SPECI FI CATI ON CEMENT MORTAR COWVPOSI TI ON FOR GROUT AND GROUT MORTAR OBTAI NED
FROM THE SAME 5 TECHNI CAL FI ELD The present invention relates generally to
a cenent nortar conposition for grouting purposes in the civil engineering
and -construction field, and nore particularly 10 to a grouting cenent

nortar conposition having good fluidity, high strength, an increased

r-obust ness and | ow shrinkage, and a grout nortar using the sane. BACKGROUND
OF THE | NVENTI ON 15Ceneral grout materials have conprised cenent and a

wat er -reduci ng agent added to it. In addition, an expanding material based
on cal cium sul foalumnate or linme, and_a foam ng agent such as al um num
powders are added to the grout natéFFEFgI?%Fy%%p t hem agai nst shri nkage. 20
Besi des, these are blended with river sand, silica sand or the iﬁéﬁ;i nt o
past es Or CEMENRrMORTR CAMBOBLWLGN cROR GROFE AND FRAUHe SORA4RpOBTA rks and
construction works, and especi al FgoMoTHE heAMRUr pose of filling up fine pores
in concrete structures and pores caused by the back pouring 25 nethod,
repairing and reinforcing structures, and being filled under the base plate

of machinety, the floor of tracks, and so on. The grout materials
now i n use include PC grout, groutpefivprepacked concrete, grout for
back-filling 30 tunnels or shields, precasting grout, injection group for

repai ring and rei nfléPcPARPS Uetvengdonr ephilorc agneondi Bt eo jaigrmegtout ,
grout that i %Jﬂﬂa'xegokl?gﬂt ihe f%‘ip%‘%E%iR{y Lpfﬂo%ga%.s i ggﬁé‘tctﬂaf is filled
rach Hat s filfed u

under the base plate o I nery, “grout I nder pavenent
sl abs, sl ab grmsutneehangiand iddred rupdépnt faeksd, aaddmgreupatthiatuliaglfvi | | ed

under at e@i c power C i.ner A 1§ i rtar
Compos: t hong oo rBLeRg CAGER Lo BN S R BT od o &) pe
cont ai ni ng a flagiddthar kel g egent, ( seeiRaterstedPubbiisttéomsarlt 4ow These

grouting ceng@ . r copposj tions contain a tting regulator (setting
retarder) an glg?éégif%ﬁg%igrgﬁgn?ofm%fe??ygﬁﬁgfnaagaént) together with
t he rapi d-hardening material, and Patent Publication 2 also teaches that a

rapi d- hardeni ng agent conprisj i um ilicate glass and cal ci um
sulfate is used as that rap%§¢%%$§§h§ﬁgﬁhgkegbgﬁﬁf%%ﬁvth t hese grouting
cenent nbbtar conpBsidiadngroulemnetésial gricite wonpaisebtaimed thdt ahas t he
good ability t roduce strength d. makes sure constant fluidity; however,
there is stiwﬁgﬁguﬁ(ﬁﬁﬁjﬁ%ﬁgﬁg%fSSQ%dg?%dﬁ?ng£%éﬁggfﬂﬁﬁ¥t§P conposi ti on

t hat can acheepentigh rstteengtihpa20dhbghcdnbiist rassoandnl ot sy nNkage

wi t hout causing bl gedi.ng and segre ation. Patent Puyblication 1: JP(A)

2001- 97759 PSPgn? %Eﬁﬁﬁ“ AfPGHT 251 B A IHHQBIWOSERt BT 6 E8tion 3:
JP(A) 2006- 16481grdfat enttePibl scabi poep: cHat egbiNet 286h0dde. A cenent
adm xt ur Oco rigingigf mai n i nhgredients calciumalumnosilicate gl ass,

i nor gani ¢t sufFat&e® [ CAIREPURT S0P 58T 1SR &1 Gnd 1WEACE Y sT1HiicE $aRSt Shces
(finely pul vené zetkepazzoel paytes knawsrd0e 36e Ratendw Rukidigatisen 5);
however, Patent Publication 5 does not show that such a cenent -2--

adni xt ure i s*RisSEWFECIGRGUPPRY ¢ etents ot &PPEbRPOsHEN difgks, and

especially for the purpose of filling up fine pores in
concrete structures and pores caused by the back pouring
25 method, repairing and reinforcing structures, and being
filled under the base plate of machinery, the floor of
tracks, and so on.
The grout materials now in use include PC grout,
grout of prepacked concrete, grout for back-filling
30 tunnels or shields, precasting grout, injection group for
repairing and reinforcing structures, reinforced concrete

joint grout, grout that is filled under the supports of



Patent Publication 5: Patent No. 2975422 50n the other hand, there is also
a nortar conposition known, which conprises cenent, an expandi ng agent and
a binder containing finely pulverized pozzolan with a fine aggregate (for

i nstance, a heavy wei ght aggregate having a specific weight of 3.0 or nore)
and a 10 water-reducing agent added to it, and is used primarily for
filling work at shielding walls of nuclear power plants, the foundation
structures of machinery or the like (see Patent Publication 6). That
publication alleges that there can be a heavy wei ght nortar provided which
has good 15 fluidity w thout segregation, and hal ds back tenperature rises,
maki ng t enperatigigesst Fe4t ciladkilsy Thed89 PRERY; Cfovedisr P1aGSr & erence i s
made to the apphj;gati,on,af, UG a i sheavyeweh g r M iedentto st BPsf astarset ting
type of grout nortar: 2% Pat ent Publication 6: JP(A) 2005-47772 SUMVARY OF
THE | NVENTI O rOBIECTaFi THE I INVENTHER 25ARKSbj &d TfoUthdPRhveéfition is to
provide a grauhing GENEN I { AL GAYPESEhEOBANAInd s wel | fit for use for
foundati on grouts for nadﬂlnery or the I'i ke anong the aforesaid nultiple
appl i cati 6ns, keepangoodifdufiidiot geandtathi eyesCHIRF SErafgkRW AT ncr eased
robust ness and | qw shrin Wi t.h LYEN Ise t I LBOn
segregation,q%ﬁdqg gg%u%r%bEﬁgﬁeué%ngH%hghggﬁ%éhh%%kﬁ%p%tggﬂggchL SHI NG
THE OBJECT a rapiAeberdkmind agehé i(seenPrbant thioldfsrdeaisdlob) ect i s
acconpl i shabl e by the follow hg.e [ "y A_grouting cenent
nort ar conpogﬁﬁféngBOE W iSRG Ca ?g gfgggP%%i%%?ﬁf f%%gﬁégr? a

wat er - r educi rgtagent raqdl 2 1 Nescaggnggacearddar aoterd Zddidazihat said

bi nder contains a rapjd-hardening_materi al i.Si . scal ci um
aIuninos?ﬁicé@@“@lé@gkiﬁﬁf?: Qﬁnﬁﬂﬁgﬁpﬁgtg?géﬁﬁgéfﬁb yt%%rggkﬁged pozzol an;
sai d wat er - r educieAgnggentedidiconhai rataht| Paisticatpiclry CarBexykatehdase

wat er -reduci ng agent; and sajd.fine aggregate.is a heavy wei ght aggregate
havi ng a den§%ﬁ§ Sfr%préb W&ngﬁgﬁﬁgr?gmprlSlng(%éi %@ grouting cement
nmortar conposiitin®@AcacToEs g1t s( hhdabeveiuehhaubttter iizedsend khathsai d
finely 15 pul veri zed pozzol an is silica base fine powders having a silicon
di oxi de cont &RPIE OB BN hiITGHET 120hd havi ng a hydrogen ion concentration
lying inign acidi cy{eli@kse grouting(cdmdbengriout iqgposienbnaprt ar
conposition according to (1) or (2) above, cggra teruﬁgd indth t sgid 20
cenent cont aith§Tel a8st Wt MOFsRy BArFGePFZel te [the good ahy ey
grouting cemgnt ;pBALEE SOMMRAIH :9R A6%eEdbige t@mutaronglafidity;to (3)
above, characterized in that said_binder further contains _an exganding
agent. ( 5 )ﬁﬁ@egﬁéutFQQF%éﬁ%ﬁﬁl%érFﬁP“Eéﬁ%o@?W?Qﬁi &cd5PYERETt o (4)

above, charaglgEhzedottat hainseaiidiexpandingaagediide aical eicudngth,

sul foal um nat e base expandi ng agent having a B| aine's val.ue E 4,000 cnk/g
or great?f. high rOb%%ﬁ“ﬂ?ﬁa%ﬂﬂongnﬁhééﬁﬁﬁﬂen%%?QHUQxﬁﬁﬂﬁ§P9ig e5dt¥f ding to
any one of (1}4tQcfpdg@PQye, characterized in 30 that said water-reducing
agent further contains a nel am ne sul fonate base water-reducing agent.

(7) The grouting cenent nortar conposition -4-

Patent Publication 1: JP(A) 2001-97759

Patent Publication 2: JP{A) 2006-27937
25 Patent Publication 3: JP(A) 2006-104013
4

Patent Publication 4: Patent No. 2861612

A cement admixture comprising as main ingredients
calcium aluminosilicate glass, inorganic sulfates (calcium
30 sulfate) and reactive silica substances (finely pulverized

pozzolan) is known too (see Patent Publication 5); however,

Patent Publication 5 does not show that such a cement



according to any one of (1) to (6) above, characterized by further

contai ni ng a shrinkage-reduci ng agent. (8) The grouting cenent
nortar conposition according to any one of (1) to (7) above, characterized
by 5 further containing a foam ng substance. (9) The grouting

cement nortar conposition according to any one of (1) to (8) above,
characterized by further containing a viscosity-increasing agent.

