1 TITLE OF THE | NVENTI ON HYDRAULI C CEMENT COWVPOSI 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 soi

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 grouting nethod wherein

a settable grout is injected in ground vita a rod for the pur pose of making

soft soil firmer, and numerous;glOWs eIﬁ@#ﬁ@féﬁ been known in the art.
For instance, there is the nention of water glass-based grouts, special
silica-based grouts, 20 polyneric grouts, and suspension grouts such as
cenment s, HYRRAULIGCEMENT COMBOSITION FORANIEGTION INTO SIOIk, AND conpounds
has been nuch fi METHODVROR IMPROYEMENTEN SOILIYSINGSAME] | nprovenents

Wi t hout di sturbing the ground as nuch as possible unlike a jet grouting or
25 other simlar nmethod in which the ground is disturbed by high-pressure
jets, and using conpact installation. The grouts are generally broken down
a solutidon type and a suspBASKGROUNPeQFaRHEt AHVENIIONon type is often used
in 2 applications where high genetration capability is in need. Wth the
cheni cal grot#LD HehelBE, INVENESONeen found that al though there is high
penetration[@@$f£ility, yet there nmay be a |ong-stand durability problem 5
because the oil is of lowstrength in itself and undergoes sone
consi der abl e shyi nkage. Sonme suspensi gn outs having hydraulic cenent,.
sl ag or ot her 2@#%6%%%?%?gohnY%%P%?%eFeﬁgﬁaf ﬁgvé hﬁﬁf?égé? frERFAG it
likely to (ggﬂg : tkyvel i g ngt h e ability
over an ex?%n ed§%%$+@d?8ﬁo§%££r?nf%%ggggvegﬁgdgggpg%/%gﬁg?%gpgg% pr obl em
Anot heropr gl G i thersuspsnsi on grout has been that it contains
particles, and immedi ately at rest, the particles settle down, giving rise
to a trouble such as clogging of injection 15 hoses during inplenmentation.

[ 0003] Anong the suspension grouts known so far in the art, there is a
grout conpdEIGRIPTHAN @BNPHESERIORNBRYr ai ned cenent clinker and

bl ast-furnace slag to which a poly- 20 carboxylic aci d-based di spersing
agent is add¥PZls an essential ingredient (for instance, see Patent
Publications 1, 2 and 3). These publications disclose providing a grout
conposi tion havifi¥fy st £ cividapanTotsnenhanceleby kae helemtfon of a
specifi¢c poly- 25 carboxylic acid to it t hey say not hi ng about

" h ,

cal ci urcar ARG CONT AT TR | 1 %ﬁ%tegﬁgxggaﬁa tBs1ROREERE, 1Bnd about

th bilit t i ¢l f ttli down_wh h t

composi t1 o] Ve 2 PSSP RLPEPLE 4R, ReRERA E08boge Zur abi 1 i ty.
0004] F k i i he. h : t ai ni

hater gl aserated i ARG ol el dgls Blvt (R PhOFte BREn hBHbS B0 NS & "

Bl ai ne’' s valnée Oft 8, 001 G GRle hitthsle ANt Hdigndhkeohaye @lsor been known
in the art (for instance, see Patent Publications 4, 5 and 6). [0005]

10Pat ent Pufildssatbaed djeaches dhwadidhesconbhnpdsegegebutkne grained sl ag
gi ves a set nass having high gel strength in dozens of seconds to a few

m nut eg9 buolwheric gstunat exhd sswsnbgnsioengrbutanduatchswateengkass i s
contained in it; that is, the conposition is conposed 15 primarily of water
gl ass. | n &ddirts.omnd tsiag quiThe sitoeritirgbagthdd wbing tsuch ghewvierl
particles fromsettling down, and penetration capability. [0006] Patent
Publ i cat i oifFRAS hibdReehafbut 1obd corpYpdi hgcareer o§l &88<havi ng a

nmolar ratio of, .2.8 to 4.0 and fine grai ned, s] ag. havin n average particle
di amet er of"Sip %S %é%%ﬂﬁi%ﬂgﬁﬁ¥ﬁ$%Q¢§qu5 885r35558r§%n9e55F95,800 cn2l/ g

or, prefer - Aat 8 0.c and. optionally_containing cenent.
Pt P 5 rf e o D22, madBh P SRt fanoPer ers o

Water gl as arge anounts, "t pupr| _ _
COMpr €551 03 e gkl AN RONELS Al AP LERADLLT L¥ouBlt s L a8kt LEEL! Bt about
the ability to prevent particles fromsettling dowmn. 4

high-pressure jets, and using compact installation. The

grouts are generally broken down a solution type and a

suspension type, and the solution type is often used in



[ 0007] What is disclosed in Patent Publication 6 is characterized by
conprising a suspension grout containing a mxture of fine grained slag and
fine 5 grained cenent, wherein the slag and cenent have each an average
particle dianeter of up to 10 Rmand a specific surface area of at | east
5,000 cnk/g, and the cenent is mxed at a mxing rate of up to 50% and
further characterized in that water glasg and/or an alkali 10 naterial are
contained in it. In that publication, too, water glass is used in |arge
anmount s, sapdidioatisoridheriend i piglofpoenetsaiooncgppoblitiyyisbuh the set
mass is estimated in terns of conpression strength alone. [0008] 15What is
set forth ineefat et tRulbhiec athicoricali gyrauwys fensivar t yige Isos |béarpr over,
characterized by containing water, fine grained, water granul ated slag, an
al kal i stirf9 rthat deSpeegphgthgent isadd e puinekraticubsanpbelinsdr is

di ssol ved or dispersed in 20 water to bring about viscosity, with or
without a &&isdiNeda MY iRfrdvERNI THANHUBET it 1 bRY reFePseRo penetrati on

capability.and the ability to, preven articles fromsettling down, but
says not hi KGR The FToputt] b i (He” st *7REEN 4B bheShasehg

under st andi f. how much th . is rein ce on_.lnjecti and
setting. Llu%%le%%o%'—s %%ﬁﬁéﬁ%ﬁ@%ﬁ?ﬁﬁﬁ%\%l C%ﬂq%\@l{%%)%ﬁl%gt ent
Publ i cati on 1, -lPGA) 20075 238 . Pa ubl [ - hd P AmR 9947238925
5Pat ent Pu%iigbtion‘§% F?%§ %%%ﬁglggggagpafé%%t5%gf%%af?on_%§ qF?Ag’

02- 167848 Bat efle Ribld:catdial SiavP(dr Ofs 220137k Bagent Pubkigatbon 6: JP(A)
07-286173 Patent Publication 7: JP(A) 2005-344078 10 SUMVARY OF THE

| NVENTI ON QBIEGES Qe 1THHE wdNWENTH BN 4 00t T hen@raat ygobieet of the
invention is to provide a 15 hydraulic cenent conposition for soi

i nj ection, dmradh,livporovaxecth vettendd@rpeniod a sospeas) ohhey bewent m |k,
grows high in terms of resistance to settling down of particles, makes it
unlikely fdadgeodtow mpmedi raitison @ fdlobverawa B revdre mdeb ramm g idter, and
is inproved in 20 terns of penetration capability and durability, and a
soi | i npr oPEFESNSHThEF A P d Reane)a VENS FoFe MeoOVPEF SAEREY THE OBJETS
[ 0011] 25Ac e present invention, e aforef id object is

cording tot t a
acconpl i shahCe 18§ Y G i Hepddts R2tior e hsprbtl® PYEhe i nventi on
provi des a raul.i.c_cenent .co sition for spil injection racterized
by 6 corrprgimsé’i ng T epgcrot 3 otfr?rq%glee gsruacf hed” b?g%qg}r& n(gti‘szeggiiJ %é@ﬁ%& ng a
Bl ai neys s ifal rf.ac r 7,000 to 16,000 cn2/g and a nedi an
dianeté? o?%%eﬁoggﬁgﬁ¥fgﬁ#é?%ﬁ%ﬁgﬁﬁﬁé¥;= cl assified cenent capabl e of
satisfying[@bb33he 5foll owi ng conditions (1), (2) and (3) per 100 parts of
the fine grained blast-furnace slag, and 0.1 to 3 parts of a dispersing
agent cont ai ni Agodgpalhyasdgah Airl-dyasets dispat Ssaoragenh piee artptal of
100 parts of the fine grained blast-furnace slag and classified cenent:
10(1) cl assihkired icerentrowtharagicesi tziesh byhatontanpr hge$ fon20gpainsdof
cal cium carbonate in 100 parts thereof, (2) classified cenent,
char act eri gefepy Ifhviikp ra Bidhine st spegidce siad ace wreahod PeOPO to
1516, 000 cn2/g, and (3) classified cenent, characterized by having a nedi an
di aret &? oFaf%PéyﬂHQnaQQQﬁﬁﬁS%ﬁ(ﬁl%9ﬁ¥§¥ﬂ&wﬁg%ﬁﬁp%%v?ﬁ%%daaﬁy@Paulic

cenment conpositian . far soil, injection as recited in ect 1, 20
characteri ?g‘&eflﬁ.lta&aﬁﬂwédﬁ?ger&% HyERY GO t BT %%f\%%Fns a .
mel am ne- based ;di.gnersi ng aget g THERECY u%ﬁfcatékeor{{"c?“éélo& provides a
hydraul i ¢ cement composi't’ion Tor soil |njec§10n as recited 1A pect 1 or
2, charact grizedijy that-4he AUYACIY 4.6 Bagd -€ padi spersing agent is
a copolyne? contéfﬁ%ﬁb%§:nnnone#yrepr%sentedg% a?ﬁﬂe?o??omﬁng genera
formul a (I kap&Hd3GHRL)LLRR2N B(HNe addition of a specific poly-

25 carboxylic acid to it; however, they say nothing about

calcium carbonate being contained in the cement and its

content, and about the ability to prevent particles from

settling down when the grout composition is at rest, nor



where RI is a hydrogen atomor a nethyl group, R20 is an 7 oxyal kyl ene
group having 2 to 4 carbon atons, nis an integer of 5to 40, and R3is a
hydrogen atom or an al kyl group having 1 to 5 carbon atonms. Aspect 4 of the
i nvention provides a cenent mlk, 5 characterized in that water is added to
and m xed with a hydraulic cenent conposition for soil injection as recited
in any one of Aspects 1, 2 and 3. Aspect,5 of the invention provides a
cement mlk as recited in Aspect 4, characterized in that the cenent 10

m | k obtai nied dhyeadsliveg ang ekxmpe wabentt Quaadinith.the hydraulic cement
conposition for soil injection has a bleeding rate of up to 2% after at
rest for 60[GA0AIL es. Aspect 6 of the invention provides a soil

i mprovenent nmethod in which a cenment mlk as recited in Aspect 4 or 15 5 is
injected in grdadd.9mspecthay pig tdel 1 hivent ioa, peovidesotheoi handpr ovenent
met hod as recited in Aspect 6, characterized by being used for soil

i mpr ovementdGWEh Rt p Y ¥R t ¢ ¥ q%%@%t%ti@n.so¥®1jf-fil§rhéﬂé Aéned t hat

unl ess ot herwi se te he part and % are given on mass basi s.
ADVANT AGES 59 ST IR Y 1590 3 T2 e by bR e BehsnboddAss ti on f or
soi |l injecty ccordi he i nvention .5 inproved in terns, of
penetrati oné'gjz;)p(gbcl%f i/g{y?)ga&]]g%%se%éf faélc,g{]it\}lee flo%(es Vs nag]r%?/ekﬁ%%?, kr&%‘ﬁn so on.
8 MODE FOR; THE: 0 LE rai ned

bl ast -fur négéﬁgagﬁqu%%gﬁer}%/%gé’%%%i %%‘l'gngpglég?%ggg??gcg’a?ea of
7,000 to 16AP%)cn2/g 5 and a nedian dianmeter of 1 to 7 pm and is produced
by pul verizing steel slag occurring during pig iron production. This slag
is now usedosn adm xture for general blast-furnace cenent or concrete.
As measured with a Blaine's air perneation apparatus pursuant to JIS 10
R5201, 10 he Bl aiba¢'esits prdi fiaa tsiof ab et csaaae shioud € biee bedtmbéned, 068 and

