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DESCRIPTION

RAPID-HARDENING CEMENT COMPOSITION

TECHNICAL FIELD

[0001]

The present invention relates to a rapid-hardeoérgent composition, in
particular, a rapid-hardening cement compositiafulsas an injection grout for
pavement.

The present application claims priority on Japaratent Application No.
2016-73198 filed on March 31, 2016, and JapanesnPApplication No. 2017-61377

filed on March 27, 2017, the contents of whichiasorporated herein by reference.

BACKGROUND ART

[0002]

As methods for constructing pavements of roads,fpoilities, airport runways,
and the like, methods utilizing a PC pavement aR€Cgavement are known. The PC
pavement is a pavement in which a prestressed eten@C) pavement boards are
disposed on a roadbed and a backfilling grout rmatisrinjected into a gap between the
PC pavement boards and the roadbed. The RC pav&repavement in which a
reinforced concrete (RC) pavement board is usgudbice of the PC pavement board.

Further, as a pavement for heavy traffic roadserai-flexible pavement is known.
The semi-flexible pavement is a pavement in whietment milk is injected into an
open-graded asphalt mixture having a large porosity

An injection grout for pavement, which is usechaaw material for a
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back-filling grout material used for the PC pavetremd the RC pavement, cement milk
used for the semi-flexible pavement, and the li&& composition containing cement.
The cement composition to be used as the injegiont for pavement is usually a
rapid-hardening cement composition in which a rdmddening admixture is contained to
harden the cement at an early stage so that waldnis at night and a road is opened to
traffic next morning.

[0003]

As the rapid-hardening admixture of the rapid-kardg cement composition, an
admixture in which calcium aluminate and inorgasutfate are combined (blended) is
known. However, there have been problems thar#pisl-hardening admixture in
which calcium aluminate and inorganic sulfate amnlbined has a strong action of
accelerating hardening of the cement, and, in ¢éimeenit composition containing this
rapid-hardening admixture, a time (setting initiade) from addition of water until the
cement starts to set is short so that sufficientifocannot be secured. For this reason,
in an admixture in which calcium aluminate and gaonic sulfate are combined, a setting
modifier is added so as to regulate (control) #iérgy initial time of the cement
composition. As the setting modifier, inorganichmnate, oxycarboxylic acid, or
sodium aluminate is used.

[0004]

Patent Document 1 discloses an ultra-rapid-hangecément composition which
contains a quick-hardening cement as a main conmpoaed the quick-hardening cement
contains 15 to 35% by weight of a quick-hardeniagponent in which a weight ratio of
calcium aluminate : inorganic sulfate is 1:0.5 18, And the ultra-rapid-hardening cement
composition contains, in terms of internal proportof weight, 0.2 to 3% of sodium

aluminate, 0.2 to 5% of inorganic carbonate, add®2% of oxycarboxylic acids.
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[0005]

Patent Document 2 discloses an injection group&aement which contains a
rapid-hardening admixture, a cement mineral, sand,a powdered emulsion. This
Patent Document 2 discloses that sodium alumiivateganic carbonate, and carboxylic
acids are used as setting modifiers of the rapiddrang admixture, and these setting
modifiers have a particle size constitution inchgdiLO to 45% by mass of first particles
having an average particle diameter of greater #f/gmm and equal to or less than @,
30 to 70% by mass of second particles having arageeparticle diameter of greater than
90 um and equal to or less than 15, and 5 to 30% by mass of third particles havimg a
average particle diameter of greater than I®0and equal to or less than 50, in
which the second particles are included in an arnetirch is larger than the amount of
the first particles and also larger than the amaoditite third particles.

[0006]

It is required that a rapid-hardening cement cagitjgm containing a
rapid-hardening admixture can stably and suffidyesgcure a pot life, that is, a setting
initial time is stable and long, and fluidity isghi during a period from addition of water
until hardening reaction proceeds. In additioterafompletion of construction work, it
is required that hardening occurs at an early saagehigh strength (compression
strength) is developed, that is, excellent propentif early age strength are exhibited.

[0007]

However, in the ultra-rapid-hardening cement cositian disclosed in Patent
Document 1, there have been problems that it fedif to secure a long pot life as long
as 60 minutes without reducing the compressiomgtheat an early age (about 3 hours of
age), and spots are observed on a hardened baldy oément composition and these

parts become defects, and thereby causing a dedrebmg-term strength. In addition,
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there was a problem in that the setting time gyeatties depending on an environmental
temperature, and thereby resulting in poor worlk@gtdit a construction site.

[0008]

Further, in the injection grout for pavement diseld in Patent Document 2, by
specifying the particle size constitution of thé&tisg modifiers contained in the
rapid-hardening admixture, the properties of eadgg strength and the environmental
temperature dependent properties of the setting &ra improved. However, in the case
where the injection grout for pavement discloseBatent Document 2 in which the
rapid-hardening admixture is mixed is stored faywl8 months, the setting time may be
greatly changed as compared with the setting tmmaediately after production and the

properties of early age strength may be decreased.

PRIOR ART DOCUMENTS
Patent Documents
[0009]
Patent Document 1: Japanese Examined Patentcafiph, Second Publication
No. H3-41420
Patent Document 2: Japanese Unexamined Patefic&fpm, First Publication

No. 2008-274580

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0010]
The present invention has been made in view oédbmye circumstances, and an

object of the present invention is to provide addmrdening cement composition in
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which variations in setting initial time due to @anvironmental temperature are small,
variations in setting initial time are small evertle case of being stored for a long period
of time, fluidity is high during a period from adidn of water until hardening reaction

proceeds, and the properties of early age streargtiexcellent.

Solutions for Solving the Problems

[0011]

In order to solve the above problems, the preiseentors have made intensive
studies, and, as a result, they have found tigeiffective to add a rapid-hardening
admixture to a predetermined amount of cementtla@dapid-hardening admixture is a
composition containing calcium aluminate, inorgasutfate, and a setting modifier (for
example, one or more of inorganic carbonates, akyoglic acids, sodium aluminate,
and sodium sulfate) at predetermined ratios, irctvlain average particle diameter of the
calcium aluminate is in a range ofi to 100um and an average particle diameter of the
setting modifier is in a range ofibn or less. That is, for the rapid-hardening cement
composition containing a predetermined amount @fcément with respect to the
above-mentioned rapid-hardening admixture, it lgenldound that variations in setting
initial time due to an environmental temperatuee&ren smaller, variations in setting
initial time even in the case of being stored fdwrager period are small, fluidity is high
during a period from addition of water until hardenreaction proceeds, and properties of
early age strength are excellent. In additiohai& been found that, by mixing and
grinding a clinker consisting of calcium aluminated a setting modifier, it is possible to
obtain the calcium aluminate and the setting medtiiaving the above-mentioned average
particle diameters.

[0012]
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The present invention has been made on the biatsie above findings, and a
rapid-hardening cement composition according tagpect of the present invention
includes: a rapid-hardening admixture; and cemeahiamount of 100 parts by mass to
2,000 parts by mass with respect to 100 parts ssrofthe rapid-hardening admixture,
wherein the rapid-hardening admixture is a compmsthat contains: calcium aluminate;
inorganic sulfate in an amount of 50 parts by nt@s200 parts by mass with respect to
100 parts by mass of the calcium aluminate; aretteng modifier in an amount of 0.1
parts by mass to 10 parts by mass with resped@Qqérts by mass of the calcium
aluminate, and an average particle diameter ofdl@um aluminate is in a range ofith
to 100um, and an average particle diameter of the settiodifier is in a range of gm
or less.

[0013]

According to the rapid-hardening cement compasitibthe aspect of the present
invention, the setting modifier contained in thpidahardening admixture has an average
particle diameter of fim or less, which is fine as compared with calcidamanate
(average particle diameter ofué to 100um), and thus the setting modifier is easily
dissolved in water. Therefore, when water is addetie rapid-hardening cement
composition according to the aspect of the preissention, the setting modifier is
rapidly dissolved in water in a stable manner @/ide temperature range, and a setting
modifier action by the setting modifier is exertddan early stage. Thus, variations in
setting initial time due to an environmental tengpere become small. In addition, since
the setting modifier action by the setting modifeeexerted at an early stage, the setting
initial time becomes stable and long, and fluiditier addition of water becomes high.

