- 1 - DESCRI PTI ON FI LLI NG MATERI AL FOR REI NFORCI NG

JO NT AND CONSTRUCTI ON METHOD OF FI LLI NG REI NFORCI NG

JO NT Technical Field This invention relates to

a filling material for a reinforcing joint to be used
inthe field of civil engineering and buil di ng

construction works and a construction nethod of

filling a reinforci pogl Qi RtgrUsi Pap the same. More
particularly, the present invention relates to a

filling material for a reinforcing joint that is

highly fluid and strong but shrinks only to a snal

extent and RILDISG rNECTERTATSORO REANFORCING QIGINT

reinforcing joint using the sane. Background Art

Cement nortars that are prepad¥Rd by adding a water

reduci ng agent to cenent have been and bein opul arly

used f&PNETRVCTERR)i MERHGM $PFa ﬁé%NFdBEQNE%"FgW% AT

wor ks. Furthernore, a cal cium sul foal um nate based or

lime type expansive additive and a foam ng agent of
Talﬁninuiwig%gfr are added to cenment to nmake it

REHEER? T n and then river sand and/or silica sand

I'S COWSQEQ@QREQOR&QQHESS%% ;O 3 ADLLak i MAEBLIALSinforcing
prepared in thrs way are being popufarly enployed In

16QASt FYChd Qs aMPrikes tRAr Fhsubabt Yeidi f iddgihieae i 88Pen@fbuilding
concrete structures and gaps produced by back-action
c60B8thYEL bONvdmiheed bochapditcaneh redtcr e filling a
structures and also to fill spaces under base plates
refnfrachimesjcdimd apjpay dathes samd. unbere phabscwfantlvackbe present
- 2 - Generally, filling nortar materials that
igrventsed Felatiad [toeagifhedinggnalrr i |ffimg reinforcing joint
construction works are also referred to as grout

thph s hiiﬁéﬂ.MdfelLFj@. g‘tp.guyé?orbq SUtsShBEnkT @ngdcked 3hall _extent
RIS EES: PR B0 LR M ygin e

reinforcing structures, grouts for reinforcing

jornts, grouts for under bearings of bridges, grouts

for under slabs of pavenents and tracks, and grouts

for under storage containers of nucl ear power
BE6RELSEAD AP ant s. The quality of concrete to

be used for civil engineering and buil ding structures

has beenentpootvedsi thatecenrt pyepasedrid, addondiaglkyer reducing
nortar materials to be used as grouts are required to
aghow &ohicghestr dagehbegnhiagid fRedingl tgoriildrdyl ewed for civil
shrinkage (see Non-Patent Docunent 1). Non-Patent
engiReRRing : andn bt dai P e RORIS tSUGHY OB WOTKS) ng Furthermore, a

ST SAE oL 0D SLLRALD GOV MRUSLALS e aasrive e

- SOYEN oA JEPERBIL e 8L LGRS o gl mae 1

nbRLs GBI s dMRRL AR 01 D8 UshY; 598/]&: IdiNGar 844 Q][scé:&gpounded

Jjoints connhecting relnforcements of structures o

t 6 @iroHoEe e stRNeF RLEL OF . PMEteashleieelrediitathis way are being
mani fests a high strength and a | ow shri nkage in

pagidi & Dy etoplaybiigh Ebusdityt becavsesofattheudaerignto £i11 fine
avai l ability of high strength concrete for |arge and

gappr ovedoparchquakeuptootsr eindf aragesd pordraEce by back-action
structures that requires by turns joints show ng an

Contiantdd Wt FEAGOR ahd ZENA igh anesirstBheECe structgyeghand also

othEr hand, it is _known that the yse of a cenent, based

tyfodt FoHFUSRERBh PESREP IR WP AT pES #11¢ SRR eptus and under

duci agent - 3 - can provide an effect of |ow
si%%%é?ggﬁ?e%ﬁ%pendency, a remar kabl e effect of
retention of fluidity and filling ability and an
effect of inproving the strength for a I ong period of
time (see Patent Docunent 1) Patent Docunent 1:
JP- A-2003-171162 Pat ent Docunent 1 describes an
i nvention of "a cenent based grout conposition of



VWi | e Patent Docunent 2 describes an invention of a

"met hod of manufacturing nortar-concrete characterized

by using aggregate containing quartz or feldspar and

havi ng physical properties including a specific

gravity of not less than 2.58, a shear hardness of not

| ess than 90 and a conpressive strength of not |ess

than 20091 kgf / £12, 1 ANdopRb el dden & ahhe BYe Mled™hecivil

than 25% adding silica fune containing Si02 by not
edfssecrhiag 0§oms 1a0MgXtUh et BYcHi 410 wdR¥s0k ré hel yeirghlibrred to

of the cenent and preparing them by using a high
aperfoatsancer AE anvatrerl udedaCi ggoagentdrdu@isaifiorl pre-packed

However, while it describes silica fume only in terns
capfcrsites , domle At 1L ang wyydsabe aphenedeosld shoeddd, awduts for

[0009]), it does not describhe hydrogen ion .
PIGGESRE Pt | BROREF SHoVRCAMI TaRy PREeheT DR BT LHhtdchyres,

the fluidit Furth , _Whi it d i bes, th .
Tris Hiight T BN VAT BF T SaBeITE o o B Esdoes,
grjz}glgisdférc [1%1881:85:%5 g@? ggggr%ny 08 AL ég{alx%l ?6%8158 for under

trve I n conbin n nor about nmanu urin

stldrhbengo ARy ?ﬁé{% dcgprnLﬁ:lre%irnEl%Fv%EnQeﬁQJ:mi&h%é?ﬂ:s .

propertles |np udl ng an exce ent retentlon of
f I ui ghbyqual g rsésengite apbaukew sy chkagesmyeraedy and

by adding silica fume, a - 5 - calciumalumnoferrite
buhasiédgexpanst weeaaddid ibeenandpaocpetytar baxarti cyeaisd and
based water reducing agent in conbination. It

acicerdisplknueutathaetarcehero benposd tasogrofitbedia eegudhied to
cenent, silica fume, a cenent dispersant containing a
shey| pchtBox§FFNEdid Hded poPyAeEY caRdrbotritl FEiingas (see
0 | kyl ene gl ycol chain as principal ingredient, a
Noﬁrhégﬁﬁge 4 ﬂ%?ﬁé'or an organi ¢ shrinkage reducing
agent, a substance for generating pressure countering
the shrinkage stress produced by the hydration
eact] lJ te i n i r e
R R R L i R A St S
ree@gthbkt et o OFHMBAL &It rabs@npti-ent beivees 156, aithnbr9%0f the
provides a good retention of fluidity and a high
Acatierigt he (oo PatrentheDoenseal Spnvdat vt Iogumpant S3ciety of
JP- A- 2003- 286064 Pat ent Docunent 3 descri bes
Arthoheai i Mip bel 31Bb- AughuscedBAb . as i ndi spensabl e
i ngredi ent"” (paragraph [0014]) and al so that a
conposition prepared w thout using belite-rich cenent
(by using ordinary cenent) showed a fl ow val ue | ess