16, 000 cn®/g. As the Blaine's specific surface area of the fine

grai ned bl dsinef gmsddes|HRd 91w a et M99 bavigyg highi bklcause the

bl eeding rate to grow high, often 15 resulting in the inability to obtain
good enouglf FEmetthatifol%iisbi2f tSecm@eedd ngy 18w opbnehesg Rkl what

i npractical, because ,of incurrjng too ch %réoducti on cost. _Preferably, the
d

fine grai néd BSEIFGhack Vg FrEd QG eMAChetiR hRT dPAREFerSof 1 to 7
Rm For inst ot medi an .di.anet er_.may be neasured.with a | aser

di ffracti or‘ls:ot%yr%;agn&gr]t%‘lncl% ’sinczheatdijs%’r ittftﬁ?i%?fn%%%ﬁsﬁ?’?rﬁglﬁpﬁawgf’ﬁga A nedi an
di armet e of, li&ss-iHhRan £ i | I mracty . hecause, of i rring too
much produ tilon_ 215@20%st ,‘J}{e?net’jxi aélma_ |'arr:&(§l| %r(rip{i:érldg}’ ?rloucfgl h%\% éJp. mwill
cause the hliaedithGyAie tdre HIOW i @ho RISSTDAY ;Ibélftﬂa_lég adygrse influence
on penetration capability. [0014] ~ 9 The classified cenent used herein
is regul at edtulirer mowef, pald igdreetSiaesom ¢dpsbasst{i cation equi pment. The
classified cenent contains 6 to 20 parts, preferably 10 to 15 parts of

cal ci um carlldddtle per 100 parts. 5If the classified cenment contains 6 to 20
parts of cal cium carbonate per 100 parts, it is then possible to achieve
properties suckazenthéuggiildatiarno Dprieventl preut| dse fgoowsett|i ng down and
penetration capability which would apparently be inconpatible. At |ess than
6 10 paftsCoMREiSuG Mot &bidss PVaois everlparfatiesofrdnBsépt|ing down
is not achievabl e, and at greater. than 20 parts, viscosit rows high but
strength gérd PO f%ﬁlg cgﬁa%ﬂﬁﬂ[ (,saﬂra[ﬁ)%‘é“b M ?l‘é?ir?%etB%XEgﬁg& fied cement

is of i d tivity b f being in 15 the_f ffi
par ti ol es ERFGUGH foPds iR {icaribh™ Gifhid yiPtat EHor Cor Bohat Eo7 sO sl as a

part of sandoior s i Pragysl ban phceerERly,i lhens. AR £ eles, That

cal cium carbonate is finer "than I’gl narily ‘used cal ci urh car bonats (fine
grai ned |igmst RR) ARG orfiN8NeRP ndd 4, GRA 10 H. 000 P {giusQyit is
hi gher in reactivity, possibly resulting in an increased strength. That

cal ci ups caribonatrgealas@uraagt shed pusl icd 4 & we et e £3Cabnpka8s)onyi el di ng
a nono- or hem -carbonate. Gypsumreacts with cal ci um carbonate contai ned

i n cement tstaen2’hyiaeldipegedinatingl taapdini 1 ey priesence ghitespétehtc anount
of cal cium carbonate, the nono-carbonate reaction or the hem -carbonate
reacti on pRE&t $heo abtdil thda euaviant dfaxtukrepley fhemesstbhgnettringite
into a nono- 10 sulfate is held back, possibly naking it easy to ensure
dur abi | i t ydown.



[ 0015] For the classified cement, use may be made of any of 5 Portl and
cenents such as normal Portland cenent, early- strength Portland cenent,

| ow- heat Portland cenent, noderate-heat Portland cenent, and

sul fate-resisting cenment, and any cenent may be used if it neets condition
(1) or (2) recited in Aspect 1 of the invention upon 10 classification. The
same also holds for mxed cenments such ag fly ash cenent, and silica cenent
as well as for refractory cenment such as alumna cenent. As is the case
with the fife0@iRri ned bl ast-furnace slag, the classified cenent shoul d have
a fineness of 15 7,000 to 16,000 cn2/g or, preferably, 9,000 to 16, 000
cn2/g. A finenddmtofid ebiss¢haged, DO0PznAy Aiblicatsent Aeibl eeding rate to
grow high, often resulting in the inability to obtain good enough

per meat i on At ietizedinel acPpehes’yof grepersrionaar®8L000 cnR/g will be
20 inpractical because of incurring too nuch production caost.

Pref er abl y,CHHE % ik eehen?t shbuf ddhaveed feadadndi &kBEer of 1 to 7

pm For _instance, . the nmedian di apeter nay be asured Wth a | aser

i 11 acti of TYPESE T o ST SEY o 8% FH371 BHC nesRERF ng=XBpSPaDUSD A

medi an di angfer. of less. than,1 pmw | _be inppragtical because of.incurring
too much p%g}c?u%atfeofacro%% ,P%n%l%rg%%}f a%de% e?ao'fmg?%(gt%rsi)ﬁgﬁff%cpm w | |
cause the Rl ged] r i 551 bl ' Ver se

i nfluence g% peﬁggfg%%%ﬁﬁig%%g%§%€§{gI%Q%G?Hfﬁ% C 522¢§$gﬁ§@%ﬁgn§gshould be
used in anpEEEMNtatofa 5&@]@1{? 3apards &b, tHrsdher akhy #0QrtAe25 parts, per 100
parts of the fine grained blast-furnace sl ag. {n"an amount of less than 5

- parts by weitgitactdriddd iof tieabevatnebl §149scontiybbubs &0kgood enough
strength, and in an anount of greater than 30 parts by weight, it may have
10 an adversd dmifd luence amitpeietd ain ot capabithidaty . pydl0ilddtion, t#eeording to
the invention, the dispersing agent contains a polyacrylic acid-based

di sper si ng vag&att .JIaRs pot yarey i baige basednts spepsthgragéat thsed 15
herein has a conbined effect on preventing particles fromsettling dow in
a suspensi GRTERPT RfamSHRf Hehktt ff3rpPthpabi | Pey thet peti mesnt ive
hydraul i c cenent copposition for soil injection. That dksgersing agent is
char act eri Z&+ B3 rﬁfz§?ﬁﬂﬁﬂ%ﬁmﬁomﬁﬁﬁ%.h?%gsg?ﬁ%%B ?190®r epresented by

t he follom”%% neral fornmula (1): CH2=C(R1) COO(R20) nR3( 1) I n Fornul a
(1), 121 stands for a hydrogen atomor a nethyl group, R20 is indicative of

an oxyakkyl ene i : S+ - CH2CH20- ,
-CHzCIE‘L’CHzo-, 33 aftuup—li%&—‘i’zegﬂ%%@-ﬁ %{mmﬁéﬁ# o CH2CH20-:  and

nis anin erfich /0 dddi cald MevOF , t biga PaBDEF i pEgagdded noles of the
oxyal kyl ene group or, preferably to 35, and nore preferably 9 to 30. As

t he nunber cohtaddedg kb tet estiny geitndédo wavdt, gtheulaspear sing, power gets
insufficient, whereas it gets too large, there will be a

di fficult- o Raikdle sdliindilmhomg a dighenelng ngogot ntan®3ast ands for a
hydrogen atomor an alkyl group 5 having 1 to 5 carbon atons such as a

met hyl , et B@LYSTosy sWIstanrse Yraupls BEXespd by gd nonodessersed Lnst ance,

i ncl ude pol yet hyl ene gl ycol nono(neth)acryl ate, pol ypropyl ene glycol
nnno(n%@h)é%?ﬁﬁgﬁ€lqﬁﬂ%ﬂnﬁgﬂ%ﬁmykﬁ%RﬁﬂtﬂO rohd (Pet WY BRPYFate, net hoxy

?ﬁ%?ﬁ% :y: Mo R E%?@%%ﬁ%-ﬁaﬁ%ﬁé%' t%roiﬁl?%ﬁeé;%f'%%ﬁtxy

t . Iy, t

et 1 e Per et d AR S SV B0) YR 0Py L SBE MY C0 4 or opoxy
pol yet hyl eng @ i¥cQls f(r'”S‘r‘% @é?ﬂﬂilrﬁﬁr%om,erk%@ 106 “H&%!Ziﬁg‘; %Bgﬁﬁdtﬂgl es of

al kyl ene oxide is 5 to 40 nol es hese nononers nmay one or in
conbi nat i oprfodWa & JPrtthe Ased GRMEAS XD e ADHOABT uREREESEALEHGDY
General Formula (1) is contained, use may be made of a copol ymer conbi ned
wi t h azspneifehoonmmaienthdass ing ianotdrat £ ehesd capost Ingédt onAgnag t hese,
preference is given to a copol yner including nmethoxy pol yethyl ene glycol
(et h) acr ylssttésir@6 and net hoxy pol ypropyl ene gl ycol (neth)acrylate in view
of the ability to prevent particles fromsettling down, and penetration
capability. [0018] 13 In addition to the polyacrylic acid-based dispersing
agent, the diipersin agent used herein may contain a nel am ne-based

di spersing I&& NG OF T PRIOR ART



The nel am ne-based di spersing agent here, for 5 instance, includes a

di spersing agent obtained by sulfonating nelamne with a sulfite and

f ormal dehyde, followed by condensation with formal dehyde. For this, use nmay
al so be made of alkaline netal salts such as sodium and potassiumsalts,
and al kaline earth salts 10 such as cal cium and magnesi um salts of nel am ne
sul f onat e- f or mal dehyde condensat es. The nel am ne- based di spersing
agent of the invention is used in conbination with the polyacrylic
aci d- based PABpRTSPUBLAagENLONEN that conbi ned use, the nel am ne- 15 based
di spersing agent is used in an anount of preferably 10 to 1,000 parts, and
nore prefera®0§9B0 to 600 parts per 100 parts of the polyacrylic acid-based
di spersing agent. In less than 10 parts, there will often be no effect on
synergi stic i npfavemenbgblhcehéor0labIPi(hy £80grévéAt8particl es from
settling dowmn, and in greater than 1,000 parts, there will often be an
adverse effect DH-®He g%?i%@9t%@np?ev@ﬁﬁAba?9p3r8§89?§n1settl|ng down. It

has nom1been found that a the acr sed di spersi ng agent

is usedn conb#%%??%npﬂ?fhc?ﬁé He ang -gagéaﬂdﬂggggging ageﬁt, itgaI?oms

the effect on re leed n r i gher fromjust after

m Xxi ng than cogﬁ §§;§%b2§%% ﬁf?hhtggbgkfebg§g6gphghg t he polyggrylic

aci d- based di s rein t sibility of particles
g%{é'ér‘{‘@ %ﬁfica@%&% gi 91951-‘% Be - §b§ﬂ$‘7

will be inprov over an exte periro time his will in turn inprove
t he penetrat|onpgggﬁgltugylggtp@ﬁtgcl§§ ahrotghgginadel 5 ground so that
the hydraulic particles will be unlforn1y di spersed within the ground,

maki ng it firmeraead: neael usifoem 7F 0929k ) Theodi-spengisng agents are used in
an amount of 0.1 to 10 3 parts, and preferably 0.3 to 2 parts per a total

of 100 yparts of the fine grained blast-furnace slag and classified cenent.

In less than 0.1 part, there will be neither sufficient ability to prevent
particles f3OMMARYtOF nGHHOWNVENTIQ¥0od enough penetration capability, 15 and
in greater than 3 parts, their effect will reach a ceiling. [0020] It

is here to Q@J%@?%dDEhEHElﬁNEﬁNT%@Nhydraul|c cement comnposition for soi
|nject|on % f@ used in 20 conbi nation with known cenent adm xture agents
(materials) ht8ks its own performance is otherw se affected. For instance,

h h f AE , L.
hi gh per f or mancl et 6107 SGue Ae. aeht BT BRERELPE: Tance RECAES:
reduci ng aggpiss, 1141 dLgers cERRALIELS, 3L Kosar 9AdER.agEn %whltcgl ckener s,

wat er pr oof ents erra Xxpandi ng agents ( erial’s), hardeéning

accel erat orgposhhi §kaoRt FRAPSEBY agent § gaab@hb@b§)orr%%hea&ewaam!ves 15
pol ymer enuI5|ons for cenent adm xture, and clay mnerals. [0021] The

inventive hyglswsll hLglgeei®nte e@EPOSI teONstahceOitb kBj@ttiingn dosmapE ied in a
mlk formwth water added to it. The nore the anount of water added, the
better the penetchds omekpabiti tyljkedy botr gabeti dhgzxepdrattisotoi s |i kely
to occur, causing the materials to be clogged up in a punping hose. As the
anmount of walev aidgeledeventended swahingi wawell eadsést Aapvrioyedsiity of the
cenent mlk to grow too high for penetration capability. The optimm range
of the ARat efekBedf sPpreterabP) 20paPslitgoengartisabard tivor @0k éf erably 700
to 1,200 parts fer a total of éog garts o& the fine grained blast-furnace
sl ag, 15 cI%%%*f CETEREC SAETAPS pBP SR HGT §eAf(Sy. As long as the amount
of water used falls in the aforesaid range, it is possible to reduce the

bl eeding rate of the cenent mlk after 60 m nutes down to 2% or |ess by the
JSCE F522 i r 2% there will 20 be the
Iikelihoodqﬁéﬁw$o%€$ﬁ%éﬁgﬁﬁﬁfﬁgﬁgﬁn%%ﬁggggg%ge grout is shut down for 60
mnutes or temger and then resuned. Referring here to the time of
addi ng and m xing water to and with the inventive hydraulic cenent

conposizsi on 25 A@koBdihgi i eEhé Oprefext Ngnire)thencathkeed foukshay 1 to 3

m nutes after the inventive hydraulic cenment conposition for soi

i mpr egnat i ovbjscithasgedconpaighebiembyerthe tfohlgiiven aspeoatsof wat &r. added
toit, although the 16 invention is not Iimted thereto. [0022] The
inventive hydraispectehent thapbsvenbhonaprbeidppl retlydsagvacywhaeatas | ong
as it is used for 5 inproving soft grounds. For instance, it may be applied
just only t%PTﬁQﬁﬁE%O%aﬁ?ﬁg59a¥|bﬁée§F#96tuFEérﬁééﬁﬁé&eﬁhgﬂéon typically
har bors, river and shore banks, airports, and nunicipal and nountai nous
soft grounds but also for the purpose of cut-off or shield-off grouts, 10
heavi ng prevention grouts, subsidence prevention grouts, blow prevention
grouts, soil pressure-reducing grouts, support power-increasing grouts,
suction prevention grouts and the |i ke. Because of having good
perneability, the inventive hydraulic cenent conposition may al so be 15