Furthermore, after completion of the setting medifiction by the setting modifier,
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hardening acceleration action of cement is exdjetthe calcium aluminate and the
inorganic sulfate; and thereby, it is possiblenbpiove properties of early age strength of
the rapid-hardening cement composition. Furtheemitre setting modifier is dispersed
as fine particles in the rapid-hardening cementpmsition. Thus, even in the case
where the rapid-hardening cement composition adegtd the aspect of the present
invention is stored for a long period of time stunlikely that the setting modifier is
segregated and an amount of the setting modifiesrbes non-uniform. Therefore, even
in the case of being stored for a long periodmgtivariations in setting initial time are
small and properties of early age strength areliexte

[0014]

Herein, the rapid-hardening cement compositiomating to the aspect of the
present invention is preferably an injection grimutpavement.

As described above, in the rapid-hardening cemamiposition according to the
aspect of the present invention, the setting initiae is stable and long, and fluidity is
high from addition of water to the setting inittahe. Thus, excellent working properties
are exhibited. Also, due to high properties ofyeage strength, it is possible to shorten
the time from the start to the end in constructiofiherefore, the rapid-hardening cement
composition according to the aspect of the preseention can be suitably used as an
injection grout for pavement for roads and like véhearly opening for traffic is desired.

[0015]

Further, in the rapid-hardening cement compos#icrording to the aspect of the
present invention, it is preferable that the sgttimodifier contains one or more of
inorganic carbonates, oxycarboxylic acids, sodiluménate, and sodium sulfate.

In this case, the above-mentioned substance ily d&solved in water. Thus,

in the case where the setting modifier containsamaore of the above-mentioned
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substances, it is possible to reliably reduce tiana in the setting initial time of the
rapid-hardening cement composition due to an enwiental temperature. In addition,
since a setting modifier action by the setting rfiedis exerted at an early stage, the
setting initial time becomes more stable and longed fluidity after the addition of water
increases.

[0016]

Furthermore, in the rapid-hardening cement contipmsaccording to the aspect
of the present invention, the setting modifier rbayfurther added so that the amount of
the setting modifier with respect to the entire amtaf the rapid-hardening cement
composition is in a range of 0.01% by mass to 5%nhgs.

In this case, since the amount of the setting firezdvith respect to the entire
amount of the rapid-hardening cement composition &range of 0.01% by mass to 5%
by mass, variations in setting initial time of ttag@id-hardening cement composition due
to an environmental temperature and a long-termagéocan be reliably reduced, and
properties of early age strength are increased.

[0017]

With regard to the setting modifier added to thgid-hardening cement
composition, it is preferable that the setting rfiedis added as a highly
concentrated-setting modifier-containing mixtuned @ahe highly concentrated-setting
modifier-containing mixture contains an inorganygler and the setting modifier in an
amount of 50 parts by mass to 300 parts by massrespect to 100 parts by mass of the
inorganic powder.

In this case, by adding the setting modifier ashighly concentrated-setting
modifier-containing mixture, it is possible to uminly disperse the setting modifier in the

rapid-hardening cement composition, and to moialbigi reduce variations in setting
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initial time of the rapid-hardening cement compositdue to an environmental
temperature and a long-term storage.

[0018]

Further, the rapid-hardening cement compositimorting to the aspect of the
present invention may further contain short filteet consist of one or more of organic
short fibers and carbon short fibers, in an amofift 1% by mass to 0.3% by mass with
respect to the entire amount of the rapid-hardeoérmgent composition.

In this case, since the short fibers act as damiimg material, a hardened body
obtained by hardening the rapid-hardening cememposition has improved cracking
resistance and excellent durability against fatigue

[0019]

Further, the rapid-hardening cement compositimoating to one aspect of the
present invention may further contain a viscosggrd in an amount of 0.1% by mass to
1% by mass with respect to the entire amount ofdapéed-hardening cement composition.

In this case, the constituent materials of theédriardening cement composition
containing the viscosity agent are hardly dispersedater and the composition becomes
stable. Thus, the bleeding rate is reduced arad@ehed body having high strength can
be formed even in water.

[0020]

Further, the rapid-hardening cement compositimorting to the aspect of the
present invention may further contain a powderedIlsion in an amount of 0.5% by mass
to 30% by mass with respect to the entire amouttiefapid-hardening cement
composition.

In this case, the powdered emulsion has low waisorbability and low water

permeability. Thus, water hardly penetrates int@aalened body obtained by hardening
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the rapid-hardening cement composition, and excetepeated freeze-thaw resistance
(freezing and thawing resistance) is obtained.

[0021]

In addition, the rapid-hardening cement compasitiocording to the aspect of
the present invention may further contain an inoigéiller (inorganic fine powder) that
consists of one or more of silica stone fine powti@estone fine powder, coal ash fine
powder, fly ash, montmorillonite fine powder, fghds fine powder, and blast furnace slag
fine powder, in an amount of 4% by mass to 50% kgsmwith respect to the entire
amount of the rapid-hardening cement composition.

In this case, by adjusting a blending amount efittorganic filler, it is possible to
easily adjust properties, such as compressiongttrexoung’s modulus, and the like, of a
hardened body obtained by hardening the rapid-hargeement composition.

[0022]

Further, the rapid-hardening cement compositi@orting to the aspect of the
present invention may further contain an anti-fregzagent that consists of one or more
of sodium acetate, calcium acetate, and calciuntajitn an amount of 1% by mass to
10% by mass with respect to the entire amountefdipid-hardening cement
composition.

In this case, due to the fact that sodium acetatejum acetate, or calcium nitrite
is contained as an anti-freezing agent, even uadeyogenic temperature environment
where water is frozen, freezing of the rapid-handgrement composition which is

kneaded with water can be suppressed, and prapeftearly age strength are increased.

Effects of the Invention

[0023]



10

15

20

25

11

According to the aspect of the present inventiiois, possible to provide a
rapid-hardening cement composition in which vaoiadi in setting initial time due to an
environmental temperature are small, variationgeiting initial time are small even in the
case of being stored for a long period of timeidity is high during a period from
addition of water until hardening reaction proceeatsl properties of early age strength

are excellent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1 shows scanning electron microscopic imagesmixed and ground
product of a calcium aluminate clinker and a sgttimodifier which is produced in
Example 1. FIG. 1(A) is an image with a magnifieatof 1,000 times, and FIG. 1(B) is
an image with a magnification of 3,000 times.

FIG. 2(A) is a scanning electron microscopic imab&ined by enlarging a
circled area in FIG. 1(B), and FIG. 2(B) is an EPMWpping image of sodium obtained
by performing elemental analysis of particles cegdun the image.

FIG. 3 is a perspective view of an apparatus fanufacturing a hardened body in

water that was used in the examples.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0025]
Embodiments of the present invention will be dibszt below.
A rapid-hardening cement composition of the preserbodiment contains a
rapid-hardening admixture, and cement in an amouh@0 parts by mass to 2,000 parts

by mass with respect to 100 parts by mass of fhid-fzardening admixture. The
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rapid-hardening admixture is a composition thataims calcium aluminate, inorganic
sulfate in an amount of 50 parts by mass to 20 fiiyr mass with respect to 100 parts by
mass of the calcium aluminate, and a setting merdifi an amount of 0.1 parts by mass to
10 parts by mass with respect to 100 parts by wiabe calcium aluminate. The
average particle diameter of the calcium aluminatbe rapid-hardening admixture is in a
range of §um to 100um, and the average particle diameter of the semtiadifier is 5um

or less. The rapid-hardening cement compositiah@fpresent embodiment may further
contain an admixture such as a fine aggregatdtiagenodifier, short fibers, a viscosity
agent, a powdered emulsion, an inorganic filleraati-freezing agent, and the like.

The respective components of the rapid-harderemgenit composition of the
present embodiment will be described below.

[0026]

(Rapid-hardening admixture)

The rapid-hardening admixture is a composition toamtains calcium aluminate,
inorganic sulfate, and a setting modifier.