t hanFA%0t it 3 6ONRT RutSe’ 8MPEA FPXICRYCRAINUI @ b0t Pe used
stably. provide. a high.fluidity in a. physic roperty
rod, BT LS PR LSt R bR ro e SR B e g o of
! [ nt..cont
cShbLoRd WP AR dbRELERnt . M AN fiorone cpa
naROF¥ad KW BDEh HHeRlytENRhd 288oR G RALel NYTeMi €Abn B a high
lime based additive, a substance (carbon based foam ng
flagenty Baragenesmttihrg cRressur eveoumb£1ig dheigh strength
shrinkage stress produced by the hydrating reaction of
conheetel fdre-rdcte cerenimpandefli aer dygualigaterdidvineg ndorced
specific gravity of not less than 3.4 and a ,
copeette citanctofragattdatasarpreonoHetweeh RiPten¢hpwing an
is mxed with water added to a predetermned ratio
enRIRGHYrHPIRNI G049, o[ Hagh] resigtangmd [0054]). Thus,
it s sts_that it is_not,possihbl provi de a
cendilt R EaTE Mt g KEGRaC A uE P Ry5S foi grment based
siMe .str h d 0 on--.shrj ' t
o G R BRI ER Rl BT e SaRouE ae dranr Y agent
descri bes the average grain size and the carbon
content of the silica fune used there (paragraph
[0038]), it does not describe anything about the
hydrogen ion concentration. Furthernore, it describes
that a |inme based expansive additive is combined wth



Pat ent Docunent 6 describes "a nortar conposition
characterized by containing (A cenent, (B) granul ar
cement clinker and (C) one or nore materials sel ected
froma water reducing agent, ultra fine powder and
aggregate showi ng a specific gravity of not |ess than
2.7" (Caim1l). It also describes using a calcium
cah mefder shter hased rexpansngR raddi-t | Ryl aRhremarkable
a pol ycarboxylic acid based water re ucrng
eage@t c(ﬂoaeagﬁapdsrn [(X0F4bh)dand sid ifcal i ngeatais] idyt eadfameffect
powder (paragraph [0015]) but what is actually used is
o& maphthialerdesgiirengthatod basey weatrepdr efutimg egntPatent
and a |inme based expansive additive (paragraph
Dpowpenty .1)voreover, it neither describe the silicon
di oxi de content ratio and the hydrogen ion
concentration of the enployed silica fume nor the use
caI |un1alu rri xpansi ve additive,
P%%%leéé?%?%l cgl %é}éﬁépﬁéﬁiiggégoxylic aci d based
wat er reduci ng agent in conbination in order to obtain
an excellent retention of fluidity, a high strength
and apd W SBbEnkase 1 A speiBE8tPUhvaReYsn 4MN®a cement based
i nvention described in Patent Docunent 4 avoids the
guset ebmads BXPENSF \emaad, tiive angrddierefonwatehas@lucing agent,
skilled in the art cannot easily get to the idea of
ansexgarspes alddsitiveeousofgaei pduther gescerbeddi a foaming
Pat ent Docunent 4 as ultra fine powder as described in
sy eiCeDocimertt & tzphen dded Wit Rompoexgangirggio of the water
additive in conbination. D sclosure of the Invention
?‘F‘b%]lf&natg&“&elgopv% by ¢MRRshRATIoRS refgtive to 100 mass
res nti tended to _sol ve

poe e e e ehd " it 2e g SatiBah SO S T 100
m&é’s“é%?%iQHQ'th%&Eo%%dméﬁlﬁm?ﬁé’%Eﬁ%hg %%l%oﬂ)é@?d Q&t%@ereduc1ng

ent I nvention i eria

At nf eLehRY Al 8hat s@f%n&@é‘ Bhieyveran §é8§&iﬁ@tagent and a
IU|d|ty a high strength and a | ow shrinkage and

1igtihoduwafforapubach Ups $ed tie: Saredubkagsagent S@ée@eﬂg:lvely by
the Probl em As a result of intensive research

0 & arot ¢ thas s sEintiing st heyabove i30emds$ imd-tpraots e P theB5 mass
inventors of the present invention found that the

pPyrtesinenang solved pysaspevgt ko] dCbpiml bimiatoerddi @ a cement
based expansive additive, specific pozzolana powder

bagff arﬁar?yea%%wrw FAQTHABEdE N BT dd@Ei Ag agaerﬁcterlzed

§ _ He &
i1} RO BB P OPRET Gk M0 e e Sag 0 sgak eSipgnd F Hlaine’ s
SRR 80 LD, RRSe0E AW ANLL0DLAN 4 BOCPRRE Ay Lt b8 1 gnicion

ove findi resént inventio rovi

1dde ffOMJ@VYn&Qe f@{arﬁ‘%l \5'°ngC§LQ§maj§))°\b%‘d dentibEseot suggest the
problem (1) A ling material for a reinforcing

usJeJdelbn@{CHﬂlaLd’edﬂ@ @ar@pbwdan wedeRansi Mecxddi bk ¥&€s content ratio
pozzol ana fine powder, a water reducing agent and fine
araggy@gates, iochaackeartiraedonr tehbduridheiekpanpievd fic respective
additive is a calciumaluninoferrite based expansive
ragdigist-i vARddnid arteel lnoz 20lidea iti despoivdes ke side cubus calcium
fine powder with a silicon dioxide (Si02) of not |Iess
a%ﬂ%&ﬁ°§@@§aﬁﬂ %aﬁ?@r%ﬁﬁﬁpﬁkﬂ?cﬁﬂﬂ@énﬁﬁaﬁh@HlﬂéuﬁdBinl%ﬁrS

“aci.d.regio whi | e ter, red cin ent is
spﬁa s e ok s o %at/@r é&&geﬁgoya@aathod(eanformng

Con falhlnl A én’ﬁée%agrlag&g; Inf ?%;:I n% I 9 Qtdescrlbe the use
a t I e
O RoRaer e A e %m%"s;%%@ft%? f"f%“%’é%? O 1 Fhavest

area between 2,000 and 6,000 cn2/g. (3) The filling
material fora reinforcing joint containing cenent as
defined in (1) or (2) above, characterized in that the
cal cium alum noferrite based expansive additive is
contained by 1 to 4 portions in 100 portions of the