By way of exanple but not by way of limtation, the inventive execution
met hod may rely upon execution 20 installations used with ordinary grouts,
and carried out pursuant to ordinary grout designs and schenes. For
instance, there is the nention of a nethod of punping cenment m |k prepared
in a mxer via a hose, and injecting it in ground via an underground rod.
By way of 25 exanple but not by way of limtation, the rod used here

i ncl udes a single-pipe rod, a single-pipe strainer rod, a doubl e-pipe rod,
and doubl e-quagkeirs imafdel @b oft o eOUD] B phpLined 7blast-Bashgatkl ylaghe
inventive hydraulic cenent conposition for soil Injection may be injected
in a one-shetvimyey Hovwevers slepentingseonfate steaeodf7theOgtound appl i ed
or the purposes, it may be injected in 1.5 shot or 2 shot 5 nodes while
commer ci al Iy B latl/e sect iangresieel erammte wrofothhero abdminkt Ur 6 &t
separately punped. Exanple 1 [0024] 10C assified cenent was used in such
vari ed anp@HE OS5 1ovES S ht |<*eenierp*ércatmblp%r@§ dRtirh¥iRPaphédthe

bl f d h d h i

Tabl e 1owad Sdvee I BRI D0 phrk S LA PEheldpabAGES BPast -  ur nace
| d I d I f
S0 11 ection At ﬁ%ﬁ%ﬁ%ﬁ%@%@% dedr Lgeéﬁe”ﬁ?teﬁg”ﬁ FtPon in an
amount of 850 et dhars AP0, Fand S e Ao £ 1£0pc;and mxi ng vas

carried out for %%runes ina grout m xer- W%ﬂﬁ ta| % cenent ml ks were
20 neasur egaged &fi %éﬁs%%@@éﬁﬁ’ pdt eedidga1 ab e, 1@@%&1&@&' on eRrpability

and conpression strength he results are summed up in Table 1. [0025] Used
Materi al s fAmdFigre igreal nekh 4l afirfdbdnaceas| agd acl 408! 64 atéyenvai | abl e,

fine grained blast-furnace slag having a Blaine's specific surface area of
10, 5001enR/ g and)a oledisdrf ididaneimemtof hdrdkmedi® «d dsgi ¢oetta treirent 6 e:

Cl assified cenent obtained by classification of a m xture of nornal
Portland cenment and talddl mada sohatael clam drekhonrp e Blai hed spapesi fic
surface area of 9,700 cn®/ a nmedi an dianmeter of 4.1 nm5 and a cal ci um

carbonate content oft e ek, Exspersing Agent A: Commercially avail able

pol yacrylic ac ba ed dispe S|n gen (based on t hox ol yet hyl ene

gl ycol et hacryt t§ A554 t@??ﬁﬁ e?%??é?%%’ﬁﬁ%%@? dgtoup, R20 is
an oxyet hyl ene grou av. G rbon So&o "B hyl group

Di spersing Agent B: spre%r Sél n% gcgle © Su %]g p(ggtlé o@oa érel am ne- based
di sper ging agent made by oS ke td gere bIended with 100 parts of

Di spersing Agent A [0626] 15 asurlng Met hods The vi scosity was
nmeasured with 3B IR HGAY UGBl ar MY E SREEIYY Gl g the viscosity

was neasured just after m xing, and 3 hours and 6 hours after mxing at a

tenperature of 25C méQifke kliesditg rod e was Tgasured pursuant to JSCE- F522-
1999 - Bl eeding rate/expansion coefficient testing nmethod for the injected
nortar of pre-papleed CGondr déthe (IPoigrdtitor] gneobiade sred Hogradkbs wanemt s wer e
obtained after 0.5 hour, 1 hour and 2 hours at a tenperature of 2525C

The penet r &P Sd&FEH Iﬁﬁtlﬁ/ Selst risaagtddpurs uattlted al g alvpbechrepar at i on
met hod for soils stablllzed by grouting prescribed by JGS0831-2000.

Cbser val i off \REFSCLES ifsde 161 Wt deiferfti THI %S IR 39§7et BAr BMRIT penetrated at

an |nject|on gressure of 0 05 a nodel ground in which Toyoura sand
was hydrauI|8Iﬂ%?%|QIW§}qW%Qﬁ1zﬂﬁ%d]4%3ﬂ§§ﬁl%ﬁ)?ﬁﬁ?$ di aneter and 1, 000 nm

0 hel ght . SFOR SRS COMMIESSION S SNID I8 RCLV] pipe sl estedto the

penetration tes ng was cut o0 "a hel e set sand gel

renoved fre%gotsmtrtokoﬁcﬁeaﬁlyl i R {dh MRASHLE; {d§ Pﬁtﬁéﬂ)é‘&taﬂ pt 28
days. [0027] Table Ex. D spersingUassified No. Agent Cenent ‘e(part s?
conpr essi on,stgher@idt eati A dl M SR8 toHd B Racrylic acid-based
25 dispersing agent is a copolymer containing a monomer
represented by the following general formula (I):

CH,=C (R!) CO0 (R?0) ,R? (1)

where R! is a hydrogen atom or a methyl group, R?0 is an
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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 4 of the invention provides a cement milk,
characterized in that water is added to and mixed with a
hydraulic cement composition for soil injection as
recited in any one of Aspects 1, 2 and 3.

Aspect 5 of the invention provides a cement milk as
recited in Aspect 4, characterized in that the cement
milk obtained by adding and mixing water to and with the
hydraulic cement composition for soil injection has a
bleeding rate of up to 2% after at rest for 60 minutes.

Aspect 6 of the invention provides a soil improvement
method in which a cement milk as recited in Aspect 4 or
5 is injected in ground.

Aspect 7 of the invention provides a soil improvement
method as recited in Aspect 6, characterized by being
used for soil improvement intended to prevent
liquefaction.

It is here noted that unless otherwise stated, the

part and % are given on a mass basis.

ADVANTAGES OF THE INVENTION
[0012]

The hydraulic cement composition fof SOil injection
according to the invention is improved in terms of
penetration capability, and is effective for soil

improvement, and so on.



1-8B101.82.02.1 1-9B151.92.12.4 1-10B 252.02.2 2.7 1-11 B
30 2.0 2.4 3.5 25 The parts in the "classified cenent” colum is per 100
parts of the fine grained blast-furnace slag. Ohir : just after mxing 20
Ex. No. Table I(continued) Bleeding (% Penetrati onConpressi onRemar ks

0. 5hl h2hStrength(NNm®) 1-1 0.3 1.62.4 Full Conparative 5 1-2 0.3 1.42.6

8
MODE FOR CARRYING OUT THE INVENTION

[0013]

The fine grained blast-furnace slag used herein has a

Blaine’s specific surface area of 7,000 to 16,000 cmz/g
5 and a median diameter of 1 to 7 um, and is produced by

pulverizing steel slag occurring during pig iron
production. This slag is now used as an admixture for
general blast-furnace cement or concrete. As measured
with a Blaine’s air permeation apparatus pursuant to JIS

10 R5201, the Blaine’s specific surface area should be
between 7,000 and 16,000 cn@/g.

As the Blaine’s specific surface area of the fine
grained blast-furnace slag is less than 7,000 cm?/g, it
will cause the bleeding rate to grow high, often

15 resulting in the inability to obtain good enough
penetration capability. Exceeding 16,000 cm?/g will be
impractical because of incurring too much production
cost.

Preferably, the fine grained blast-furnace slag

20 should have a median diameter of 1 to 7 pum. 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 um will be
impractical because of incurring too much production

25 cost, and a median diameter of more than 7 um will cause
the bleeding rate to grow high, possibly having an
adverse influence on penetration capability.

[0014]



Full 0.3 Inventive 1-3 0.3 1.52.5 Full 0.6 Inventive 1-4 0.4 1.52.4 Ful
0.9 Inventive 1-5 0.4 1.72.5 Full 1.1 Inventive 1-6 0.6 1.72.7 Full 1.5
| nventive 10 1-7 0 00.5 Full 1.0 Inventive 1-8 0 00.6 Full 1.4 Inventive
1-9 0 0.30.9 Full

9

The classified cement used herein is regulated in
terms of particle sizes with classification equipment.
The classified cement contains 6 to 20 parts, preferably
10 to 15 parts of calcium carbonate per 100 parts.

5 If the classified cement contains 6 to 20 parts of
calcium carbonate per 100 parts, it is then possible to
achieve properties such as the ability to prevent
particles from settling down and penetration capability
which would apparently be incompatible. At less than 6

10 parts, the sufficient ability to prevent particles from
settling down is not achievable, and at greater than 20
parts, viscosity grows high but strength gets low.

The calcium carbonate contained in the classified
cement is of increased reactivity because of being in

15 the form of fine particles through classification.
Usually, calcium carbonate is used as a part of sand for
the production of cement fillers and concretes. That
calcium carbonate is finer than ordinarily used calcium
carbonate (fine grained limestone) having a fineness of

20 4,000 to 6,000 cm?/g; so it is higher in reactivity,
possibly resulting in an increased strength. That
calcium carbonate also reacts with calcium aluminate
(3Ca0°*Al,03), yielding a mono- or hemi-carbonate. Gypsum
reacts with calcium carbonate contained in cement too,

25 yielding ettringite. In the presence of a specific
amount of calcium carbonate, the mono-carbonate reaction
or the hemi-carbonate reaction prevails so that the

reaction of turning the ensuing ettringite into a mono-



1.6 Inventive 1-10 0 0.71.4 Full 2.0 Inventive 1-11 0 1.01.8 Full 2.4

I nventive 15 Full:full penetration [ 0028] From Table 1,it is
found that if a specific anount of the classified cement is blended with
the fine grained blast-furnace slag of the invention and the 20 polyacrylic
aci d- based di spersing agent is used in conbination with them it is then
possi ble to produce a grout cenment mlk ving a | ow bl eeding rate, and
that the sand gel after penetration produces good enough conpression

strength tosulfacarsikelarvatk, i poboupdy2halkhaly tike dse @b BnsREESi Ng
Agent B containing both polyacrylic acid-based di spersing agent and the

mel am ne- basedkidi 5peysi ng agent contributes nore to a further decrease in
the bl eeding rate, and a nore 21 increased strength. Exanple 2 [0029]
Fifteen (15)0phdts of classified cements varying 5 Blaine's specific
surface area were blended with 100 parts of fine grained blast-furnace sl ag
varyi ng i n Bl aifer stkpeel#seisiedacenanta, ughdnayobpamadsf obi eper sifng Agent
A was added_ to ﬁ total of 100 parts of the fine_grained blast-furnace sl ag
and cl asSsi fi¥E A CentReRtd prepare ROEFadl FOrEdrBAt CEBIRPGs €&RY T or soi

i njection. \Vater s,added to each _hydraulic, cement conposition for soi

i nj ection i?FE&P%%@U%?rgfa%éocﬁ%?Pg’ngwl 6a6a?9§tgéngh§egﬁﬁ§nt

conposi tion, and m xi ;e fo 1 N rrout m xer. The
obt ai ned 1Em%enen H%%%%mgé¥gf%%gsg?§gﬁFh_%8§n§h2#23%55%§?93} | eedi ng
rate, peneledidon capabiby!ye Aot AP 3510 SHECRY! et dofRtlBAT ©

sumed up in Table 2. [0030] Used Materi al
(1) or (2) recited in Aspect 1 of the invention upon
10 classification. The same also holds for mixed cements
such as fly ash cement, and silica cement as well as for
refractory cement such as alumina cement.

As is the case with the fine grained blast-furnace
slag, the classified cement should have a fineness of

15 7,000 to 16,000 cm?/g or, preferably, 9,000 to 16,000
cn@/g. A fineness of less than 7,000 cm?/g will cause
the bleeding rate to grow high, often resulting in the
inability to obtain good enough permeation capability,
and a fineness of greater than 16,000 cm?/g will be

20 impractical because of incurring too much production
cost.