The calcium aluminate elutes calcium ions and alum ions when being
brought into contact with water at the time of gsihe rapid-hardening cement
composition and these ions are reacted with sulfaite eluted from the inorganic sulfate
to produce a hydrate such as ettringite (3@&;3CaSQ32H,0) of needle-like crystal,
monosulfate (3Ca@l,03[CaSQ2H,0), or the like. Thereby, the calcium aluminate
has an action of improving properties of early sfgength of the rapid-hardening cement
composition. In the case where an elution rateatfium ions and aluminum ions from
the calcium aluminate becomes too low, reactiviithwsulfate ions may be deteriorated,
and properties of early age strength of the rapidiéning cement composition may be

decreased. On the other hand, in the case whexkition rate of calcium ions and
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aluminum ions from the calcium aluminate becomeshigh, reactivity with sulfate ions

is increased and a setting initial time of the dapardening cement composition becomes
too fast. Thus, it may be difficult to regulate thetting initial time even in the case of
using a setting modifier, and it may be difficdtdecure a sufficient pot life.

Therefore, in the present embodiment, the avepadicle diameter (average
primary particle diameter) of the calcium aluminatset to be in a range ofun to 100
um. In the case where the average particle dianséthe calcium aluminate is less than
8 um, the elution rate of calcium ions and aluminumsibecomes too high, which may
make it difficult to regulate the setting initiainte of the rapid-hardening cement
composition. On the other hand, in the case wter@verage particle diameter of the
calcium aluminate exceeds 10, the elution rate of calcium ions and aluminumsio
becomes too low, which may decrease propertieary age strength of the
rapid-hardening cement composition.

[0027]

The average particle diameter of the calcium ahate contained in the
rapid-hardening admixture can be measured usingxample, a scanning electron
microscope (SEM) and an electron probe microanalfze@MA). That is, it is possible
to perform measurements as follows: particles efddicium aluminate contained in the
rapid-hardening admixture are identified from arVSiEhage and results of elements
detected by an elemental analysis with the EPMthefrapid-hardening admixture;
particle diameters are measured from the SEM imatjerespect to the particles
identified as the calcium aluminate; and the averague thereof is obtained. Particles
in which only calcium and aluminum are detectedh®yelemental analysis with the

EPMA can be identified as the particles of the icafcaluminate.
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[0028]

As the calcium aluminate, it is preferable to ase having one or more
compositions selected from the group consisting26aQ7Al,03;, 11CaQ7Al,Os[Cak,,
and Ca@Al,03, and having a vitrification rate (percentage @fsgl content) of 80% or
more. The vitrification rate is more preferably8@o 98%, and particularly preferably
90% to 98%. The calcium aluminate having the aboeationed composition and
vitrification rate has a high elution rate of calti ions and aluminum ions and a high
reactivity when being brought into contact with rat Thus, it is possible to reliably
improve properties of early age strength of thed-gardening cement composition.

[0029]

It is preferable that the calcium aluminate h&aane specific surface area of
3,000 cni/g to 5,500 crfig. Due to the Blaine specific surface area 008,6nf/g or
more, when the calcium aluminate is brought intotact with water, the elution rate of
calcium ions and aluminum ions becomes high andehetivity with sulfate ions eluted
from the inorganic sulfate becomes high. Thuis, jtossible to more reliably improve
the properties of early age strength of the rapgidianing cement composition. On the
other hand, due to the Blaine specific surface af&500 crﬁg or less, when the
calcium aluminate is brought into contact with watiee case where the elution rate of
calcium ion and aluminum ion becomes excessiveji I8 prevented, and the reactivity
with sulfate ions is prevented from becoming toghhi The Blaine specific surface area
is measured by a specific surface area test usBigiae air permeability apparatus
described in JIS R 5201 "Physical Test Method femént".

[0030]

The inorganic sulfate contained in the rapid-haig admixture elutes sulfate

ions when being brought into contact with watethattime of using the rapid-hardening
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cement composition and these ions are reactedcaitium ions and aluminum ions
eluted from the calcium aluminate to produce a &tglsuch as ettringite of needle-like
crystal, monosulfate, or the like. Thus, the irong sulfate has an action of improving
properties of early age strength of the rapid-hairdecement composition.

In the case where an elution rate of sulfate foms the inorganic sulfate
becomes slow, reactivity with calcium ions and dahum ions eluted from the calcium
aluminate may be deteriorated, the time from stasetting to hardening may become
longer, and properties of early age strength ofalped-hardening cement composition
may be deteriorated. Therefore, it is preferale the inorganic sulfate has a Blaine
specific surface area of 8,000 Zgor more.  Since the inorganic sulfate having the
above-mentioned Blaine specific surface area haghaelution rate of sulfate ions and a
high reactivity with calcium ions and aluminum icglsted from the calcium aluminate, it
is possible to reliably improve properties of eatje strength of the rapid-hardening
cement composition. In addition, it is preferatblat the Blaine specific surface area of
the inorganic sulfate is 12,000 8igor less. In the case where the Blaine specific
surface area becomes too large, the elution regalfafte ions becomes too high and the
reactivity with calcium ions and aluminum ions bews excessively high. Thus, the
time from start of setting to hardening becomestehowhich may make it difficult to
secure a sufficient pot life even in the case ofgia setting modifier.

[0031]

The inorganic sulfate is preferably anhydrite tipatarly preferably anhydrite
type Il.  The anhydrite (in particular, anhydriy@é 1) has a high reactivity with the
calcium aluminate. Thus, it is possible to moteabdy improve the properties of early
age strength of the rapid-hardening cement comiposit

[0032]
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The setting modifier contained in the rapid-hamdgradmixture has an action of
regulating (controlling) the time from additionwéter to the rapid-hardening cement
composition until setting of the rapid-hardeningnest composition starts at the time of
using the rapid-hardening cement composition, ithatn action of delaying a hardening
time of cement. Due to delayed hardening timénefdement by the setting modifier,
fluidity of the rapid-hardening cement compositisimproved during a period from
addition of water to the rapid-hardening cement position until hardening reaction of
the cement proceeds.

It is considered that the setting modifier is diged in water and chelated with
calcium ions or aluminum ions eluted from the raptdening admixture (calcium
aluminate) to form a film on a surface of the rapatdening admixture, so that elution of
calcium ions and aluminum ions from the rapid-haidg admixture is temporarily
suppressed; and thereby, a delaying action of@eharg time of the cement is developed
by the setting modifier. However, since the filonrhed on the surface of the
rapid-hardening admixture is extremely thin, thenfis dissolved and disappears in a
relatively short time. After disappearance offilra, re-elution of calcium ions and
aluminum ions from the rapid-hardening admixturgibg and hardening reaction of the
cement proceeds.

[0033]

In the present embodiment, the setting modifiinis particles having an
average particle diameter (average primary particleneter) of jum or less. Therefore,
it is possible to rapidly dissolve the setting niiediin water over a relatively wide
temperature range. The average particle diaméteeetting modifier is preferably 1
um or more. In the case where the average padialeeter is less thanym,

aggregated particles may be easily formed.
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[0034]

The setting modifier contains one or more of iroNg carbonates, oxycarboxylic
acids, sodium aluminate, and sodium sulfate. Sinese agents are easily dissolved in
water and one or more of these agents are contamadsetting modifier, it is possible to
reliably reduce variations in setting initial tiro€the rapid-hardening cement composition
due to an environmental temperature. In addisome a setting modifier action by the
setting modifier is exerted at an early stage téngeinitial time becomes more stable and
longer, and fluidity after addition of water incees. The inorganic carbonate is
preferably carbonate or hydrogen carbonate of leadiahetal. Examples of the
inorganic carbonate include sodium carbonate, patascarbonate, sodium hydrogen
carbonate, potassium hydrogen carbonate, lithiumoceate, and ammonium carbonate.
One of these inorganic carbonates may be used,alohwo or more thereof may be used
in combination. Examples of the oxycarboxylic aicidude tartaric acid, citric acid,
malic acid, gluconic acid, and maleic acid. Onghese oxycarboxylic acids may be
used alone, or two or more thereof may be usednmbiation.

It is preferable that two or more of inorganiclu@rates, oxycarboxylic acids,
sodium aluminate, and sodium sulfate are usednmbamation as the setting modifier.