(10) A grout nortar wherein the grouting cenment 10 nortar conposition
according to any one of (1) to (9) above is kneaded with water.

(11) The grout , nortar accordéngﬁ;o Q%Q) aboveé mherqin water i,s,used in an
amount of 31 $G3EUSEr £8 Perd 100 FHETEF FRECHE nler a1 $ORBOANTAPES OF THE

| NVENTI ON By the use of the inventive grout conposition, it is

possible to provid r out rtar that gets hold of gogod fluidity, has high
strength and an in%?gEEEdPﬁghﬁﬁﬁﬁﬁ§§s%20Pﬁf?ﬂ6u¥°gﬁ%ﬁ%ﬁfzgise to bl eeding or

segregation, and is capable of preventing cracking due to a decreased
shri nkage_on drying. BEST MODE OF CARRYI NG QUT. THE | NVENTI ON 25The present
i nventi on®i s now eXPl BPAH AT §edsk FBRGENSS 210 @ M9fItéds ot her wi se

stated, the "Rapbsitdsd kbdn used Meehpratss BMRIhON -3 KBRSSnBASES.
In the invention, water is kneaded with the grouting 30 cenent nortar

conposi ti on WENCCcBAPrF SedemEntaaniagi 8indhy dahi 1Ry lagenpozEp kit y

pul veri zed pQ&%ﬁ'é”fiﬁkfﬁyéﬂéﬂit%eRQEQe&ns@aM@éﬁrérﬁgg#y QQi?H@”t and a heavy
wei ght -5- aggregate and may optionally an expandi ng agent, a

shri nkage- r e@46rAge By et ving welspegalbver rebgheenent 0 @1f santhgagdbst ance and
a viscosygy-i asi , h e re, .f i i ncl udes
Various 5 Por el and coronts Sk aeianr aal MR h ot 145 PERSTRERY ow heat
and medi um héar Pbklirhdodment shasldaeny eslls walstraialeeycbeweype cenent:
the so-calle 1389§?W§Q§-ou dationlgtEQ tﬁﬂ%ﬁQh%%thﬁhg§ yopyéﬁgr%égg cement
may be used for a part of the cement. For the finely pufverized cenent
nor mal Port | dadeckaeent e lbeapdabuebi zedhad @updrthtien sileegss 2Bagm or

| ess and t he ssified t arti ' f . or,less, The finely
pul veri zed CEH%%% %%§}%%Ehgggv?n&%%ggﬁﬁﬁﬁég% Fg%%&%gg %Phggsga%éfxfto parts
of the binhdefl¢tednentyithapitdskgrdeat hgn netred irall,dsl Bakknebypeud tverd zed
pozzol an and ndj nt ). t hat, anpunt_gr.ows greater. than 5 parts,

it causes thggéggbg%ﬂ%ﬁ%ﬁgﬁg%ﬁééﬁgg %ﬁ%ﬁflrﬁf (§ﬁﬁ§t S3 u?%%%gyhnd'is of ten
detrinent al howéven dirtoy reFeeenapi tls haadieni ng hratappilakcatsed dfreidh conpri ses
20 calciun1a£ug@nq&h!%%a%erglas§oa Q g@lq@un&&g{faﬁe. £ The cal ci-um

al umi nosi | i cate gl'ass UsE8d haf e 8holf d" Piefarasiry Ve 8% cBHpYsition region
made up of 6Bote:B0% of CaO 20 to 60% of Al 205 and 5 to 25% of 3i 05, and
especiahky 55 to 30% of CaO, 30 to 60% of Al 203 and 10 to 25 25% of Si02.
As Ca0 i's short of 30%or Al 203 is in excess of 60% it is detrinental to
rapi d- hardeni ng capakinki Pyp1aasdt sn GO ds(a)n 2excega370f 60% or Al 203 is
short of 20% on the contrary, it causes instantaneous setting even wth a
| arge anmobunt of the setting retarder added. As 5i02 is 30 short of 5% any
i ncrease in |ong-term strengsbMuasrnodr expectativg,zoand as it is in excess of
25% on the contrary, there is a drop of the ability to produce initial

strength. -6- Ref er rity g Phe HaW TAERF T "for the cal ci um
al umi nogisl i cate ghﬁsébﬁééﬁl_ berene qUivEhdilore 16Ca0) pret aked Idmuti&a( 01-) 2)),
| i mestone (CaCO3) or the like nmay be used

cemerit mortar composition that is well fit for use for

foundation grouts for machinery or the like among the

aforesaid multiple applications, keeps good fluidity and

achieéves high strength, an increased robustness and low

30 shrinkage without giving rise to bleeding and segregation,

and a grout mortar using the same.



for the CaO base material; alum na, bauxite, diaspore, 5 feldspar, clay or
the like my be used for the Al 203 base material; and silica sand, white
earth, diatonaceous earth or the like nmay be used for the 5i 02 base

mat eri al . The above Ca0O-, Al 203- and Si 02-base nmaterials are bl ended
together at a given proportion, and then nelted 10 directly in an electric
melting furnace or high-frequency furnace, followed by bl owi ng out the
ensuing nelt with conpressed air or high-pressure water, or casting it in
water. Alternatively, the raw materials may be nolten and quenched in a
rotary kiln. 15In view of r ' L produce strength,
the particle size of cal %@Waﬁ%ﬁmﬁ\n@g@%ﬁg??%%@stc%égtagFef erably at | east
3,000 cnR/g, and neceopiiaferabltpeatinkeasion, MG eafRigskihdte@rimctofist he

Bl ai ne's value. At less than 3,00 / t here,.may . possi bly be a 20 drop
of the abili AyCPEPpr VHUCE W&ﬁ’&t%.c’ﬁ%wghg ‘?—“gjrocilﬁneé{%gl'ci umsul fate, there
is the nmention of anhydmrougsogypsdncehnent hysratre cgypsantigypsum or the |ike,
whi ch nmay_be used al one or, in conbination of t or m)rﬁ. [0 <|tiheisne
preference | §CPPYERIED arthyWiSFus qgyFsunt' n® ?aerxg)efB 8f "ERETabF 1YY 4 o
produce strengbAt and a fidt WRWehtthecnbrdddarit-edpiadunet staength, the
particle size of calciumsulfate is_preferabl st 3,000 cn?/g, and

1 , p at |ea
nore pref er aBEPISL 0BOR ER)y § FapdrmhasfepHed aaﬁ'eﬁé“ag 78Ber®At9 1 ess than

3,000 cn?/ g, cthere, My AP essiinyshe i dade opL Hfs thel abilbity $wlpraduce
strength. The amount of the calciumsulfate used is Pref erably 50 to

150 parts pernd06ipaty PwiverdizciuRPraraifnostaitatdergragdct i %Y than 50
parts angd,at -great g6 1Han ]0 ap%tl%cakbskflm ResSkhk¥rbecdusiap of the
ability to produce strength. The afmount of the rapid-hardening naterial
added i s 5 pretetabiyd Bais f4nsargyreaatool par theaol VREIBF IR e ess
than 9 parts her e i ¥ _Be acqF thgrability to produce
strength, anaagtbﬁgraea?ée/r}% an 25‘pa??§, i ts%gff ecf gets saturated. The
finely pulverized pdzzoltae gsedthageceBenrio M teroGREOFEHELT | Ui dity and
strength at !a?c‘é’o%%r?i {cft(llqs aRar thoulate - fdy fi0r chhat saprefsience is
given to a silica base fine powder having a silicon dioxide (S Mcontent of
at | east190%ahdeai tsati oy laon isordéhca avd o JifiengorAesn BeY T & egi on.
15For instange,.the silj.c i.ng cpgyeler ].[@%- e spuenas egd, by adj usting
heat treat rreﬁfl(l:%cr)\%i%loo}!nls %r%%;%ﬁfgltr g\]/fv ?rg?erﬁsa S andakeepi ng the collection
t enper at ure aydb&GE: arorhicqgimeenitmagipnotessy wherasl rcfidie pedwers of netallic
silicon are oxidiz in flames fj 2 the;silica base raw
material are nel tegﬂi n ﬁ%&hggg%gﬁgt%%gex?‘?\gﬁr%%%ﬁlg?e%%at?bely, they may be
prepared by etestdimaldey (1Bl birnd22i pbove s arhhiartarigedctini thdtursmice and

col l ecti it a cyclone .or the like, fo I Lf Lon. 25The
anount o%](gt h&®FFhe Pt 6 aﬁgzliz%é an %%rg%f}?sx prv(eé gr%%gl 58@5,[18. 15 parts in
100 parts of the bisder ThAt gkessithacedepamataonkympasutidci ent strength

is produced, or there is none_of th al | aring eff I )

ot her wi se i nereAEE 1odds B ﬁﬁlsaai[fng,l?o#?eﬁ?)f ﬁ*icfg“r?g F@%B%%%en&%od
fluidity in angtvenamiuwderoffusaher. cAht gteatar ddpandibgpagéest. t he ef f ect
on fluidity gets saturatgd, often leading to drogmogswgorgbility to -8-
produce strength. (°)  TReNGTBAFEPRuFEPETT MY At o T8 P npoded on the
expandi ngs mekeEdakintsad heneapgeser ahhyacosmerel aln yhavashadl e products may
be used, including calciumsulfoalumnate 5 base .ex an%ng nat eri al