Preferably, the classified cement should have a
median diameter of 1 to 7 um. For instance, the median
diameter may be measured with a laser diffraction type

25 particle size distribution measuring apparatus. A median
diameter of less than 1 pm will be impractical because of

incurring too much production cost, and a median

diameter of greater than 7 um will cause the bleeding



20 Fine grained blast-furnace slag b: having a Blaine's specific surface
area of 6,100 cn2/g and a nedi an dianeter of 7.4 pm Fine grained

bl ast-furnace slag c: having a Blaine's specific surface area of 8,200
cn2/g and a nedian 25 dianeter of 4.8 pm Fine grained blast-furnace slag d:
having a Bl aine's specific surface area of 15,500 cnR/g and a nedi an
dianeter of 1.6 pm 22 Cassified cenent, .f: Cassified cenent obtained by
classification of a m xture of normal Portland cement and cal ci um

carbonat e, ¢ hayidubwe Bl @h NepSs SPETY fhgvshgf ageaaveasef iArPaenesl/ g, a
medi an di aneter of 8.6 pm5 and a cal cium carbonate content of 9.9%

Cd assi fi ed crepietatG@ssedpsi cetent obtai ned by classification of a
m xture of normal Portland cenent and cal ci um carbonate, and having a
Bl ai ne' s spddilfdlc surface area of 8,300 cnR/g, a nedian dianmeter of 6.1 gm
10 and a cal cium carbonate content of 9.5% C assified cenment h: Cassified
cement obt ai nedhsy dlagssifiehtsaret shoikd upe w$edotrapnPeretaRdo€enent 15

and cal cium carbonate, surface area of 15,800 and a cal ci um carbonate
[0031] and hdf mP P R s REREeFIRLEn) gta ARdPaRtar aREEerOBf 2.5 gm

content of AL 20T 2 Dy ilie, SEEL AL Qasel oo Moconity
g 2.023 %h%uﬁ%*%g)féég(%han 5 parts by weight, it will often be
unable to contribute to good enough strength, and in an
amount of greater than 30 parts by weight, it may have
10 an adverse influence on penetration capability.
[0017]

According to the invention, the dispersing agent
contains a polyacrylic acid-based dispersing agent.

The polyacrylic acid-based dispersing agent used

15 herein has a combined effect on preventing particles
from settling down in a suspension and imparting
penetration capability to the inventive hydraulic cement
composition for soil injection. That dispersing agent is
characterized by being a copolymer containing a monomer

20 represented by the following general formula (I):

CH,=C (R") COO (R?0) ,R? (I)

In Formula (I), 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 -CH;CH,O-~, =-CH,;CH,CH,0-,

25 ~CH,CH.(CH3) O—, -CH,CH (CH,CH;3)0-, and —-CH;CH,CH,CH,0-; and n
is an integer of 5 to 40 indicative of the number of
added moles of the oxyalkylene group or, preferably 7 to

35, and more preferably 9 to 30. As the number of added
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moles (n) gets too small, the dispersing power gets
insufficient, whereas it gets too large, there will be a
difficult-to-handle solid having a high melting point.

R® stands for a hydrogen atom or an alkyl group
having 1 to 5 carbon atoms such as a methyl, ethyl,
propyl or butyl group.

Exemplary monomers, for instance, include
polyethylene glycol mono(meth)acrylate, polypropylene
glycol mono (meth)acrylate, polybutylene glycol
mono (meth)acrylate, methoxy polyethylene glycol
(meth)acrylate, methoxy polypropylene glycol
(meth)acrylate, methoxy polybutylene glycol
(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 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 (I) is
contained, use may be made of a copolymer combined with
a monomer component having another chemical structure.

Among these, preference is given to a copolymer
including methoxy polyethylene glycol (meth)acrylate,
and methoxy polypropylene glycol (meth)acrylate in view
of the ability to prevent particles from settling down,
and penetration capability.

[0018]

52-6af 2.02.42.8
.02.12.4 23 2-9a



2-12 2.22.63.7 1.92.02.4 1.82.02.5 2.22.43.5 5 2-13 2.32.73.6 2-14
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In addition to the polyacrylic acid-based dispersing
agent, the dispersing agent used herein may contain a
melamine-based dispersing agent.

The melamine-based dispersing agent here, for

5 1instance, includes a dispersing agent obtained by
sulfonating melamine with a sulfite and formaldehyde,
followed by condénsation with formaldehyde. For this,
use may also be made of alkaline metal salts such as
sodium and potassium salts, and alkaline earth salts

10 such as calcium and magnesium salts of melamine
sulfonate-formaldehyde condensates.

The melamine-based dispersing agent of the invention
is used in combination with the polyacrylic acid-based
dispersing agent. In that combined use, the melamine-

15 based dispersing agent is used in an amount of
preferably 10 to 1,000 parts, and more preferably 30 to
600 parts per 100 parts of the polyacrylic acid-based
dispersing agent. In less than 10 parts, there will
often be no effect on synergistic improvements in the

20 ability to prevent particles from settling down, and in
greater than 1,000 parts, there will often be an adverse
effect on the ability to prevent particles from settling
down.

It has now been found that as the polyacrylic acid-

25 based dispersing agent is used in combination with the
melamine-based dispersing agent, it allows the effect on
decreasing the bleeding rate to grow higher from just

after mixing than could be achieved with the sole use of



Strength (N mmR) 2-11.5 3.1 7.9 45 cm 0.3 Conparative 2-21.4 3.0 7.5 62
cm 0.3 Conparative 15 2-31.3 2.8 7.2 72 cm 0.4 Conparative
82 cm 0.5 Conparative 2-51.6 3.1 8.2 76 cm 0.4 Conparative 2-61.5 2.7 7.7

85 ¢cm 0.5 Conparative 2-70.6 2.2 7.0
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the polyacrylic acid-based dispersing agent. Accordingly,
the dispersibility of particles will be improved over an
extended period of time. This will in turn improve the
penetration capability of particles through a model
ground so that the hydraulic particles will be uniformly
dispersed within the ground, making it firmer and more
uniform.

[0019]

The dispersing agents are used in an amount of 0.1 to
3 parts, and preferably 0.3 to 2 parts per a total of
100 parts of the fine grained blast-furnace slag and
classified cement. In less than 0.1 part, there will be
neither sufficient ability to prevent particles from
settling down nor good enough penetration capability,
and in greater than 3 parts, their effect will reach a
ceiling.

[0020]

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

shrinkage-reducing agents (materials), rust preventives,

2-40.5 2.2 6.2
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1-40.4 1.5 2.4 Full 0.9 Inventive 2-80.4 1.7
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polymer emulsions for cement admixture, and clay
minerals.
[0021]

The inventive hydraulic cement composition for soil
injection is applied in a milk form with water added to
it. The more the amount of water added, the better the
penetration capability gets, but material separation is
likely to occur, causing the materials to be clogged up
in a pumping hose. As the amount of 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 blast-furnace slag,
classified cement and dispersing agent(s). As long as
the amount of water used falls in the aforesaid range,
it is possible to reduce the bleeding rate of the cement
milk after 60 minutes down to 2% or less by the JSCE F-
522 method. As the bleeding rate exceeds 2%, there will
be the likelihood of clogging when the pumping of the
grout is shut down for 60 minutes or longer and then
resumed.

Referring here to the time of adding and mixing water
to and with the inventive hydraulic cement composition
for soil injection, mixing may be carried out for 1 to 3
minutes after the inventive hydraulic cement composition
for soil impregnation is charged in a grout mixer with a

given amount of water added to it, although the

u

2.
Fu
[ 1



0.9 Inventive 2-140.3 0.8 1.6 Full 1.0 Inventive 2-150.2 0.7 1.2 Full 1.2
I nventive 24 [0032] From Table 2, it is found that by use of the fine
grai ned bl ast-furnace slags and classified cenents, each having a Blaine's
specific surface area of at least 5 7,000 cn2/g and a nedi an di ameter of up
to 7 pm lower bleeding rates are obtai ned together with good enough
penetration capability and conpression Ziéength. As the fine grained

bl ast-furnace slag and/or the classifie enent have a Blaine's specific
surface aregn@bntess 19 hBan; {n90QqcrBLFe@b.a nedi an diameter of nore than
7 1.1m it causes the bleeding rate to grOM/Iarge the penetration
capability toogeiworse, and the conpression strength to get |ow Exanple 3
15[ 0033] C assified cenents varying in the content of cal cium carbonate
wer e added to 100epantsnoiveheyliraeldgracpadnhl ashpbyrindoa slaggba as shown
in Table 3, and 1.0 part of Dispersing Agent A was added to a total of 100
parts 20 ofaphéié¢fineogeuenwahblirasesf lpngcesslidsgisndiseldadsirfi ed cement to

prepare hydraulic cenment conpositions for soil injection. Water_ was added
to each5hyd¥%B¥@E16@n§ﬁftc@ﬁﬁé@ﬁﬁlonF@ﬁ anshapent oF B3P par 8Brpéerd100
parts of the cenen nposi ti on, m xi ng was carried out for 2 25
minutes in AgFodt ¥1§8rgr?BPthQaB&PBo¥ér Puéoﬁ§§PF§8ﬁes Ot eor t | and
cenment free fron1ca|§|un1c?é E mas cl.assifi and g |ven amount of
cal ci um car BORRT R habYRYCAT BY al'REPS T Epetif P & 5@8r§r 55, 500 cne/ g

25 was addegl; L9} Pe Céﬁésfg%‘ig%ggﬁ?% FRbuAL AL %ﬁse%to'fga#r%rﬁndgh%u%bt ai ned

cenent ml ks wgre nkasur e r s o VI SCOSi bl'e

penetratlonafgganLIgueapgrﬁhggrg§sbge %E%GBQtEhlgh% %%%Ugt @€ 5 sumed
up in Table 3. [00341 Used terials Calciumcarbonate: connerC|aIIy

2val | abloe pri@shichgnpeevENt Jegt guohﬁcal, ngueRidektd. g&@wﬂeml@nﬂg@_o@@ss
pecific 10 surface area of 5,500 cn/g [0035] Table 3 Ex. Cal ci um Car bonat e
Vi scosity (RawspBteedt ignNgrCansentsbpar pgrebutrahrediuibll kyroWcszh 15 3-10
support power-increasing grouts, suction prevention
grouts and the like. Because of having good permeability,
the inventive hydraulic cement composition may also be
15 applied to sandy grounds containing gravel, and
effectively work for prevention of liquefaction as well.
[0023]
By way of example but not by way of limitation, the
inventive execﬁtion method may rely upon execution
20 installations used with ordinary grouts, and carried out
pursuant to ordinary grout 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
25 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.
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Basically, the in&entive hydraulic cement composition
for soil ‘injection ma§ be injected in a one-shot mode;
however, depending on the state of the ground applied or
the purposes, it may Ee injected in 1.5 shot or 2 shot
modes while commerciaily available setting accelerators

or other admixtures are separately pumped.

Example 1
[0024]

Classified cement.was used in such varied amounts as
shown in Table 1 per 100 parts of fine grained blast-
furnace slag, and 1.0 part of such dispersing agents as
shown in Table 1 was added to a total of 100 parts of
the fine grained blast-furnace slag and classified
cement to preparevhydraulic cement compositions for soil
injection. Water was added to each hydraulic cement
composition in an amount of 850 parts per 100 parts of
the cement composition, and mixing was carried out for 2
minutes in a grout mixer. The obtained cement milks were
measured in terms of viscosity, bleeding rate,
penetration capability and compression strength. The
results are summed up in Table 1.

[0025]

Used Materials

Fine grained blast-furnace slag a: Commercially
available, fine grained blast-furnace slag having a
Blaine’s specific surface area of 10,500 cm?/g and a

median diameter of 3.6 um



0.2 1.32.4 3-861.92.12.5 0.6 2.2 4.6 3-913 2.02.22.4 0.8 2.6 5.2 25
3-1020 2.12.12.4 1.0 3.2 6.6 Chr*: Just after m xing The contents
by parts of cal cium carbonate are per 100 parts of the classified cenent.
In Experinment Nos. 3-8, 3-9 and 3-10, 26 norrmal Portland cenent free from
cal cium carbonate was cl assified, and cal cium carbonate having a Blaine's
specific surface area of 5,500 cn2/g was, { hereafter added to it. In
Experiment Nos. 3-8, 3-9 and 3-10, the coht ent s by parts of cal cium

carbonate aff,Pelrped LOh&htOL:1092R8 kS0l cbhen¢! 8sehihed ggment and
cal cium carbonate. 10 Ex. No. Penetration Table 3(conti nued) npr essi on
Strength (NeT@®3ification of a mixture of normal Portland cement
and calcium carbonate, and having a Blaine’s specific
surface area of 9,700 cm?/g, a median diameter of 4.1 um
5 and a calcium carbonate content of 11.3%
Dispersing Agent A: Commercially available polyacrylic
acid-based dispersing agent (based on methoxy
polyethylene glycol methacrylate); in General Formula
(I), R' is a methyl group, R?0 is an oxyethylene group
10 having 2 carbon atoms, and R?® is a methyl group
Dispersing Agent B: Dispersing agent in which 300 parts
of a melamine-based dispersing agent made by Sika Ltd.
were blended with 100 parts of Dispersing Agent A

[0026]

15 Measuring Methods

The viscosity was measured with a B-type rotary
viscometer. More specifically, the viscosity was
measured just after mixing, and 3 hours and 6 hours
after mixing at a temperature of 25C.

