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-1 DESCRI PT1 ONFILLI NG MATERI AL FOR

REI NFORCI NG JO NT AND 5 CONSTRUCTI ON METHOD OF

FI LLI NG REI NFORCI NG JO NT Technical Field This
invention relates to a fiIIing material for a
reinforcing joint to be uSed in the field of civil
engi neering and building 10 construction works and a
construction method of filling a reinfaorcing joint
usi ng the same. Mor® aﬁtpcﬁlgr?y, T YHresent
invention relates to a filling material for a

rei nforcing joint that is highly fluid and strong but

h k I t j
fnatr Ih(r)]dso?nfli‘#'l ng a r e ﬁ&; ?fgrllzg %?@Rﬁgﬁﬁgﬁgﬁgi‘on

sanme. Background Art Cenent gmpptars that are prepared

by adding a water reducing agent to cenent have been

and betogspROCT B6N WMRISESh fo FILTIING REIRROROENG | JorNINd

bui | di ng construction works. Furthernore, a cal cium

sul foal um nate based or linme type expansive additive

and a foam ng agent of al um num powder are added to
Techeital Fimlck it non-shrinkage and then river sand

and/or silica sand is conpounded_  to produce paste or

nor t afRivanEenhien geéparedda ftlllnlénwt&lréa% % psinforcing

J?bg‘lﬁ £ 35 R oyedtbﬁ ESRTHCHE ehub St gapBh Yutlaing
d b

B e

réP gfcyrpjjgozﬁ S&s Cr{‘j(‘tt%% QbnaRCchidIes F)Q?@lé@?@fﬂ} Ugranfresent

fra Gener al 1T ng’ ort ar
1H@é1€t‘fi&41 Srdhate ARR HS@QlUﬂnglMéaferlal for a reinforcing joint

that is highly fluid and strong but shrinks only to a small extent
and a construction method of filling a reinforcing joint using the

same.

Background Art

Cement mortars that are prepared by adding a water reducing
agent to cement have been and being popularly used for civil
engineering and building construction works. Furthermore, a
calcium sulfoaluminate based or lime type expansive additive and
a foaming agent of aluminum powder are added to cement to make it
non-shrinkage and then river sand and/or silica sand is compounded
toproduce paste ormortar. Materialspreparedinthiswayarebeing
popularly employed in construction works particularly to fill fine
gaps of concrete structures and gaps produced by back-action
construction method, to repair and reinforce structures and also
to fill spaces under base plates of machines and apparatus and under

slabs of tracks.
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engi neering and building construction works are al so
referred to as grouts. Gouts include PC grouts,
grouts for pre-packed concretes, back filling grouts
for tunnels and shields, grouts for 5 pre-casting,
grouts for repairing and rei Aiforcing structures,
grouts for reinforcing joints, grouts for under
beari_ngs of _ bri dges, routs for under sl abs of , o
pavelt& Fgag}.}ﬂ,t 9 %ﬁ&tai‘o‘ﬂ%‘éeFﬁ UGS a8Eor3ffe 10 civil
contai ners_of .nucl gar powe eneration plants, The
e PP E 82 L R erE o BaS LEBG- TG "EIhAel “eRgT hERri g rred to
asaggougg.b%h&ﬂhﬂgj§kﬁﬁ8€“@€SPP§§t??e d&@gQ%QFEk%—packed
recent years and accordingfy nortar materials to be
coneedtas, WLW 81 al end AWURAr s P tusheWsaak R it HeNW Mbuts for
a high fluidity and a | ow shrinkage (see Non-Patent
prBeeupehhg l) grdib: NoforPategyati idagueeAt réinfédhcing structures,
Experimental Study on Filling Performances of High
gr8tt ergirhr o r dNbaited ¢ b iss, g Sonhafy rofnderebedAciadend £ bridges,
Lectures in the CGeneral Convention of Japan Society of
grapgRifcacerde Nelab3 1t pANgnsnt 9 998! trarisar and @rauty, for under
there is a demand for cenent nortars to be used for
SEPERERNGCT e HHOTTi Ny JHilRes BOMRECBPRGER B P of t&Heht s

of ructur.es of reinforced . concrete or .pr.e-cast .
concTet SR e P TS ER in RSy i Xia S teering and
k [ |t to. a.hi | wj dj C f
but§ Egug%?%gﬁ&aval akLa%qibte% of Rﬁ?g‘hfeét ?}éng%%e_%g @oncsr e ned
acf:@[*diﬁ?% Y4 A TRE ¥ BHa BRI 1Bk S BTN0L b8 Bl 9FE68& quired to
concrete structures that requires by turns joints
shehow miglanst ehpnced sticengihidndyaahiigh 1881 taid&ge (see
On the other hand, it is known that the use of a
Nopehetdntha3schmagrtout) .conposi tion conbined with a
speci fic water reducing agent - 3 can provide an

effect of |ow tenperature dependency, a renarkabl e
effect of retention of fluidity and filling ability

- NogpBetenteffgyment 1: “An Experimental Study on Filling

Performances of High Strength Grout Materials”, Summary of the
Academic Lectures in the General Convention of Japan Society of

Architects, No. 1313, August 1995.

Particularly, there is a demand for cement mortars to be used
for filling reinforcing joints connecting reinforcements of
structures of reinforced concrete or pre-cast concrete that
manifests a high strength and a low shrinkage in addition to a high
fluidity because of the current availability of high strength
concrete for large and improved earthquake proof reinforced
concrete structures that requires by turns joints showing an
enhanced strength and a high resistance.

On the other hand, it is known that the use of a cement based

grout composition combined with a specific water reducing agent
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of inproving the strength for a long period of tine
(see Patent Docunent 1) 5 Patent Docunent 1:

JP- A-2003-171162 Patent Document 1 describes an

i nvention of "a cement based , grout conposition of

cement, fine aggregate, a water reducing agent, 10 an
expansi ve additive, inorganic finer powler and a

f b , d h
g R e S %%%i@?iaﬂtégaiﬁi%e% Y § BT kable
e%@ect “%S%%P%%Eic%lsofr %ha té)ncil'%q ﬁt ak?PHé%’%%SPEn effect

errent an ter UCI agen al ns

om%‘?ﬂn n$ et Deren tﬁ‘ f@iaé“ gSLgJefr‘i%HC ogCiinbaseds JFatent

reduci ng 15 agéent, a naphthal ene sul fonate base

D¥EIRILd gduci ng agent and a lignin sulfonic acid based

wat er reduci ng agent respectively by 0.05 to 4 nass

portions, by 10 to 30 nmss portions, 55 to 85 nmmss

portions and 5 to 20 mass portions" (Claim1) as well
Pazera dmwemientbasedIRrotit0 Conpddicli on according to

claim1l1l or 2, characterized 20 in that the inorganic

fine powder is fly ash showing a Blaine's specific

surface area of not less than 4,0Q0 cnﬂ/ g“

i gm tH3g®rt BesSWBFhdt dREFELPREFS l@%ePéll n?B) GETPRt based

h f | f
e ST O b BE ot gt SYAT 4 it Y F G o 29ents

aﬁ: %%81 38d§£§v%§ufgﬁ¥¢££ﬂélé?ﬁ&ff d%d%%sgggtbv?Pgélng

ditional e It describes the use o

s%@dd&@ ahad nafersdd en Q@z%%dt@é(l%ﬂébﬁﬁdﬁgglrtdt\i% of the water
showing a Blaine's specific surface area 000

redit/igho esarved byoa tethath£odardiiong rteQaillseRtszma) mass
(paragraph [0028]), it does not describe the use of a

pqnﬁgqnsrbdxybmenacaddbaﬁedwaﬁﬂnﬂradmmiognggag&ntonbains in 100
suggest - 4 the use of a conbination of a specific

masy Perbirnd itherpehdenclamigalseiléenar @h itbbased e tisgserpucing

expansi ve additive and_a
agent, a naphthalene sulfonate based water reducing agent and a

lignin sulfonic acid based water reducing agent respectively by
0.05 to 4 mass portions, by 10 to 30 mass portions, 55 to 85 mass
portions and 5 to 20 mass portions” (Claim 1) as well as a cement
based grout composition according to claim 1 or 2, characterized
in that the inorganic fine powder is fly ash showing a Blaine’s
specific surface area of not less than 4,000 cm?/g and an ignition
loss of not more than 3.5% (Claim 3) but it does not suggest the
use of any siliceous fine powder whose silicon dioxide content ratio
and hydrogen ion concentration are found within specific respective
ranges. Additionally, while it describes the use of a calcium
aluminoferrite based expansive additive-showing a Blaine’s
svpecific surface area of 4,000 cmz/g (observed by amethod conforming
to JIS R 5201) (paragraph [0028]), it does not describe the use