As combinations of two or more thereof, a 3-mendmnbination of inorganic carbonates,
oxycarboxylic acids, and sodium aluminate is prie, and a 4-member combination of
inorganic carbonates, oxycarboxylic acids, sodiluménate, and sodium sulfate is more
preferable. In the case where two or more settindifiers are used in combination, the
only required condition is that at least one ofgh#ting modifiers consists of fine particles
having an average particle diameter qifrd or less.

[0035]

Among the setting modifiers, sodium sulfate hasudicularly high rate of
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dissolution in water. Therefore, sodium sulfate &digh effect of improving fluidity of
the rapid-hardening cement composition after aolditif water. In addition, since
sodium sulfate is easily dissolved in water overide temperature range, it also has an
effect of reducing temperature dependency, witheesto a setting initial time, of the
rapid-hardening cement composition after additibwater.

[0036]

It is preferable that the fine particles of théiag modifier are dispersed in the
rapid-hardening admixture as primary particlesggragated particles close thereto. In
the case where the setting modifier is dispersqitiagary particles or aggregated
particles close thereto, a rate of dissolutiongb&im water is improved, and a setting
modifier action by the setting modifier is exertddan early stage. Thus, it is possible to
reliably reduce variations in setting initial tirdae to an environmental temperature. In
addition, it is preferable that the fine partictdghe setting modifier are adhered to a
surface of the calcium aluminate. In this casgesihe setting modifier comes into
contact with water prior to the calcium aluminated thus is easily dissolved, so that a
setting modifier action by the setting modifieederted at an early stage. Thus, itis
possible to more reliably reduce variations inisgtinitial time due to an environmental
temperature.

[0037]

The average particle diameter of the setting nerdifontained in the
rapid-hardening admixture can be measured usingxample, an SEM and an EPMA.
That is, it is possible to perform measurementelmys: particles of the setting modifier
contained in the rapid-hardening admixture aretified from an SEM image and results
of elements detected by an elemental analysisamtBPMA of the rapid-hardening

admixture; particle diameters are measured fronStael image with respect to the
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particles identified as the setting modifier; ahd average value thereof is obtained. For
example, particles in which only sodium is detedigdhe elemental analysis with the
EPMA can be identified as the particles of sodiarbonate (inorganic carbonate).
[0038]
In the present embodiment, the blending amountiseo€alcium aluminate, the
inorganic sulfate, and the setting modifier corgdim the rapid-hardening admixture are

set such that, with respect to 100 parts by ma#iseofalcium aluminate, the amount of

the inorganic sulfate is in a range of 50 partsrags to 200 parts by mass and the amount

of the setting modifier is in a range of 0.1 pdysnass to 10 parts by mass.

In the case where the blending amount of the arigysulfate is too small, a
production amount of a reaction product (ettringit®@nosulfate) of the inorganic sulfate
and the calcium aluminate may be decreased, apepies of early age strength of the
rapid-hardening cement composition may be decreas@d the other hand, in the case
where the blending amount of the inorganic suligteo large, a setting initial time of the
rapid-hardening cement composition becomes fasghwhay make it difficult to secure a
sufficient pot life. In addition, amounts of caloi ions and aluminum ions eluted from
the calcium aluminate are relatively small withpest to an amount of sulfate ions, so
that a production amount of ettringite is reduce@hus, properties of early age strength
of the rapid-hardening cement composition may lmeedesed. Furthermore, due to
influence of the remaining inorganic sulfate, aroant of expansion after hardening
becomes excessive, which may cause expansion lmeakd

Further, in the case where the blending amoutti@tetting modifier is too small,
an action of the setting modifier is completed shart period of time. Thus, a setting
initial time of the rapid-hardening cement compositbecomes fast, which may make it

difficult to secure a sufficient pot life. On tlséher hand, in the case where the blending
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amount of the setting modifier is too large, anaacof the setting modifier may continue
for a predetermined time or more, and propertiesaofy age strength of the
rapid-hardening cement composition may be decreased

[0039]

The rapid-hardening admixture can be producedexample, by a method
including: a mixing and grinding step of mixing agudnding a clinker containing calcium
aluminate and a setting modifier to prepare a mixad ground product; and a mixing step
of mixing the resultant mixed and ground produdtvimorganic sulfate.

[0040]

In the above-mentioned method for producing ad-w@irdening admixture, the
clinker used as a raw material of the calcium ahat@ has a high hardness as compared
with the setting modifier. Therefore, by mixingdagrinding the clinker of calcium
aluminate and the setting modifier, the setting ifirdselectively becomes fine particles,
and fine particles of the setting modifier are poed.  The fine particles of the setting
modifier easily adhere to surfaces of relativelgrse calcium aluminate particles.
Accordingly, in the mixing and grinding step, itgessible to obtain a mixed and ground
product in which the fine particles of the settingdifier are dispersed as primary
particles or aggregated particles close theretostate of being adhered to a surface of the
calcium aluminate. As a mixing and grinding appasaa grinding apparatus such as an
E type mill, a vertical type mill, a tube mill, atice like can be used, but not limited
thereto. Various grinding apparatuses commonly asea grinding apparatus for clinker
can be used.

[0041]

The clinker containing calcium aluminate is prafdy a clinker mineral.

The average particle diameter of the clinker dioan aluminate before grinding
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is preferably 1 mm to 30 mm. In addition, the jdetdiameter of the setting modifier
before grinding is preferably 150m to 500um.

[0042]

In the mixing and grinding step, the mixing anthding is preferably carried out
until a Blaine specific surface area of the mixad ground product becomes in a range of
3,000 cn¥/g to 5,500 crfig, and is particularly preferably carried out Utite Blaine
specific surface area becomes in a range of 3,06@¢o 4,500 crfig. By carrying out
the mixing and grinding until the Blaine specifiorface area falls within the
above-mentioned range, the clinker containing aatcaluminate and the setting modifier
are sufficiently mixed and ground; and therebis piossible to reliably obtain a mixed
and ground product in which the fine particlesha setting modifier are dispersed as
primary particles or aggregated particles closectibein a state of being adhered to a
surface of the calcium aluminate. In addition, alwerage particle diameter of the

calcium aluminate in the mixed and ground prodsetsually in a range of @ to 100

pm, and the average particle diameter of the sethiadifier is usually Jum or less.

[0043]

In the mixing step, the inorganic sulfate to beexiwith the mixed and ground
product obtained in the mixing and grinding stepreferably anhydrite having a Blaine
specific surface area of 8,000 Zgor more.

In the mixing step, the mixed and ground product #he inorganic sulfate are
mixed by a dry mixing. As a dry mixing apparatasnixer such as a V type mixer, a
ribbon mixer, a Proshear mixer, and the like cand®t, but not limited thereto. Various
mixing apparatuses commonly used as a mixing appafar cement materials can be
used. A mixing time can be appropriately adjustepending on a capacity of the

mixing apparatus and blending amounts of the resgematerials.



10

15

20

25

22

[0044]

(Cement)

As the cement, ordinary Portland cement, highyesirength Portland cement,
moderate heat Portland cement, low heat Portlanmetog Portland blast-furnace cement,
Portland pozzolan cement, Portland fly ash censélita fume cement, and the like can
be used. One of the cements may be used alohgpar more thereof may be used in
combination. The cement is preferably Portlandemn particular, ordinary Portland
cement.

[0045]

The blending amount of the cement is generally iange of 100 parts by mass
to 2,000 parts by mass with respect to 100 partadss of the rapid-hardening admixture.
In the case where the blending amount of the cemenithin the above-mentioned range,
it is possible to obtain a hardened body of a ryaidlening cement composition which is
excellent in properties of early age strength leyrtipid-hardening admixture and in
properties of long-term strength by the cement.

[0046]

(Fine aggregate)

The fine aggregate has an action of suppressimgksige (autogenerous
shrinkage) of a hardened body due to hardeningeofapid-hardening cement
composition and shrinkage (drying shrinkage) dugigsipation of moisture after
hardening. The rapid-hardening cement composiwmrtaining the fine aggregate can
be suitably used for semi-flexible pavements. filne aggregate is preferably sand,
more preferably sand having a particle diamet&0atfo 1,00Qum, and even more
preferably sand having a particle diameter of 92a@um. In the case where the

particle diameter of the sand becomes too smathtagn performance of cement milk
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prepared by mixing the rapid-hardening cement cauitipo with water and wear
resistance of the hardened body may be decreasgdkal resistance thereof may be
decreased. On the other hand, in the case wheratiicle diameter of sand becomes
too large, sand may easily settle in the cemerk, @miid injection properties of the cement
milk to a pavement body may be decreased.