20 The bleeding rate was measured pursuant to JSCE-F522-
1999 - Bleeding rate/expansion coefficient testing
method for the injected mortar of pre-packed concrete
(Polyethylene bag method). Measurements were obtained
after 0.5 hour, 1 hour and 2 hours at a temperature of

25 25C.

The penetration capability was measured pursuant to a
sample preparation method for soils stabilized by

grouting prescribed by JGS0831-2000. Observation was



0

Remarks 3-1 Full 0.2 Conparative 3-2 Full 0.2 Conparative 3-3 Full
I nventive 3-4 Full .6 Inventive 15 1-4 Full 0.9 Inventive 3-5 Full
| nventive 3-6 Full 1.1 Inventive 3-7 Full 1.0 Inventive 3-8 Full
Conparative 20 3-9 Full 0.2

10

15

20

25
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made of how cement milk was injected and penetrated at
an injection pressure of 0.05 MPa into a model ground in
which Toyoura sand was hydraulically filled in an acryl
pipe of 50 mm in diameter and 1,000 mm in height.

For the compression strength, the acryl pipe
subjected to the penetration testing was cut to a height
of 100 mm, and the set sand gel was removed from within
the acryl pipe to measure its compression strength at a

material age of 28 days.

[0027]
Table 1

Ex. Dispersing Classified Viscosity (mPa-‘s)
No. Agent Cement e (parts) Ohr* 3hr ehr
1-1 - 0 2.0 2.0 2.0
1-2 A 5 2.0 2.0 2.0
1-3 A 10 2.0 2.0 2.5
1-4 A 15 2.0 2.2 3.0
1-5 A 25 2.0 2.5 3.6
1-6 A 30 2.0 2.8 4.5
1-7 B 5 1.8 2.0 2.1
1-8 B 10 1.8 2.0 2.1
1-9 B 15 1.9 2.1 2.4
1-10 B 25 2.0 2.2 2.7
1-11 B 30 2.0 2.4 3.5

The parts in the “classified cement” cclumn is per 100 parts of
the fine grained blast-furnace slag.

Ohr*: just after mixing

0.
1.
.2

5
0



Conmparative 3-10 96 cm 0.2 Conparative [0036] From Table 3, it
has been found that if cal ciumcarbonate is contained in an amount of 6 to
20 parts 25(the inventive range) per 100 parts of the classified cenent,
the bl eeding rate remains | ow and higher strength is produced. \Wen the
content of calciumcarbonate is |ess than 6 parts per 100 parts of the 27
classified cenent or when cal cium car bo%(Se i s added unclassified to the
classified cenent even though its conte comes within the inventive range,
on the other hand, it is foundrtgibeqlikely ithalythe bleeding rate 5 grows
hi gh and strength gets low, indicating that the reactivity remains |ow.
Thus, the igpgorporagicuial &)Spesidiret BeUntor@frelbsith gr ai netr@akei um
carbonate woul d appear to contribute to the fornmation of a firmer set nmass,
and the setnetass wownlsh appeanh to be nore durabjitea /neder an ext ended peri od
of time. Exanple 4 [0037] Fifteen (15) parts of the classified cenent e was
added to 10D-Pparts of3the & i2né gramhled bl ast-furrace 15 siCagparaidet he

di spersi ng agent was added to a total of 100 parts of the fine grained

bl ast - f yr nate? sl ag @ntl cl&s3i-bi edfFeldnment as shdw? i n Tabl Er¥eR®L Y5 epar e
hydraul i c cenent conpositions for _soil injection. Water was added to each
hydraul i ¢ cEfent cofpositi®r-Pn afit20 amount of®€50 parts PEFMEHE parts of

t he cenent coppositjon, d_m xin s carried t for 2 mnutes in a grout
m xer. The ](C)b‘{Tgi nedb'cjgrreﬁ{}‘ fi fks %&Vﬁ nmeasured 1717 terns oEWF%Elovsei ty,

bl eeding rate, penetrati apabi Lit.y, and co ssion str ...The
results arZ{SﬁS sumT%d@upP'ln]n%Tgbl ehﬁl.l [ 0038] Usngfdell\/at eri al sﬁg%kglﬁféer si ng
Agent C. Dispersing;agent 4 p which,0 parts 28 of the nel@gLRerRased

di spersing agent made by Sika Ltd. were blended with 100 parts of

Di spersigng Agent A & spey si ngsAgept1D: D spersing agent i npwBhedve30 parts
of the nel am ne-based di spersing agent nmade by Sika Ltd. 5 were bl ended
with 100 parts of Dbspersi ng.AgentfulA Di spersingl . Agent E: Dinspetsieng agent
in which 100 parts of the nel am ne-based di spersi ng agent nade by Si ka Ltd.
were bl endettdi th 100 par.t3s P Di sper si ng Agentl.& D spersilngeAgerst F:

Di spersing agent in which 600 parts 10 of the nel am ne-based di spersing
agent made byl0Si ka Qtd. Gwdr e ¥l enBed with 100 pard s of Di dp&EBEHE Agent A
Di spersing Agent G Dispersing agent in which 1,000 parts of the

nel ani ne- bakeld di sp&rsidgYadeh i 4 were bl JRYERA
parts of Dispersing 15 Agent. H.  Napht hal ene

sul f ondtde- b éngé?esE‘ie 5eHgdht Cel | f1 ow 110P made by DAI-ICH SEI YAKU
KOGYO Co. , té@l Eﬂsper sing Agent 1: Lignin sulfonate-based di spersing 20
agent Vani |l ex ?\I8 de by N ppon Paper Industries Co., Ltd. D spersing Agent
J: Mel ani ne- basgd di speisi g agent PhkarerhkF s7ade v Sk Ldihurt0039]

Measuring Methods 25For conpression strength variations, sand gel
penetratingothfRYgb1asdi 8984l Bedhy! iR PQ AR S 6 thhe iscut to a length
of 100 mMmto prepare 10 conpression strength testing pieces, which were
measured i ngteinsdoblagf®-furnace slag of the invention and the

20 polyacrylic acid-based dispersing agent is used in
combination with them, it is then possible to produce a
grout cement milk having a low bleeding rate, and that
the sand gel after penetration produces good enough
compression strength too. In particular, it is found

25 that the use of Dispersing Agent B containing both
polyacrylic acid-based dispersing agent and the
melamine-based dispersing agent contributes more to a

further decrease in the bleeding rate, and a more



conpression strength, during which the coefficient of variance was found. 5
[ 0040] Experinent No. Di spersing Agent(parts) Table 4 Viscosity Ohr* 3hr
(nPa. $) 6hr Bl eeding 0.5hlh (%9 2h 4-1 0 7.3 7.8 14.6 15.3 25.6 37.8
4-2 A0.1 2.8 3.7 4.4 0.9 2.44.0 4-3 A0.3 2.6 2.7 3.60.71.83.310 4-4
A0.5 2.1 2.52.70.41.7 3.0 4-5

21

increased strength.
Example 2
[0029]
Fifteen (15) parts of classified cements varying

5 Blaine’s specific surface area were blended with 100
parts of fine grained blast-furnace slag varying in
Blaine’s specific surface area, and 1.0 part of
Dispersing Agent A was added to a total of 100 parts of
the fine grained blast-furnace slag and classified

10 cement to prepare hydraulic cement compositions for soil
injection. Water was added to each hydraulic cement
composition for soil injection in an amount of 850 parts
per 100 parts of the cement composition, and mixing was
carried out for 2 minutes in a grout mixer. The obtained

15 cement milks were measured in terms of viscosity,
bleeding rate, penetration capability and compression
strength. The resultsvare summed up in Table 2.
[0030]

Used Materials

20 Fine grained blast-furnace slag b: having a Blaine’s
specific surface area of 6,100 cm?/g and a median
diameter of 7.4 pm
Fine grained blast-furnace slag c: having a Blaine’s
specific surface area of 8,200 cm?/g and a median

25 diameter of 4.8 um
Fine grained blast-furnace slag d: having a Blaine’s
specific surface area of 15,500 cn?/g and a median

diameter of 1.6 pm



A0.8 2.0 2.4 2.7 0.31.52.7 1-4 A1.0 2.0 2.2 3.0 0.4 1.5 2.4 4-6 211.5
2.02.12.40.31.52.4 4-7 A2.01.92.02.20.31.42.2154-8 A2.5 1.8
2.02.20.21.32.2 4-9 A3.01.8 2.0 2.20.2

22

Classified cement f: Classified4cement obtained by
classification of a mixture of normal Portland cement
and calcium carbonate, and having a Blaine’s specific
surface area of 6,050 cm?/g, a median diameter of 8.6 um
5 and a calcium carbonate content of 9.9%
Classified cement g: Classified cement obtained by
classification of a mixture of normal Portland cement
and calcium carbonate, and having a Blaine’s specific
surface area of 8,300 cm®?/g, a median diameter of 6.1 um
10 and a calcium carbonate content of 9.5%
Classified cement h: Classified cement obtained by
classification of a mixture of normal Portland cement
and calcium carbonate, and having a Blaine’s specific
surface area of 15,800 cm?’/g, a median diameter of 2.5 um

15 and a calcium carbonate content of 13.2%.

[0031]
Table 2

Ex. Fine Grained Blast- Classified Viscosity (mPa-*s)

No. Furnace Slag Cement Ohr#* 3hr 6hr
20 2-1 b £ 1.8 2.0 2.4

2-2 b g 2.0 2.3 2.6

2-3 b e 2.0 2.4 2.9

2-4 b g 2.2 2.8 3.5

2-5 c £ 1.9 2.2 2.5
25 2-6 a i 2.0 2.4 2.8

2-7 d f 2.1 2.5 2.9

1-4 a e 2.0 2.2 3.0



aalanian

320 4-10C0.32.02.12.40.10.71.7 4-11C1.01.92.02.40
6 4-12 C2.01.8 1.9 2.2 0.10.41.4204-13D0.31.92.02.30.1
-14 D01.0 1.8 2.0 2.2 0.1 0.3 1.1 4-15 02.0
23
2-9 a h 2.2 2.6 3.7
2-10 c e 1.9 2.0 2.4
2-11 c g 1.8 2.0 2.5
2-12 c h 2.2 2.4 3.5
5 2-13 d e 2.3 2.7 3.6
2-14 d g 2.4 3.0 3.9
2-15 d h 2.6 3.5 4.7
Ohr#*: Just after mixing
10 Table 2 (continued)
Ex. Bleeding (%) Penetration Compression Remarks
No. 0.5h 1h 2h Strength (N/mm?)
2-1 1.5 3.1 7.9 45 cm 0.3 Comparative
2-2 1.4 3.0 7.5 62 cm 0.3 Comparative
15 2-3 1.3 2.8 7.2 72 cm 0.4 Comparative
2-4 0.5 2.2 6.2 82 cm 0.5 Comparative
2-5 1.6 3.1 8.2 76 cm 0.4 Comparati’ve
2-6 1.5 2.7 7.7 85 cm 0.5 Comparative
2-7 0.6 2.2 7.0 4 93 cm 0.6 Comparative
20 1-4 0.4 1.5 2.4 Full 0.9 Inventive
2-8 0.4 1.7 2.5 Full 0.8 Inventive
2-9 0.2 0.9 2.1 Full 1.0 Inventive
2-100.3 1.6 2.9 Full 0.8 Inventive
2-1106.4 1.7 3.1 Full 0.8 Inventive
25 2-120.2 0.7 1.7 Full 0.9 Inventive
2-130.3 0.8 1.9 Full 0.9 Inventive
2-140.3 0.8 1.6 Full 1.0 Inventive

2-150.2 0.7 1.2 Full 1.2 Inventive




10

15

20

25

100309 4-16 E0.3 1.9 2.1 2.3 0.10.41.1 4-17 E1.0
0.7 25 4-18 E2.0 1.8 1.9 2.0 0 0.2 0.5 4-19 50.3 1.9 2.1
-951.01.92.12.400.3

24
[0032]

From Table 2, it is found that by use of the fine
grained blast-furnace slags and classified cements, each
having a Blaine’s specific surface area of at least
7,000 cm?/g and a median diameter of up to 7 um, lower
bleeding rates are obtained together with good enough
penetration capability and compression strength. As the
fine grained blast-furnace slag and/or the classified
cement have a Blaine’s specific surface area of less
than 7,000 cm®/g or a median diameter of more than 7 um,
it causes the bleeding rate to grow large, the
penetration capability to go worse, and the compression
strength to get low.