cal ci um al unPRAEI T4 & 958de 1exPafai Ag Hat et 1Y Fi ra° a%%paerkap%ﬁdi ng
material . agent N RMAUBY a0het Bevexpanst ng ot exf Ay disefkdfee .i s
preferably 1 to 5 parts in 100 parts of the binder. At less than 1 part,
the effect on redudng IHEi BRAYELDY t €FPIT RS RGBESS SN at greater than
5 parts, not,onbygirgy thenet Beebkeet) ono r eslucgeshchakagee bneapeict ed, but
there may al so be a drop oty conpressive strength. . The setting

r et ar der3Qusethdere ik wageadiradtciRe 3eeRt n@l?ig?%emoﬁéaéﬁsr apPet HEMdeni ng
nmortar, and g‘?}m‘%‘% 12.59r ganic-achds;apd- @kl i ne netal carbonates which
may be used alone or in conbination of two or nore. The organic acid, for

i nstance, includes(7)anhfdeoasputing cement mortar composition



citric acid, tartaric acid, oxycarboxylic acids such as gluconic acids or
the like or alkaline netal salts thereof. 20 The anobunt of the organic acid
used is preferably 0.1 to 0.3 parts per 100 parts of the binder. At |ess
than 0.1 part, it is often inpossible to control the hardening tine, and at
greater than 0.3 parts, there is often a drop of the ability to produce
strength. 25The carbonate of al kaline netals, for instance, includes
carbonates such as |ithium carbonate, sodium carbonate and potassi um
carbonat e, bicarbonates such as sodi um bi carbonate and potassi um

bi carbonate. The anpunt of the carbopate of alkaline netals i
preferably 038°RUR (B 35 CEepF ?gb tp%l’(t6§ SF)O'Efﬁé B eﬁ?eri?%ﬁeigg t han

0.3 parts, thgrefdecionnipriegohi BEriea@biddduying preduce strength after
hardening is not often expectable, and at -9- g_reat er than 0.8 parts,

there is often a drfdp offPEhEraBFIRY yCEW Yy BGGERTI ATTR A P engt h. The

shri nkage- r educh g Agan MsednBebe () te Nimi Bbzee} hensiudtkdgedonydryi ng

of grout nortar after 5 hardening, thereby m nim zing the occurrence of

cr acki ng.5 Théueerporet #eireng ga‘?‘t‘lféﬂ e ¥R tnkage- r educi ng agent is

conposed mai nly Ofgsn alry! ?E@ﬁl@fﬁ@%&ﬂt@ﬁchogtakowﬁp@iﬁﬂm| s represented
y

by RO AO nH where is an a group having 4 to 6 carbon atons, A is one

or two or norecadimikyleraygrapsthavl g 28 o aBO¥Sr bEMP HRTRELZ8AdPH is an
integer of 1 - oxy Idvathve 9gedthe |i ke represented
by the genergép?%gﬂu a i?gk C%ngéégéﬁiﬁzfgiﬁﬁf a rgsi%ue of a compound
having 2 to 8 hydrddgen @roupst moriar aheswrjal ke eheoyridis REFHg 2 to 18
carbon atems, R 15 |53 INdra0encatom & SudioeaLber grpup, haying 1 to 18
carbon atons Or an acf1 group havi ng to 18 carbon atons, and mis an

i nt eger of 2abovd,iprindaded whah aateéreast 60 nol % of that oxyal kyl ene group
is an oxyet hyl ene gr.qup..,. The t - l.nkage dugy agent used is
20 preferably 1.3 @633. hSa?fggggﬁéﬁ%%:5§§F2B%?8tﬁ§ gpﬁdg%kqﬁf | ess than
1.3 parts, tlhieesdfrectater rieduskdgishan rikegetoridByi hg ¥f teat tFetPS Tt enuous,
and at great than 3.8 parts, there is often a drop of the ability to
produce streﬁéﬂrﬁa%i?ﬂég &SFeE}Pgaﬁbing agent has functions of dispersing
cement argd entrapping air, and works in favor of inproving fluidity and
augnenting strength. Specif] re.l ﬁ@ﬁg'on of condensat es of
mel am ne sul fonates and con%@ﬁ%gﬁggﬁgﬁmgohécgﬁg%xy éies. To achi eve the

gi ven 30 fluidity,pyatcheeast afpohycanboxylvat grbasecompesitieduciitgiggent is
used here. Such water-reduci, agents are all us i 0 form and
the pol ycar boSSFHte 5&58r9Vi§g-ggabFé?QE%ﬁﬁuﬁﬁiﬁ §§%§tﬁﬁ%§‘ﬂg (%Eh in

conbi nati on wi iy aihemasaheghr eduehdigh agentss. increasedhecamumsssof the

pol ycar boxyl at e base wat er-reduci ng. agent used is gggfggabhxi .13 to 0.3
parts p&0 5 WHOPHr (V6% KéSBi hAeP e A 1e s FRIAET IS harts, there is an
occasi on wheggdhe @i erehkdidhyyckscibig ahicaitned, dandeateqyr eater than 0.3
parts there is an occasi on where segregati on occurs with a drop of

conpr essi ve SRFEHHFIE WhERYERE - nel ami ne sul f onate base water-reduci ng agent
is 10 also sued, it is applied in an anount of preferably 0.13 to 0.4
parts, and nore preferably about 0.25yparts. The fﬁﬁﬁﬁﬁ% ubst ance used
here i s not specificaPESTiYORE &Ff P& OSGnPHG SUbs $eher at es gases
after kneaded withpwatelschhi $nacht Mbh NSWRS ekbabigeouit ydaar 15 is
prevented from sinking, thereby making it integral with structures. For

i nstance, thewgtils.the nention of netal powders, and peroxide materials.

Par ticul ar preferenge s gh¥en; 50 & MduBHROMEESs Nok@ owerseid that it is
preferable to use al um num powders surface treated with 20 vegetable oils,
m neral oil shemstigarire gdivdnopnt pendskelaPifcause the surfaces of al um num
powders are susceptihhe tQ,0xidhzat|on, and dectease:th eachiddtlingupon
covered with an oxidized coating. The anount of the foam ng substance used
i s 25 pnef erabignt0 M@ALart 0ofp08it pan t shaercolPr iggst SeBENE he? BiaRdér. At | ess
than 0.0013 parts,. there is ar i wher un Expansion is
very IiniteJ%“éﬁH”ﬁ@ SﬁggFér%?H§%§8§%%%aparfgka%g?ngsgéﬁébccasion wher e
the amount ofctexpritsi anwhsevergdhaige agent andr ep heh vyt vekgtth.



30The vi scosity-increasing agent is to adjust the viscosity of nortar, and
no particular limtation is inposed on it: generally comercially avail able
ones are usable. For instance, there is the nention of nethyl cellul ose,
car boxynet hyl cel |l ul ose, polyvinyl alcohol, polyacrylic acid or its sodium
or calciumsalt, and pol yet hyl ene oxi de. 5The anpbunt of the

vi scosity-increasing agent used is preferably 0.001 to 0.004 parts per 100
parts of the binder. At less than 0.001, there is an occasi on where

bl eedi ng cannot fully be prevented, and at greater than 0.004 parts, there
IS an occasio I i, di g 0 i .ag99 e used here is a
heavy wei ght gaggg‘%ﬁ% Aac%l/in{r%g gpgéﬁgﬂyo%hgetgplaggsl?gé(g&g}'cr?B, for

i nstance, fer pbthrbage stedpcinigeagaxt mu part ipclleesi zed | sermpmef,erabl y up to
5.0 nm The a f fine_aqare d.i referably .15 100 to 200
parts per 100%%‘?%%80?&{%3“&% gg.gA g%cg%%%t%héﬁéfgﬁgjﬁ[g? taa596¥\ iere i s an
occasi on where the Bmumntneot shednkage drcowsnlsaegee, aindlatdegr eatréous han 200
parts, thefre | occasi on where strength or .fl| uidi rops. .ln._the

i nventi on,gdekeg]é?rgarns, T R ﬁ%fﬂgl $° Sl ags 569 éﬁ?ﬁ%%/tsgt,r A%0n &%¢hanger s
such as hydroheitc) tandantddanoheaayPde: uged demeaddi &5 e 110 dsha akecesai d
ingredients in SUCJE g range as to_be su_bstﬁTnH al I% not detrinental to the
obj ect of theTRent iO®S FFTERE’ | WVertd 6t Fhe SGPoTET Ny cement mortar 25
conposi tion havi ng Buchemaheehal sn blendad pogetheted scdireadadywoth wat er
into grout nortar._ Not by way _of limtation, the amount of water kneaded is
preferably 31%%{9 %rpzi‘rt%rﬁegfl@be Fttor Fae Biiderelinenlvaeted s a