[0047]

The blending amount of the fine aggregate is gdlyein a range of 10% by mass
to 67% by mass with respect to the entire amouttiefapid-hardening cement
composition. In the case where the blending amotitite fine aggregate is too small,
not only an effect of reducing shrinkage of thedeaed body may not be sufficiently
obtained, but also agitation performance of theargmmilk and wear resistance may be
decreased and skid resistance may be decreaseahe Other hand, in the case where
the blending amount of the fine aggregate is togelaproperties of early age strength may
be decreased, and material separation may occusleeding may easily occur.

[0048]

(Setting modifier)

In the rapid-hardening cement composition of tresent embodiment, as
described above, fine particles of the setting rfirrdnaving an average particle diameter
of 5um or less are contained as a constituent of thetzgrdening admixture. The
setting modifier may be further added so that anwarhof the setting modifier with
respect to the entire amount of the rapid-hardeo@émgent composition is in a range of
0.01% by mass to 5% by mass. Herein, the amouthieasetting modifier with respect
to the entire amount of the rapid-hardening cernentposition is a total amount of the
setting modifier (also referred to as a first seftmodifier) contained in the

rapid-hardening admixture and the setting modi@so referred to as a second setting
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modifier) added separately from the rapid-hardemidgnixture. In this case, since a
setting time can be regulated by the setting meddontained in the rapid-hardening
admixture and the setting modifier added separdteiy the rapid-hardening admixture,

it is possible to more reliably reduce variationsétting initial time of the
rapid-hardening cement composition due to an enmiental temperature and a long-term
storage. In addition, by separately adding thengemodifier, it is possible to regulate
(control) the setting initial time of the rapid-daning cement composition to a required
time. In addition, in the rapid-hardening cemeamnposition of the present embodiment,
the setting modifier contained in the rapid-hardgradmixture is fine particles and easily
dissolved in water, so that a sufficient pot lismde normally secured. Thus, the
amount of the setting modifier to be separatelyeddchn be reduced.

In the case where the amount of the setting nerdsiless than 0.01% by mass
with respect to the entire amount of the rapid-bantlg cement composition, an action of
regulating a setting time may be insufficient. e other hand, in the case where the
amount of the setting modifier exceeds 5% by matsnespect to the entire amount of
the rapid-hardening cement composition, propedideng-term strength by the cement
may be decreased.

[0049]

The setting modifier added separately from thédraardening admixture may
be added alone to the rapid-hardening cement catigpos However, the setting
modifier is preferably added as a premixed mixtfran inorganic powder and the setting
modifier. The mixture of the inorganic powder ahd setting modifier is preferably a
highly concentrated-setting modifier-containing tane in which the setting modifier is
contained in an amount of 50 parts by mass to 30 py mass with respect to 100 parts

by mass of the inorganic powder. By adding thérggmodifier to the rapid-hardening
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cement composition as the highly concentratedrggttiodifier-containing mixture, the
setting modifier is easy to be uniformly dispergethe rapid-hardening cement
composition. As the inorganic powder, cement @rtipular, Portland cement),
limestone powder, silica stone powder, blast fuerglag powder, coal ash, fly ash, clay
minerals, calcium aluminate powder, or inorganifades powder can be used. The
inorganic powder is preferably a fine powder haanBlaine specific surface area in a
range of 2,500 chig to 5,000 crflg.  Since the inorganic powder having a Blaine
specific surface area in the above-mentioned raagea high dispersibility, the highly
concentrated-setting modifier-containing mixturevnich this inorganic powder is used is
easy to be uniformly dispersed in the rapid-hamiggsiement composition. The particle
diameter of the setting modifier contained in tighly concentrated-setting
modifier-containing mixture is preferably in a rengf 1um to 500um. Since the
setting modifier having a particle diameter in #i®ve-mentioned range has a high
dispersibility in the inorganic powder, it is edsyprepare a highly concentrated-setting
modifier-containing mixture which has a uniform goosition.

[0050]

(Short fibers)

The short fibers act as a reinforcing materialhergfore, a hardened body
obtained by hardening the rapid-hardening cememposition including the short fibers
has improved cracking resistance and excellentoiitygagainst fatigue.

As the short fibers, organic short fibers and oarbhort fibers can be used.
Examples of the organic short fibers include PVArskibers (polyvinyl alcohol short
fibers), polyamide short fibers, aramid short fi&ygrolypropylene short fibers, rayon short
fibers, and the like. One of these short fibery i@ used alone, or two or more thereof

may be used in combination.
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The fiber length of the short fibers is preferaibly range of 1 mm to 10 mm.

In the case where the fiber length is shorter thamm, a sufficient fiber reinforcing effect
may not be obtained. On the other hand, in the wdere the fiber length exceeds 10
mm, fluidity may be impaired by resistance of theefs, and working properties may be
hindered, for example, injection properties to aaa portion or a semi-flexible
pavement may be decreased. The fiber diametsumlly in a range of gm to 100um.

[0051]

The blending amount of the short fibers is gemgrala range of 0.1% by mass
to 0.3% by mass with respect to the entire amotititeorapid-hardening cement
composition. In the case where the blending amofitite short fibers is too small, an
action of improving cracking resistance of a hastebhody and an action of improving
durability against fatigue may be insufficient. e other hand, in the case where the
blending amount of the short fibers is too larg@dfty of a mixture of the
rapid-hardening cement composition and water mayeoeeased.

[0052]

(Viscosity agent)

The viscosity agent has an action of increasinig@osity of the rapid-hardening
cement composition, suppressing separation of itoest materials of the
rapid-hardening cement composition in water, aadibzing the composition.

Therefore, in the rapid-hardening cement compasitiantaining the viscosity agent, a
bleeding rate is decreased, and a hardened bodhyghaigh strength can be formed even
in water.

Examples of the viscosity agent include synthetitymers, guar gum derivatives,
stearyl ethers, cellulose derivatives (methylceBel carboxymethylcellulose,

hydroxymethylcellulose, hydroxypropylmethylcellubgsydroxypropylmethylcellulose,
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hydroxyethylmethylcellulose), and the like. Onelufse viscosity agents may be used
alone, or two or more thereof may be used in coattmn.

[0053]

The blending amount of the viscosity agent is galhein a range of 0.1% by
mass to 1% by mass with respect to the entire atradithe rapid-hardening cement
composition. In the case where the blending amofitite viscosity agent is too small,
anti-washout under water of the rapid-hardeningesgmomposition may be insufficient.
On the other hand, in the case where the blendimauat of the viscosity agent is too
large, fluidity of a mixture of the rapid-hardeniogment composition and water may be
decreased.

[0054]

(Powdered emulsion)

The powdered emulsion is a resin having low wakesorbability and low water
permeability, and has an action of making watedlygrvenetrate into a hardened body
obtained by hardening the rapid-hardening cememposition. Therefore, the
rapid-hardening cement composition containing thedgered emulsion is excellent in
freeze-thaw resistance after being immersed inrwate

Examples of the powdered emulsion include vingtate/\Veova/acrylic acid
ester copolymer resin, vinyl acetate copolymenmegnyl acetate/ethylene copolymer
resin, vinyl acetate/acryl copolymer resin, acryéisin, and the like. One of these
powdered emulsions may be used alone, or two oe tin@reof may be used in
combination.

[0055]

The blending amount of the powdered emulsion regaly in a range of 0.5%

by mass to 30% by mass with respect to the enti@uat of the rapid-hardening cement
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composition. In the case where the blending amotitite powdered emulsion is too
small, an action of improving freeze-thaw resiseaata hardened body of the
rapid-hardening cement composition may be ins@ffiti On the other hand, in the case
where the blending amount of the powdered emulsitoo large, fluidity of a mixture of
the rapid-hardening cement composition and watsr meadecreased.

