Table 5 per 100 parts of the 25 fine grained bl ast-furnace sl ag.
The resultsnare cchewn in Table 5. (h0844] sR2ngtEx(N/Ma’) O assified Cenent

Wat er Table Viscosity (nPa.$) 5 Conmpression Strength (N mR)

5-1 0 962 5 0 Full

5 5-2 5 962 12 0.4 Full
5-3 10 962 28 0.5 Full
1-5 20 962 33 0.7 Full
5-4 25 962 35 0.8 Full
5-5 30 962 38 1.0 900 mm

10 The parts of the classified cement were per 100 parts of the

fine grained blast-furnace slag.

Table 5 (continued)

Ex. Outflow Shape Diameter of the Remarks
15 No. Set Mass (LengthXWidth cm)

5-1 Outflow No trace of Immeasurable Comparative

after 5 min. the set mass

5-2 A 1little Substantial sphere 6.3X5.6 Inventive

5-3 No outflow Substantial sphere 6.1X6.0 Inventive
20 1-5 No outflow Substantial sphere 5.8X6.1 Inventive

5-4 No outflow Substantial sphere 5.8X6.2 Inventive

5-5 No cutflow Substantial sphere 5.8X6.1 Inventive

[0045]

Referring to Experiment No. 5-1 using none of the
25 classified cement, the grout penetrated full down the
acryl pipe in the penetration testing, but in the water
penetration testing, the grout flowed out of the acryl

pipe 5 minutes after injection, leaving no trace of any



Permeation 5-1 5-2 5-3 1-5 5-4 5-5 0 5 10 20 25 30 962 962 962 962 962 962
512 28 33 3538 00.40.50.70.81.0Full Full Full Full Full 900 mMm
10The parts of the classified cenment were per 100 parts of the fine grained
bl ast-furnace slag. Table 5(continued) Ex.Qutfl owShapeDi aneter of

t heRemar ks 15No. Set Mass (LengthXWdth cm 5-1 QutflowNo trace

of | mreasur abl eConparative after 5 mn. t set mass 5-2 A I|ttIeSubstant|aI
sphere 6. 3X5. 6l nventive 5-3 No outfl owSubstantial sphere 6.1X6.0lnventive

201-5 No ougf{onsubst anhi abh-$RHCEBaR: 8XBrLl AVERbi ¥eracd M@ ground
out f| owSubst anti al Sphere 5.8X6. 2l nventi ve

improvement (reinforcement) at all.
[0046]

From the aforesaid results, it has been found that

5 the inventive hydraulic cement composition for soil

injection - which contains fine grained blast-furnace
slag, classified cement, a polyacrylic acid-based
dispersing agent and an alkali metal silicate salt acting
as an agent for preventing a grout from flowing away,

10 wherein the alkaline metal silicate salt is used in a
molar rate n of at least 3.5 in General Formula (1), and
in an amount of 0.2 to 7 parts per a total of 100 parts
of the blast-furnace slag and classified cement - is
improved in terms of penetration capability and the

15 ability to prevent grouts from flowing away, and
contributes more to sufficient strength and long-term

durability.

APPLICABILITY TO THE INDUSTRY
20 [0047]

Being improved in terms of penetration capability and
the ability to prevent grouts from flowing away, and
contributing more to sufficient strength and long-term
durability, the inventive hydraulic cement composition

25 for soil injection could be applied to reinforcement
construction for a variety of soft soils such as
prevention of liquefaction of sandy soils at harbors,

coastal areas, and so on.



5-5 No outfl owSubstantial sphere 5.8x6.1lnventive [0045] Referring to
Experinent No. 5-1 using none of the 25 classified cenent, the grout
penetrated full down the acryl pipe in the penetration testing, but in the
wat er penetration testing, the grout flowed out of the acryl pipe 5 m nutes
after injection, leaving no trace of any 30 set nmass, indicating that
there is no effect on ground i nprovenent %reinforcenent) at all. [0046]
Fromthe aforesaid results, it has been $bund that 5 the inventive
hydraul i c cement conposition fguagokk RREeEEDORS: Which contains fine