devi ati ond r ogeridtts magal bbetEadd déneadit aegask opuEeFie dd wbdikty drops or
segregation occurs, and there is an occasion where the ability to produce
strength drop2HsiGAE 1size ¢9 20 ymh orhd esivent ben molgsaddiled! B9 #imitation
is placed onfg'gqyg- m h | al.s: ey 1 X sites or a
part or the whol eltcgfe tsﬁér% rgrgﬁgmm%é&e%gfore an ?Xe ogg%né%(]f%%édr(mchi nes,
every known resitsinte mawybbeussedin fagr amesinancé, Sfpom¢ ida ilegsnpger 0@ o omi
m xers to He | m S -t .xers. tqQ_ M Xer.s, way of
exanpl e but ;%Cﬁ%y O\r/?/aé%%fblg‘?%é% ag%glﬁfﬂt?hggp%geﬁf?g%%ll gﬁ‘@\?vegg%lléi ned with
ref erencést o eyl eslvédigxdnpizzclan and e¥hendapy cedwantdenihg tatteri al set
out in Table e n o icS i ned by subtracti he anmount
of the rapid- é’g"fﬁ%n?%gg%a{%%% FE&%&% 359%2%&)%91 upsaerst tstrhgf efgg?f’n%rfy

pul veri zed pdeZoliag, b2ch phed¢dirgf tangexpandingteditaerd dls afided. 5 parts of
finely pulverj t,were contained in 100 parts of the binder. One
hundr ed partsdeésfq{n%gg%?n %rgﬁ%lrdg&lﬁ'l'ended with 0.75 parts of the setting
retarder, 2.5 part$hef rahid-durdekdge- nedacialy agehther@iASc2Opphsés of the

nmel am ne,sul f gnate base wat er-.r educi agent, 0.2 parts_of the

pol ycar b(2)>6<yl actagcﬁgrélea\?vﬁrfue??sr]e]dl&?i ﬁzggggéﬁt fm%. Vivpscn rstugfﬁ‘ff:et he foaning
subst ance, 0.003 panéscoicidie alivsdaskl Yitats eqlsd g wdganheaadsidfiparts of
the fine aggreg?te '%'Pto aegrouti ng cenent _nortar c rrpositigg, vx/n%coh 25 was
then kneadedPHrtR 34 Pattes &f REPEPLGSPRgTEIHP YIS sed® RENEY nfFXer T nt o
grout nortar ofThas, grOUto NEUd af Wasod her measuped $orsid,s hhaidity,

bl eeding ratio, vol jte expansign ratig agd compressive strenath.  The
25 25% of S10,. As CaO is short of 30% or Al,03 is in excéss
of 60%, it is detrimental to rapid-hardening capability,
and as CaO is in excess of 60% or Al,03 is short of 20%,
on the contrary, it causes instantaneous setting even with
a large amount of the setting retarder added. As Si0O, is b
30 short of 5%, any increase in long-term strength is not
expectable, and as it is in excess of 25%, on the contrary,

there is a drop of the ability to produce initial strength.



30 Materials Used: Cenment: Commercial normal Portland cement product having
a density - 13 - of 3.15 g/cnB Rapi d-Hardening Material: Cal ci um

al um nosilicate gl ass/anhydrous cal cium sul fate bl ended at 1/1 by mass and
having a density of 2.94 g/cnB 5 Finely pul verized pozzol an: Conmmercially
avai l abl e silica funme product originating from zirconia Expanding nmaterial:
Mat eri al based on cal cium sul foalum nate 10 Finely pul verized cenent:

Pul veri zed and cl assified normal Portland cenent having a nmean particle
size of 10 pm Setting retarder: 25% (Anhydrous) citric acid, 75%

pot assi um car bonate 15 Shri nkage-reduci ng agent: Conmerci al shrlnkage
reduci ng agent bagéﬂ%anlpglyalk9$ehﬁﬂgm¥@@PaWaf@F Feflued iy Wgent : A:

Conmer ci al er-rrloesd G ng g%tgsb%gg ermlq@qbgelglqe g};gnatsqakad

Commer ci al mﬁ? C|ng agent based pol ycar boxyl at e Foani ng agent
Conmer ci al metakl (@a ) huni powwdemeVi (§e68h t yllﬁ e ad Kagrnayer U

Commer ci al viscosity-increasing agept byl cellddgse Fine
aggregate: FEPFochr o S°3§ ag?ﬁg g 6955|ty 0 Qg& % g/cwéﬂkhnder 4 . 30
Measuri ngs I\/bhfh@d§palFl Lrﬂldalyt yr dnef utmeelmaej fdeuxsed| Ges Wee S lnPaseasd
according to - an SOCI y of Cvil,En Sedan

( JSCE- F541- T@@@Sl&#ﬂlﬁqﬂ Fﬁefgét?ﬁ q%%f fgftpflgiggﬁ%rtar" %%Ieedlng
Ratio: B eedegtM@-SlJn@amryedeaﬁsedidfdmg e 15, Jagen rSociregy -5 of Givil

Engi neers St andards (JSCE—F542 199 "Ble nd. ansi.on Ratio
Testing Met hod forkFiPIQHeNBF?ars %en %q%ggn esedg%br %ﬁg ?% t he Japan

Soci ety of %Yéﬁd@%d@%@:’h@rlgtsha@ﬁ\%rdspl(abﬁﬁh_:15542aﬂ1@991)er‘fE)qiamtsll on Testing
Met hod for Expanding Material by Nbrtar" out nor a}6 W%O%Poureg ina form
 ot¢ G

in a const anfll¥enpef dtture §ﬁ8CEBh§t%ﬁ& rpﬁc?o8 "G 8d% RH, and
one day’ afte%uhﬁ‘?cémtfrdl%wtebebgr@yéwfmjtcaft was BRasunedndlr Wigmgt h change.

Then, the
compressed air or high-pressure water, or casting it in
water. Alternatively, the raw materials may be molten and
quenched in a rotary kiln.

15 In view of a problem with the ability to produce
strength, the particle size of calcium aluminosilicate
‘glass is preferably at least 3,000 cm?/g, and more
preferably at least 5,000 cn?/g in terms of the Blaine's
value. At less than 3,000 cm?/g, there may possibly be a

20 drop of the ability to produce strength.

For the calcium sulfate, there is the mention of
anhydrous gypsum, hemihydrate gypsum, gypsum Or the like,
which may be used alone or in combination of two or more.
Of these, preference is given to anhydrous gypsum in view

25 of the ability to produce strength.

In view of the ability to produce strength, the
particle size of calcium sulfate is preferably at least
3,000 cm?/g, and more preferably 5,000 cm?/g in terms of
the Blaine’s value. At less than 3,000 cm?/g, there may

30 possibly be a drop of the ability to produce strength.

The amount of the calcium sulfate used is preferably

50 to 150 parts pér 100 parts of calcium aluminosilicate



15 grout nortar was aged in water for seven days, after which it was aged
in a constant-tenperature and constant-hum dity room of 20C and 80% RH f or

| engt h change nmeasurement. Vol une Expansion Ratio: 20According to the Japan
Soci ety of Civil Engineers Standards (JI SA-6202-1197) "Bl eeding Ratio and
Expansion Ratio Testing Method for Filled Mrtars™, grout nmortar was poured
inaformin a constant-tenperature and constant-hum dity room of 20C and
80%RH to take neasurenents one 25 day after the pouring. Conpressive

gtreggtg (ISCE GBAccor ding to the Japan Soci ety of G viI Engi neers
andar ds - 641-1999) " Conpressive Strengt stl gd for Filled
Mortars", gr8u®Stor far lﬁéé e'{P BT S36“90‘?ﬁ1?5 ~ A cons Pgterrperature

and const ant ¢ phyaL dlﬁwéﬂeoﬁl@yobogg&ﬁﬁdo(ﬁ@ﬂx}o‘poolﬁeaselraoﬁlﬂkmurtcst rengt h
(Table 1) and conpressive strength of 28 days old material that was aged -

15 - in wat BFOCDRETENYER -one day went by. Table 1 Experinent No. Rapid-
Har deni ng Materi ale{eO%bﬁhthgl dhd Yrdsiet-nh rBeaedingaRatidl (@ded Yol une
Expan5|onRat|o§ . 8 0 +0.47 1-2 9 9.2 0.0 +0.45 1-3

5 pre erably 9 to 25 parts in 100 parts of the binder. At

less than 9 parts, there may possibly be a drop of the
ability to produce strength, and at greater than 25 parts,
its effect gets saturated.

The finely pulverized pozzolan used here is to

10 produce good fluidity and strength at low water ratiocs in
particular, and for that, preference is given to a silica
base fine powder having a silicon dioxide (Si0;) content
of at least 90% and a hydrogen ion concentration lying in
an acidic region.

15 For instance, the silica base fine powders may be
prepared by adjusting heat treatment conditions for the
raw materials and keeping the collection temperature at
550°C or higher in a process wherein fine powders of
metallic silicon are oxidized in flames, or fine powders

20 of the silica base raw material are melted in high-
temperature flames. Alternatively, they may be prepared
by electrically melting zircon sand in an electric furnace
and collecting it a cyclone or the like, followed by
classification.

25 The amount of the fine powders of pozzolan used is
preferably 5 to 15 parts in 100 parts of the binder. At
less than 5 parts, only insufficient strength is produced,
or there is none of the ball bearing effect, which may
otherwise increase loads on kneading, often failing to

30 obtain good fluidity in a given amount of water. At
greater than 15 parts, the effect on fluidity gets
saturated, often leading to a drop of the ability to



12 8.5 0.0 +0.45 1-4 15 7.8 0.0 +0.45 1-5 18 7.4 0.0 +0.48 1-6 21 7.2 0.0
+0.49 1-7 25 7.0 0.0 +0.50 Experinment No. Conpressive Strength of 6-Hour
ad Materi al (N/er) Remarks 1-1 - Conparative 1-2

produce strength.