[0056]

(Inorganic filler)

The inorganic filler acts as a modifier of propestsuch as compression strength,
Young's modulus, and the like of a hardened bodgiabd by hardening the
rapid-hardening cement composition.

Examples of the inorganic filler include silicamsé fine powder, limestone fine
powder, coal ash fine powder, fly ash, montmoriterfine powder, feldspar fine powder,
blast furnace slag fine powder, and the like. Ofthese inorganic fillers may be used
alone, or two or more thereof may be used in coatlwn. The inorganic filler
preferably has a Blaine specific surface arearange of 2,500 cffg to 5,000 crfig.

Since the fine powder having a Blaine specific atefarea in the above-mentioned range
has a high dispersibility in cement, it is possifadléorm a mixture having a uniform
composition by mixing it with cement.

[0057]

The blending amount of the inorganic filler is geally in a range of 4% by mass
to 50% by mass with respect to the entire amouttiefapid-hardening cement
composition. In the case where the blending amofitite inorganic filler is too small,
an effect of regulating (controlling) compressitresgth and Young’s modulus of a
hardened body of the rapid-hardening cement comipnsnay be insufficient. On the

other hand, in the case where the blending amduheadnorganic filler is too large, a
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proportion of the rapid-hardening admixture anddément may be relatively decreased,
and properties of early age strength and propesfiegeng-term strength may be
decreased.

[0058]

(Anti-freezing agent)

Sodium acetate, calcium acetate, or calcium aitefcts with water to generate
heat, and acts as an anti-freezing agent to préseg#ing of a mixture of the
rapid-hardening cement composition and water uad®yogenic temperature
environment where water is frozen. Therefore réped-hardening cement composition
containing the anti-freezing agent makes it posdiblobtain a hardened body having high
properties of early age strength even under a etyilagemperature environment.

One of the anti-freezing agents may be used atom&o or more thereof may be
used in combination.

[0059]

The blending amount of the anti-freezing agegeiserally in a range of 1% by
mass to 10% by mass with respect to the entire atraiuihe rapid-hardening cement
composition. In the case where the blending amotitite anti-freezing agent is too
small, an action as the anti-freezing agent mayimecinsufficient so that the
rapid-hardening cement composition freezes, arstnemgth may be produced at all. On
the other hand, in the case where the blending atraiuhe anti-freezing agent is too
large, a salting-out action may occur in a mixtoir¢he rapid-hardening cement
composition and water, and fluidity may be decrdase

[0060]

The rapid-hardening admixture used in the rapididiaing cement composition

of the present embodiment having a constitutiodezsribed above is easily dissolved in



10

15

20

25

30

water, because the average particle diameter afaleeum aluminate is Bm to 100um,
and the average particle diameter of the settindiiieo is 5pum or less, so that the setting
modifier is fine as compared with the calcium alnate. Therefore, when water is
added to the rapid-hardening cement compositidhepresent embodiment, the setting
modifier is rapidly dissolved in water in a stablanner over a wide temperature range,
and a setting modifier action by the setting medifs exerted at an early stage. Thus,
variations in setting initial time due to an envineental temperature become small. In
addition, since the setting modifier action by sle¢ting modifier is exerted at an early
stage, the setting initial time becomes stableland, and fluidity after addition of water
becomes high. Furthermore, after completion ofs#téing modifier action by the setting
modifier, hardening acceleration action of cemereerted by the calcium aluminate and
the inorganic sulfate; and therefore, it is pogstblimprove properties of early age
strength of the rapid-hardening cement compositidfurthermore, the setting modifier is
dispersed as fine particles in the rapid-hardenermgent composition. Thus, even in the
case where the rapid-hardening cement composifitmreqoresent embodiment is stored
for a long period of time, it is unlikely that tetting modifier is segregated and an
amount of the setting modifier becomes non-uniformherefore, even in the case of
being stored for a long period of time, variatiomsetting initial time are small and
properties of early age strength are excellent.

[0061]

As described above, in the rapid-hardening cememiposition of the present
embodiment, variations in setting initial time doean environmental temperature are
small. Thus, the rapid-hardening cement compasitam be suitably used as a raw
material (injection grout for pavement) for a bditkag grout material used for PC

pavement and RC pavement, cement milk used for-8Berible pavement, and the like
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which are mainly used outdoor. In addition, sitieerapid-hardening cement
composition of the present embodiment has a hidlg age strength, it is, for example,
possible to form a pavement having practical stietftat allows a road to be opened to
traffic in 2 hours.

[0062]

Further, in the rapid-hardening cement compositibthe present embodiment,
the setting modifier contains one or more of inaigaarbonates, oxycarboxylic acids,
sodium aluminate, and sodium sulfate. Thus, poissible to reliably reduce variations
in setting initial time of the rapid-hardening carheomposition due to an environmental
temperature. In addition, since a setting modégigion by the setting modifier is
exerted at an early stage, a setting initial tirredmnes more stable and longer, and fluidity
after addition of water increases. Since sodiulfahas a particularly high rate of
dissolution in water, sodium sulfate has a higkafbf improving fluidity of the
rapid-hardening cement composition after additibwater.

[0063]

In addition, in the case of the rapid-hardeningeet composition containing the
fine aggregate, shrinkage of a hardened body igresped. Therefore, the
rapid-hardening cement composition containing the dggregate can be suitably used as
a raw material for cement milk used in semi-flegipavements or the like.

Further, in the rapid-hardening cement compositimmtaining the setting
modifier, variations in setting initial time due @an environmental temperature become
reliably small. Thus, the rapid-hardening cema@mhposition can be suitably used at
sites with various environmental temperatures. aBging the setting modifier to the
cement as a highly concentrated-setting modifiet&ioing mixture in which the setting

modifier is mixed with the inorganic powder, itgessible to uniformly disperse the
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setting modifier in the cement. Thus, it is pokesto more reliably reduce variations in
setting initial time due to an environmental tengpere.

[0064]

In addition, with regard to the rapid-hardeningneat composition containing the
short fibers, a hardened body has improved craaldsigtance and excellent durability
against fatigue. Therefore, the rapid-hardeninger@ composition containing such
short fibers can be suitably used as a materiallzck-filling grout material used for PC
pavement and RC pavement of airport runways whéesasgy load is applied.

In addition, a rapid-hardening cement compositiontaining the viscosity agent
has a low bleeding rate and can form a hardeneg WwdH high strength even in water.
Therefore, the rapid-hardening cement compositmnaining the viscosity agent can be
suitably used as a material of a back-filling groatterial to be injected into a place
having stagnant water in a gap between a PC paudrnard or a RC pavement board and
a roadbed.

[0065]

Further, the rapid-hardening cement compositiortaining the powdered
emulsion has excellent freeze resistance aftegheimersed in water. Therefore, the
rapid-hardening cement composition containing thedgered emulsion can be suitably
used as an injection grout for pavement in colttidis.

[0066]

Further, the rapid-hardening cement compositiontaiaing the inorganic filler
can regulate (control) compression strength andhysunodulus in a predetermined
manner. Therefore, the rapid-hardening cement ogitipn containing the inorganic
filler can be suitably used as an injection grautdavement in various applications.

[0067]
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Further, the rapid-hardening cement compositiortaiaing the anti-freezing
agent makes it possible to obtain a hardened badyné high properties of early age
strength even under a cryogenic temperature envieoh.  Therefore, the
rapid-hardening cement composition containing thtefaeezing agent can be suitably
used as an injection grout for pavement in colttidis.

[0068]

Although the rapid-hardening cement compositioictviis an embodiment of the
present invention has been described above, tlsemrenvention is not limited thereto
and can be appropriately changed within a scopedthess not depart from the technical
features of the invention.

For example, the rapid-hardening cement compasitiay contain a
water-reducing agent, an air entraining and wagducing agent, a high range
water-reducing agent, a high range air entrainimdy\@ater-reducing agent, a
superplasticizing agent, a waterproofing agenvaaing agent, a blowing agent, a
defoaming agent, an anti-rust agent for reinformaacrete, an admixing agent which is
non-separable in water, a water-retention ageatyiag shrinkage reducing agent, an
anti-washout admixture for underwater (viscositgr@t), an anti-freezing agent, and the

like.