of a polycarboxylic acid based water reducing agent nor suggest
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pol ycar boxylic acid based water reducing agent in
order to a filling material for a reinforcing joint
showi ng an excellent retention 5 of fluidity, a high
strength and a | ow shrinkage., Furthernore, a nethod
of manufacturing mort ar - concriet & showi ng a hi gh
strength by using specific aggregate and silica fune
i n conbi nation (see Patent Docunent 2). 10 Patent
Eipdiffertt 2 coBPARB518B70M AR Pttt LDGEGHENE e Powder, a
scri bes an inven%ion of .a "net had od.wanufacturing
CHET I} AR EEE T ERAT aRE &Y T ZBP B U r?sz 44dr'Egate @

i . ¢ : ysi o
oSO JR EpBton SleR X AIA AN, PRAEAR vo g gt 1ing
ndf@n A FBr @ sheakoharfnessinOfsmtingeas thas) ddhantb@ention

conpressive strength of not |ess than 2,000 kgf/cng,
o BNl wirtier~ biandeghr at kendyh noid roriew Bt ia%%yeaddi ng

silica fume containing Si02 by not |ess than 90% as

adm >@untdehbyorg, t @ 26thod ¢hHenavel Tt wfingheocerentoandete

preparing them by using 20 a high performnce AE water '
shadng adiiadest re@iiabm uying oreéic aggriegetietand silica fume
~describes silica fune only in terns of Si02 content
in fahinesdragrl 8pRsPRDOBB) POFWBIY] 4nd [0009]), it does

not describe hydrogen ion concentration nor shows it

any intention of inproving the fluidity. Furthernore,

nggﬂéaﬂéé deseribes;t he Jseof,;a high 25 perfornmance AE
wat er : it

reduci ng agent, i oes 'not descri be anything
about using an expansive additive in conbination nor
about nmanufacturing a filling material for a

rei nfudrigiengat &hHIDSENRWINRY? ¥ OperddLani NEhérk th 8 a “method
excellent retention of fluidity, a high strength and
ofambowf sttt w nkag eopteparcedcbytaddiang ctielricadfiymesiag-adgregate
cal cium alum noferrite based expansive additive and a
cqdiaicdnigoxybict zack df phdsp medtred aodug pgyvageat prnoperties
conmbination. It is also known that a cenent
i%ﬁg@ SRe6i fhe|graeitiyepf not less than 2.58, a shear hardness

~ of not less than 90 and a compressive strength of not less than

2,000 kgf/cnﬁ, and water-binder ratio by not more than 25%, adding
silica fume containing SiO, by not less than 90% as admixture by
5 to 20% of the weight of the cement and preparing them by using
a high performance AE water reducing agent” (Claim 1). However,
while it describes silica fume only in terms of SiQ, content ratio
(paragraphs [0006], [0007] and [0009]), it does not describe
hydrogen ion concentration nor shows it any intention of improving
the fluidity. Furthermore, while it describes the use of a high
performance AE water reducing agent, it does not describe anything
about using an expansive additive in combination nor about
manufacturing a filling material for a reinforcing joint showing
properties including an excellent retention of fluidity, a high

strength and a low shrinkage prepared by adding silica fume, a
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cenent, silica fume, a cenent dispersant containing a
5 pol ycarboxylic acid based pol yneric conpound havi ng
a pol yal kyl ene glycol chain as principal ingredient,
a lime based additive or an _organic shrinkage
reduci ng agent, a substance #%r‘generating pressure
countering the shrinkage stress produced by the

hydration reaction of the belite-rich cenent and fine
Coglefgriy RLETAEPTE RGT AT 0PITRE| FHRATG AT @9%@?{& aflgs%

t han a cqoefficient, of mq%; abso&gt&gnc?mbination.

.4 d )
PR EIO Y B Cand . BISTT oVT s Br 3

r
o&élgr‘éi ention o

fluidity a | S P : tyDite-ri

pat ot DSgUERt Ao p it P 0o o oR barent T Povrte-Tich
cdiREHTeRY; 13 desghibes copt@l i gy Reliict @ohi-ahngggeat

as I ndi spensabl e 1 ngredient” (paragraph [0014]) and

pdl & ARl 18 c £ONPPabed @ 1pepacesbmiduiolhavbhgg polyalkylene
belite-rich cenment (by using ordinary cenent) showed
glyddlowhwahues lpesisictipan 14@reanard @01 mhaltasseeddfiteéve or an
m xi ng and did not stably provide a high fluidity in a
onstiysiic ahr ipkeper rgdevin uaAIVH + estSUisdpacs Eefepgnerating
conmpound contajning silica fune, a cenent dis ers%yt ,
pl@ﬁﬁ%%?ﬁ‘@“%ﬁ%@ég?bﬁﬁ&ﬂim@gﬁﬁﬁr%ﬁ%@&OdHSFQ fge hydration

conpound havi n . pol | kyl I |_.chai .
rHA AT PRQPEN BT L | T Badhlh dddrt PyarSgate having a
hst.ance (carb b f.oani 2 t s
ﬂ%%ﬁé#éiﬁﬁagé?gsgﬁHéﬁig%ﬁﬁe?ﬂhgg?hgE@ﬁf?ﬁ%%%g%éf%%%% of water

_ hvle ot i . h I .
acéﬁgﬁﬁﬁghgﬁtgggn ydeath g reagtion &fs thgobel kkeeht £bn of

I ne aggregate having a specific gravity
£ofi ety l2@ss at Ragh 3séramgkh a( saefdd irthboetimeates) .
absorption between 0.5 and 1.5%is mxed wth water
added to a predeterm ned ratio (paragraphs [0049],
[0051] 6 and [0054]). Thus, it suggests that it is
Paigintpoesiubleatt ¢: prdR-ifde 008-¢898htt conposition having a
good fluidity, a high conpressive strength and a good
non- shrinkage wi thout using belite-rich cenent.

Patent Document 3 describes “containing belite-rich cement
as indispensable ingredient” (paragraph [0014]) and also that a
composition prepared without using belite-rich cement (by using
ordinary cement) showed a flow value less than 140 mm and 60 minutes
after mixing and did not stably provide a high fluidity in a physical
property evaluation test where a cement compound containing silica
fume, a cement dispersant containing a polycarboxylic acid based
polymeric compound having a polyalkylene glycol chain as principal
ingredient, a lime based additive, a substance (carbon based foaming
agent) for generating pressure countering the shrinkage stress
produced by the hydrating reaction of the belite-rich cement and
fine aggregate having a specific gravity of not less than 3.4 and
a coefficient of water absorption between 0.5 and 1.5% 1s mixed

with water added to a predetermined ratio (paragraphs [0049], [0051]
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Wil e the above docunent describes the average grain

size and the 5 carbon content of the silica funme used

there (paragraph [0038]), it does not describe

anyt hi ng about the hydrogen ion concentration.

Furthernore, it describes that a |ine based expansive

additive is conbined wwth silica fune and

pol ycarboxylic acid based water reduci ng agent .for .
=414 0054 dor i 08 T ST ibES it et p&%oe Yhgeqbpiprovide

materi a

=PSB GYTRGP T ORGP Ey A DI Sl GRGLRVand 4§ pupotpressive
s¢£g rmd%agﬁ?%;%og:\ E&LI nég&s&m e WAL LOY; USGE 1Sidd dgach cement.

um noferrite based expansive tive

m@ﬂ% R hROLYSRE bﬂ?@dn{e?ltagégcp%@g MRl B e FEGUC MG rA8ERE and the
conbination. 15 It is known to use powder of fine

capﬁfdd Sors c8ONd Ai thd G iSiilciac 0me di £ed dte(rSi Q@pragraph [0038])
princi pal ingredient and al so zirconium di oxi de as an

it dgeedicentle s or Brelenytbinarbbact tite hgdmogeari-cronenetmw-ration.
that can be handled with ease during the . o '

Fustiefrastngn i by droweidesahbias owdmeabasgh @tﬂaéwgﬁfﬁ afdiglve is
hi gh workability by using a water redu0|ng

cqr@@wmheﬁtlémsa §eBe PR RO SRR LAY a%fieﬁgsed water

ggégégﬁJfgﬁéfﬁoqog@%%%éggp iﬁ@#@?%\%‘g oes not descrlbed
ak?ou%u %gg‘%%&g én%rltlﬁang lealcgﬁ% {lﬁralcﬁ%g(c'efﬂlghétrégention

S prepare ure o

o£8M8ALL /i ne h@%ﬂr §9§éﬁ;t§'ﬂgndp9\’ﬂﬁf sﬁilﬁkgée Hﬁﬁt laci@ﬁnforcnng

contalnlng sili"con dioxide (SO as princi pal

3 d i B @itn @B U1 aks & uief, CO4N ¢inand bQ?ﬂmdﬁoﬂérﬁﬁte based expansive
ingredient” (Caim?2) and the use of "Si02: 92.74

addi%ivd G2d 4. 06l w2obdPEg203: acid bdsSd wattldr A2E08ing.HJent in
w% Ti02: 0.05 w9% H20: 0.18 wt% Na20: 0.02
cambignasEiond. 2 and specific surface area: 9.22 nQ/g as
observed by the BET nethod", "density: 2.45
og&élgdgg silicon