Example 3
[0033]

Classified cements varying in the content of calcium
carbonate were added to 100 parts of the fine grained
blast-furnace slag a as shown in Table 3, and 1.0 part
of Dispersing Agent A was added to a total of 100 parts
of the fine grained blast-furnace slag and classified
cement to prepare hydraulic cement compositions for soil
injection. Water was added to each hydraulic cement
composition in an amount of 850 parts per 100 parts of
the cement composition, andvmixing was carried out for 2
minutes in a grout mixer. For the purpose of comparison,
normal Portland cement free from calcium carbonate was
classified, and a given amount of calcium carbonate

having a Blaine’s specific surface area of 5,500 cm?/g

1.9
2.2

2.
0.

1
1



10

15

20

25

2.01.71.82.0000.4 30 4-22F0. 3 2.2
2.0

.01.71.92.0000.4 4-24F2.0 1.7 1.8
0.3 1.0

25

was added to the classified cement for similar
estimation. The obtained cement milks were measured in
terms of viscosity, bleeding rate, penetration
capability and compression strength. The results are
summed up in Table 3.

[0034]

Used Materials

Calcium carbonate: A commercially available product made
by Joetsu Mining Co., Ltd. having a Blaine’s specific
surface area of 5,500 cm®/g
[0035]
Table 3
Ex. Calcium Carbonate Viscosity {(mPa‘s) Bleeding (%)

No. Content (parts) Ohr* 3hr 6hr 0.5h 1h 2h

3-1 0 2.0 2.0 2.1 0.7 2.1 4.8
3-2 5 2.0 2.0 2.2 0.5 2.1 4.0
3-3 6 2.0 2.0 2.3 0.3 1.7 2.7
3-4 10 2.0 2.2 2.5 0.3 1.6 2.6
1-4 11 2.0 2.2 3.0 0.4 1.5 2.4
3-5 13 2.0 2.2 2.6 0.3 1.5 2.5
3-6 15 2.0 2.2 2.6 0.3 1.5 2.4
3-7 20 2.0 2.3 2.8 0.2 1.3 2.4
3-8 6 1.9 2.1 2.5 0.6 2.2 4.6
3-9 13 2.0 2.2 2.4 0.8 2.6 5.2
3-10 20 2.1 2.1 2.4 1.0 3.2 6.6

Ohr*: Just after mixing
The contents by parts of calcium carbonate are per 100 parts of

the classified cement. In Experiment Nos. 3-8, 3-9 and 3-10,

1.9 2.1
000.3 4-2

0.
Q0.

0.4
3



2.1 5 4-26GL.0 2.0 2.2 2.6 0.3 0.9 1.5 4-27&.0 1.9 2.2 2.40.20.7 1.4
4-28H1.0 4.8 6.2 8.5 5.2 10.7 26.9 4-2911.0 4.6 7.3 10.8 6.6 12.2 30.4
4-30J1.0 3.3 3.6 4.9 0.5 2.2 3.4 10 In the "viscosity" colum, Chr* neans
just after mxing, and the contents by parts of the dispersing agent are
per a total of 100 parts of the fine grained blast-furnace slag and
classified cenent. 15 Ex. No. 26

normal Portland cement free from calcium carbonate was classified,
and calcium carbonate having a Blaine’s specific surface area of
5,500 cm?’/g was thereafter added to it. In Experiment Nos. 3-8,
3-9 and 3-10, the contents by parts of calcium carbonate are per

5 a total of 100 parts of the classified cement and calcium

carbonate.
Table 3 (continued)
Ex. No. Penetration Compression Strength Remarks
10 (N/mm?)
3-1 Full 0.2 Comparative
3-2 Full 0.2 Comparative
3-3 Full 0.5 Inventive
3-4 Full 0.6 Inventive
15 1-4 Full 0.9 Inventive
3-5 Full 1.0 Inventive
3-6 Full 1.1 Inventive
3-7 Full 1.0 Inventive
3-8 Full 0.2 Comparative
20 3-9 Full 0.2 Comparative
3-10 96 cm 0.2 Comparative
[0036]

From Table 3, it has been found that if calcium
carbonate is contained in an amount of 6 to 20 parts
25 (the inventive range) per 100 parts of the classified
cement, the bleeding rate remains low and higher
strength is produced. When the content of calcium

carbonate is less than 6 parts per 100 parts of the



Tabl e Penetration 4(continued) Conpression StrengthRemarks (N nmmR)
cmO0.2 Conparative 4-2 Full 0.8 (15.3) Inventive 20 4-3 Full 0.9 (14.2)
4-4 Full 0.9 (14.0) Inventive 4-5 Full 0.9 (13.1) Inventive

| nventi ve
1-4 Full

10

15

20

25

0.9 (11.8) Inventive 4-6 Full 0.9 (10.9) Inventive 25 4-7

27

classified cement or when calcium carbonate is added
unclassified to the classified cement even though its
content comes within the inventive range, on the other
hand, it is found to be likely that the bleeding rate
grows high and strength gets low, indicating that the
reactivity remains low. Thus, the incorporation of a
specific amount of fine grained calcium carbonate would
appear to contribute to the formation of a firmer set
mass, and the set mass would appear to be more durable
over an extended period of time.

Example 4

[0037]

Fifteen (15) parts éf the classified cement e was
added to 100 parts of the fine grained blast-furnace
slag a and the dispersing agent was added to a total of
100 parts of the fine grained blast-furnace slag and
classified cement as shown in Table 4 to prepare
hydraulic cement compositions for soil injection. Water
was added to each hydraulic cement composition in an
amount of 850 parts per 100 parts of the cement
composition, and mixing was carried out for 2 minutes in
a grout mixer. The obtained cement milks were measured
in terms of viscosity, bleeding rate, penetration
capability, and compression strength. The results are
summed up in Table 4.

[0038]

Used Materials

Dispersing Agent C: Dispersing agent in which 10 parts

4-1 22

Ful |



0.8 (11.0) Inventive 4-8 Full 0.8 (9.6) Inventive 4-9 Full 0.7 (9.1)
I nventive 4-10 Full 0.8 (10.2) Inventive 31 4-11 4-12 4-13 4-14 Ful
Full Full Full 0.8(8.6) 0.9(7.7) 0.7(9.8) 0.9(8.1) Inventive Inventive
I nventive Inventive 5 4-15 Full 0.9(7.5) Inventive 4-16 Full 1.0(9.9)
I nventive 4-17 Full 1.2(7.1) Inventive 4-18 Full 1.1(6.8)

28

of the melamine-based dispersing agent made by Sika Ltd.
were blended with 100 parts of Dispersing Agent A
Dispersing Agent D: Dispersing agent in which 30 parts
of the melamine-based dispersing agent made by Sika Ltd.
5 were blended with 100 parts of Dispersing Agent A
Dispersing Agent E: Dispersing agent in which 100 parts
of the melamine-based dispersing agent made by Sika Ltd.
were blended with 100 parts of Dispersing Agent A
Dispersing Agent F: Dispersing agent in which 600 parts
10 of the melamine-based dispersing agent made by Sika Ltd.
were blended with 100 parts of Dispersing Agent A
Dispersing Agent G: Dispersing agent in which 1,000
parts of the melamine-based dispersing agent made by
Sika Ltd. were blended with 100 parts of Dispersing
15 Agent A ‘
Dispersing Agent H: Naphthalene sulfonate-based
dispersing agent Cellflow 110P made by DAI-ICHI SEIYAKU
KOGYO Co., Ltd.
Dispersing Agent I: Lignin sulfonate-based dispersing
20 agent Vanilex N made by Nippon Paper Industries Co., Ltd.
Dispersing Agent J: Melamine-based dispersing agent
Sikament FF made by Sika Ltd.
[0039]

Measuring Methods

25 For compression strength variations, sand gel
penetrating through a 1,000 m acryl pipe and set there
was cut to a length of 100 mm to prepare 10 compression

strength testing pieces, which were measured in terms of



I nventive 4-19 Full 1.5(9.6) Inventive 10 1-9 Full 1.6(7.2) Inventive

4-21 Full 1.6(6.4) Inventive 4-22 Full 1.1(10.3) Inventive 4-23 Full

1.3(6.5) Inventive 4-24 Full 1.3(6.1) Inventive 15 4-25 Full 0.9(10.2)

I42vent i)ve 4-26 Full 1.0(8.5) Inventive 4-27 Full 1.0(8.3) Inventive 4-28
cmO0.5

29

compression strength, during which the coefficient of

variance was found.

[0040]
Table 4
5 Experiment Dispersing Viscosity (mPa-°s) Bleeding (%)
No. Agent (parts) Ohr* 3hr ohr 0.5h ih 2h
4-1 0 7.3 7.8 14.6 15.3 25.6 37.8
4-2 AO.1 2.8 3.7 4.4 0.9 2.4 4.0
4-3 AO.3 2.6 2.7 3.6 0.7 1.8 3.3
10 4-4 AO.5 2.1 2.5 2.7 0.4 1.7 3.0
4-5 AD.8 2.0 2.4 2.7 0.3 1.5 2.7
1-4 Al.0O 2.0 2.2 3.0 0.4 1.5 2.4
4-6 Al.5 2.0 2.1 2.4 0.3 1.5 2.4
4-7 A2.0 1.9 2.0 2.2 0.3 1.4 2.2
15 4-8 A2.5 1.8 2.0 2.2 0.2 1.3 2.2
4-9 A3.0 1.8 2.0 2.2 0.2 1.3 2.0
4-10 C0.3 2.0 2.1 2.4 0.1 0.7 1.7
4-11 CL.0 1.9 2.0 2.4 0.1 0.5 1.6
4-12 c2.0 1.8 1.9 2.2 0.1 0.4 1.4
20 4-13 D0.3 1.9 2.0 2.3 0.1 0.5 1.3
4-14 - Dl.0O 1.8 2.0 2.2 0.1 0.3 1.1
4-15 D2.0 1.8 1.9 2.1 0 0.3 0.9
4-16 | E0.3 1.9 2.1 2.3 0.1 0.4 1.1
4-17 EL.O 1.9 2.1 2.2 0 0.2 0.7
25 4-18 E2.0 1.8 1.9 2.0 0 0.2 0.5
4-19 B0.3 1.9 2.1 2.2 0.1 0.4 1.0
1-9 B1.0 1.9 2.1 2.4 0 0.3 0.9

4-21 : B2.0 1.7 1.8 2.0 0 0 0.4



Conparative 4-29 35 cm 0.2 Conparative 20 4-30 69 cm 0.6 Conparative In
the "conpression strength"” colum, the bracketed nunerals are indicative of
the coefficients of variance (% . Note that in Experinment Nos. 4-1, 4-28,
4-29 and 4-30, no coefficient of variance could be figured out because the
perneation di stance 25run short. [0041] From Table 4, it has been
found that the use of the polyacrylic acid-based di spersing agent enabl es
the 32 bleeding rate to remain | ow, na@@ng sure good enough penetration
capability. ln,particul ar,,that di spersi agens shoyld pregfgraply be used
in conbinati%n2€ﬁth t he #%1ﬁﬂine-b§§§d d?gbergi%g adgﬁg. angeqﬁéxtly, 5
~differential jcoympression strength due tojdifferentiahp peneprati@mnu di stance
gets small, which would appear to result in the ability to obtain a nore
uniform inpsoyed set masgz.dMen thevdi spegsinpgoagents ot her thamthe

pol yacrylic aci d-based di spersing agent (naphthal ene 10 sul f onat e- based,

l'i gni n suf onates based, aneb el am ne-.based. di spes si ngd ayent ) 0i s2used al one,
no good penetration capability can be ensured. Exanple 5 [0042] 15Water was
added te such-h§draulic cgheht comBeditiond pepareddad sh@wA ih-Table 5 in
such amounts per 100 parts of the cenment conposition as shown in Table 5 to
prepare ceneft2Til ks. Wat@ - Qenetrdt-Pon 2edti Agiwas atried-dutluding those
cement mlks: they were 20 subjected to water penetrﬁtgon éﬁséi9&é¥ﬁth a
model ground4n@®ing a wat®t Gurrent-Bn nPrd. ¥he point?to ¢helk“fas whet her
or not there an outfl ow of the cenen i n additio he,sget mass
was renoved #¥%§1mjthin the hodel érgundsagleioéévengd%ys ?8'%b§%f€e its 25

shape. Wen {he,set mass ypqlin a substantial jygsphegigal shapegz its
di anet er was—fotmtd—Fher+restt-tsof testingare Sumed up TN 33

T }
[ 0043] . .Bl end . e .Bx..Fi ai ﬁ%ggg-- . Byrpace; Slag(Ragts) 5
Classiﬁped %%%t(%é%%%sl 'sﬁgsggab(ﬁggnt part% 5a(1) 2{11%%0 15 A1.0
the contents by parts of the dispersing agent are per a total

of 100 parts of the fine grained blast-furnace slag and

classified cement.