EXAMPLES
[0069]
Next, examples of the present invention will beatidbed in detail together with
comparative examples.
[0070]

[Materials used]
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Types, compositions, and abbreviations of the na$eused in these examples
and comparative examples are shown in Table 1.

[0071]



Table 1

Materia - Compoition and the lik Abbreviatior
Calcium aluminate clinker éizgzgg[gﬁ\/l(zo& vitrification rate: 929, chemical composition £0s: 45.1%, CaO: 47.3% CA-CL
Inorganic sulfat CaS(, hydrofluoric acicanhydritetype II, Blaine specific surface area 9,850 cn’lg Cs
Ordinary Portland cement g/lrgzr/]gfactured by Mitsubishi Materials CorporatioiaiBe specific surface area of 3, N
Na,CGCs, sodium carbonate (anhydrous neutral mirabilgajticle size of 45 to 9um Na-1
Inorganic carbonate Na,COs, sodium carbonate (anhydrous neutral mirabilgajticle size of 90 to 15um Na-2
Na,CQCs, sodium carbonate (anhydrous neutral mirabilgajticle size of 150 to 5Cum Na-3
Na,AlO,, sodium aluminate, particle size of 45 toum Al-1
Sodium aluminate Na,AlO,, sodium aluminate, particle size of 90 to jum Al-2
Na,AlO,, sodium aluminate, particle size of 150 to um Al-3
Tartaric acid, particle size of 45 to um Ta-1
Oxycarboxylic acid Tartaric acid, particle size of 90 to 1um Ta-2
Tartaric acid, particle size of 150 to 5um Ta-3
Sodium sulfat Na,SC4, sodium sulfate, particle size of 150 to ym NS-3
Fine aggrega Dry silica sand (particldiamete of 90 um to 200um) S
\Viscosity agen Manufactured by BASF, STARVIS WR460 WR
Defoaming agel San Nopco Limited, SN DEFOAMER 14| 14HF

Manufactured by Nichic-Movinyl Co., Ltd., LDM2071P, vinyl acetate/Veovarghc acid

Powdered emulsion ester copolymer res P
Silica stone fine powd Manufactured by FUJISAKA, Blaine spec surface area of 4,850 Iy SF
Limestone fine powder (I\:/Irgzr;gfactured by Mitsubishi Materials CorporationaiBe specific surface area of 4,4 Lp
Anti-freezing agel Calcium nitrite, Manol Corporation, MANOL a-freezing agent NA CN

g€
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[0072]

[Preparation of rapid-hardening admixture (SA-1)]

100 parts by mass of calcium aluminate clinker{Cl8, and, as setting
modifiers, 1.0 parts by mass of sodium carbonate3N 0.5 parts by mass of sodium
aluminate (Al-3), and 0.5 parts by mass of tartaditl (Ta-3) were charged into a mixing
and grinding machine, and were mixed and grounil ailaine specific surface area
thereof reached 4,500 éfy. The average particle diameter of the calciluméanate
contained in the resulting mixed and ground proasd 15um and the average particle
diameter of the sodium carbonate was|80 The average particle diameter of the
sodium carbonate was measured by the following agkth

[0073]

(Method for measuring average particle diametesooium carbonate)

First, a particle shape of the resulting mixed gralind product was observed
using a scanning electron microscope (SEM). Flshdws SEM images of the mixed
and ground product. FIG. 1(A) shows an SEM imagh & magnification of 1,000
times, and FIG. 1(B) shows an SEM image with a rifexgition of 3,000 times.

Next, element analysis of the particles capturetthé SEM images was carried
out using an electron probe microanalyzer (EPMAJIG. 2 shows the results. FIG.
2(A) is an SEM image obtained by enlarging a ctt@deea in FIG. 1(B), and FIG. 2(B) is a
mapping image of an element obtained by perforreiegiental analysis of particles
captured in the SEM image using the EPMA. In @), a white part represents
sodium. From the SEM image of FIG. 2(A) and theopiag image of FIG. 2(B),
particles of sodium carbonate were identified, trelongest diameter of the particle
identified as the sodium carbonate was measured tise SEM image of FIG. 1(B). By

repeating this operation, particle diameters of 4@@ium carbonate particles were
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measured, and the average value thereof was dadula

[0074]

Anhydrite (CS) as the inorganic sulfate was addea mixer in an amount of 120
parts by mass with respect to 100 parts by masiseahixed and ground product obtained
as described above, and mixed. The obtained reixtais designated as a
rapid-hardening admixture (SA-1).

[0075]

[Preparation of rapid-hardening admixture (SA-2)]

Calcium aluminate clinker (CA-CL) was charged iatmixing and grinding
machine, and ground until a Blaine specific surfaes thereof reached 4,500%gnto
obtain a calcium aluminate powder.

Anhydrite (CS) was charged into a mixer in an amaf 120 parts by mass with
respect to 100 parts by mass of the obtained ealailuminate powder, and mixed. The
obtained mixture was designated as a rapid-hardexdmixture (SA-2).

[0076]

[Preparation of rapid-hardening admixture (SA-3)]

100 parts by mass of calcium aluminate clinker {Cl8, and, as setting
modifiers, 1.0 parts by mass of sodium carbonage3N 0.5 parts by mass of sodium
aluminate (Al-3), 0.5 parts by mass of tartaridgdia-3), and 1.0 parts by mass of sodium
sulfate (NS-3) were charged into a mixing and grigdnachine, and were mixed and
ground until a Blaine specific surface area thereathed 4,560 city. The average
particle diameter of the calcium aluminate contdimmethe resulting mixed and ground
product was 14.pm and the average particle diameter of the sodannonate was 2.8
pm.

[0077]
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Anhydrite (CS) was charged into a mixer in an anmtai 120 parts by mass with

respect to 100 parts by mass of the mixed and grpuoduct obtained as described above,

and mixed. The obtained mixture was designatedrapid-hardening admixture
(SA-3).

[0078]

[Preparation of highly concentrated-setting madifiontaining mixture (Set-1)]

Sodium carbonate (Na-1), sodium carbonate (Nae2)ium carbonate (Na-3),
sodium aluminate (Al-1), sodium aluminate (Al-2)ds&um aluminate (Al-3), tartaric acid
(Ta-1), tartaric acid (Ta-2), tartaric acid (Ta-8nd ordinary Portland cement (N) as the
inorganic powder were charged into a mixer ati@ @t3:6:3:1:2:1:1:2:1:20 (=
Na-1:Na-2:Na-3:Al-1:Al-2:Al-3:Ta-1:Ta-2:Ta-3:N) iterms of a mass ratio, and were
dry-mixed. The obtained mixture was designated hghly concentrated-setting
modifier-containing mixture (Set-1).

[0079]

[Preparation of setting modifier mixture (Set-2)]

Sodium carbonate (Na-1), sodium carbonate (Nadg)ium carbonate (Na-3),
sodium aluminate (Al-1), sodium aluminate (Al-2)dgim aluminate (Al-3), tartaric acid
(Ta-1), tartaric acid (Ta-2), and tartaric acid-@Javere charged into a mixer at a ratio of
3:6:3:1:2:1:1:2:1 (= Na-1:Na-2:Na-3:Al-1:Al-2:Al-Ba-1:Ta-2:Ta-3) in terms of a mass
ratio, and were dry-mixed. The obtained mixtures\dasignated as a setting modifier
mixture (Set-2).

[0080]

[Preparation of highly concentrated-setting madifiontaining mixture (Set-3)]

Sodium carbonate (Na-1), sodium carbonate (Nadg)ium carbonate (Na-3),

sodium aluminate (Al-1), sodium aluminate (Al-2)dgim aluminate (Al-3), tartaric acid
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(Ta-1), tartaric acid (Ta-2), tartaric acid (Ta-8)dium sulfate (NS-3), and ordinary
Portland cement (N) as the inorganic powder weeggsd into a mixer at a ratio of
3:6:3:1:2:1:1:2:1:12:32 (= Na-1:Na-2:Na-3:Al-1:AlAk-3:Ta-1:Ta-2:Ta-3:NS-3:N) in
terms of a mass ratio, and were dry-mixed. Thaiobt mixture was designated as a
5 highly concentrated-setting modifier-containing e (Set-3).