Si 02 Itgas S0, 7192 PO I T ot 6419 Hafi‘}lFéeﬁ c

o%crlto{ Slgl < as pr?gncﬁgadl Sl%%%lefdll(én Ut aelso zirconium dioxide
as an ingredient in order to manufacturing mortar-concrete that
can be handled with ease during the manufacturing process and shows

a high strength and a high workability by using a water reducing

agent to a small extent (see Patent Document 4).
Patent Document 4: JP-A-2004-203733

Patent Document 4 describes an invention of “a method of
manufacturing mortar-concrete characterized in that it is prepared
by using a mixture obtained by mixing cement, fine aggregate and
powder of fine particles containing silicon dioxide (SiO;) as
principal ingredient and also zirconium dioxide as an ingredient”

(Claim 2) and the use of “SiO;: 92.74 wt%, ZrO;: 4.76 wt%, FeyOs:



10

15

20

25

5 area: 8.7 n2/g as observed by the BET net hod
(paragraphs [0025] and [0055]) as fine particles
(special siliceous fine powder), and a pol ycarboxylic
aci d based water reducing ggept_(paragraph [ 0054])
However, as it describes that "in the nmethod of

manuf acturing concrete of this enbodi nent, the

itive of special siliceous fine 10 particles )

OgggtwttérsA4 3s Ora'éJ 0Sért *h v@é éf’tlﬁarBéo'pértc[%cwteﬁ'siNféo' 0.02
1 4 par ed_wi,t h _convent | | _additivV 2 il

U Tor T4 Lol SPEa T CI e Teise 6ot hat 74 1 4OpBesr i Ted by

A0 SOCHLHRO0 REEhs I Xi NG 49 &fic3ang; bAacida balest hgio,: 4.0
operatié% _paragrapﬁﬂ}%038]3,6§4_ onlylé%ys “that fhel ?

witey el 8 &b 26 abetBgeshdicROUs sfizae powdend Specific surface
i nportant 15 and does not discl ose any technol ogi ca

atetea 80f migigngs ‘chiskireedusy thienBED awtebdhgyd gy maid [ 60R5] and
di oxi de (Si Q2) content ratio of not |ess than 90% and

(@ FDHidr egehinerpaonicets dspenifoupdl icecars ddéing ppedébh, and a
in order to obtain a filling material for a

PRl G YR C §DichPashdwiatg rafe 8xEidld afent ditarriosarhf[0054]) .
fluidity, a_high strength 20 and a | ow shrinkage. ,

HoMRHSS 0/ &l 1, dgﬁérm?f%n’ﬂ?%‘h des diSdthRd Pt @%PUfaCturlng

Do ' h f . ' ddj ti. .
PR RS g s o0l B, LXPRNS) XE, 80l Ui Ne ey fine
pfg ié%@%”%EFE@ékéylggé béé?d!ga H@%ahggeu§'99r$@e§éf%icle size

siliceous Tine powler and a calcrum alum noferrite

1 D8RP EXP AR h @ rRdGict bya 11 dhGankieRald Oy 9011 B8 MASESE a small
25 of the above invention. An invention of obtaining

pdreal eweiight septhat Pf epareddiplec@ppedddirada heawyect mixing
wei ght aggregate that shows a suppressed tenperature

ratiseand tfacufl isege dgat oparafiomdpedagnaghi[§08B30, kitbwnly says
(see Patent Docunent %) - 8 - Patent Docunent 5:

thyte Ahgopsrayeie Facewt DBgudbhic® Weddincbpsvwear nbs tigiportant
conposi tion prepared 5 by coppoundi ng, cenent, an .

5”§&Sﬁﬁ§i08td%&ﬁQ%Qﬁ9 agyphFRgRROt ?&%ﬁ%ﬂ%ﬂfa of using “siliceous

fine powder having a silicon dioxide (Si0;) content ratio 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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pozzol ana fine powder, fine aggregate and a water
reduci ng agent, characterized in that the fine
aggregate contains particles with a particle size not
greater than 0.15 nm by 10 t% 20% and has a specific
gravity of not less than 370"and a particle size of
not 10 greater than 2.5 nm the content thereof being
200 to 300 portions relative to 100 portions of the
binder" (Caim1) . It also describes that silica

fume is used as pozzal: fi owder (paragraph
Pa[%%%o]chumeﬁﬁdgpmﬁ:g} %@3’% 447387 4 based vater

reduci ng agent is used (paragraph [0025]). However,

while it shows a cal cium 15 sul foal um nate based

eXpaQ%k%%taggbumyﬁtQP%&%%E@BBS[OQlﬁdﬁbaﬁ tomg988t ! prepared
descri be anything about a cal ciumalum noferrite based

b £XBAPSIME1 Ag dHdniare ,nah slgstidibesadtiiabed} 4 bénsekigartaining
di oxide content ratio and the hydrogen ion

pazoidentar 41 horpafdesi,| fcaefameregafirusndi 4 Wwasemoreducing agent,
i ntended to dissolve the problemof obtaining a 20

cHadddtreg imetetn athdtorthe fenﬁfQWQiQQFGQMQQﬁt§h@ﬁAm@FﬁﬂpleS with
excellent retention of fIU|d|&y h strength and

2 PATGHCIr PARBGROBYITIRIFRF Eacul cilérﬁ“é‘l | Hifi RBTE9 r4d end has a

b dd i al I fi
SEBoGer Raa: %ﬁ@@gﬁ%% 5 B8BTS Qo SERF Phnuttag of not
gre%ecnt %ﬂﬁ é‘%}l‘bil ?q%to: ca%]J:A?xhl ! V& éé@%e@t‘tﬁr@éd e gb@tportlons

e -cene rati
r%ﬁ?%E%¥k5ﬁBP?%r%ggﬂg%ﬁ?f%@blﬁ&é?nqthaQ&]ﬂOt k@%ﬁsb&&%crlbes
N/ er setting in days of age =W t hout

£ 1ot NO-ARYmE B €884 hepdf zd INgizeei e bowaker (palrdgaaghi [00207) ,
adapted to be suitably used as high strength non-

arghriddlkagebgkolt c- adid ndded wetead sedindwy Ggent Pas ensed
Docunent 6). Patent Docunent 6: JP-A-2005-119885 5
(RategrapbodGA@hl ) 6 dEseriches wha lgpitaphevspadstaiiim

characterized by containing (A) cenent, (B) granula ,
sdeediumé npiRebased expansive a ditive (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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and (C) one or nore materials selected froma water
reduci ng agent, wultra fine powder and aggregate
showi ng a specific gravity of not Iless than 2.7"
(Caiml). It also describes using a calcium 10
alum noferrite based expan§i¢% addi tive (paragraph
[0020]), a polycarboxylic acid based water reducing
agent (paragraph [0014]) and silica fune as ultra
meFHRY JencerSqQ racHgr 4pR< BOTS]Y PREUNGRE ©)i's actual |y
used i s a naphthal ene sulfonic acid based water
reducing agent and a |ine based expansive additive
araqgraph 024]) -, 15 2OV it neither describe
P%ﬁ%ﬁ%%ﬁ%& n%l o%i:i dgpgéonmfolrlggty%os and the hydrogen
ion concentration of the enployed silica fume nor the
use of calciumalum noferrite based expansive
addi tpyeant SRR $i bbcaribee wadneed 3 ardagopliice on
acid based water reducing agent in conbination in
clod Bert 10 ot By oan agxcabl @t cemtrent i(Bh gafan20afl adndirttyclinker
a high strength and a | ow shrinkage. As pointed out
amdd o8, on¢ e movemesiter idéscyd baat dch fPamenwvabet uisic 149 agent,
avoi ds the use of an expansive additive and therefore
uttios & gl PPeEder reh@Jgredehfndiov iigid yrgetfie qupyity of not
i dea of using special siliceaus fjne powder .described.
less Ph@ht? Doc my 13g Lﬁ?réiﬁq ﬁﬁ%ﬁ%@? 5§lags%r?%§ -y

5 f ent 6 . WM [
Bt o e BRSO et L e eensbreo)
. | i T,
SF1Ook P e ot e ivapiinan g s anssent too1)

afgserihed fumet BE @bove-ese pohed rdosarReE sof [ 0NS]) but what
conventional art and the problemto be solved by the

iPEesent 1ynuent i o neohthglrend sel fenfd bbidpaseteratalr reducing
for a reinforcing joint that can achieve an 5
agacel dreita f1limadidagedaepghsiveeaddht iyel pdupgraph [0024]) .
shrinkage and a nmethod of manufacturing the sane. _
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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Means for Solving the Problem As a result of intensive
research efforts for solving the 10 above identified
problem the inventors of the present invention found

that the problemis solved by using a cal cium

alum noferrite based expéns¥9e'additive, specific

pozzol ana powder and a pol ycarboxylic acid based water
reduci ng agent in conbination and enploying a fillin

nat erfingl Prepert r e YRR &Y LSoi RECROAE athiSRg Vi hee BBeblem not

oGBS 08 5,200 UL o e PRSI LIS SR B kR are

i des .t.h Il owi f R : . . .
~EhBe Pt i ohl ety o e {giaesions b srovies
rei-nf.qr.c t i ni , . .20 .
e s ol ahae T e pondler h et Fadus g, i feve an

e2g8ntenraptu{d Ne, agaegat erefdiad aatiel 18RkH kgt dritea method
expansi ve additive is a calciumalumnoferrite based

oeXpangae vaddigt ke sagdethe pozzol ana fine powder is
siliceous fine powder with a silicon dioxide (Si02)
of not | ess than 90% and a hydrogen ion concentration
25 found in an acid region, while the water reducing