No particular limitation is imposed on the expanding
material used here; generally commercially available
products may be used, including calcium sulfoaluminate

5 base expanding material, calcium aluminoferrite base
expanding material, and lime base expanding material.

The amount of the eXpanding material used here is
preferably 1 to 5 parts in 100 parts of the binder. At
less than 1 part, the effect on reducing shrinkage often

10 gets tenuous, and at greater than 5 parts, not only is
there the effect on reducing shrinkage unexpected, but
there may also be a drop of compressive strength.

The setting retarder used here is to adjust the
setting hardening of rapid hardening mortar, and contains

15 organic acids and alkaline metal carbonates which may be
used alone or in combination of two or more.

The organic acid, for instance, includes (anhydrous)
citric acid, tartaric acid, oxycarboxylic acids such as
gluconic acids or the like or alkaline metal salts thereof.

20 The amount of the organic acid used is preferably 0.1 to
0.3 parts per 100 parts of the binder. At less than 0.1
part, it is often impossible to control the hardening time,
and at greater than 0.3 parts, there is often a drop of
the ability to produce strength.

25 The carbonate of alkaliné metals, for instance,
includes carbonates such as lithium carbonate, sodium
carbonate and potassium carbonate, bicarbonates such as
sodium bicarbonate and potassium bicarbonate. The amount
of the carbonate of alkaline metals used is preferably 0.3

30 to 0.8 parts per 100 parts of the binder. At less than
0.3 parts, the effect on promoting the ability to produce

strength after hardening is not often expectable, and at



3.5 Inventive 1-3 4.8 Inventive 1-4 7.2 Inventive 1-5 10.2 Inventive 1-6
14.2 Inventive 1-7 16.5 Inventive - Could not be neasured From Table 1 it
is found that the inventive grout nortars containing the rapid-hardening
agent have good fluidity, are free of bleeding, show |ow shrinkage and 10
have high conpressive strength (Experiment Nos. 1-2 to 1- 7), whereas the
conparative grout nortar containing none of the rapid-hardening agent
decreases in terns of the ability to produce strength (Experinent No. 1-1).
15 - 16 - Exanple 2 Gout nortars were prepared and neasured as in

o oot ere R e SoBEE Fr bl 8 har e no ot oo
parts of theabiindey. tdherd@std timiari@labspesgthout in Table 2. Table 2
Bxperiment No. Fingly Pulverlzed Fozzolan, (Rarisdy Heyidity fsec.)

minimize the shrinkage on drying of grout mortar after

5 hardening, thereby minimizing the occurrence of cracking.

The component forming part of the shrinkage-reducing agent

is composed mainly of an alkylene oxide adduct of lower

alcohols represented by RO(AO)nH where R is an alkyl group

having 4 to 6 carbon atoms, A is one or two or more

10 alkylene groups having 2 to 3 carbon atoms, and n is an
integer of 1 to 10, or a polyoxyalkylene derivative or the

. like represented by the general formula: X{O(AO)nR}m where
X is a residue of a compound having 2 to 8 hydrogen groups,
AO is an oxyalkylene group having 2 to 18 carbon atoms, R

15 is a hydrogen atom, a hydrocarbon group having 1 to 18
carbon atoms or an acyl group having 2 to 18 carbon atoms,
and m is an integer of 2 to 8, provided that at least 60
mol% of that oxyalkylene group is an oxyethylene group.

The amount of the shrinkage-reducing agent used is

20 preferably 1.3 to 3.8 parts per 100 parts of the binder.
At less than 1.3 parts, the effect on reducing shrinkage
on drying often gets tenuous, and at greater than 3.8
parts, there is often a drop of the ability to produce
strength.

25 The water-reducing agent has functions of dispersing
cement and entrapping air, and works in favor of improving
fluidity and augmenting strength. Specifically, there is
‘the mention of condensates of melamine sulfonates and
condensates of polycarboxylates. To achieve the given

30 fluidity, at least a polycarboxylate base water-reducing
agent is used here. Such water-reducing agents are all

usable in powdery form, and the polycarboxylate base

- 10 -



Bl eeding Ratio (% Vol ume Expansion Ratio(% 2-1 0 0.05 +0.30 2-2 5 9.8
0.0 +0.32 1-5 10 7.4 0.0 +0.48 2-3 15 6.2 0.0 +0.54 Experiment No.
Conpressive Strength of 28-day O d Material (N mR) Remarks 2-1 65.8

water-reducing agent may be used in combination with other
water-reducing agents.

The amount of the polycarboxylate base water-
reducing agent used is preferably 0.13 to 0.3 parts per

5 100 parts of the binder. At less than 0.13 parts, there
is an occasion where the given fluidity is not obtained,
and at greater than 0.3 parts there is an occasion where
segregation occurs with a drop of compressive strength.
When the melamine sulfonate base water-reducing agent is

10 also sued, it is applied in an amount of preferably 0.13
to 0.4 parts, and more preferably about 0.25 parts.

The foaming substance used here is not specifically
limited. The foaming substance generates gases after
kneaded with water. This action ensures that grout mortar

15 is prevented from sinking, thereby making it integral with
structures. For instance, there is the mention of metal
powders, and peroxide materials. Particular preference is
given toAaluminum powders. Note however that it is
preferable to use aluminum powders surface treated with

20 wvegetable bils, mineral oils, stearic acid or the like,
because the surfaces of aluminum powders are susceptible
to oxidization, and decrease in reactivity upon covered
with an oxidized coating. /

The amount of the foaming substance used is

25 preferably 0.0013 to 0.004 parts per 100 parts of the
binder. At less than 0.0013 parts, there is an occasion
where the amount of expansion is very limited, and at
greater than 0.004 parts, there is an occasion where the
amount of expansion is very large with a drop of strength.

30 The viscosity-increasing agent is to adjust the
viscosity of mortar, ahd no particular limitation is

imposed on it: generally commercially available ones are



Conparative 2-2 64.4 Inventive 1-5 64.8 Inventive 2-3 64.5 Inventive 10-
Coul d not be measured From Table 2, it is found that the inventive grout
nortars containing the finely pul verized pozzol an have good fluidity, are
free of bleeding, and have |ow 15 shrinkage and high conpressive stréngth
(Experinent Nos. 2-2, 1-5 and 2-3), whereas the conparative grout nortar
contai ning none of The finely pulverized pozzol an decreases in fluidity
(Experinment No. 2-1). 20 - 17 - - Exanple 3 Grout nortars were
prepared and neasured as in Exanple 1 with the exception that 18 parts of
the rapid-hardening material were contained in 100 parts of the 5 binder
and the sett,pgnt&t arrder i5etavtkk, itthekablie Bheasemdided Afome0DYparts of t he

bi : i :
D e S Syt aaeb g bl S B PR, SoRpo et N
(mn.) 3-1 polyacrylic acid or its sodium or calcium salt, and

polyethylene oxide.

5 The amount of the viscosity-increasing agent used is
preferably 0.001 to 0.004 parts per 100 parts of the
binder. At less than 0.001, there is an occasion where
bleeding cannot fully be prevented, and at greater than
0.004 parts, there is an occasion wherein fluidity drops.

10 The fine aggregate used here is a heavy weight
aggregate having a density of at least 3.0 g/cm3, for
instance, ferrochrome slag. The maximum particle size 1is
preferably up to 5.0 mm.

The amount of the fine aggregate used is preferably

15 100 to 200 parts per 100 parts of the binder. At less
than 100 parts, there is an occasibn where the amount of
shrinkage grows large, and at greater than 200 parts,
there is an occasion where strength or fluidity drops.

In the invention, defoamers, clay minerals such as

20 Dbentonite, anion exchangers such as hydrotalcite and so on
may be used in addition to the aforesaid ingredients in
such a range as to be substantially not detrimental to the
object of the invention. '

In the invention, the grouting cement mortar

25 composition having such materials blended together is
kneaded with water into grout mortar.

Not by way of limitation, the amount of water
kneaded is preferably 31 to 36 parts per 100 parts of the
binder. When there is a deviation from this range, there

30 is an occasion where fluidity drops or segregation occurs,
and there is an occasion where the ability to produce

strength drops as well.

- 12 -



0.37 7.8 0.0 30 3-2 0.50 7.5 0.0 41 3-3 0.63 7.8 0.0 55 1-5 0.75 7.4 0.0 58
3-4 0.88 7.2 0.0 115 Experinment No. Conpressive Strength of 6-Hour Od
Material (N nmmR) Remarks 3-1 16.2 Inventive 3-2

In the invention, no particular limitation is placed
on how to mix the materials: they may be mixed at work
sites or a part or the whole of them may be mixed
beforehand.

5 For mixing machines, every known machine may be used,
for instance, from tilting mixers to omni mixers to
Henschel mixers to V-type mixers to Nauta mixers.

By way of example but not by way of limitation, the

invention is now explained with reference to examples.

10

Example 1
The rapid-hardening material set out in Table 1 (the

amount of cement is obtained by subtracting the amount of
the rapid-hardening material from 85 parts), 10 parts of

15 finely pulverized pozzolan, 2.5 parts of an expanding
material and 2.5 parts of finely pulverized cement were
contained in 100 parts of the binder. OCne hundred parts
of the binder were blended with 0.75 parts of the setting
retarder, 2.5 parts of the shrinkage-reducing agent, 0.25

20 parts of the melamine sulfonate base water-reducing agent,
0.2 parts of the polycarboxylate base water-reducing agent,
0.0025 parts of the foaming substance, 0.003 parts of the
viscosity-increasing agent and 150 parts of the fine
aggregate into a grouting cement mortar composition, which

25 was then kneaded with 34 parts of water using a high-speed
hand mixer into grout mortar. This grout mortar was then
measured for its fluidity, bleeding ratio, volume .
expansion ratio and compressive strength. The results are
set out in Table 1.