The expressions of portion and percent (% as used
herein refer to mass units that are not specifically
defi ned. For the purpose of the present
invention, cenent nortar includes cenment paste.
According to the present invention, a cenent nortar
conposition containing cenent, a calcium
teé%élqiferar 'cbﬁb9§§€goﬁxcp§n§'§ffecﬂ(%q_'ct Lyeicibne ﬂ%‘@%fowder, a
of specific pozzolana, a polycarboxylic acid based
chat Biim rediicindgeagent Based i Hpaggregaligitsvai xed s th
water to prepare cenent nortar, which is then filled
pohyoarbargilifcacidigased mhter redudihigl ayexpamsicder to a filling
additives normal |y include cal ci um sul f oal um nat e
m@h%@eﬁleiwn@u veliagdreinves qirg b?élqweﬁer ﬁede?sqela@rcsmetentlon
EEHSIVG addi tives hereinafter), ca

bterr @t E‘lﬁﬁséaf%&%‘ﬁhsﬁ% aaol(SHWt |s\li‘éé“5ﬁ‘éieI i me
b ddi t f te
bZESSF BNTPrE AR PYeL of TR el r g R e e
f
S}%w£r$§| Ve eQEr#ﬁ%lﬁg%?qpsn{ g%é?ffi/& g‘@g??gég«? and ?111ca fume

expa y an arne

iMBE &R oination Q‘Qe@xﬁggéﬁﬁ’%@cqgﬁédtv i s produced by

conmpoundi ng a CaO materi al, 3 material, an
Fe203materi al and a CaSO™4 naterlal to a predeternined
ratio and heat-treating the mxture noally - 13 - at

PaL&(i0 Noauihne6B0L: | TRHA-EISe6B70¢ furnace or a rotary
kil n. The expandi ng performance of an expansive
additive prepared at heat-treatnent tenperature |ower

than 1,100C can be unsatlsfactor)g(eﬁ ereas the gypsum
anhydiiide Bakeme Qﬂ&l@eﬁ eaﬁeﬂatveﬂtéepne ta “method

t Ca
of BRBRrarthEiAg fes Fﬁeg?%@e%&hﬁg&%?éﬂgﬁ P b P pegsesate

Ll EhFthabr LELER RN "R358 BLY S mremsaes
1rﬁ9lﬂﬁﬁrngsé ?%e@ﬂgleml%&%f %Se\f@désa@ﬁgn br 68, QXLHe: ARG raness

t hose of SO material “inc I hydrat é gypsum
oherthydiat engy PSymaand JMyHeRES veY BSH8hgth of mMdt less than
cal cium alum noferrite based expansive additive (to be
2 yffle kg Edcty asd GAfe rexianieirveaatididy wet hernei tAkher9%,i adding
a substance obtai ned by heat-treating a CaO naterial,
sidrnical 208enatrtd HinqabiPe208 mut dessl thad 20Ta80kdmixture by
material that is an expansive substance contai ni ng ,
> foedOfi e, thaaMeilgitaPfint o feanette aadd PEARHERAISLhem by using

I h I h
%&eﬁopar Ry Gl s LW k%”qr&%&ﬁia%ﬁ% " However,
I‘ﬁ.r eE acpe GY ¥:> ?éost&l%% ort ogg Jbr} eﬁg reE %I%b é/onqyenﬂ’c ratio

1 ons expa SFve

Ic I f Iofoly § €
pref‘? EEFJ‘EG’O% to@oﬂpc%ﬁﬁﬁ?wmeﬁ &Per AT e
hyldroguahi 35 cBAEEhORSE 1 bR nbR0sROTE I&nényfmttlaet%aa&e i@ roving
subst ance, whereas anhydrous gypsumis contai ned

ther eéfletabty. byrul@hkemdBeponiii DSt Rfserppetetadlysdw 2@ high
to 35 portions in 100 portions of the expensive
pesidbshance AfFgrtéherquingpiogeagént he tpdesempoti dewentilom anything
calcium alum noferrite refers to Ca0-Al 203- Fe203 based
ab@@ﬁpé@hﬂ@ N teeRAN e paldiitdiieadin| cAMbaRdohen ot R
npounds expressed by CAAF and those expressed by
maéﬁﬁ??tﬁFengwﬂlfH%ﬁ&%ﬁ m?FeE??%d@Eﬁﬁe§e€ﬁ€?r?%n?uﬂQ%ﬂﬁe§hOWl“g

PrSafe i8Sy R LT et nor e e it iy 0 @ o
SoFERaRE s o s Fecdarn by ?%dﬂ'p?%“%rlalbﬁa fune, 3

not | ess than 2,000 cn®/g, preferably bet ween 2, 000
and 6, 000 ch/g, interns of Blaine's specific surface
area (to be referred to as Bl ai ne nunber hereinafter).
The additive gives rise to excessive expansion and
bleedlng tends to arlse mhen the flneness IS Iess t han

P~ o~ P~ P~



treatnment conditions for the raw material and using a
coll ecting tenperature not | ower than 550C. Wth
anot her nmethod, siliceous fine powder is produced when
zircon sand is fused in an-elgctric furnace and then
it is collected typically by neans of a cycl one and
sorted for use. It is ultra fine particles with
caNcaVR' A0S HA Y 1Sk 2epQEc A0k xp & fFe RN tivBMand a
The amount by which pozzol ana fine powder is used is
ppleteriabkyl & tazilb bpeeti vaset nrddi-ipoy thigens aft bomisleration.
The mani fested strength can be insufficient and/or the
bal | beats regl s=f fkeowncainabea | oxntertto apmpesiksent of goelite-rich
large load in the mxing process when the anmount is
cpesBtt hahl B-pditmicons, CRRerEadl $PR: I33Hd N tERBLRYXE ng
process can, beco | arge and no excelle fluidity c
OBs R FP YA byt RS PHR SRR eI PR Gl NEEEN B NRdGr kylens
en. the .amunt_ exceeds, 15 rtions, . LS s 4
T S B R e ni | PO RO age Rt P 72115 i s oF =
; . 0n. e re..n ;
A L e S
p8x38ptesRhtapt hf ol ogr pgee thabssyrdaRcusasy ke Htration
pur pose of the present invention include
reatyoxy ed hwreneeadlikkylrethecehase darahti ifrearigageggeatisaving a
and Pl uronic based antifoam ng agents. The anmount by
sphtthianymntiitoafi ngt dgerst thenuSed &nd pr eoefdbbyent of water
bet ween 0. 005 and 0.05 portions relative to 100 )
absprpbhen diethiardel.- STReAaht P} cRke Fgf st fle@oodakepantion of
insufficient and the entrapped air and the entrajned
£hp+dbEY 13 \dathedhr SGGENAEN afBRe TR D&&%Hﬁvgﬁ-
thoroughly to make the strength and the fluidity
unsati sfactory when the anount is |ess than 0. 005
PROLAL ONSe, It 8. Mipal eshd-namqan come up to the
surface of cenent nortar to a |l arge extent when the
amount exceeds 0.05 portions. For the purpose of the
present invention, a foam ng agent - 16 - that
gener pd €sn1as vhent m xedaMibl swatent £an raddietliasatiygh cement
be used in order to produce initial expansion of
as et sprdadrl cafihgredignng. (paragraphCd@ins )t bad &hsp that a
be used for the purpose of the present invention .
compd Hdel vamepa regr i Ahdueewding kaidireasishdrageyt (by using
hi gh-early-strength, ultra-high-early-strength, | ,
ORGEAC BGIBES! ATONEA TROHL AP dERBITETY M0 BHbAA gaqninutes