Mesgentfors Splvpoby thebBroblemaci d based water reducing
agent. (2) The fiIIlng mat erial for a reinforcing .

j 0i nAcontESHiligOEeBRENS HE dRISHEFN ﬁf%fftﬁbg9E,SOlVlng the
characteri,zed ,in that t calciu al um nof er ri . .
i g IR o B 1TV 6 UL A BF &1 Do & e BEErF] 5 Lovention
11 - face ar e 6,000 : ;
fqﬁgiFﬁgﬁiﬁ%Eﬁ%?§?F§1£¥§$ﬁg%92$g#%ﬁgﬁna JOln?i%{glurﬁfaoferrlte

b A NG 168M8Ak tasedebhoedr i dddzdWara?powdeY-eand a
characterized in that the calcium alummnoferrite
pdasedxans ¥eiadtiddy eaksr contuaiinedabynt 10 cémbination and

portions in 100 portions of the binder forned by the

enqeElBNiing & e 1 léxpansti el alddptiavecamfiordrd poindlcond afiindag fine
a§g¥g§2£e 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,atherreducingagent
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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(4) The filling material for a reinforcing joint
containing cenent as defined in any one of (1)

t hrough (3) above, characterized in that the

pozzol ana fine powder is conhﬁined by 5 to 15 portions
10 in 100 portions of the binder forned by the cenent,
the expansive additive and the pozzolana fine powder.

éégﬁThe filling naterlal for g e nfqr0|ng j oi nt
%ﬁrﬁqf?ga @@géfﬁ@n asVdBf AR dC; @0@ 6fe of (1)
ot ngla#iiwg- Bhif %aiéié?fnf?%fﬁ%ﬁ Thbnt iartRg A he cement
gac#e%n g 87 (B QE? %Eié)ﬁ\gef Jh%%tra{‘:?%%ganﬂu RN he@Salcium

in any one 0

afﬁﬁﬁ&ﬁﬁéyﬁl%%dbb%edtBﬁbahgﬁvé'£@Hfﬂmﬁéﬂﬁg‘%dﬁ%aﬂ%@MYby 1 to 4
wei ght aggregate with a density of not less than 370

pd ¥ 171 0A sonsisnstdOrheebhndeof fdihdd My &he cement, the
reinforcing joint, 20 characterized in that 20 to 30
exuaTtdiors agidiwater and adeepot vo 1tk ﬁﬂndipmwﬂemf t he
bi nder formed by the cenment, the expansive additive
(‘b)nahteh%lwz@maﬁarﬁahé%mlmﬁqugf ipinagomteéniap cement
for a reinforcing joint as defined in one of (1)
a%tﬁ%ﬁhﬂ$d(6? %%bv%?%uﬂf (LhethrReah e 33‘%99¥@d CQBI?QFerlzed in

nstruc filling.a reln

SR G ERGASLRNET] CRBVRTha b ITER Y R Rt Jal hefitFtLons
s Y poPei MO SRERA DAL MRl ) Byl on o EE dbansive

ntages o

addiMentd epgTRYs, péEEQiQthfiﬂbtﬂE%d%ﬁﬁsent i nventi on,
there is provided [ling material for a

(5)eTREOF €l Nih g maeérwatfo&h@wa‘elarfoermeﬂgl e8int leh@Btih®Ag cement
of fluidity, a high strength and a | ow shrinkage and a

adb deftined ofv dny ldmeg cf r(@i) nEbrougly | rbbovei, nghsuebtarized in
filling material. Best Mde for Carrying Qut the

thatvdnt iforther 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/cm’.

(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.

(B) 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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Now, the present invention will be described in

greater detail by referring to the acconpanyi ng

drawi ngs. 10 The expressions of portion and percent

(%9 as used herein refer to pass units that are not

specifically defined. For ™t hézpu‘r pose of the present

i nvention, cenent nortar includes cenent paste.

According to the present invention, a cenment nortar 15
Advanteges off that Invemeiernment, a cal cium

al um noferrite based gégansi ve additive, fine

wd .
of s dciSHi eCPREITIGRG, TR RIS BBXSRT Loheitd BRsen Provided
o S50 S5nE AL 298015 9845EL 8, AOOLSAR! ol SiC b1 Lone
réggﬁ%qanrgkn£ LELDNG, ) Y %th29t¥@ﬁ%@hgﬁﬂ?%§ﬁ%% addi Ak ¥&S and a
normal Iy ‘i'ncl ude cal ci um™ sul f oal um nat e based

mé?%&méf%ﬁlﬁngkif@@nﬁéﬁbfﬁgPSE@E%@Qn@Qyﬂﬁl§$Allingnmterial.
expansi ve additives hereinafter), calcium

alum noferrite based expansive additives and Iine
based expansive additives, calcium alum noferrite
Bexats atbdex fars Caerpioyg t Qwesthre clrergpitdyad for the 25
purpose of the present invention fromthe viewoint of .
expansivvefessres¢nuiavept and viddtha Aescrbihin@yester detail
water. An expansive additive is J_pro,duced by
by Gifgerrdinggta a0 2Ree®rdaying f Smaterial, an
Fe203 nmaterial and a CaSO4 material to o .
pr edetsr FFREGSFAPTD %ﬁﬁp%%%ltqrf raél_éfipﬁécfeﬁg r(n"_gd?ﬁ gised herein
rd Ml v 13 Eﬁﬁﬁ&’%ﬁ%ttéké"£%¥x% dri £he taé%gﬁgaﬂace

or a rotary expandl ng pertormance or an

eXpa@%hV%h%d?hEb¥§epégp@ﬁ@ Alserteatrddr@abiBNtement mortar
tenperature fower than 1,100C can be unsatisfactory,

i WeIRaS dehengypsyteanhydri de can be deconposed when 5
the heat-treatnment tenperature exceeds 1, 600C

Exanplees rafinGa©omaher paésemc| Udeeriimest enecagdt mortar
hydrated |ine
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
purpose of the present invention from the viewpoint of expansiveness,
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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and those of A1203 material include bauxite and

al um num residual ash, while exanples of Fe203

mat eri al include copper slag and comrercially
avai |l abl e iron oxide and Lhois of CaSO4 material 10
i ncl ude di hydrate gypsum henihydrate gypsum and
anhydrous gypsum A calcium alum noferrite based

' ddj t to b f d t CAAF ,
AEipandl Ve Lot (veThaRer TRF e e 8 BB aeEaTy Kiln. The

bt aj.ned by -heat - i . i al .
H B P2 robnse e 8 SRR e e e
hécazcl—acr]:e%)f: angi %@@Pﬁ!&é@&eﬁ%ﬁoﬁrﬂa@{ i AGokEeeahi BE,

ctum alum noferrite and anhydrous gypsum \Wile

ur Y18 A% Ry, I drld Ofhd §ybBemGeIkeRt deatdrob@deld@posed when
ingredients, free lime is contained preferably by 30
tHe Hel tharrebansnt moespe paeder abloedus 40 606°B0 porti ons,
in 100 portions of the expansive substance and
cal citlxangllesi mbfCefrndteerislcontdided ipesteonabind bydzeted lime
10 to 40 portions, nore preferably by 15 through 35 ,
arpbihiosRso T i Al 201 0B ot id loas CRAE HeA ke sinfe 2 S UBSR @R e s 1dual

ST IR BIURUT, L5 SOILR [ PP By ane
ti in_100 ti f ot [ . .

BRI 001881005, OL LR SHPSRRLLe BUBBLANGE i

ir%llﬂfgeng%tg%%tﬁ% g?&g@, th%m%%j’l%%grgsqﬁﬁgﬂﬁgﬁ& %qlhydrous gypsum.

conpoun par t i'mtations,
al t hough 16anROHNds: B3 PE esSES s ARG i vENG8Bitive (to be
expressed by C6AF2 are well known, if C indicates CaQ

refferirkdi eatas CMPR Q@Xpandikel aut catves hAT203aFe@€B is a substance
normally. It may be safe to say that cal cium
okdlaimienof e hebtetneatihd v @0 sesernal herf Blsdsafaterigal, an FeyO3
CAAF. The fineness of a CAAF expansive additive is
mayjrestiedaphngl RofaSPedwtiaidml2 thol érppp, eppateted|gubstance
bet ween 2,000_and 6,000 cnR/g,. in terns of Blaine's
CABSAANG §1FT 2B ardd I8! %fegmlé?%ﬁ%fdl%a < aphgdzPHg gypsum.