30 Materials Used:

Cement:

Commercial normal Portland cement product having a density

- 13 -



14.5 Inventive 3-3 14.2 Inventive 1-5 10.2 Inventive 3-4 8.4 Inventive
From Table 3, it is found that the inventive grout nortars with the setting
retarder added to them have good fluidity, are free of bleeding, and have a
suitable 15 setting time and hi gh conpressive strength. Exanple 4

G out nortars were prepared and neasured as in Exanple 1 with the exception
that 18 parts of the rapid- - 18 - hardening nmaterial were contained in
100 parts of the binder, and the shrinkage-reduci ng agent set out in Table
4 was added to 100 parts of the binder. The results are also set out in
Table 4. 5 Table 4 Experinent No. Shrinkage- Reducing Agent (Parts)
Fluidity (seco§ Blledi/f§  Ratio (% Length Change Ratio(x 10-6) 4-1

Rapid-Hardening Material:
Calcium aluminosilicate glass/anhydrous calcium sulfate
blended at 1/1 by masé and having a density of 2.94 g/cm?

5 Finely pulverized pozzolan:
Commercially available silica fume product originating
from zirconia
Expanding material:
Material based on calcium sulfoaluminate

10 Finely pulverized cement:

| Pulverized and classified normal Portland cement having a
mean particle size of 10 pm
Setting retarder:
25% (Anhydrous) citric acid, 75% potassium carbonate

15 Shrinkage-reducing agent:
Commercial shrinkage reducing agent based on polyalkylene
glycol
Water-reducing agent:
A: Commerciai water-reducing agent based on melamine

20 sulfonate
B: Commercial water-reducing agent based polycarboxylate
Foaming agent:
Commercial metallic aluminum powder
Viscosity-increasing agent:

25 Commercial viscosity-increasing agent based on methyl
cellulose
Fine aggregate:
Ferrochrome slag having a density of 3.20 g/cm®, under 4
mm.

30 Measuring Methods

Fluidity:
Ji1s funnel efflux values were measured according to

- 14 -
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00 4-2 1.3 9.2 0.0 -501-52.57.40.0+30 4-3 3.86.2 0.0 +74
IN 0. Vol ume Expansi on Ratio(% Conpressive Strength of 28-Day

(NmR) Remarks 4-1 +0.30 70.2 Inventive 4-2 +0. 32

the Japan Society of Civil Engineers Standards (JSCE-F541-
1999) “Fluidity Testing Method for Filled Mortar”.
Bleeding Ratio:

Bleeding was measured according to the Japan Society
of Civil Engineers Standards (JSCE-F542-1999) “Bleeding
Ratio and Expansion Ratio Testing Method for Filled
Mortars”.

Length Change:

According to the Japan Society of Civil Engineers
Standards (JSCE-F542-1999) “Expansion Testing Method for
Expanding Material by Mortar”, grout mortar was poured in
a form in a constant-temperature and constant-humidity
room of 20°C and 80% RH, and one day after the pouring the
grout mortar was measured for length change. Then, the
grout mortar was aged in watef for seven days, after which
it was aged in a constant-temperature and constant-
humidity room of 20°C and 80% RH for length change
measurement.

Volume Expansion Ratio:

According to the Japan Society of Civil Engineers
Standards (JISA-6202-1197) “Bleeding Ratio and Expansion
Ratio Testing Method for Filled Mortars”, grout mortar was
poured in a form in a constant-temperature and constant-
humidity room of 20C and 80%RH to take measurements one
day after the pouring.

Compressive Strength:

According to the Japan Society of Civil Engineers
Standards (JSCE-G541-1999) “Compressive Stréngth Testing
Method for Filled Mortars”, grout mortar was poured in a
form in a constant-temperature and constant-humidity room
of 20°C and 80%RH to measure 6-hour strength (Table 1) and

compressive strength of 28 days old material that was aged

- 15 =



69.4 Inventive 1-5 +0.48 64.8 Inventive 4-3 +0.54 60.5 Inventive The
| ength change ratio was the value of 28-day old nmaterial. 10 Exanple 5
Grout nortars were prepared and neasured as in Exanple 1 with the exception
that 18 parts of the rapid-hardening material were contained in 100 parts
of the 15 binder, and 0.25 part of nel am ne sul fonate base water-reducing
agent and the pol ycarboxyl ate base water-reduci ng agent set out in Table 5
were added to 100 parts of the binder. The results are al'so set out in
Table 5. - 19 - Table 5 Experinent No. Water- Reducing Agent (parts)
Fluidity (sec.) Bleeding Ratio (%9 5-1 0 0.0 5-2

in water of 20°C after one day went by.

Table 1
Rapid- . Bleeding Volume
Experiment | Hardening | Fluidity _ . .
. Ratio Expansion

No. Material (sec.) (%) Ratio (%)

(parts)
1-1 0 9.8 0.0 +0.47
1-2 9 9.2 0.0 +0.45
1-3 12 8.5 0.0 +0.45
1-4 15 7.8 0.0 +0.45
1-5 18 7.4 0.0 +0.48
1-6 21 7.2 0.0 +0.49
1-7 25 7.0 0.0 +0.50

Compressive .

Experiment Strength of
No . 6-Hour 0Old Remarks
Material
(N/mm?)
1-1 - Comparative
1-2 3.5 Inventive
1-3 4.8 Inventive
1-4 7.2 Inventive
1-5 10.2 Inventive
1-6 14.2 Inventive
1-7 16.5 Inventive
5 : - Could not be measured

From Table 1 it is found that the inventive grout
mortars containing the rapid-hardening agent have good
fluidity, are free of bleeding, show low shrinkage and

10 have high compressive strength (Experiment Nos. 1-2 to 1-
7), whereas the comparative grout mortar containing none
of the rapid-~hardening agent decreases in terms of the

ability to produce strength (Experiment No. 1-1).

15

- 16 -



0.13 9.4 0.0 5-30.15 8.6 0.0 1-50.20 7.4 0.0 5-4 0.25 6.9 0.0 5-5 0.30
6.2 0.0 Experinment No . Conpressive Strength of 28-Day A d Materi al

(N mmR) Segregation Remarks 5-1 66.3 Not Found Conparative 5-2 64.9 Not
Found I nventive

Example 2
Grout mortars were prepared and measured as in
Example 1 with the exception that 18 parts of the rapid-
hardening agent and the finely pulverized pozzolan set out
5 in Table 2 were contained in 100 parts of the binder. The

results are also set out in Table 2.

Table 2
. Fine}y - Bleeding Volume
Experiment | Pulverized | Fluidity . )
Rat1io Expansion
No. Pozzolan (sec.) (%) Ratio (%)
(parts)
2-1 0 - 0.05 +0.30
2-2 5 9.8 0.0 +0.32
1-5 10 7.4 0.0 +0.48
2-3 15 6.2 0.0 +0.54
Compressive

Experiment Strength of

NG. 28—day.Old Remarks
Material
(N/mm?)
2-1 65.8 Comparative
2-2 64.4 Inventive
1-5 64.8 Inventive
2-3 64.5 Inventive
10 - Could not be measured

From Table 2, it is found that the inventive grout
mortars containing the finely pulverized pozzolan have
good fluidity, are free of bleeding, and have low

15 shrinkage and high compressive strength (Experiment Nos.
2-2, 1-5 and 2-3), whereas the comparative grout mortar
containing none of the finely pulverized pozzolan

decreases in fluidity (Experiment No. 2-1).

20



5-3 65.4 Not Found Inventive 1-5 64.8 Not Found Inventive 5-4 63.9 Not
Found | nventive 5-5 65.4 Not Found Inventive Polycarboxyl ate base

wat er -reduci ng agent (parts); - : Could not be neasured 5 From
Table 5, it is found that the inventive grout nortars containing the

pol ycar boxyl at e base wat er-reduci ng agent have good fluidity, are free of
bl eedi ng, and have hi gh conpressive strength (Experinent Nos. 5-2, 5-3,
5-4, 10 5-5, 1-5), whereas the conparative grout nortar containing none of
t he pol ycarboxyl ate base water-reduci ng agent decreases in fluidity
(Experinment No. 5-1). Exanple 6 15G out nortars were prepared and neasured
as in Exanpl ghnpithst he exception that 18 parts of the rapid har deni ng

material were contained in 100 parts of the - g 5 and the foam ng
subst ance set out ﬁﬁOTEbIF‘%r‘Ba%§”e§8d86eP6rﬁ‘éoa ﬂesas(‘ﬂre h&®bt'hder. The

results are al,sgaet 10pt thncahl &b+ idhabher 61 &ExparisTemt the. réqoadt ng
Substance (parts) Fluidity (sec.)
hardening material were contained in 100 parts of the
S binder, and the setting retarder set out in Table 3 was
added to 100 parts of the binder. The results are also

set out in Table 3.