ements .prepared by adm xi ng_bl ast furnace sl. Ly .
< £EFE R ot R T BB R T BUER T S 1 Pbhysical
P [.an I Y Sei13
S
FhN- LUKt §EBYL L w%h%a%%ngr sfesaRl B dd:QMithgcid based
vi ewpoi nt of mxability and nani festati'on of Strength.
p&DImd e PYRMPOSEd Ha ifg HRIGAN kiyN¥aBIdIGoIMBhEIN as principal
reduci ng agents globally refer to substances that show
irdgth&pars ag iekfectedaandt ani e ,r a enbsaencag cafrbectbased foaming
relative to cenent and are adapted to inprove fluidity
agent st fengane rgpéoif Preesanpl esunfemeatertheeglhigilngage stress
agent include napht hal ene sul fonic acid based water
PrRIhPragent Bydret b reasiironPé Bet dpdd&s ivghefement and

in sulfonic acid hased wat er

reduci ng agents, .lign
YRR R IR0 EnES Y Hd OPFEAFbOA T Heid BabelFvatepn 34 and
reduci.ng agent.s. wever ol y¢ QXY i 1,d, base -
R R gt S B PRL B S. BR1 (RE °E mixea
| t R ReEBYS e he §30 t8%XCEI LR HERI dHIN (0051
b G P8 RRaB R b R T L P [005T)
may be used in the formof powder or liquid, it is
preferably in the formof powder fromthe vi ewpoi nt of
produci ng a premn xed preparation. The anmount by which
a pol ycarboxylic acid based water reducing agent is
preferably 0.05 to 0.20 portions, nmore preferably 0.07

P — A P~ P~



For each of the experinents shown in Table 1, 0.24
portions of the polycarboxylic acid based water
reduci ng agent listed in Table 1, 0.04 portions of the
anti foam ng agent and 100 porgions of the fine
aggregate listed bel ow were m xed with 100 portions of
bi nder containing the |listed portions of the
aRQr fRsRgNdi nghexparsiyeyadd thye it ifakbe pbsdR81d20 provide
portions of pozzol ana T1ne powler a to prepare a
acesmait rmpals ifabar haliend waicey fvasdaddeda hidd conp@essive
make the water/binder ratio equal to 22% to produce
sthengenend ampradnospebir ekagdRéhhothesdegietl igertrach cement.
speci men was m xed for 2 minutes by neans of ,
Whi i -tsesBoRAMPGHBERT €8S pFoR ENeeRBREAIRD AL NahZs t2id the

fluidity was observed .i.n a_therno-hygrostatic cha r
cgfb%é%&néo@/? RHe silica fgmety |t|%§,reeéeﬂr%$rﬁpﬂ€e[0038l X

. prepare enent, mortar . speci s.poured into a .
R L E TR hot Ry BB TR ER e E N AP BPe S Lol st ion-
e the . t 19 .t 4 :

R S T Y P L A

cOME ADE WP LIS Ue £ahs e oW/ R rPbsenvedaai d8based water
rel easing the specinmen fromthe formand curing it in

rd@ieinatg20€ tortihe: speekbireghap®018lhe okt abagedthot described
results are listed in Table 1 ordinary Portl and

alcemerbtacomerxifdllllyngvea icatilad EASF ey panskyel beldi tierention
wi th Bl ai ne nunber of 2,900 cn®/g, comercially ‘ '

ohViEiUidbk e, AR cbxphAsh Y addia ilpe ShrhnBres dernymsamnforcing

cof 1,900 cnk/ g C AF expansjve additive with Bl ai ne _

] Pkt BY Bl Séélﬁﬁﬂfluﬁ‘e@%ﬂ%ﬁ%@én%%ﬁ]i%bﬁf?ﬂ expansive

oS DS ], % 99, 51210. A R0l BIULLINS agere oo

! le silica fumes, pl-1 = 2.90, Si02 content
cé@%ﬁ%? 3296 commerci al ly avail abl e pol yoxyet hyl ene
al kylgt hennbased, ysommberald ¥i Avahkabkbees containing silicon
pol ycar boxylic acid based agent, commercially
dysaidealibeof)erasop Rt 81 pE N iSlgaedidaosdiy ad.s20zgt€oBiuRk R oxide
mmor |less, comercially available - 20 -
asMeasugerenentrei hodsder Rlalindintyfactheisgahoctdt-owrwaste that
observed in a test conform ng to Japanese Standards
cas bediadlen ¥l RE2e1dU09R t Phywingdle ctast nvl s sisoand shows
Cement 11. Flow Test" without 15 falls. The enpl oyed ,
a fiigh E6RENGER %ﬂ%éﬁéﬁfﬂb5§¥€aQ%#&%ﬁrﬁﬁ'W§é§ggﬁéﬁa¥?ﬁ reducing

"Annex 1l: Cepent Test Meth - surenent ,of Setting
2 Sat FREYT 550G Al AR CORETTEsE S Pt e of
change of length: Measured in a test conformng to
Annex 1 "Expansiveness Test Method of Mrtar
PN AIRLRe X PRSIy GOk vg3768 Japan | ndustri al
St andards ES A 6202 "Expansive Additive for Concrete".
The val ue observed after aging of 7 days. Conpressive
strength: Japan Society of Civil Engineers
JSCEF@5@h+1988umEnnpt esss vel ety emgtihveast ovebiota afethod of
Mortar or Cement Past Using a Cylindrical Specinmen".
nmafhe agdlgéngliseriad ahcee tagiiay aoft €28 zgdysn that2it is prepared
Remarks O C. P - tvl X 6. 30

by using a mixture obtained by mixing cement, fine aggregate and
powder of fine particles containing silicon dioxide (Si0O;) as

principal ingredient and also zirconium dioxide as an ingredient”

(Claim 2) and the use of “Si0,: 92.74 wt%, Zr0;: 4.76 wt%, Fey0s:



X111l 00C2t) CC XC)00C2Vr4d XLCOOC?2
1) Ur XLi.)00C?2 ~

- 7 - o

0.35 wt%, A;103: 0.01 wt%, TiO,: 0.05 wt%, H,O: 0.18 wt%, Na0: 0.02
wt%, pH: 4.2 and specific surface area: 9.22 m?/g as observed by
the BET method”, “density: 2.45 g/cm®, SiOs: 94.5 wt%, ZrOz: 4.0
wt%, pH: 3 to 4, average particle size: 1 pm and specific surface
area: 8.7 m’/qg as observed by the BET method (paragraphs [0025] and
[0055]) as fine particles (special siliceous fine powder), and a
polycarboxylic acid based water reducing agent (paragraph [0054]).
However, as it describes that “in the method of manufacturing
concrete of this embodiment, the additive of special siliceous fine
particles scatters less because they have a large particle size
if compared with conventional additives using silica fume of a small
particle size so that it is possible to secure a correct mixing
ratio and facilitate the operation (paragraph [0038]), it only says
that the particle size of the siliceous fine powder is important
and does not disclose any technological idea of using “siliceous
fine powder having a silicon dioxide (SiO,) content ratioc of not
less than 90% and a hydrogen ion concentration found in an acid
region” in order to obtain a filling material for a reinforcing
joint showing an excellent retention of fluidity, a high strength
and a low shrinkage. Additionally, the invention described in
Patent Document 4 avoids the use of an expansive additive (paragraph
{0006]) and therefore those skilled in the art cannot easily get
to the idea of using special siliceous fine powder and a calcium
aluminoferrite based expansive additive in combination on the bases
of the above invention.
An invention of obtaining heavy weight mortar prepared by

compounding heavy weight aggregate that shows a suppressed
temperature rise without segregation of ingredients is also known

{see Patent Document 5)
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Patent Document 5: JP-A-2005-47772

Patent Document 5 describes “a mortar composition prepared
by compounding cement, an expansive additive, a binder containing
pozzolana fine powder, fine aggregate and a water reducing agent,
characterized in that the fine aggregate contains particles with
a particle size not greater than 0.15 mm by 10 to 20% and has a
specific gravity of not less than 3.0 and a particle size of not
greater than 2.5 mm, the content thereof being 200 to 300 portions
relative to 100 portions of the binder” (Claiml). It alsodescribes
that silica fume is used as pozzolana fine powder (paragraph [0020]),
and polycarboxylic acid based water reducing agent is used
(paragraph [0025]). However, while it shows a calcium
sulfoaluminate based expansive additive (paragraph [0011]), it
does not describe anything about a calcium aluminoferrite based
expansive additive nor describes it about the silicon dioxide
content ratio and the hydrogen ion concentration of silica fume.
Thus, it is not intended to dissolve the problem of obtaining a
filling material for a reinforcing joint showing an excellent
retention of fluidity, a high strength and a low shrinkage by using
a calcium aluminoferrite based expansive additive, a special
pozzolana fine powder and a polycarboxylic acid based water reducing
agent in combination.

An invention of mortar that shows a high
fluidity if the water-cement ratio is low and a high compressive
strength of not less than 80 N/mm? after setting in 28 days of age
without showing any segregation of ingredient materials and is

adapted to be suitably used as high strength non- shrinkage grout
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mortar is also known (see Patent Document 6).
Patent Document 6: JP-A-2005-119885

Patent Document 6 describes “a mortar composition
characterized by containing (A) cement, (B) granular cement clinker
and (C) one or more materials selected from a water reducing agent,
ultra fine powder and aggregate showing a specific gravity of not
less than 2.77 (Claim 1). It also describes using a calcium
aluminoferrite based expansive additive (paragraph [0020]), a
polycarboxylic acid based water reducing agent (paragraph [0014})
and silica fume as ultra fine powder (paragraph [0015]) but what
is actually used is a naphthalene sulfonic acid based water reducing
agent and a lime based expansive.additive (paragraph [0024]).
Moreover, it neither describe the silicon dioxide content ratio
and the hydrogen ion concentration of the employed silica fume nor
the use of calcium aluminoferrite based expansive additive,
specific silica fume and polycarboxylic acid based water reducing
agent in combination in order to obtain an excellent retention of
fluidity, a high strength and a low shrinkage. Aspointedout above,
the invention described in Patent Document 4 avoids the use of an
expansive additive and therefore those skilled in the art cannot
easily get to the idea of using special siliceous fine powder
described in Patent Document 4 as ultra fine powder as described
in Patent Document 6 to be used with an expansive additive in

combination.

Disclosure of the Invention

Problem to be Solved by the Invention
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The present invention is intended to solve the problem not
described in the above-described documents of the conventional art
and the problem to be solved by the present invention is to provide
a filling material for a reinforcing joint that can achieve an
excellent fluidity, a high strength and a low shrinkage and a method

of manufacturing the same.

Means for Solving the Problem

As a result of intensive research efforts for solving the
above identified problem, the inventors of the present invention
found that the problem is solved by using a calcium aluminoferrite
based expansive additive, specific pozzolana powder and a
polycarboxylic acid based water reducing agent in combination and
employingeafillingnmterialforeareinforcedjointcontainingfine
aggregate and completed the present invention on the basis of the
above finding.

The present invention provides the following for solving the
above-identified problem.
(1) A filling material for a reinforcing joint containing cement,
anexpansiveadditive,pozzolanafinepowder,awaterreducingagent
and fine aggregate, characterized in that the expansive additive
is a calcium aluminoferrite based expansive additive and the
pozzolana fine powder is siliceous fine powder with a silicon
dioxide (Si0,) of not less than 90% and a hydrogen ion concentration
found in an acid region, while the water reducing agent is a
polycarboxylic acid based water reducing agent.
(2) The filling material for a reinforcing joint containing cement
as defined in (1) above, characterized in that the calcium

aluminoferrite based expansive additive shows a Blaine’s specific
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surface area between 2,000 and 6,000 cn@/g.

(3) The filling material for a reinforcing joint containing cement
as defined in (1) or (2) above, characterized in that the calcium
aluminoferrite based expansive additive is contained by 1 to 4
portions in 100 portions of the binder formed by the cement, the
expansive additive and the pozzolana fine powder.

(4) The filling material for a reinforcing joint containing cement
as defined in any one of (1) through (3) above, characterized in
that the pozzolana fine powder is contained by 5 to 15 portions
in 100 portions of the binder formed by the cement, the expansive
additive and the pozzolana fine powder.

(5) The filling material for a reinforcing joint containing cement
as defined in any one of (1) through (4) above, characterized in
that it further contains an antifoaming agent.

(6) The filling material for a reinforcing joint containing cement
as defined in any one of (1) through (5) above, characterized in
that the fine aggregate is heavy weight aggregate with a density
of not less than 3.0 kg/cnm’.

(7) A construction method of filling a reinforcing joint,
characterized in that 20 to 30 portions of water is added to 100
portions of the binder formed by the cement, the expansive additive
and the pozzolana fine powder with a filling material for a
reinforcing joint as defined in one of (1) through (6) above and
the mixture is mixed.