Wkg;ggtgli?){/hegriginrclaa{{n?lrgatio-lr_lhgo %ggictoinvteengci &5 J E%ethteoingredients ;
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-Al,03-Fe,03 based compounds without any
particular limitations, although compounds expressed by C4AF and
those expressed by CgAF, are well known, if C indicates CaO, A
indicates Al,0sz and F indicates Al;03~Fe;0z normally. It may be safe

to say that calcium aluminoferrite normally exists in the form of
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expansi on and bl eeding tends to arise when the
fineness is less than 2,000 cn2/g, whereas the tine
during which a good fluidity is maintained tends to
becone short when the flneneiﬁ exceeds 6,000 cm 2/g.
10 The anount by which a CAAE®expansive additive is
used is preferably between 1 and 4 portions, nore
preferably between 2 and 3 portions, in 100 portions
CafE-bi nder. 1t may be dlfflcult to achieve a good

expa ess and wat er._r.et ention when

onoanis $heedPioh SCE5r RsRh ey Sae Tt ¥y hesterably not

difficult, d i
16t teze 488 Eﬁt’%rtp%%afa%gg oEERE0S | XANES S 8N 0bbCent /g,

115’5@&:1{50 £ g@aPHépQ%églﬂlQe SBE%§§Qtaré£‘V¢cﬁl'b%nreferred to as

particularly 1n order to realize a good idity with

BBai@Wniabelr K&reitafadd)0, PheRRti thiveedings afibe to excessive
mani fest a high strength. It is a siliceous fine

epoaiteiorc anidabierdiagl tends di @xidec2@hesi 0B bynantss is less
| ess than 90% and whose hydrogen ion concentration is
than hé08ctn feegivbareThe rex prassiwning whyghogarpddbfluidity is
concentration as used herein refers to the value of
mwé@gm t6Rdgoke drrFAS ShoLtnWhAeR udeddineResteparagds 6,000
putting 20 g of siliceous finer powder into 100 g
C’Faf/g]oure wat er and agltatlng themfor five minutes by

maﬂlns of atn%g CR/E%\ &@eEr F%E%R31§e0988£¥§9%b3\!’s used 1is

rreans Oef gl reparing suc

p].séfé lﬂ/sbé{:wg?ﬂq\/\gﬁa A g%lrlﬂqg n@@ggegérgﬁlg'ﬂéﬂ%en 2 and

net a [1Tcon fine powder [ames and a nethod of

3@&&1%56 Sinl 1000YSEavhERE LI MddN aThi ghytBEPEI Bt UFEt to
| ame.  Then, siliceous fine powder can be produced by

acﬁdjéiﬁet Iangobbeekliﬁarﬁsxve’lr&sst medat aeqadod ovdidr arsehaiohhehen the
raw material and using a collecting tenperature not

arhawer 16 Hass5800 1\iddt iamet weerasst hodiaydee déébusult itweachieve
powder is produced when zircon sand is fused in an

a gfaqd ra¥panBivRREE Sanic R hERe | MUt FHEEdsd 4t PRIrEAPPS -

by nmeans of a cl one
y Pozzolana %Yne powder is used for the purpose of the present

invention particularly in order to realize a good fluidity with
a low water cement ratio, prevent bleeding and manifest a high
strength. It is a siliceous fine powder containing silicon dioxide
(Si02) by not less than 90% and whose hydrogen ion concentration
is in the acid region. The expression of hydrogen ion concentration
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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5 and sorted for use. It is ultra fine particles with

an average grain size of not larger than 1 pm The

anmount by whi ch pozzol ana fine powder is used is

preferably 5 to 15 portions ipn 100 portions of binder.

The 10 mani fested strength can be insufficient and/ or

the ball bearing effect can be lost to give rise to a

large load in the m xing process when the anount is ,
tyeeEarfra OB pbt PRONSOT E3Y PHeeTioHd 30K PRENINR GG ecting

rocess can becone | arge no_excellent fluidity can

eI a6y AT e CBP Eaes o nUAE Rt gren B8 B e ceous

when t he_ar ds. ortion 14S -
R i i

f@zfnaté_éeapge@ﬁé‘ﬁ {ventdane Vil eyt hel el 21 RRans of a cyclone

particular |[imtations to the antifoam ng agent,

arfXampites ¢brankkf oam ng agent that can be used for
t he purpose of the present invention include 20

pol yaxy et hyl teree fahkl yd et hdre based antiveoagengraigestige of not

and Pluronic based antifoam ng agents. The anount by
lapygech tdmnadt pmf oam ng agent is used is preferably

bet ween 0.005 and 0.05 portions relative to 100 ,

por t iT6s aBPUBinBEr WhThe ROEIFRIA g ef PovEegansSpesed 1s

i nsufficient d the entrapped air and th ntr.ai ne
Prgherdelvhe Kt gg PRALLYHY leg ]a(g)erﬁo%&ﬁ)ﬁl&t Ogegi%ﬂ%{?eddfhe

t har oughl y,to e the stren t updi t -
m‘iﬂ%sf;_sl %f%%%??gﬁﬁgﬁé? ﬁ%e anoun ﬂlcggﬁécsgg%é% tﬁ%ol%all bearing
e AU 805 pe 186 €l 71 Nated oAM 1CANYLOHRY UR {8 kR&ing process

surface of cenent rtar to a large extent when the

WD YR 8X688€Si9H. M PeNEh0BSpoFOlodde WHeResethE tHed of the
present invention, a foam ng agent 16 that generates

mig@sgmpen casx edami hdrovat éarganaaddid iexmallllgnte flisedity ncan be
order to produce initial expansion of cenent nortar

addfitearednbxitiite prédetatsinddtragancbeissed ¥arer mben the amount
egg;§£§%50;ogggogg?8enti

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



10

15

20

25

i nvention include various Portland cenents such as

ordinary, 5 high-early-strength,

ultra-high-early-strength, |ow heat and noderate heat

Portl and cenents various ning cenments prepared by

admi xi ng bl ast furnace slag, “Ply ash, silica an/or

i mestone fine powder to such Portland cenents as

wel | as waste recycle type cements or so-call.ed 0
EREMGIFOS rabeS IR T WGP HEPY "artd® WRGRT ot fdéﬂFéﬁaﬁﬁiiobe used

le fromthe v

. t f
S ERABF LY ARC MDY 1CSPAPRBRCOF C&r %%eg%'ﬁqmgﬁtar piiger mixing.
PUI PRSGual ”eﬁaraf E36Nbe | UERILON HALEY @gueknehe present

agents g er to su St ances show a

1§Uéﬁ¥§6ﬂ QQCQEB%CEar§BQSa@bﬁﬂlaﬂﬂ“déﬂéﬂt%gs@EEeﬁk ordinary,
relative to cenent and are adapted 15 to i nprove

hidniddirty -areesttBNgh Dt r Spetgi +€a Eamiresgeh, waberheat and
reduci ng agent include naphthal ene sulfonic acid based

manbd rert e heducPogtkqnﬂﬂaamemﬁbananeossﬂMxxad:camedtbaQEQPared by
wat er reduci ng agents, in sulfonic acid based

admeitEma bdast N EpeT §lagd %h\r ywedrbekyi¢e ara{@rdlyagéaone fine
wat er reduci ng agents. However, _a pol ycarboxylic acid

pczfm%%@u\%t?é}rtrl@@@&%r&g%ﬁf wed L At reh Cb% HE§eements
sent |nvent| n. be aqrﬁg it can

f
omoﬁpn?a%ﬂ S ReSiqegan ey of s EE ARG ey Y BAGE e s qrenoen
Re Use%re@F%hS%EOEP% fi ipownder %ﬁginﬂ %%'ﬂlxégli§t¥ and

Cepn}eq‘eraly orm of powder mthe vie
m%ﬁ}ﬁ%?%yﬁyoﬁgog Qggghégg preparation. The anmount by

a pol ycarbdxylic acid based water reducing

agentrdss tpleeborabk¥ 8f O tPrdseldt Noridn@isn, Maeer reducing
preferably 0.07 to 0.15 portions relative to 100

aqardd gnsballhi rederr whesubstarsces thhe $ioownaoflippedeingeffect
high fluidity may not be obtai ned when the

arpblayc arlyoeplire inang def Sedtesee katdve0 tos cpoent oprd are adapted

wher eas the bubbles can be generated - 17 and/or a
tadimnnayeddilay déhl 88E uFtHPRACR he SPEFY EAF BXFIR LSRG Water

%éhéﬁﬁgséée%% Eggﬁuge naé%ggg r%é“%u J;%%i%cggigagggegater
reducing agents, melamine sulfonic acid based water reducing agents,
ligninsulfonicacidbasedwaterreducingagentsandpolycarboxylic
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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reduci ng agent or a lignin sulfonic acid based water

reduci ng agent can be added within a range that does

not obstruct the effects of 5 the present invention.