Table 3
Experiment éﬁf;?ggi Fluidity Bﬁiﬁiﬁfg Séﬁii?g
No. (parts) (sec.) (%) (min.)
3-1 0.37 7.8 0.0 30
3-2 0.50 7.5 0.0 41
3-3 0.63 7.8 0.0 55
1-5 0.75 7.4 0.0 58
3-4 0.88 7.2 0.0 115
10 .
Compressive
, Strength of
Expiflment 6-Hour 0Old Remarks
© Material
(N/mm?)
3-1 16.2 Inventive
3-2 14.5 Inventive
3-3 14.2 Inventive
1-5 10.2 Inventive
3-4 8.4 Inventive

From Table 3, it is found that the inventive grout
mortars with the setting retarder added to them have good
fluidity, are free of bleeding, and have a suitable

~15 setting time and high compressive strength.

Example 4

Grout mortars were prepared and measured as in

Example 1 with the exception that 18 parts of the rapid-

_18_



Bl eedi ng Rati
0.0013 7.5 0
0.0033 7.7 0

(% Vol une Expansion Ratio(% 6-1 0 7.6 0.0 -0.35 6-2
+0.11 6-3 0.0019 7.6 0.0 +0.35 1-5 0.0025 7.4 0.0 +0.48 6-4

(0]
0
0 +0.56 6-5 0.0040 7.4 0.0 +0.69

hardening material were contained in 100 parts of the
binder, and the shrinkage-reducing agent set out in Table
4 was added to 100 parts of the binder. The results are

also set out in Table 4.

Table 4

Length
Change
Ratio (X
107°)
-200
-50
+30
+74

Shrinkage-
Reducing
Agent
(parts)

0

Bleeding
Ratio
(%)

Fluidity
(sec.)

Experiment

Wi
Ol w
| ~NlWw|Ww
N1 |0
OO |O1O
OO |OoO]O

Compressive

Strength of

28-Day 0l1d
Material
(N/mm?)

Volume
Expansion
Ratio (%)

Experiment
No.

Remarks

+0.30

70.2

Inventive

+0.32

69.4

Inventive

[N AR o

4 -
4—
1-

+0.48

64.8

Inventive

4-3

+0.54

60.5

Inventive

The length change ratio was the value of 28-day old

material.
10
Example 5
Grout mortars were prepared and measured as in
Example 1 with the exception that 18 parts of the rapid-
hardening material were contained in 100 parts of the

15 sulfonate base water-—

binder, and 0.25 part of melamine
reducing agent and the polycarboxylate base water-reducing
agent set out in Table 5 were added to 100 parts of the

binder. The results are also set out in Table 5.

- 19 -



Experiment No. Conpressive Strength of 28-pay A d Material (N mR) Remarks
6-1 65.0 Inventive 6-2 65.1 Inventive 6-3 65.4 Inventive 1-5 64.8 I nventive
6-4 63.8 Inventive 6-5 62.6 Inventive Exanple 7 Gout nortars were
prepared and nmeasured as in 10 Exanple 1 with the exception that 18 parts
of the rapid- hardening material were contained in 100 parts of the

bi nder, and the viscosity-increasing agent set out in Table 7 was added to
100 parts of the binder. The results are also set out in Table 7. Table 7
Experiment No. Viscosity |Increasing Agent

Table 5
Water- .
Experiment | Reducing Fluidity Blee@1ng

No. Agent (sec.) R?E;o

(parts) °
5-1 0 - 0.0
5-2 0.13 9.4 0.0
5-3 0.15 8.6 0.0
1-5 0.20 7.4 0.0
5-4 0.25 6.9 0.0
5-5 0.30 6.2 0.0

Compressive

Experiment Strength of _ .
No 28—Day.Old Segregation Remarks
Material
(N/mm?)

5-1 660.3 Not Found |Comparative
5-2 64.9 Not Found Inventive
5-3 65.4 Not Found Inventive
1-5 64.8 Not Found Inventive
5-~4 63.9 Not Found Inventive
5-5 65.4 Not Found Inventive

Polycarboxylate base water-reducing agent (parts);

- : Could not be measured

From Table 5, it is found that the inventive grout
mortars containing the polycarboxylate base water-reducing
agent have good fluidity, are free of bleeding, and have
high compressive strength (Experiment Nos. 5-2, 5-3, 5-4,

10 .5-5, 1-5), whereas the comparative grout mortar containing
none of the polycarboxylate base water-reducing agent

decreases in fluidity (Experiment No. 5-1).

Example 6

15 Grout mortars were prepared and measured as in
Example 1 with the exception that 18 parts of the rapid-

hardening material were contained in 100 parts of the

- 20 -



(parts) Fluidity (sec.)

Bl eeding Ratio ( %)

Vol ume Expansion Rati o(%

7-1 0 5.2 0.08 1-0.55 7-2 0.001 6.5 0.03 +0.54 1-5 0.003 7.4 0.0 +0.48

0.004 9.6 0.0 +0.30 Experinent No . Conpressive Strength of 28-Day dd

Mat erial (N mMmR)

binder,

added to 100 parts of the binder.

set out in Table 6.

and the foaming substance set out in Table 6 was

The results are also

5 Table 6

Experiment Foaming Fluidity Blee@ing Volu@e

No. Substance (sec.) Ratio ExpénSLOn
(parts) (%) Ratio (%)
6-1 0 7.6 0.0 -0.35
6-2 0.0013 7.5 0.0 +0.11
6-3 0.0019 7.6 0.0 ~+0.35
1-5 0.0025 7.4 0.0 +0.48
6-4 0.0033 7.7 0.0 +0.56
6-5 0.0040 7.4 0.0 +0.69
Compressive

Experiment Strength of

NG . 28-Day 0Ol1ld Remarks
Material
(N /mm?)
6-1 65.0 Inventive
6-2 65.1 Inventive
6-3 65.4 Inventive
1-5 4.8 Inventive
6-4 63.8 Inventive
6~5 62.6 Inventive
Example 7
Grout mortars were prepared and measured as in
10 Example 1 with the exception that 18 parts of the rapid-

hardening material were contained in 100 parts of the

binder,

Table 7 was added to 100 parts of the binder.

are also set out in Table 7.

- 21 -
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The results




Remarks 7-1 65.1 Inventive 7-2 64..9 Inventive 1-5 64.8 Inventive 7-3 62.3
| nventive Exanple 8 5Gout nortars were prepared and neasured as in
Exanple 1 with the exception that 18 parts of the rapid-hardening materi al
~were contained in 100 parts of the binder, and the fine aggregate set out
in Table 8 was added to 100 parts of the binder. The results are also 10
set out in Table 8. Table 8 Experiment No. Fine Aggregate (parts) Fluidity
(sec.) Bleeding Ratio (% Vol unme Expansion Ratio(% 8-1 100 9.7 0.0

Table 7
Viscosity- )
Experiment | Increasing | Fluidity Blee@1ng Voluqe
Ratio Expansion
No. Agent (sec.) o ) o
(%) Ratio (%)
{(parts)
7-1 0 5.2 0.08 +0.55
7-2 0.001 6.5 0.03 +0.54
1-5 0.003 7.4 0.0 +0.48
7-3 0.004 9.6 0.0 +0.30
Compressive
Experiment Strength of
pNo 28~Day 0Old Remarks
) Material
(N /mm?*)
7-1 65.1 Inventive
7-2 64.9 Inventive
1-5 64.8 Inventive
7-3 62.3 Inventive
Example 8
5 Grout mortars were prepared and measured as in

Example 1 with the exception that 18 parts of the rapid-
hardening material were contained in 100 parts of the
binder, and the fine aggregate set out in Table 8 was
added to 100 parts of the binder. The results are also

10 set out in Table 8.

Table 8

Experiment Fine Fluidity BleeQLng Volu@e
NG . Aggregate (sec. ) Ratio |Expansion
(parts) (%) Ratio (%)

8-1 100 9.7 0.0 ¥0.53

1-5 150 7.4 0.0 +0.48

8-2 175 8.5 0.0 ¥0.31

8-3 200 9.5 0.0 +0.35

15
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+0.53 1-5 150 7.4 0.0 +0.48 8-2 175 8.5 0.0 +0.31 8-3 200 9.5 0.0 +0.35 15
- 22 - Experi nent No. Conpressive Strength of 28-Day A d Material (N mR)
Remarks 8-1 77.0 Inventive 1-5 64.8

Compressive
Experiment Strength of
NG 28-Day 01d Remarks
Material
(N/mm?)
8-1 77.0 Inventive
1-5 64.8 Inventive
8-2 59.8 Inventive
8-3 55.4 Inventive
Example 9

Grout mortars were prepared and measured as in
Example 1 with the exception that 18 parts of the rapid-
5 hardening material were contained in 100 parts of the
binder, and the water set out in Table 9 was added to 100

parts of the binder. The results are also set out in

Table 9.
10 Table 9

Experiment Water Fluidity BleeQLng Volumg

No. {parts) (sec.) Raflo Exp§n81on
(%) Ratio (%)
9-1 30 12.6 0.0 +0.33
9-2 32 8.8 0.0 +0.35
1-5 34 7.4 0.0 +0.48
9-3 36 6.3 0.0 +0.52
9-4 38 5.1 0.0 +0.55
Compressive

Experiment Strength of

No 28-Day 0Old Remarks
Material
(N /rmm?)