(8) The construction method of filling a reinforcing joint as
defined in (7) above, characterized in that a hand mixer, a
high-speed grout mixer or a forced mixer is used for mixing the

mixture.
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Advantages of the Invention

Thus, according to the present invention, there is provided
a filling material for a reinforcing joint that shows an excellent
retention of fluidity, a high strength and a low shrinkage and a

method of filling a reinforcing joint using such a fillingmaterial.

Best Mode for Carrying Out the Invention

Now, the present inventionwill be described in greater detail
by referring to the accompanying drawings.

The expressions of portion and percent (%) as used herein
refer to mass units that are not specifically defined.

For the purpose of the present invention, cement mortar
includes cement paste.

According to the present invention, a cement mortar
composition containing cement, a calcium aluminoferrite based
expansive additive, fine powder of specific pozzolana, a
polycarboxylic acid based water reducing agent and fine aggregate
is mixed with water to prepare cement mortar, which is then filled
into a reinforcing joint.

While expansive additives normally include calcium
sulfoaluminate based expansive additives (to be referred to as CSA
expansive additives hereinafter), calcium aluminoferrite based
expansive additives and lime based expansive additives, calcium
aluminoferrite based expansive additives are employed for the
purposeofthepresentinventionfromtheviewpointofexpansiveness,
fluidity and sustained retention of water.

An expansive additive is produced by compounding a CaO
material, an Al,0; material, an Fe,0; material and a CaSO, material

to a predetermined ratio and heat-treating the mixture normally
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at 1,100 to 1,600°C in an electric furnace or a rotary kiln. The
expanding performance of an expansive additive prepared at
heat-treatment temperature lower than 1,100°C can be
unsatisfactory, whereas the gypsum anhydride can be decomposed when
the heat-treatment temperature exceeds 1,600°C.

Examples of CaO material include limestone and hydrated lime
and those of Al,0; material include bauxite and aluminum residual
ash, while examples of Fe,03; material include copper slag and
commercially available iron oxide and those of CaSO, material
include dihydrate gypsum, hemihydrate gypsum and anhydrous gypsum.

A calcium aluminoferrite based expansive additive (to be
referred to as C4AF expansive additive hereinafter) is a substance
obtained by heat-treating a CaO material, an Al,Oz material, an Fe;0s3
material and a CaSQO4 material that is an expansive substance
containing free lime, calcium aluminoferrite and anhydrous gypsumn.
While there isno limitation to the content ratio of the ingredients,
free lime is contained preferably by 30 to 60 portions, more
preferably by 40 to 50 portions, in 100 portions of the expansive
substance and calcium aluminoferrite is contained preferably by
10 to 40 portions, more preferably by 15 through 35 portions, in
100 portions of the expansive substance, whereas anhydrous gypsum
is contained preferably by 10 to 40 portions, more preferably by
20 to 35 portions in 100 portions of the expensive substance.

For the purpose of the present invention, calcium
aluminoferrite refers to Ca0-Al1,03-Fe,03 based compounds without any
particular limitations, although compounds expressed by C/AF and
those expressed by C¢AF; are well known, if C indicates CaO, A
indicates Al,0s; and F indicates Al,03-Fe;03 normally. It may be safe

to say that calcium aluminoferrite normally exists in the form of
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as used herein refers to the value of hydrogen ion concentration
in a suspension prepared by putting 20 g of siliceous finer powder
into 100 g of pure water and agitating them for five minutes by
means of a magnetic stirrer that is observed by means of a PH meter.

Methods for preparing such siliceous fine powder include a
method of oxidizing metal silicon fine powder in flames and a method
of melting a siliceous raw material in a high temperature flame.

Then, siliceous fine powder can be produced by adjusting the heat
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The amount by which pozzolana fine powder is used is
preferably 5 to 15 portions in 100 portions of binder. The
manifested strength can be insufficient and/or the ball bearing
effect can be lost to give rise to a large load in the mixing process
when the amount is less than 5 portions, whereas the load of the
mixing process can become large and no excellent fluidity can be
achieved by the predetermined rate of use of water when the amount
exceeds 15 portions. |

It is preferable to use an antifoaming agent for the purpose
of the present invention. While there are no particular
limitations to the antifoaming agent, examples of antifoaming agent
that can be used for the purpose of the present invention include
polyoxyethylene alklylether based antifoaming agents and Pluronic
based antifoaming agents. The amount by which an antifoaming agent
is used is preferably between 0.005 and 0.05 portions relative to
100 portions of binder. The antifoaming effect can be insufficient
and the entrapped air and the entrained air of the water reducing
agent cannot be removed thoroughly to make the strength and the
fluidity unsatisfactory when the amount is less than 0.005 portions.
The eliminated foam can come up to the surface of cement mortar
to a large extent when the amount exceeds 0.05 portions.

For the purpose of the present invention, a foaming agent
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that generates gas when mixed with water can additionally be used
in order to produce initial expansion of cement mortar after mixing.

Cements that can be used for the purpose of the present
invention include various Portland cements such as ordinary,
high-early-strength, ultra-high-early-strength, low heat and
moderate heat Portland cements various mixed cements prepared by
admixing blast furnace slag, fly ash, silica an/or limestone fine
powder to such Portland cements as well as waste recycle type cements
or so-called eco cements, of which ordinary and high-early-strength
cements are preferable from the viewpoint of mixability and
manifestation of strength.

For the purpose of the present invention, water reducing
agents globally refer to substances that show a dispersing effect
and an air entraining effect relative to cement and are adapted
to improve fluidity and strength. Specific examples of water
reducing agent include naphthalene sulfonic acid based water
reducing agents, melamine sulfonic acid based water reducing agents,
lignin sulfonic acid based water reducing agents and polycarboxylic
acid based water reducing agents. However, a polycarboxylic acid
based water reducing agent is used for the purpose of the present
invention because it can excellently maintain the fluidity.

While the water reducing agent may be used in the form of
powder or liquid, it is preferably in the form of powder from the
viewpoint of producing a premixed preparation. The amount by which
a polycarboxylic acid based water reducing agent is preferably 0.05
to 0.20 portions, more preferably 0.07 to 0.15 portions relative
to 100 portions of binder when it is in the form of powder.

A high fluidity may not be obtained when the polycarboxylic

acid is less than 0.05 portions, whereas the bubbles can be generated
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and/or a setting delay can occur when the polycarboxylic acid
exceeds 0.20 portions. A melamine sulfonic acid based water
reducing agent or a lignin sulfonic acid based water reducing agent
can be added within a range that does not obstruct the effects of
the present invention.

Fine aggregate to be used for the purpose of the present
invention is preferably heavy weight aggregate such as magnetite,
hematite, peridotite, ferrochromium slag, copper slag or electric
arc furnace oxidizing slag, although any fine aggregate may be used
so long as it can manifest strength and maintain fluidity and has
a density of not less than 3.0 g/cm3. For the purpose of the present
invention, one or more aggregates may be used. When fine aggregate
is brought in as premixed preparation, each of the component
aggregates is used as dry sand showing a maximum grain size of 2.0
mm from the viewpoint of fluidity.