Fi ne aggregate to be used for_the purpose of the

present invention is prefer%BIY'heavy wei ght

aggregate such as magnetite, hematite, peridotite,

ferrochroniun1slag, copper slag or electric arc , _
arfd/lorace sextdngi Aglay agpn AdRBugHeanyDEi Rel¥gaFeerarelc acid

b d 10 I it i f ] h
e’?%)ér‘?ts:ilog%f%l BPAF L9nand th e et GenshLEOBTE L] dee et Ao
3. Q ns.. F h f i i
St S Ty S R 06 S ANEDLLBR, s
cé%?%%eggééh.&f%ﬂ%hoggpgn O 38 PPHEALXSG: RN R, PRe &8s of

of 'the conponent "aggregates is used as dry sand

LN QWRGn? AB¥EAUM Gl ain size of 2.0 15 nmfromthe
vi éwpoi nt of fluidity. The anmount by which fine

aggr egake agregedei so prOpIset Yrobethwepnrpdsandf 160e present
portions relative to 100 portions of binder.
irShmitriloages qare feeadiy heawy kadlod twhear e het aursoight ap gnagnetite,
l ess than 70 portions, whereas the strength and the ,
hefrlagriidiet ypeahddtal te wiienrpRBIORDURFIGEr EXRRRE S LEgoor electric
portions. Wile the anmount of ter to be used for

ang ;‘Evﬁ@a%mltiﬁlélzgaap%ﬂsa@r 8t LRI D PEYent s AFEREPBRE Gy Pe used
not reiy | ected t lim i 10
Q0B B rdef Fat PO &S prorar iy 36 T Yoo upiiey and has
i er ahl % Th bdi t
= BESLFLTPonE2pLagRTy T L Bl S B8l eRGfesent

irﬁ}?s%\ﬁﬁ.o'h"i‘n&?e ASnd Y abBecgREbOh RS b ildeldNd When fine aggregate

reinforcing joint by freans of Cenent nortar according
id ®ARYHRI €8eRt pR¥RNLE@prdgaRaridmuleaich bifnthat comsonent

are provided for mxing nortar containing fine
aRgyergeaisei s tlrediae ofy sadnandhovkeyg aofmaginumberaigf size of 2.0

revol utions per - 18 mnute of 900 rpm an ordinary
mrhifgloms sbed vgewspeint xef BFuidigivaxi al

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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type forced mxer is preferable. Wien a hand m xer or
a high-speed grout mxer is enployed for mxing, a
predet erm ned anmobunt of water is put into a pail or 5
sonme ot her m xi ng cont ai ner d then the cenment nortar
conposi tion prepared by m xi bi nder and fine
aggregate is put into the pail, while driving the

m xer to rotate. The mixture is then ni xed f

niPkaR of MUPUEBS: hSEAeNBF Ker HHPeStheR R fUreddo xoraxial

for mXxi en1xed cenment nortar

d t
ty@@n‘gggﬁgoﬂlfgrpﬁ ggi\)ﬁgertq%e ®T0 mixer and a
pred%&%ﬁ”ﬁ”ﬁgnétéﬁﬂg %L %@%ﬁ hLépéggegroﬁwnﬁf&éy'f@'@%ployed

the mxer toro e m xturé 1s al so m xed

fd&oﬁlg?ﬁg thaneddtBrhyhes- aM&&ﬁﬂ'difQQE@EYlé%ﬂﬂJlﬁﬁo a pail or
lurdity may not be achieved when the mxing tine is

soﬁ!éoéth@f md xThgut est Hircausadafhdmshbf et mortak nghmpbisition
The m xed cenment nortar is then filled into a

prepiantdr oy mg x ijngi hinder mald §iby ampregadfe as dihapﬁnagmhe pail,
type hand punp or a squeeze type nortar pu

while greveny Ghe evsesntoiletaie deSbei bt yug tlﬁ’th%S} Thgpd for

of exanples and reference exanples, alth h the
mOFECERM 2 MYRRtTon OB0HS obyeR oI ARNENPT M FRACE) THfgEels used

exampl es and reference exa ference

o Het G RESBKTST CRER S SHEVH (QTTRBreiet B Bye Tito the
Iméﬁgtgggs g&fH%Q%rR?h§8%5R9§§!$&'ﬁgkgrbﬂ§%@d@@te&hlle dr1v1ng

reducCi ng” age e 1, 0.04 portlons of

cHg1 a8t idPapt Rge a0l nanehd Q0 Rkl 0821680 hhged ifRe more than
aggregate |listed bel ow'were mi xed with 100 portions

2 efinbicBder xadisfargotheléisl esif pardiding abyt het be achieved
corresponding expansive additive in Table 1 and 12
wheer thensiafngpoimel snahbirheof Pomdentas tegqausearé nsufficient
cenent nortar materi al and water was added 19 to nmke
mitdiegwat er / bi nder ratio equal to 22%to produce the

cenent
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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nortar speci men. Then, the cenent nortar specinen was
m xed for 2 mnutes by neans of hi gh-speed hand m xer
to produce cenent nortar and its fluidity was
observed in a therno-hygrost 5ic chanber at 5 20C and
80% RH. Additionally, each of”the prepared cenent
nortar specinens was poured into a formin a
t her no- hygrostatic chanber at 20C ang ,80% RH to
tQBS&EVENE M Ted @ T8 Eh AR BEC G TUHe tPengt FURGOERES the cement

conpressive strength.. The rate of .change of th .
Mgt FPEHY"Ehe gg\?g\“eggfevgelﬁn%tnfoerntgaﬁws Srdnspodagdixed for

; ) - 0
Y R T e e
adfSblkt s14 &1ty stLd doaelablbeid sMMBHANSIrotdatefBtamber at

ordi nary Port*and cenent, commercially avail able
2xpansi wesadditi ve A. C4AF expansive additive with
Bl ai ne nunber of 2,900 cnR/g, comrercially avail able
expanmsiaie iaddiliyesf:h CFAEhexpraasd ved addienitveont&h specimens
Bl ai ne number of 1,900 cm 2/g expansive additive C_
wapPuespangiore Heldh tinve wierm®Biaigreshaibercloansgag 20 C and

cn/ 20 expansive additive D. C4AF expansive ,
8%@%ﬁ%@ﬁ@%ﬂﬁﬂ$T#%Fﬁéeﬁﬁﬂﬁﬁn%ﬁoéﬁ@ﬁﬁ- Rapd frsFygpressive
additive E: CSA expansi ve additive.w th Bl aine nunher .
SGEPSE0 UGt COmANCR 15 SR FABP 6" pBodor At IR S Ve

owder a;_silica f = S | [
+ Q2GR B e SePl) &0 SRS sk fhe somm

Q
arﬁptzﬁ??g%?tih:yliﬁn@a@é Yebhet pased speAMBI&haldd. The obtained

avai e water reducing agent: polycarboxylic acid
rdRged agentiseeamencrably mvailable fine aggregate:

ferrochrom um sl ag, density 3.20 g/cn8, 2.0 nmm or

| ess, commercially available - 20 - <Measurenent

nmet hods > Fluidity: The static flow was observed in a
<Maeaialeonf ormi ng to Japanese Standards Associ ation

cement: ordinary Portland cement, commercially available

expansive additive A: C,AF expansive additive with Blaine number of 2,900 cm’/g,
commercially available

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

expansive additive C: C4AF expansive additive with Blaine number of 5,830 cm’/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 cm¥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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JI'S R5201- 1997 "Physical Test Method for Cenent 11.
Flow Test" without 15 falls. The enployed flow cone
was a cenent paste container designed for "Annex 1:
Cenent Test 5 Method - Measurenent of Setting and
Stability, 5. Standard Cofisi ¢ ency Test". Rate of
change of | ength: Measured in a test conform' ng to
Annex 1 "Expansi veness Test Method of Mortar
<Mrswrameitneetodsansi ve Additive" of Japan | ndustri al

FIESRG5F 8540 Ao WA pENSH.U B OHPRBIRES gt S ifihhssociaion
; S |
S RBcERs  Rodisel EareadR LBl Kol e Yo i 8 e

m'ﬁo ¢ \(A)Irco %‘r%gdi Vg%ﬁg?ag{%ice&aﬁel%’és%gﬂgf fof @A neR § € 8RNt Test

ter aging o days. wwww w

M¥t)x%a M%asxﬁétﬁer%oﬂié\&n% 4o Yabh¥it)y SNSfhadard Codsistency Tést”.C: ¢’

Cx7 o vi al wolaaaaaoou C

Ra&é%f[cﬁange@@leﬂétha- Méa;hbrecﬁ)l aftest Yordorming-todknne 1 6Expansivenesolest
N Oi aen oUy Oo; NI O Ol OI OO O Ool