grai ned bl ast-furnace slag, classified cenent, a polyacrylic acid-based

di spersing agent and an alkali netal silicate salt acting as an agent for
preventing a grout fromflow ng away, 10 wherein the al kaline netal
silicate salt i%.usedydinaal ol aemeatecpmpbsatibeafor3.swiiln iGgrertalorfor mul a
(1), and in an anount of 0.2 to 7 parts per a total of 100 parts of the

bl ast - f ur nackeaséageanded| hgscbnedinengntfinei grinpedy &d aist —ttayrmg cef
penetration capability and the 15 abilit{ to prevent grouts fromflow ng
away, arhd coha®gi bolessibiedt eenanti creROlyRCENGLR aFdd-83§SCer m durability.
APPLI CABI LI TY TO THE | NDUSTRY 20[ 0047] Being inprqved in terns of ,
penetrationdéﬁﬁﬁﬁﬁFPEyaaﬁHttﬁédaBPIPﬁ%aﬁé B%é@én§1é96ﬁF§ FRdh ACGHSy away,

d contributi to sufficient strength and |ong-t durability, th
vent | ve. 0 &%) FECbrERE CORBBOLtRan o8 PF SHCT MGt HoAERdl d b

appl i ed to yelplofoepent) GOASHEURLLED £9n ;2 variaty gfs Sakly §9j ls such as
prevention 0 quue actron of 'sandy Soils at harbors, coastal areas, and so
on. 31 molar rate n of at least 3.5 in the following general
10 formula (1), and in an amount of 0.2 to 7 parts per a
total of 100 parts of the fine grained blast-furnace slag

and classified cement:

R,0°nSi0, where R is an alkali metal -++° (1)

15 2. A hydraulic cement composition for soil injection
as recited in claim 1, characterized in that the poly-
acrylic acid-based dispersing agent is a copolymer that
contains a monomer represented by the following general
formula (2):

20 CH,=C (R') COO (R%0) nR* <0 (2)
where R! is a hydrogen atom or a methyl group, R?0 is an
oxyalkylene group having 2 to 4 carbon atoms, n is an
integer of 5 to 40, and R?® is a hydrogen atom or an alkyl
group having 1 to 5 carbon atoms.

25

3. A hydraulic cement composition for soil injection
as recited in claim 1, characterized in that the fine

grained blast-furnace slag and the classified cement have



WHAT IS CLAIMED 1S: 1. A hydraulic cenent conposition for soil injection,
characterized by containing fine grained blast-furnace 5 slag, classified
cenment, a polyacrylic acid-based dispersing agent and an al kali net al
silicate salt acting as an agent for preventing a grout fromfl ow ng away,
wherein the alkaline netal silicate salt is used in a nolar rate n of at
|l east 3.5 in the follow ng general 10 fqﬁﬁula (1), and in an anount of 0.2
to 7 parts per a total of 100 parts of tMe fine grained blast-furnace sl ag
and cl assifd£d, Cempnlin K20 85k 02ryBeserRabs abed! ¥alhemBal, ooo(2p 152. A
hydraul i c cenment conposition for soil injection as recited in claiml,
characteri zegl ddgv tda?/d P ¥nRtrat | & Aed b Pased diSpenging agent is a
copol ymer that contains a nononer represented by the foll ow ng general
formula (2): 20CH2=C(R1) CO0(R20)nR3...(2) where R is a hydrogen atomor a
met hyl group, R20 is an oxyal kyl ene group having 2 to 4 carbon atons, n is
an integer of 5ito MO5onhdimsrdgemenydnogendai nnmvbichnaahkgragidap having 1
to 5 carbon atons. 25 3. A hydraulic cement conposition for soil injection
as reci fed Gemeitai pempoehht et Bpr zediinlnhactine ppnESLaPAed™bRRBYt - f ur nace
slag and the classified cenent have 32 each _a Bl aine's specific surface
area val ue ¥t¢ P Hool2v96l 000 W8/ g LRJIRIREIFANLB aﬁﬁ’tl@a'of 1to 7 m
4. A soil inprovenent nmethod in which a hydraulic 5 cenent conposition for
soil injection as recited in any one of clainms 1, 2 and 3 is injected in
ground. 55 APLSOAAi]! Mp@omnmé]&goésa ef:é&f"ge&lni l@lg‘lrﬁ%,

or sol

characterized by bei'ng use i nprovenent 1 ntended 10 to prevent
liquefactitharacterized by being used for soil improvement intended

10 to prevent liquefaction.