15 Table 4 (continued)
Ex. No. Penetration Compression Strength Remarks
(N/mm?)
4-1 22 cm 0.2 Comparative
4-2 Full 0.8 (15.3) Inventive
20 4-3 Full 0.9 (14.2) Inventive
4-4 Full 0.9 (14.0) Inventive
4-5 Full 0.9 (13.1) Inventive
1-4 Full A 0.9 (11.8) Inventive
4-6 Full 0.9 (10.9) Inventive
25 4-17 Full 0.8 (11.0) Inventive
4-8 Full - 0.8 (9.6) Inventive
4-9 Full 0.7 (9.1) Inventive

4-10 Full 0.8 (10.2) Inventive



(2) 2-7 100 15 AL.0 (3)
4-29 100 15 11.0 10 (6)

(9)

15 338.5

10

15

20

25

4-1 100 15 0 (4)

4-30 100 15 3-1.0 (7) 100 15 A3.5 (9)
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4-11 Full 0.8 (8.6) Inventive
4-12 Full 0.9 (7.7) Inventive
4-13 Full 0.7 (9.8) Inventive
4-14 Full 0.9 (8.1) Inventive
4-15 Full 0.9 (7.5) Inventive
4-16 Full 1.0 (9.9) Inventive
4-17 Full 1.2 (7.1) Inventive
4-18 Full 1.1(6.8) Inventive
4-19 Full 1.5 (9.6) Inventive
1-9 Full 1.6 (7.2) Inventive
4-21 Full 1.6 (6.4) Inventive
4-22 Full 1.1 (10.3) Inventive
4-23 Full 1.3 (6.5) Inventive
4-24 Full 1.3 (6.1) Inventive
4-25 Full 0.9 (10.2) Inventive
4-26 Full 1.0 (8.5) Inventive
4-277 Full 1.0 (8.3) Inventive
4-28 41 cm 0.5 Comparative
4-29 35 cm 0.2 Comparative
4-30 69 cm 0.6 Comparative
In the “compression strength” column, the bracketed numerals
are indicative of the coefficients of variance (%). Note that
in Experiment Nos. 4-1, 4-28, 4-29 and 4-30, no coefficient of
variance could be figured out because the permeation distance
run short.

[0041]
From Table 4, it has been found that the use of the

polyacrylic acid-based dispersing agent enables the

4-28 100 15 HL.0 (5)

100



100 15 A1.0 (10) 1-2 100 5 AL1.0 15 (11) 1-4 100 15 AL.0 (12) 1-6
100 30 A1.0 (13) - 100 15 AL.0 (14) - 100 15 31.0 (15) 1-7 100 5
B1.0 20 (16) 1-9
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bleeding rate to remain low, making sure good enough
penetration capability. In particular, that dispersing
agent should preferably be used in combination with the
melamine-based dispersing agent. Consequently,

5 differential compression strength due to differential
penetration distance gets small, which would appear to
result in the ability to obtain a more uniform, improved
set mass. When the dispersing agents other than the
polyacrylic acid-based dispersing agent (naphthalene

10 sulfonate-based, lignin sufonate-based, and melamine-
based dispersing agents) is used alone, no good
penetration capability can be ensured.

Example 5
[0042]

15 Water was added to such hydraulic cement compositions
prepared as shown in Table 5 in such amounts per 100
parts of the cement composition as shown in Table 5 to
prepare cement milks. Water penetrationvtesting was
carried out using those cement milks: they were

20 subjected to water penetration testing with a model
ground having a water current in mind. The point to
check was whether or not there was an outflow of the
cement milk. In addition, the set mass was removed from
within the model ground after seven days to observe its

25 shape. When the set mass was in a substantially
spherical shape, its diameter was found. The results of

testing are summed up in Table 6.



100 15 31.0 (17) 1-11 100 30 B1.0 (18) - 100 15 31.0 The parts in
the "classified cenent” colum are per 100 parts of the fine grained

bl ast -furnace slag, and the parts in 25the "dispersing agent" colum are
per a total of 100 parts of the fine grained blast-furnace slag and
classified cenent. 34 5 BlendWater No.(parts) Table 5(Continued) Remnarks
(1) 850 Fine grained blast-furnace sl ag % and Cassified cement f (2) 850
Fi ne grai ned blast-furnace slag d and 330 assified cement f (3) 850 No

di spersing ﬁﬂﬁfg]

Table 5
Blend Ex. Fine Grained Blast- Classified Dispersing
No. No. Furnace Slag (parts) Cement (parts) Agent (parts)
5 (1) 2-1 100 15 Al.0
(2) 2-7 100 15 Al.0
(3) 4-1 100 15 0
(4) 4-28 100 15 H1.0
{5) 4-29 100 15 Il.0
10 (6) 4-30 100 15 J1.0
{(7) - 100 15 A3.5
(8) - 100 15 B3.5
(9) - 100 15 Al.0
(10) 1-2 100 5 Al.0
15 (11) 1-4 100 15 Al.O
(12) 1-6 100 30 Al.0
(13) - 100 15 Al.O
(14) -~ 100 15 B1.0
(15) 1-7 100 5 B1.0
20 (16) 1-9 100 15 B1.0
(17) 1-11 100 30 B1.0
(18) - 100 15 B1.0O

The parts in the “classified cement” column are per 100
parts of the fine grained blast-furnace slag, and the parts in
25 the “dispersing agent” column are per a total of 100 parts of the

fine grained blast-furnace slag and classified cement.



(4) 850 Napht hal ene sul f onat e- based di spersing agent 10 (5) 850 Lignin
sul f onat e- based di spersing agent (6) 850 Mel am ne-based di spersing agent
(7) 850 Addition of excessive dispersing agent (8) 850 Addition of
excessive dispersing agent (9) 400 The lower limt to the anount of water
used 15 (10) 850 The lower limt to the classified cenent used (11) 850
A conposition in the nore preferable range (12) 850 The upper limt to
the classified cenent used (13) 1,5002%%e upper limt to the anmount of
water used (14) 400 The lowefahigi s tQ@ohhenaggynt of water used 20 (15)
850 The lower Iimt to the classified cenment used (16)

Blend Water Remarks

No. {(parts)

(1) 850 Fine grained blast-furnace slag b and
5 Classified cement £

(2) 850 Fine grained blast-furnace slag d and

Classified cement £

(3) 850 No dispersing agent

(4) 850 Naphthalene sulfonate-based dispersing agent
10 (5) 850 Lignin sulfonate-based dispersing agent

(6) 850 Melamine-based dispersing agent

(7) 850 Addition of excessive dispersing agent

(8) 850 Addition of excessive dispersing agent

(9) 400 The lower limit to the amount of water used
15 (10) 850 The lower limit to the classified cement used

(11) 850 A composition in the more preferable range

(12) 850 The upper limit to the classified cement used

(13) 1,500 The upper limit to the amount of water used

(14) 400 The lower limit to the amount of water used
20 (15) 850 The lower limit to the classified cement used

(16) 850 A composition in the more preferable range

(17) 850 The upper limit to the classified cement used

(18) 1,500 The upper limit to the amount of water used

The parts in the “water” column are per 100 of the hydraulic

25 cement composition for soil injection.

[0044]

Testing Method




850 A conposition in the nore preferable range (17) 850 The upper limt
to the classified cenent used (18) 1,500 The upper Iimt to the anmount of
wat er used The parts in the "water” colum are per 100 of the hydraulic

25 cenent conposition for soil injection. [0044] Testing Method 35

The water penetration testing was carried out pursuant to Water Penetration
Testing Method for Soils prescribed in 0311-2000. More exactly, a
transparent acryl vessel of $10X23 cm packed with #5 silica sand 5 at a

porosity of 40.9% 1.0 J?Hﬁéﬁé?&gpggﬁ GEoUNLy MRLechereebhahtthe acryl

vessel for preparing the 'nodel ground was provided at its bottomwith a

filter out Of wich Watwscanpdpiher seresh MekkihomedhdawiorNeatlshe center
of the prepared nodel ground there was a pi pe set through which the cenent

mlk was i njesdetibddeid huss psepaz @0 roded rgrewmnct Messel t masspanenised as a
whole in a tank filled up with water, and there was a water |evel

di fference ofr@l wessani oif ap R 2Beicne e st e akeee wiemd #&f sihlel grodeEndgr ound
vessel and the tank filled up with 15 water. Under such conditions that
wat er was cuohsa ametysiteyl ¢bréQaberteeprapanent, m2gelcgreinflne WP%@d cenent

mlk were injected through the pipe to observe how the cenent m |k fl owed
out of the hwerRlthgbubie ¢%¥Y%h%eﬁﬁ?boggroPrEH@EkPﬂgtPﬁemggﬁ e of the set
cenment mlk 20 Ss renai ning.in_the nod round, the.nmodel ground vessel
was takeneﬁﬁﬁ?ggfw%§ %?%%%%gga?tabEsoPO§£9§nw&ggs? gﬁ&tFﬁeoggtgﬁass was

removed fromw.thin to observe i ; e LN a
substantiaﬂ?%l%gh%??%ﬁJa%%aégs F%@egggﬁg%gy@§gggpogﬁgﬁ'gg§%%£aET%eding rate

o b ool PELP B Pt afg bR EEY SHLAR chO%é5hasth pld ack

10 through which the cement milk was injected. The thus
prepared model ground vessel was immersed as a whole in
a tank filled up with water, and there was a water level
difference of 0.7 cm maintained between the upper end of
the model ground vessel and the tank filled up with

15 water. Under such conditions that water was constantly
fed for water replacement, 120 cc of the mixed cement
milk were injected through the pipe to observe how the
cement milk flowed out of the model ground. For the
purpose of checking the state of the set cement milk

20 mass remaining in the model ground, the model ground
vessel was taken apart after a material age of seven
days, 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.

25 The bleeding rate of the grout before injection was

measured too.

[0045]



5-2 (2) No outflow 5-3 (3) No outflow 10 5-4 (4) Qutflow after 60 mn.
5-5 (5) CQutflow after 40 min. 5-6 (6) No outflow 5-7 (7) Qutflow after
90 mn. 15 5-8 (8) CQutflow after 90 mn. 5-9 (9) No outflow 5-10 (10)
No outfl ow 5-11 (11) No outfl ow

36
Table 6

Ex. Blend Outflow Shape

No. No.

5-1 (1) No outflow Amorphous shape: no uniform
5 penetration of the grout

5-2 (2) No outflow Amorphous shape: no uniform

penetration of the grout
5-3 (3) No outflow Amorphous shape: no uniform

penetration of the grout
10 5-4 (4) Outflow after 60 min. Substantial sphere
5-5 (5) outflow after 40 min. No trace of the set mass
5-6 (6) No outflow Amorphous shape: no uniform
penetration of the grout
5-7 (7) Outflow after 90 min. Substantial sphere

15 5-8 (8) Outflow after 90 min. Substantial sphere

5-9 (9) No outflow Substantial sphere
5-10 (10) No outflow Substantial sphere
5-11 (11) No outflow Substantial sphere
5-12 (12) No outflow Substantial sphere
20 5-13 (13) No outflow Substantial sphere
5-14 (14) No outflow Substantial sphere
5-15 (15) No outflow Substantial sphere
5-16 (16) No outflow . Substantial sphere
5-17 (17) No outflow Substantial sphere
25 5-18 (18) No outflow Substantial sphere

Amorphous shape: the set mass was deformed; so it was indefinite
in shape. When 120 cc of the cement milk was rounded, its

diameter was 6.1 cm.



5-12 (12) No outflow 20 5-13 (13) No outfl ow 5-14 (14) No outfl ow

5-15 (15) No outfl ow 5-16 (16) No outfl ow 5-17 (17) No outfl ow
5-18 (18) No outfl ow Anor phous shape: the set mass was def or ned;

was indefinite in shape. Wien 120 cc of the cenent m |k was rounded,

di ameter was 6.1 cm 37 Tabl e 6(Conti nued) Ex. No.