MethodwiMuttar-€ dNtaining Expmhive-Additivel dfl Japan Industyph\Standards JE 6202
O-mMmGEOOoc- O-o0oyrnMN ONNNNNNNNDGD
“Egpansive 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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| ength and a high conpressive strength. To the
contrary, the cenent nortar specinen containing the
expansi ve additive B to a Bl aine nunber of |ess than
2,000 cn2/g showed a IOMIconEressive strength and a
too |l arge rate of change 10 of the l ength although its
fluidity level was high (Experinment No. 1-7). On the
ot her hand, while the cement nortar speci nen

cont &irem§abhe lexpandi Ve PadareR V&' tacCEIMBORGRBECT the
f th 6,0 n2/ h d t .
(S M o 008 rel Shoyes o0y 8 SHBELL L contasoes
t th_i,5. hi ' t ) - \
R T e

o%rffo%r()amoy 6?95\’5’6&1{3?/692%@;)@ apd 16,0001 AR/ Sndded &idMex@ellent

Idi ne nunber. an C4AF expansive additive

rdfcndidesca flwidity anthpbropaipresst whstraeagihchhage of the
are acceptable when its content is less than 1
1gyth emd B h@Bhpeooipoess bfe kitndergtit.he rate of change
of 20 the length is small (Experinent Nos. 1-1 and
1- 10)To. the otherawpr ddie cehenefrieeianFpeséneat eopfaining the
change of the length becones remarkable in line with 2
exppa Vgl dREytang B He coR3réasi DEMRET et ifSthéhanhé, 000 cm’/g

content _gets to 1 portion. However, ile the fl idi%yh
shqweds a LRE C%ﬁ%@s‘f%é@??@ﬁéﬁﬁmﬁaﬁ‘l °% &rfjﬁer?g?eo fehange

h f_.th h, .25 t I ; j
oGPl HROSh L A2 APREATE SRy BEOERARIRBEL e v

1-Hher e&gggg%t%&.@rﬁaﬁm, thi‘&%ﬁ £ AAERXRANG Ves Addidd iveen

is pre |'y between 1 an portions. The cenent
cAPY i1 nSPesd s nish vt & tHike SAAF aexpaitsd Membaddfl n¥e than

I's replaced by a CSA expansive additive (Experinents

6 NDO cn2By shokkdandl ¢-al 2hoshawedkra ipooo frEtentiitgnadthough its
fluidity and require a high rate of adm xing in order

cdnp rerseivees ar gopch natiel gf (Ekpagement Nohelt®hgt Aherefore, the
conpared with the CAAF expansive additive. For this

spesdas, sarfareianpaaf e randiore adréraversd Rgeferaply between
accordin .

2,000 and %,OOO cm?/g in terms of Blaine number.

While an C,AF 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 C4,AF expansive additive
is preferably between 1 and 4 portions.

The cement mortar specimens in which the C4AF expansive

additive is replaced by a CSA expansive additive (Experiments No.
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5 to the present invention enploys a C4AF based
expansi ve additive. (Reference Exanple 2) The cenent
nortar specinmens of this exanple were prepared as in
Ref erence Exanple 1 except tEgt, for each of the
experiments 10 shown in Tab ', the listed portions
of the polycarboxylic aci d based water reducing agent
shown in Table 2 .04 portions of antifqam ng a

1 alﬂd apgol é?i i %*%%Wed% E Pﬁ@raﬁﬁF%@%%%n Vidr & LHALLEEY hfequlre a
0 s of bi nder co ortions of th
hidhaner 6t AU T e d Pepditor POTR AT g change
re n fi [

e Y e

thﬁ'\@‘f@éb@hS> fRQ229laRac L N1 BRWARTrdiin (I di6)y §YIRE.adrding
5, SIO2 content ratio 99.9% 20 pozzol ana fi ne

tch\h@ebr§sex$’¢ liirg@nftidBSempltbFs & THAF Jaddacenpensivatdditive.

96.3% commercially available pozzol ana fine powder

d: silica funes, pH = 9.49, SiQ2 content ratio 89.1%

comercially available ti "i @ WW[] WWOF OE F
(Re€eCelr® Eh%mpli 22 a: aFaoi ; aG ; a=i ; CF :
not mai WW'.x.'. WC CC1C I 0;, CV"C3FFw

s CTotuceneny neriar gpasinens i §ahs. egagels were prepared
as in Reé%rende gxample 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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ol o os 3CRo ~ ooactl ddd
NmMmOoE COw ooc 4CNr. Nt nV
O-.. -~ NNNNNNNNNN(~C H4O0
25 FromTable 2, it will be seen that each
of the cement mortar speci méAs of Reference Exanpl es
of Experinments Nos. 2-1 through 2-3, No. 1-4 and No.
2-6 that contained the correspondi ng pozzolana fine

powderran rbbewt 1 Htawsil iReoReanokiale seshoos tnFement mortar
TR P R
261 BRanget BRORE PoRGUR tarel & High tesmpraat R i ng b Szz01ana
e o
ndNOSLe g EHAN 08gha3a19 KidtogLontat Retdehe rpeZ8al 8and in the

fine powder ¢ with a silicon dioxide (Si02) content
ad@&d e gforn@howesis ahharc0Ye bt ra it iorhydr dgendien, an
concentration found in the region of alkalinity or the
apozzotigte rkiteeopowdenge aof tthe Isindttoandi exhdgh (S@gRessive
content ratio of |less 15 than 90% and a hydrogen ion
steegeEdtration found in the region of alkalinity did

not allow mxing with the appunt of water reducing,
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 ¢ with a silicon dioxide (Si0;)
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 (Si0O;) 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 (Si0O;) content ratio
of not less than 90% and a hydrogen ion concentration found in the

acid region. For this reason, a filling material for a reinforcing
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agent equal to that of the pozzolana fine powder a and
generated a large quantity of bubbles to make it
difficult to produce an excellent level of fluidity,
an appropriate rate of changg of the 20 length and a
sati sfactory conpressive str ﬁgth i f the anmount of
the water reducing agent is increased for mxing. To
_be nmore accurate, both the rate of chan ¢ of the}1
Jqlé}‘thar‘FO&ﬁa‘lflﬁet%ﬁb? REFTRNT ﬁWV&%lﬁnméwg Py, Such pozzolana
Therefore, it was nmade sure that cenent nortar show ng
fife PoW9¥cel lent retention of fluidity, an appropriate
rate of change of the length and a high conpressive
strength can be obtained by using pozzolana fine
(dy%ggyéﬁggghE§aﬁ'hg;on di oxi de (Si02) content ratio of
not" | ess than 90% and a hydrogen ion concentration
f ouncrHen ckhentagbdt 8 £0698cifedls tdTi $hieasqaampaefwdtd nyepared
material for a reinforcing - 26 joint according to
ad Hen peéseathce nientplon lerpleps shieh oz Zdlsamal pbrheons of the
powder. (Conparative Exanple) 5 The cenent nortar
capeEnrens ngf wa tes redasphe agens pheparigd Tahdejh (a naphthalene
Ref erence, Exanple 1 except that the |isted portions of ,
sylfenicnr ¢t boper Wg bRat U dIa IR adRAt 3P Ow? P‘ﬁlm%?xyllc
3 napht hal ene . sul foni c aci sed, wat er uci na. .
acigbhe SERAERT DrouCHiT Ea byt & Doeraoh et by B foaming
reducin ent.)., Q.0 L i ] -
it AR40H00 v ohgthF pRRRadtep P R AT ol borcions
of’“ﬂil?ld%qocgﬂrﬁgiﬁgg f o BEAAGTs CANLRNERGaAsROE 4QBS: Bfe A and
t he expansive a ?tlve A and 12 portions of the
1P@esekana &f %eogwéblénan\ﬁl@@b@H@Qdar esHd sbtaiged results
listed in Table 3. <Material> 15 water reducing
armgdnistealapht Mabeae3sul foni ¢ aci d based water reducing

agent, commercially avail able
<Material>

water reducing agent: naphthalene sulfonic acid based water reducing agent, commercially

available
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0 X cOO O McF O kHwZMM - Z- 28 From
Table 3, it will be seen that each of the cenent

or t dFEO Babil ks 16t WEbRE SEPVet BXRMFACEsOffthe cement mortar

Experi ments Nos. 3-1 an
specimens of Comparatlvéiﬁiamp%es of Experiments Nos. 3-1 and 3-2

employed a naphthalene sulfonic acid based water reducing agent
and pozzolana fine powder with a silicondioxide (Si0O;) 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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enpl oyed a napht hal ene sul fonic acid based water

reduci ng agent
silicon dioxide (Si Q) content

and pozzol ana fine
rati

powder with a
o0 5 of not |ess

t han 90% and a hydrogen ion concentration found in the
acid region but did not allow m xing with the anmount

of water reducing agent equal to that of a
pdlycarboxylic acid bdsed water reducing agent and
reqyi red|ngre water ;edgC|qg ageng.| Then, as a
resglt, a §ar@e cgjan it g ofe bubbl was generated. 10
Thug, as|sBowg bye Cogmagat m/e éExagpI es, it is not
pds&i bl e| £o @btain‘éenﬂntLhDﬂxarmshomﬁng an excel | ent
retention of fluidity,, an approprilate rate of change
of[ The Length and a high conpressi vie strength by
usi ng & wat er redu0|ng agent : ot her than a
polgcaébox lic :acid based mater reduci ng agent. For
thigr A, a Tﬁ%llng 35 natevlal for a reinforcing
. . D, N .
j ai |t agcordlng to the preseht i nvention enploys a
pal ﬁcar;{boxyl ic acid based water reducing agent.
(RePer énge Exanple 3) :The cefrent nortar speci mens of
tHis exanple were prepared 20 as ijn Reference Exanple
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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
each joint specimen, mixed cement mortar was injected into the joint
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
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that each of the cenment nortar specinmens of Reference
Exanpl es of Experinents Nos. 4-1 and 4-2 and No. 1-4
showed an excel | ent retentlon of fluidity, an
appropriate rate of changé ottt Fie | ength and a high
conpressive 5 strength. To the contrary, a large |oad
can be applied for mxing when the water/binder ratio
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flui I'ne I'S reason