The amount by which fine aggregate is used is propriety
between 70 and 150 portions relative to 100 portions of binder.
Shrinkage can becomé remarkable when the amount is less than 70
portions, whereas the strength and the fluidity can fall when the
amount exceeds 150 portions.

While the amount of water to be used for mixing for the purpose
of the present invention is not particularly subjected to any
limitations, the water/binder ratio is preferably 20 to 30%, more
preferably 22 to 26%. The fluidity and/or the strength can fall
remarkably with the ratio out of the above range.

As for the method of filling a reinforcing joint by means
of cement mortar according to the present invention, no particular
limitations are provided for mixing mortar containing fine

aggregate, the use of a hand mixer of a number of revolutions per
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minute of 900 rpm, an ordinary high-speed grout mixer or a biaxial
type forced mixer is preferable.

When a hand mixer or a high-speed grout mixer is employed
for mixing, a predetermined amount of water is put into a pail or
some other mixing container and then the cement mortar composition
prepared by mixing binder and fine aggregate is put into the pail,
while driving the mixer to rotate. The mixture is then mixed for
more than 2 minutes. On the other hand, when a forced mixer is used
for mixing, the premixed cement mortar composition is put into the
mixer and a predetermined amount of water is added, while driving
the mixer to rotate. Then, the mixture is also mixed for more than
2 minutes. A satisfactory level of fluidity may not be achleved
when the mixing time is short of 2 minutes because of insufficient
mixing.

The mixed cement mortar is then filled into a reinforcing
joint normally by means of a diaphragm type hand pump or a squeeze
type mortar pump.

Now, the present invention will be described further by way
of examples and reference examples, although the present invention

is by no means limited by these examples and reference example.

(Reference Example 1)

For each of the experiments shown in Table 1, 0.24 portions
of the polycarboxylic acid based water reducing agent listed in
Table 1, 0.04 portions of the antifoaming agent and 100 portions
of the fine aggregate listed below were mixed with 100 portions
of binder containing the listed portions of the corresponding
expansive additive in Table 1 and 12 portions of pozzolana fine

powder a to prepare a cement mortar material and water was added
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to make the water/binder ratio equal to 22% to produce the cement
mortar specimen. Then, the cement mortar specimen was mixed for
2 minutes by means of high-speed hand mixer to produce cement mortar
and its fluidity was observed in a thermo-hygrostatic chamber at
20°C and 80% RH.

Additionally, each of the prepared cement mortar specimens
was poured into a form in a thermo-hygrostatic chamber at 20°C and
80% RH to observe the rate of change of the length and the compressive
strength. The rate of change of the length and the compressive
strength were observed after releasing the specimen from the form
and curing it in water at 20°C to the specified age. The obtained

results are listed in Table 1

<Materials>

cement: ordinary Portland cement, commercially available

expansive additive A: C4AF expansive additive with Blaine number of 2,900 cm?/ g,
commercially available

expansive additive B: C4AF expansive additive with Blaine number of 1,900 cmz/g

expansive additive C; C4AF expansive additive with Blaine number of 5,830 cmz/g

expansive additive D: C4AF expansive additive with Blaine number of 6,090 cm’/g

expansive additive E: CSA expansive additive with Blaine number of 2,850 cmZ/g,
commercially available

pozzolana fine powder a: silica fumes, pH = 2.90, SiO; content ratio 95.2%, commercially

available
antifoaming agent: polyoxyethylene alkylether based, commercially available
water reducing agent: polycarboxylic acid based agent, commercially available
fine aggregate: ferrochromium slag, density 3.20 g/em?, 2.0 mm or less,

commercially available
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<Measurement methods >

Fluidity: The static flow was observed in a test conforming to Japanese Standards Association
JIS R5201-1997 “Physical Test Method for Cement 11. Flow Test” without 15 falls. The
employed flow cone was a cement paste container designed for “Annex 1: Cement Test
Method — Measurement of Setting and Stability, 5. Standard Consistency Test”.

Rate of change of length: Measured in a test conforming to Annex 1 “Expansiveness Test
Method of Mortar Containing Expansive Additive” of Japan Industrial Standards JIS A 6202
“Expansive Additive for Concrete”. The value observed after aging of 7 days.

Compressive strength:  Japan Society of Civil Engineers JSCE-G505-1999 “Compressive
Strength Test Method of Mortar or Cement Past Using a Cylindrical Specimen”. The value

observed after aging of 28 days.
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From Table 1, it will be seen that the cement mortars of the
Reference Examples of Experiments No. 1-2 through 1-5 that contained
expansive additive A or expansive additive C with a Blaine number
of 2,000 to 6,000 cnﬁ/g by 1 to 4 portions showed an excellent
retention of fluidity, an appropriate of the rate of change of the
length and a high compressive strength.

To the contrary, the cement mortar specimen containing the
expansive additive B to a Blaine number of less than 2,000 cm?/g
showed a low compressive strength and a too large rate of change
of the length although its fluidity level was high (Experiment No.
1-7). On the other hand, while the cement mortar specimen
containing the expansive additive D to a Blaine number of more than
6,000 cmz/g showed only a short retention of fluidity although its
compressive strength is high (Experiment No. 1-9). Therefore, the
specific surface area of expansive additive is preferably between
2,000 and 6,000 cm?’/g in terms of Blaine number.

While an C4AF expansive additive provides a fluidity and a
compressive strength that are acceptable when its content is less
than 1 portion in 100 portions of binder, the rate of change of
the length is small (Experiment Nos. 1-1 and 1-10). In other words,
the effect on the rate of change of the length becomes remarkable
in line with the fluidity and the compressive strength when the
content gets to 1 portion. However, while the fluidity rises, the
compressive strength falls and the rate of change of the length
becomes too large (Experiment No. 1-6) when the content exceeds
4 portions. Therefore, the content of the C,AF expansive additive
is preferably between 1 and 4 portions.

The cement mortar specimens in which the C,AF expansive

additive is replaced by a CSA expansive additive (Experiments No.
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1-11 and 1-12) showed a poor retention of fluidity and require a
high rate of admixing in order to provide a good rate of change
of the length if compared with the C/AF expansive additive. For
this reason, a filling material for a reinforcing joint according

to the present invention employs a C4,AF based expansive additive.

(Reference Example 2)

The cement mortar specimens of this example were prepared
as in Reference Example 1 except that, for each of the experiments
shown in Table 2, the listed portions of the polycarboxylic acid
based water reducing agent shown in Table 2, 0.04 portions of
antifoaming agent and 100 portions of fine aggregate were mixed
with 100 portions of binder containing 3 portions of the expansive
additive A and the listed portions of the corresponding pozzolana
fine powder shown in Table 2. The obtained results are listed in

Table 2.