9-1 75.5 Inventive
9-2 70.9 Inventive
1-5 64.8 Inventive
9-3 63.7 Inventive
9-4 55.9 Inventive

- 23 -



I nventive 8-2 59.8 Inventive 8-3 55.4 Inventive Exanple 9 G out
nortars were prepared and neasured as in Exanple 1 with the exception that
18 parts of the rapid- 5 hardening naterial were contained in 100 parts of
the binder, and the water set out in Table 9 was added to 100 parts of the
bi nder. The results are also set out in Table 9. Experi ment No.
Conpressive Strength of 28-Day O d Material (NmR) Remarks 9-1 75.5

I nventive 9-2 70.9 Inventive 1-5 64.8 Inventive 9-3 63.7 Inventive 9-4 55.9

Example 10

Using the grout mortar blend of Experiment No. 1-5,
impact resistance testing with a falling steel ball and
abrasion loss testing with a taper abrasion testing

5 machine were conducted. For the purpose of comparison,
testing was carried out with a grout mortar wherein in the
Experiment No. 1-5 blend, the heavy Weight aggregate was
replaced by lime sand (having a density of 2.60 g/cm’),
and a grout mortar using an iron powder aggregate and

10 manufactured by a competitor.

Measuring Methods

Impact resistance testing:
Test plece size: 150X150X50 mm
Steel ball size: ¢100 mmX4 kg
15 : Falling height: 1 m
Abrasion resistance testing:

Taper abrasion testing (abrasion loss)

Load: 1 kg
Abrasion wheel H-22
20 Testing cycle: 1,000 cycles
Table 10
Compressive Impact
Experi- Flui- | Strength of | Resistance
P Aggregate dity 28-Day 01d Falling
ment No. . ,
(sec.) Material Testing
(N /mm?) Cycles
1-5 Ferrochrome 7.4 64.8 160
Slag
10-1 Lime Sand 8.0 60.7 70
10-2 Iron Powder 6.4 62.7 120
Aggregate
25
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I nventive - 23 - Exanple 10 Using the grout nortar blend of Experinent
No. 1-5, inpact resistance testing with a falling steel ball and abrasion
| oss testing with a taper abrasion testing 5 machi ne were conducted. For

t he purpose of conparison, testing was carried out with a grout nortar
wherein in the Experinment No. 1-5 blend, the heavy wei ght aggregate was
repl aced by |inme sand (having a density of 2.60 g/cnB), and a grout nortar
usi ng an iron powder aggregate and 10 nanufactured by a conpetitor.
Measuring Methods |Inpact resistance testing: Test piece size: 150x150X50
mm Steel ball size: 0 00 mX4 kg 15Falling height: 1 m Abrasion resistance
testing: Taper abrasipemnitast]ng (.abrasion |oss) Load: 1 kg Abrasion wheel
H 22 20Testi ng cyclemeduOCOQﬁy%TéggTa)leRéﬁbrE&pert-nent No. Aggregate
Flui- dity (sec.) | Compr.esdi Siréhgth of 28-Day |0 d Material (N mm)

| npact Resi stance|{FalLgng [Test bng Cycl esntebtiier rjochr onme

10-1 5.8 Comparative
10-2 2.9 Comparative

From Table 10,‘it is found that the inventive mortar
containing the heavy weight aggregate has good fluidity,
high compression strength and improved impact resistance

5 and abrasion resistance (Experiment No. 1-5), whereas the
comparative grout mortar containing lime sand that is not
any heavy weight aggregate has low compressive strength,
and is inferior in terms of impact resistance and abrasion
resistance (Experiment No. 10-1). In addition, the

10 inventive grout mortar is superior in performance over the
commercial product containing the heavy weight aggregate

(Experiment No. 10-2).

Utilization of the Invention in the Industry

15 Cement mortars using the inventive grout cement
mortar have good fluidity, high strength, strong
robustness and low shrinkage as described above, and so
are applicable to the civil engineering and construction
field in general, and structures such as machinery

20 foundations in particular.
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Slag 7.4 64.8 160 10-1 Line Sand 8.0 60.7 70 10-2 Iron Powder Aggregate 6.4
62.7 120 Expert- nent No. Abrasion Loss(g) Remarks 1-5 2.7 Inventive 10-1
5.8 Conparative 10-2 2.9 Conparative From Table 10, it is found
that the inventive nortar containing the heavy wei ght aggregate has good
fluidity, high conpression strength and i nproved inpact resistance 5 and
abrasi on resi stance (Experinent No. 1-5), whereas the conparative grout
nortar containin% lime sand that is not any heavy wei ght aggregate has | ow
conpr essi veWstdengt RLAGHED $Siinferior in ternms of inpact resistance and
abrasion resistance (Experinment No. 10-1). In addition, the 10 inventive
grout nortar is superior in performance over the commercial product
contai ni ng the heavy weRgbtoaggnggatee(ExpertaentoMposi04i2h. Utili zation of

the Invention in.the Ind st%y 15Cenent, nort rsdusin% thE iqveﬁtlve gr out
cenent nort &P"RavE §dod PrHaFGiTry > ﬁggﬁlQQréﬁgPﬁ,e§fr nd robusthESs "dnd | ow
shrinkage aggdeschinbed %Q%@eaggﬁgg%ﬁe@r%h@@@b&%&ﬁb%dtQnImQaQi%bﬁd
engi neering and construction field in general, and structures such as
machi nery binder contains a rapid-hardening material comprising
cement, calcium aluminosilicate glass and calcium sulfate
in an amount of 9 to 25 parts per 100 parts of the binder,
and finely pulverized pozzolan in an amount of 5 to 15
10 parts per 100 parts of the binder wherein said finely
pulverized pozzolan is a silica base fine powder having a
silicon dioxide content of 90% or higher and having a
hydrogen ion concentration lying in an acidic region; said
water-reducing agent contains at least a polycarboxylate
15 base water-reducing agent in an amount of 0.13 to 0.3
parts per 100 parts of the binder; and said fine aggregate
is a heavy weight aggregate having a density of 3.0 g/cm3

or greater.

20 2. The grouting cement mortar composition
according to claim 1, characterized in that said cement

contains classified, finely pulverized cement.

3. The grouting cement mortar composition
25 according to claim 1 or 2, characterized in that said

binder further contains an expanding agent.

4. The grouting cement mortar composition
according to claim 3, characterized in that said expanding
30 agent is a calcium sulfoaluminate base expanding agent

having a Blaine’s value of 4,000 cm?/g or greater.
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.20 foundations in particular. - 25 - WHAT IS CLAIMED IS: 1. A grouting
cenent nortar conposition conprising a binder, a setting retarder, a

wat er -reduci ng 5 agent and a fine aggregate, characterized in that said

bi nder contains a rapid-hardening material conprising cenent, calcium

alum nosilicate glass and calciumsulfate in an anount of 9 to 25 parts per
100 parts of the binder, and finely pulverized pozzolan in an anount of 5
to 15 10 parts per 100 parts of the binder wherein said finely pulverized
pozzolan is a sid.ica Biase Fove ipewdEmeRdy g & LsidFees 146Xl de content of
90% or hi gher and havin r [0, GO r aty dd gz dd an aci dic
regi on; sgfﬁx“%¥%F1ﬁéﬂd%ﬁﬁdnﬁgéﬁ?Qggkggiﬁéqgfn%eggkggapolycarboxylate 15
base wat erciadusi ng wgent- fedan mnourgnof LUt cn P Pay ta Per2WHOE part s
of the binder; and said fine aggregate is a heavy wei ght aggregate having a
density ofsBLipiptadaie g't’%%ef%"r.ecg‘g“zl.%ea%?rb%ti ng cement nortar composition
accordizng to claim1l, characterized in that said cenent contains
cIassiPied, finely pulverized cenent. 3. The grouting cenent
nortar conpositi®n 25 Brroyding 1 IR NUrtar CHHRUer9%ed in that said
bi nder further contajins_an expandi nt . L gE@uUty Nng cement
nort ar con%%%?%gb%gaE%o?%Yn%ngooglg?%1 ? %h%?a%ie??%é%cgﬁﬁ%ﬁ%t s%id
expandi ng 30ragent cbstai cahgi anssul fibajantaatel hasegexpandi ng agent havi ng
a Blaine's value of 4,000 cnR/g or greater. 5. The grouting cenent
nortar conposition according to any one of clains 1 to 4, characterized in
that sgj d wat er-ﬁeducig@ea@@&&tw@t@@ﬁe@mﬁ@fmac@@@m@eorsm fonate base
wat er -Teduci ng agent. 6. The grouting cenent nortar conposition
accor di ng hocanyinpetof ackapme ©ft ol5imehar et éri gedrBGEEGEEREr P¥ont ai ni ng
a shrinkage-reducin ent. 107.The.grout | nt nortar conposition
accor di ng §5r5ﬁ§roﬁgng B8P nE foFglg? % g?géﬁgg?zed by further containing
a foam ng substance. B. The grouting cenent nortar conposition 15 according
to any one of clainms 1 to 7, characterized by further containing a

vi scosi ty-increa8ing ageat grouting cem@@tAma¥BaF HBTPartwherei n t he

grouti cenent .nortar RPQSi.ti.gn ordihng ~t ,a@%agagt@&i@bai 1to 8 20
is kneg ed? Cpﬁdﬁﬁgeip 8 %%818? %ﬁgggfo&tgﬁoftar accordi ng toﬁglaiw19
wher ei n watrgh the ruset tial ndmgaro wits cofs 13y -tloc3@apaings agentio0 parts of the
bi nder.

9. A grout mortar wherein the grouting cement
mortar composition according to any one of claims 1 to 8

20 is kneaded with water.

10. The grout mortar according to claim 9, wherein

water is used in an amount of 31 to 36 parts per 100 parts

of the binder.
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