nd BN %'t bEECa L] Qﬁ@&ﬁ'm 10i1s sAGEAr 4 BE1LR. the

present invention enploys a water/binder ratio
bet wegh n2Q ra8fle3090 cdd EXamy ewl WA reeiugtar asngejfdtcement
according to the present invention was tested by
spéti i@ neeammt haoydatt abngxperridrent ddectide(lsee cfabeegth were
1) of Reference Exanple 1 and its performance was
meaglealegatbéd toFoBSt e dmat23 D28 thasmeght iB81lyef SD590 and
SD685 20 reinforcenents were used. After putting
rei nforcenents between each joint specinen, mxed
cenent nortar was injected into the joint fromthe
i njection port thereof by neans of a di aphragmtype
hand punp to fill the inside. The operation of
filling the joint specinens with cenent nortar was
st opped when the latter is 25 discharged fromthe air
exhaust port.
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The reinforcing joint specinens filled with cenment
nortar was matured in a thernostatic chanbers at 5C
and 20C to a predeternm ned age and a joint test was
conducted by the test method defined for Class A
(structure-related technol ogi es standard - 31 nmanua
for building structures "Joint Performance Judgnent

St andards", 2001 edition). The test results of D38 of
t he SD590 and SD685 reinforcenents matured at 20C are
shown in Tables 5 and 6 below. 5 Reinforcenents cut to
750 mm were used as reinforcenent specinens and the

joint Jength and the effective buried | ength were
made equal to 535 mm and 235 mmrespectively. ¢ NV ~
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yCAp <c¢ C- 33 As seen fromTables 5 and 6, the
reinforcing joints filled with a filling material for
a reinforcing joint accordi n§3to‘ the present
i nvention achi eved the performance of C ass A of Joint
Per f ormance Judgnent Standards wi t hout changi ng the ,
pr of Pisegeon £3ore Gabdmsi 8raftd jSoi ARS. TTEMEY BFIRY Jiints filled
known _that a joint perfornms wel] when the _conpressiv

widP Bngt hL bFS FIRE SToafoF [ 157 SHEY dPAPT SCRTGR-0] O the

prtgg%éll_teln tV%ﬁl%féB%}ggc ?Lierx}f ar %ﬁﬁngﬁ%rfélfﬁgga’é n%]t_: I'Eela{scg i\ oifS Joint

ernrorce
peé%g‘gg&%c%p%&g{gﬁtbﬂ e?’%%?‘?}%%%i Wighdie chaaui hgnBid $ffiles of

conventional joints.

Generally, it is known that a joint performs well when the
compressive strength of the mortar filled in the joint is high
if the length of the reinforcement buried in the joint is same.

If an SD490 reinforcement is used, a conventional joint
satisfies the requirements of Class A of Joint Performance
Judgment Standards when the compressive strength of the mortar
filling the joint is 70 N/mm?. However, it is necessary to
increase either the compressive strength of mortar or the length
of the reinforcement buried in the joint to use a reinforcement
showing a tensile strength greater than the SD490 reinforcement.
However, a long joint has to be employed to increase the length
of the reinforcement buried in the joint. Then, a new joint needs
to be developed and manufactured to an economic disadvantage.

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 filling method
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Judgnent Standards when the conpressive strength of
the nortar filling the joint is 70 NNmm2. However, it
IS necessary to increase either the conpressive
strength of nortar or the length of the reinforcenent
buried in the joint to use a3tfeinforcenent 15 showi ng
a tensile strength greater than the SD490
rei nforcenent. However, a long joint has to be
isemplpdyeed.o i ncrease the length of the reinforcenent
buried in the joint. Then, a new joint needs to be
devel oped and manufactured to an econom c
di sadvant age. material for a reinforcing

Afillin

IHQﬂ%ﬁ?ﬁﬁﬁnﬁﬂﬁ¥ﬁf§§9lJf@9the present invention provides
a conpressive,str h gre - ; r.a :
R U R

sdihe lengrhy o the el pfarcarentn i & idhdihe dididicellent

9 other wor s, an excellent joint performnce can be

r&H el o DY 1USING ANY kBeWNrpoends ahdiy& df ldhendength and
material according to 5 the present invention.

a Addirt iconglreyss isienee rantichl ang hathee i @dn aticot dippg itamtions of
the present invention shows an excellent retention of

£ iflirdy trnginfor ciany b freds Wt aareacpies ste i I gREaRtS 1n
of a punp and hence shows excellent filling

cipridpeand ige aiiary arbiventd gl vIT S | Hy i Hoa sigructyres of
enpl oyed, Industrial Applicability As described above,

red FH9UGSR SRS H 3t Eg“’r'eqarﬁ%r%‘%/rh ®%% 5 oi nt

according to the present invention shows an excell ent
retention of fluidity, a good rate of change of the
l ength and a high conpressive strength and hence can

find applications of filling reinforcing joints for
connecting reinforcenents in civil engineering and
bui | di ng works including structures of 10 reinforced
concrete and pre-cast concrete.
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-3 - CLAI MS1 Afilling mterial for a
reinforcing joint containing cenment, an expansive
addi tive, pozzolana fine powder, a water 5 reducing
agent and fine aggregate, characterized in that the
expansi ve additive is a cal cPum™al umi noferrite based
expansive additive and the pozzol ana fine powder is
siliceous fine powder wth a silicon dioxide (Si02)
of not |ess than 90% an& & Rydr¥gén ion concentration
found in an acid region, while the water 10 reducing
agent is a polycarboxylic acid based water reducing

agent. 2. The filling material for .a_reinforcin %oigt. .

accordi ng Bd idhldid BECERARDRS 7 2EATERIEHAP (it Sontaining

cal cium_ al um naoferrit ed ive It ho ‘
<t e S8 TSR AR c s R At BolGs ane et

r%éd§¥%dﬂgyéht %mGHE%A%|Add¥bd§¥é¥iéﬂaﬂé&tétfiédﬁiﬂ(ﬂﬁak the

olnt ~ according to claim1l,” characterized in that the
e XA iWE adlgdmiRef ekr i tea basedl Lxpainsd fear width tHased sxpansive
contained by 1 to 4 portions in 100 portions of the
addiindere adnrede byo 1 hel oeaehitne poed2@ expahki veowsldiitieypowder
and the pozzol ana fine powder. 4. The filling materi al
wiftdr aas i ki adwnrdiiawn eoi(Ft0: Aot neitnies® tdiagi M0k, and a hydrogen
characterized in that the pozzolana fine powder is
i qgomeaigrat IRE B E MBI o | Bh G LRI IS | Dftggrater
bi nder formed by the cenent, the expansive additive .
rofHHP e AT i Gl AR FT P o B0 BRG] 114 reducing
material for a reinforcing joint according to claim
a9 haracterized in that it further contains an

ant :r];zgf‘g} EQ‘h%g%rﬂ:l'li%'g e ilhi By Jmat erliadle ff oy joint

g join
according to claim 1, characterized in that the calcium
aluminoferrite based expansive additive shows a Blaine’s
specific surface area between 2,000 and 6,000 cm?/g.

3. The filling material for a reinforcing joint
according to claim 1, 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
according to claim 1, 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
according to claim 1, characterized in that it further contains
an antifoaming agent.

6. The filling material for a reinforcing joint
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- 36 according to claim1l1, characterized in that the

fine aggregate is heavy weight aggregate with a

density of not less than 3.0 kg/cnB. 7. A

construction nmethod of filling a reinforcing joint, 5

characterized in that 20 to %g portions of water is

added to 100 portions of the binder fornmed by the

cenment, the expansive additive and the pozzol ana fine
aquavmtEimgnitich cd afiil L nghaseetpal zeflopn athat i Gimgp aggregate
_joint according to any one of clains 1 through. 6 an
1.9 Fee K ATt AEGREEA SR 8 PTHe ISt o e t<d5‘ran 3.0
kfiII3i ng a reinforcing joint according to claim?7,

et acterized in that a hand mixer, a hi gh- speed

?nr )C();J r.ren: XeEX C?an.??t]]:‘&)étclegh me)éﬁrodiéf @§§?i¥18ra %fB?SrCEHS 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 according to any one of claims 1 through-
6 and the mixture is mixed.

8. The construction method of filling a reinforcing
joint according to claim 7, characterized in that a hand mixer,

a high-speed grout mixer or a forced mixer is used for mixing

the mixture.