<Materials>

pozzolana fine powder b:  silica fumes, pH = 6.45, SiO, content ratio 99.9%

pozzolana fine powder ¢: silica fumes, pH = 7.73, SiO, content ratio 96.3%, commercially
available

pozzolana fine powder d: silica fumes, pH = 9.49, SiO, content ratio 89.1%, commercially

available
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From Table 2, it will be seen that each of the cement mortar
specimens of Reference Examples of Experiments Nos. 2-1 through
2~3, No. 1-4 and No. 2-6 that contained the corresponding pozzolana
fine powder a or b with a silicon dioxide (8i0;) content ratio of
not less than 90% and a hydrogen ion concentration found in the
acid region showed an excellent retention of fluidity, an
appropriate rate of change of the length and a high compressive
strength.

To the contrary, each of the cement mortar specimens of
Comparative Examples of Experiments Nos. 2-7 through 2-10 that
contained the pozzolana fine powder c with a silicon dioxide (Si03)
content ratio of not less than 90% but with a hydrogen ion
concentration found in the region of alkalinity or the pozzolana
fine powder d with a silicon dioxide (Si0;) content ratio of less
than 90% and a hydrogen ion concentration found in the region of
alkalinity did not allow mixing with the amount of water reducing
agent equal to that of the pozzolana fine powder a and genérated
a large quantity of bubbles to make it difficult to produce an
excellent level of fluidity, an appropriate rate of change of the
length and a satisfactory compressive strength if the amount of
the water reducing agent is increased for mixing. To be more
accurate, both the rate of change of the length and the compressive
strength were low.

Therefore, it was made sure that cement mortar showing an
excellent retention of fluidity, an appropriate rate of change of
the length and a high compressive strength can be obtained by using
pozzolana fine powder with a silicon dioxide (S10,) content ratio
of not less than 90% and a hydrogen ion concentration found in the

acid region. For this reason, a fillingmaterial for a reinforcing
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joint according to the present invention employs such pozzolana

fine powder.

(Comparative Example)

The cement mortar specimens of this example were prepared
as in Reference Example 1 except that the listed portions of the
corresponding water reducing agent shown in Table 3 (a naphthalene
sulfonic acid based water reducing agent instead of a polycarboxylic
acid based water reducing agent), 0.04 portions of the antifoaming
agent and 100 portions of fine aggregate weremixedwith 100 portions
of binder containing 3 portions of the expansive additive A and
12 portions of the pozzolana fine powder a. The obtained results
are listed in Table 3.
<Material>
water reducing agent: naphthalene sulfonic acid based water reducing agent, commercially

available
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N.B.: The portions of water reducing agent are relative to 100 portions of binder.
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From Table 3, it will be seen that each of the cement mortar
specimens of Comparative Examples of Experiments Nos. 3-1 and 3-2
employed a naphthalene sulfonic acid based water reducing agent
and pozzolana fine powder with a silicondioxide (SiQO;) content ratio
of not less than 90% and a hydrogen ion concentration found in the
acid region but did not allow mixing with the amount of water
reducing agent equal to that of a polycarboxylic acid based water
reducing agent and required more water reducing agent. Then, as
a result, a large quantity of bubbles was generated.

Thus, as shown by Comparative Examples, it is not possible
to obtain cement mortar showing an excellent retention of fluidity,
an appropriate rate of change of the length and a high compressive
strength by using a water reducing agent other than a polycarboxylic
acid based water reducing agent. For this reason, a filling
material for a reinforcing joint according to the present invention

employs a polycarboxylic acid based water reducing agent.

(Reference Example 3)

The cement mortar specimens of this example were prepared
as in Reference Example 1 except that 0.24 portions of a
polycarboxylic acid based water reducing agent, 0.04 portions of
an antifoaming agent and 100 portions of fine aggregate were mixed
with 100 portions of binder containing 3 portions of the expansive
additive A and 12 portions of the pozzolana fine powder a and mixed
with the corresponding water/binder ratio of the corresponding

shown in Table 4. The obtained results are listed in Table 4.
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From Table 4, it will be seen that each of the cement mortar
specimens of Reference Examples of Experiments Nos. 4-1 and 4-2
and No. 1-4 showed an excellent retention of fluidity, an
appropriate rate of change of the length and a high compressive
strength.

To the contrary, a large load can be applied for mixing when
the water/binder ratio is less than 20%, whereas a large quantity
of bubbles were generated and the compressive strength was low in
Experiment No. 4-3 where the water/binder ratio exceeded 30%,
although an excellent retention of fluidity was obtained.

For this reason, a filling material for a reinforcing joint
according to the present invention employs a water/binder ratio

between 20 and 30%.

Example 1

A reinforcihg joint according to the present invention was
tested by using cement mortar of Experiment No. 1-4 (see Table 1)
of Reference Example 1 and its performance was evaluated.

For the test, D25 through D51 of SD590 and SD685
reinforcements were used. After putting reinforcements between
eachjointspecimen,mixedcementnwrtarwasinjectedintothejoint
from the injection port thereof by means of a diaphragm type hand
pump to fill the inside. The operation of filling the joint
specimens with cement mortar was stopped when the latter is
discharged from the air exhaust port.

The reinforcing joint specimens filled with cement mortar
was matured in a thermostatic chambers at 5°C and 20°C to a
predetermined age and a joint test was conducted by the test method

defined for Class A (structure-related technologies standard



e4 w OM Mxing result a)

manual for building structures “Joint Performance Judgment
Standards”, 2001 edition).
The test results of D38 of the SD590 and SD685 reinforcements
matured at 20°C are shown in Tables 5 and 6 below.
Reinforcements cut to 750 mm were used as reinforcement
specimens and the joint length and the effective buried length were

made equal to 535 mm and 235 mm respectively.
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A filling material for a reinforcing joint according to
the present invention provides a compressive strength greater
than any comparable known materials to make it unnecessary to
increase the length of the reinforcement buried in the joint.
In other words, an excellent joint performance can be achieved
by using any known joints with a filling material according to
the present invention.

Additionally, since a filling material according to the
present invention shows an excellent retention of fluidity, it

can be fed well under pressure by means of a pump and hence shows

excellent filling properties when a conventional £illing method
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t he present invention achieved the performance of

G ass A of Joint PerfornﬁhcggJuagnent St andar ds

W t hout changing the profiles of conventional joints.

is employed.

Industrial Applicability

As described above, a filling material for a reinforcing
joint according to the present invention shows an excellent
retention of fluidity, a good rate of change of the length and
a high compressive strength and hence can find applications of
filling reinforcing joints for connecting reinforcements in
civil engineering and building works including structures of

reinforced concrete and pre-cast concrete.
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