10

15

20

25
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Table 6 (Continued)

Ex. No. Bleeding Rate (%) Diameter of the Set Mass Remarks
1h (lengthXwidth cm)

5-1 3.1 - Comparative
5-2 2.2 - Comparative
5-3 25.6 - Comparative
5-4 10.7 1.5X1.3 Comparative
5-5 12.2 - Comparative
5-6 2.2 - Comparative
5-7 1.6 3.5X2.8 Comparative
5-8 0.3 1.8X2.5 Comparative
5-9 1.6 5.8X6.2 Inventive
5-10 1.4 5.7X6.0 Inventive
5-11 1.5 6.0X5.7 Inventive
5-12 1.7 6.0X6.2 Inventive
5-13 1.8 5.9X6.3 Inventive
5-14 0.6 5.7X6.3 Inventive
5-15 0 5.6X6.3 Inventive
5-16 0.3 5.9X6.1 Inventive
5-17 1.0 6.1X5.9 Inventive
5-18 0.7 5.9X6.3 Inventive

[0046]

From Table 6, it has been found that the inventive

cement composition for soil injection makes sure the

grout remains in the ground with no outflow, even when

it is injected into the ground having water currents,

providing such a set mass as theoretically expected.

set mass is in a substantially spherical shape, which

The

25
SO it
its



10

15

20

25

Rate (% Dianmeter of the Set Mass Remarks I h (lengthXw dth cm
Conparative 5 5-2 2.2 - Conparative 5-3 25.6 Conparative

1.5X1. 3 Conparative 5-5 12.2 Conparative 5-6 2.2
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indicates that there is uniform penetration and grouting
achieved. It also shows that if the amount of water used
falls within the range of 400 to 1,500 parts per 100
parts of the hydraulic cement composition for soil
injection, bleeding rate changes remain small too.
Example 6

[0047]

The inventive cement composition for soil injection
was actually applied to construction work for preventing
liquefaction of a seawall foundation. To this end, grout
cement milk No. 5-9, 5-11, and 5-16 was adjusted in a
grout mixer and injected in the foundation. Those cement
milks were each mixed for two minutes, and once it had
been passed over to a reservoir, it was pumped and
injected by a grout pump via a hose and an injection
pipe (a single-pipe rod). During injection, the pressure
was managed such that the maximum pressure was set at
0.5 MPa, and the injection rate and amount were set at
40% and 1 m®, respectively. The grout cement milks could
all be injected at a pressure below the management
pressure. One month later, the ground was turned over to
check the set state of the injected cement milk,
revealing that the grout cement milk penetrated the
ground and was set there. The set masses were all in a
nearly spherical shape having a diameter of 45 to 65 cm.
Samples were cut out of those set masses to measure
their compression strength: 3.5 N/mm? for the set grout

mass corresponding to Experiment No. 5-9, 1.4 N/mm? for



- Conparative 10 5-7 1.6 3.5X2.8 Conparative 5-8 0.3 1.8X2.5
Conparative 5-9 1.6 5.8X6.2 Inventive 5-10 1.4 5.7X6.0 Inventive
5-11 1.5 6.0X5.7 Inventive 15 5-12 1.7 6.0X6.2 Inventive 5-13 1.8
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Experiment No. 5-11, and 0.4 N/mm? for Experiment No. 5-
16, all figures indicating that good enough improvements
are achievable.
Example 7

5 [0048]

Using the equipment used for the construction work of

Example 6 for preventing liquefaction of the seawall
foundation, the inventive cement composition for soil
injection was mixed and pumped through a hose, and

10 pumping was interrupted to allow the grout to remain in
the hose for 60 minutes. Afterwards, the operation was
resumed and how the grout behaved was checked. The
blends used were grout cement milks of Experiment Nos.
5-9, 5-11, 5-13, 5-14 and 5-18 (having different water

15 contents), and cement milks of Experiment Nos. 5-1, 5-2,
5-3, 5-4 and 5-6 were used for the purpose of comparison.
As a result, there was no or little settling down of
particles in the hose with the grouts of Experiment Nos.
5-9, 5-11, 5-13, 5-14 and 5-18, and smooth pumping could

20 be resumed irrespective of the pressure taken for
restarting. With the grouts of comparative Experiment
Nos. 5-1, 5-2, 5-3, 5-4 and 5-6, on the other hand,
there was the settling down of particles in the hose.
With Experiment Nos. 5-4 and 5-5 in particular,

25 restarting could not be possible because about half the
section of the hose was covered with settled particles.
With Experiment Nos. 5-1, 5-2 and 5-3, restarting could

be barely possible but about a few minutes after



5.9X6.3 Inventive 5-14 0.6 5.7X6.3 Inventive 5-15 0 5.6X6.3 Inventive
5-16 0.3 5.9X6.1 Inventive 20 5-17 1.0 6.1X5.9 Inventive 5-18 0.7
5.9X6.3 Inventive [0046] From Table 6, it has been found that the
inventive cement conposition for soil injection nakes sure the 25 grout
remains in the ground with no outflow, even when it is injected into the
ground having water currents, providing %uch a set mass as theoretically
expected. The 4

restarting, a cluster of undispersed particles flowed
through the hose due to the pressure taken for

restarting, leading to a clogging of the hose.

5 APPLICABILITY TO THE INDUSTRY
[0049]

The inventive hydraulic cement composition for soil
injection is less susceptible to material separation,
and excels in penetration capability and the ability to

10 work so that a wide range of improvements are rapidly
achievable. In addition, the set mass formed of the
specific classified cement, fine grained slag and
dispersing agent(s) contributes more to good enough
strength and excels more in durability over a long

15 period of time so that it could be applied to
reinforcing work for various soft grounds such as the

prevention of liquefaction of sandy grounds.



set mass is in a substantially spherical shape, which 38 indicates that
there is uniformpenetration and grouting achieved. It also shows that if
t he amount of water used falls within the range of 400 to 1,500 parts per
100 parts of the hydraulic cenment conposition for soil 5 injection,

bl eedi ng rate changes remain small too. Exanple 6 [0047] The inventive
cenent conposition for soil injection mgi actually applied to construction
work for preventing 10 |iquefaction of seawal | foundation. To this end,

grout cenment mlk No. 5-9, 5-Iliangk S-df;Mas fgiusted in a grout mxer and
injected in the foundation. Those cenent m | ks were each mxed for two

m nutes, and once it had been passed over to a reservoir, it was punped and
15 injected by a grout punp via a hose and an injection pipe (a single-pipe
rod). During injedimgmrddiel presste yasposbhaped sochsohat inhectagnmum
pressure was set at 0.5 MPa, and the injection rate and anmount were set at
40% and 1 narsaspeciiekllyy ddrepgroing ckd@npantskefcbingd goaanpdbe injected
at a pressure bel ow the nmanagenent pressure. One nonth |ater, the ground
was tur fed hest tumieek sheg seavinate Biaihe’ npeecébliceRBARE2RPI kK,
revealing that the grout cenent mlk penetrated thelgr und and was. set
there. The %aa rifssbO0Rried al ¢/ 910 LCBE hftd 2 I AL AR Hvihg a

dianeter of 45 to 65 cm Sanples were cut out of those set sses to
measur e t heiq Ttofpr es o St P §%a?\ﬁh$3ee$o?e‘f‘ﬁ%t s%‘?pﬁggﬁt °hass

correspondi ng to. Experijent, No -9 .1.4 . rLpgn . 5-11,
and 0.4IWrﬁé%%?ﬁyﬁéanﬁiiaﬁRePffféfwﬁ%? %%%H;?éégés(?ﬁngg?i%gatﬁg good
enough i npr.ov. [ b 7 4 hag,the

caui prent Jede T B e N e R e R a e £ A pr aeght i ng

liquef agti o, ofg the seaveh b § oypdat i ospe b Benyn¥gaht veosEHEAL NnGOAPOSI ti ON
for soil injection was n xed and punped through a hose, and 10 punpi hg was
i nterrupt edbd Dy PN ¢ hec DR OMhsé@ despénsingt hgehaspetkorn 66tailnoffes.
Afterwards, the operation was resunmed and how the grout behaved was
checked. Theoblenctss usedt er 8ige ogtateednblasktk§uohaEgpedlageandNos. 5-9,
5-11, 5-13, 5-14 and 5-18 (having different water 15 contents), and cenent
m | ks of ExpeassehtedNosemd&nll; 5-2, 5-3, 5-4 and 5-6 were used for the

pur pose of comparison. As a result, there was ngo or, Jittle settlin% down of

particles in thelhosasitflehecyronts R2ERPEFF RRT RYsCOBLEINENY1° 5. 13
5-14 and 5-18, and snoo unpi ng_coul d, 20 be resuned.,ir pective of the
pressurl® taken for r%%t%$t$ﬁggsvgfhc?LngWoﬁ?§£8Pag§nﬁ3rg@?v %E§éerinent
Nos. 5-1, 5-2, 5-3, é§4 gng 5-6, on the other hand, there was the settling
down of particles in fe“hose. Wth Experinment Nos. 5-4 and 5-5 in
particul ar, 25 t i I be I : agsenabouty hal f the
section of the E%Eéégéiggggggegeﬁf%ﬁ's%???igg%g%??glgg.havtthxperinent
Nos. 5-1, 5-2 and 5-gj {88t 3rtHagieosl dubgabar akkapessihbeobtio about a few
mnutes after 40 restarting, a cluster of undispersed particles flowed

t hrough the hose duelrgpobbecptassuireditaken for restarting, leading to a

cl oggi ng of the hose. 5 APPLICABILITY TO THE | NDUSTRY [ 0049] The

i nventiace hydraud) cctesehfiednpesentpncharasdelrizrfebi baviiadl éss
susceptible to material separation, and excels in penetration capability
and the ability to Ifcdbak dbamhheraofi detparigeémef inprovenents are rapidly
achievable. In addition, the set mass forned of the specific classified
cenent, fine grained slag and di spersing agent(s) contributes nore to good
enough strength_and_excel s re in durability, over | gng 41 ri of time
so that it coul%'beAa%ﬁgF%HT?8 ?%Wﬁ?grEPWBORéF%OPOF%§aPPg&S§§§%fkggghnds
such as the_preventign,of .lLiquefact.i ro ) VWHAT | S

CLAI VED 1 S: 25, ricﬁéﬁgaﬁﬁ 8&8é}r¢e%1’ %Q%Sgﬁﬁﬁg%%o%nsé@ﬂ%sﬁ rﬁhg%ti on,

charactgri z rLsi t f: (-1 asds furnace sl ag
havi ng §§B|§?ﬁ§¥§ggggc?§kggség g@%&aﬁggkg#n%?g%gﬁ?%ﬁ%g?boo cnk/g and a

medi an diangggbeggiggtgggn@ql 5 to 30 parts of classified cenent capabl e of
satisfying all the follow ng conditions (1), (2) and (3) per 100 parts of
the fine grained blast-furnace slag, 10 and 0.1 to 3 parts of a dispersing
agent containing a polyacrylic acid-based dispersing agent per a total of
100 parts of tha.fihehgdaenédcbtasentucrapessitagradercisesdi fireddamsnt :

(1) classified cenent, characterized by containing 6 15to 20 parts of

cal cium carbonate in 100 parts thereof,



(2) classified cenent, characterized by having a Blaine's specific surface
area of 7,000 to 16,000 cnRig, and 20(3) classified cenent, characterized
by having a nedian dianeter of 1 to 7 Rm 2. A hydraulic cenent
conposition for soil injection as recited in Caim1l, characterized in that
the 25 dispersing agent further contains a nel am ne-based di spersing agent.
42 as recited in CQaiml, characterized,in that the poly-acrylic acid-based
di spersing agent is a copol yner contain?%g a mononer represented by the
followi ng geneeals bor il @16l SOGEARDAURPANRADY whergmRe. i s a
hydrogen atom or a nethyl group, i's an oxyal kyl ene group having 2 to 4
carbon at oggryl ilcS adl d-MaReRy dﬁ‘sﬁeﬂﬁr@,agﬁlﬁ R% i cogydmogen atom or an
al kyl group having 1 to 5 carbon atons. 4. A cenment mlKk,
CharaCterléadteﬁnhh@taMMUﬂbmerthbxédamundjby>&hbvﬁ¢1ﬂqwiw®raul|c cement
conposition for soil injection as recited in any one of Clains 1, 2 and 3.
15 5. gAneementformukd aas(Ir)ecited in Claim4, characterized in that the
cement m |k obtained by addi ng and @leng water to and with the hydraulic
cenent Tonposition forCHeFE (RNjERQA (BR)IABS a bléédlng rate of up 20 to 2%

after at rest for,60 m nutes. 6. A soil rovenent hod n whi ch a
cement nllWh§§er80|%édalﬁyéF896P4at§mlHFeét@& agéfﬁﬁhd 57° Asoi

i nprovenent ne as recite characterl b i used for
soi | inpr o@é‘ﬁf@hﬂ(yqﬁtr@nﬁgd’utpoqﬁ rPl YL T Bh AL&RE, W PO

integer of 5 to 40, and R3 is a hydrogen atom or an alkyl

group having 1 to 5 carbon atoms.

10
4. A cement milk, characterized in that water is
added to and mixed with a hydraulic cement composition
for soil injection as recited in any one of Claims 1, 2
and 3.
15

5. A cement milk as recited in Claim 4,
characterized in that the cement milk obtained by adding
and mixing water to and with the hydraulic cement
composition for soil injection has a bleeding rate of up

20 to 2% after at rest for 60 minutes.

6. A soil improvement method in which a cement milk

as recited in Claim 4 is injected in a ground.

25 7. A soil improvement method as recited in Claim 6,
characterized by being used for soil improvement

intended to prevent liquefaction.