[0081]

[Examples 1 and 2, and Comparative Example 1]

The rapid-hardening admixture (SA-1, SA-2, SA@}linary Portland cement
(N), the highly concentrated-setting modifier-conitag mixture (Set-1, Set-3), the setting

10 modifier mixture (Set-2), and the defoaming ag@di{P) were charged into a mixer at

proportions (parts by mass) shown in Table 2, aedewlry-mixed to produce a

rapid-hardening cement composition.

[0082]
Table 2
Rapic-hardening
admixture N | Set-1| Set-2 Set-3 14HP

SA-1 | SA-2| SA-3
Example . | 10C - - 140C] 8 - - 1.2
Comparativg
Example - 100 - 1400 - 4 - :
Example . - - 10C [40C] - - 4 1.2

15 Unit: Parts by mass

[0083]

50 parts by mass of water was added to 100 pamsass of each of the obtained
rapid-hardening cement compositions, and the mexivas kneaded for 2 minutes with a
hand mixer to prepare grout. Using the preparedtgr the respective physical

20 properties of JA funnel flow time, setting time dasompression strength were measured.

The JA funnel flow time was measured in accordamitie the standard of Japan
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Society of Civil Engineers, JSCE-F 531 "FluiditysT®&lethod of PC Grout".

The setting time was measured in accordance W8tiRRBH201 "Physical Test
Method for Cement".

The compression strength was measured in accadaitit the standard of Japan
Society of Civil Engineers, JSCE-G 505 "Compres$Stmength Test Method for Mortar
or Cement Paste Using Cylindrical Specimen”.

[0084]

In order to check temperature characteristich®frapid-hardening cement
composition, the respective physical propertiethefJA funnel flow time, the setting time,
and the compression strength were measured abemental temperatures ofG, 20C,
and 383C. The results are shown in Table 3.

Further, in order to check storage characteristiche rapid-hardening cement
composition, the rapid-hardening cement compositias packed in plastic bags
(capacity: 12 L), and pinholes (pore diameter:rir) were opened at four corners of the
plastic bag. The plastic bags were stored in enraba temperature of 30 and a
humidity of 80% RH, and one of the plastic bags stased for 3 months and the other
was stored for 6 months.  With respect to the rgidiening cement compositions after
storage, grouts were prepared, and the respeditixgqgal properties of the JA funnel flow
time, the setting time, and the compression sttengtre measured. The respective
physical properties at this time were measurec &rwironmental temperature of°Z0
The results are shown in Table 4.

[0085]
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Table 3
Environmentd JA funnel Setting time Compressi&rzl strength
temperature| flow time : .(mm). —TAge of (ZN,/AEe 3f Age of
(°C) (sec) | Initial [Finish hours |3 hour 7 day:
5 20.5 45 52 10.3 13.3 4511
Example 1 20 19.8 43 50 11.8 14.8 48|2
35 19.6 42 46 12.4 15.1 49,0
_ 5 24.3 58 72 7.5 9.0/ 38.
Cé’){gfnagf‘et"{ 20 19.6 45 | 60| 8.2 9.9 396
35 16.5 36 54 10.4 12.2 415
5 17.6 46 50 11.0 13.9 453
Example 2 20 16.8 43 49 12.1 15.¢ 483
35 16.5 43 43 12.5 15.3 496
[0086]
Table 4
Storage [JA funne| Setting time Compressiorzl strength
period [flow time (min) (N/mmn)
(month) | (sec) | Initial |Finist 2 hour: | 3 hour: | 7 day:
Immediatel
after 19.8 43 50 11.8 14.8 48.2
Example 1 productiot
3 19.6 43 51 12.0 14.9 48.5
6 19.5 44 51 12.2 14.6 48.8
Immediatel
after 19.6 45 60 8.2 9.9 39.6
C i productiol
onrgf’nag%"l’ 3 226 | 73| 95/ 06 15| 33.9
180
120 or Not Not
6 24.8 more mor availablg available 32.0
ore
Immediatel)
after 16.8 43 49 12.1 15.6 48.3
Example 2 productiot
3 16.7 44 49 12.2 15.1 48.7
6 16.5 42 48 12.4 16.1 48.6

[0087]

From the results shown in Table 3, it was confulrtteat the rapid-hardening
cement compositions of Examples 1 and 2 had sraaktons in the JA funnel flow time,
the setting time, and the compression strengtht@ae environmental temperature as

compared with the rapid-hardening cement compasdidComparative Example 1, and
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thus were excellent in temperature stability. amtigular, it was confirmed that the
rapid-hardening cement composition of Example Zaaimg sodium sulfate had a short
JA funnel flow time and excellent fluidity.

Further, from the results shown in Table 4, it wasfirmed that the
rapid-hardening cement compositions of Examplesdlzahad small variations in the JA
funnel flow time, the setting time, and the compres strength due to storage as
compared with the rapid-hardening cement compasdicdComparative Example 1, and
thus were excellent in storage stability.

[0088]

[Examples 3 and 4, and Comparative Example 2]

The rapid-hardening admixture (SA-1, SA-2, SA@}linary Portland cement
(N), the highly concentrated-setting modifier-conitag mixture (Set-1, Set-3), the setting
modifier mixture (Set-2), the fine aggregate (8% powdered emulsion (P), and the
defoaming agent (14HP) were charged into a mixer@tortions (parts by mass) shown

in Table 5, and were dry-mixed to produce a ragicdning cement composition.

[0089]
Table 5
Rapic-hardening
admixture N | Set-1| Set-2 Set3 S Pl 14HP
SA-1| SA-2| SA-3
Example 3 100 - - 500 8 - - 100 14
Comparativ
Example ;| ~ 100 - 500 - 4 - 100 14
Example 4 - - 100 | 500 - - 8 100 14

Unit: Parts by mass
[0090]
50 parts by mass of water was added to 100 pwntsass of each of the obtained

rapid-hardening cement compositions, and the mexivas kneaded for 2 minutes with a
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hand mixer to prepare cement milk. Using the pregh@aement milks, the respective
physical properties of P funnel flow time, settinge, and compression strength were
measured. The P funnel flow time was measuredllsvs. The setting time and the
compression strength were measured by the metlesdsibed above.

The P funnel flow time was measured in accordavittethe standard of Japan
Society of Civil Engineers, JSCE-F 521 "Method fiffity Test of Injection Mortar for
Prepacked Concrete (Method by P funnel)".

[0091]

In order to check temperature characteristich®frapid-hardening cement
compositions, the respective physical propertiethefP funnel flow time, the setting time,
and the compression strength were measured abenvental temperatures of@, 20°C,
and 38C. The results are shown in Table 6.

Further, in order to check storage characteristiche rapid-hardening cement
compositions, the rapid-hardening cement compastiwere stored in a room at a
temperature of 3@ and a humidity of 80% RH for 3 months and 6 mentaspectively
in the same manner as in Example 1. With respeitiet rapid-hardening cement
compositions after storage, cement milks were peghand the respective physical
properties of the P funnel flow time, the settimge, and the compression strength were
measured. The respective physical propertiedsatithe were measured at an
environmental temperature of ZD.  The results are shown in Table 7.

[0092]
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Table 6
. . . Compression strength
Environmentg P funnel | Setting time (min) p(N/mrr12) g
temperature| flow time A In P 1
°C sec i - ge of JAge of JAge o
(°C) (sec) | Initial | Finish hours | hours | days
5 11.3 48 59 4.5 7.8 25.4
Example 3 20 10.9 46 54 4.8 8.1 26.3
35 10.6 45 51 5.1 8.3 27.8
_ 5 12.1 63 80 1.0 4.5 24.72
Cé’)gfnagf‘et"z’ 20 10.8 45 60 3.6 52| 255
35 9.6 36 52 4.2 6.7 25.§
5 10.5 47 56 5.0 8.4 26.(
Example 4 20 9.8 47 52 5.4 8.6 26.§
35 9.6 45 49 5.4 9.0 27.4
[0093]
Table 7
. . . Compression strength
Storage | P funnel | Setting time (min) p(N/mn12) g
period | flow time Ade of 3A0e of 3A0e of 7
month sec i imi ge ol 4Age Ol JAge O
( ) (sec) Initial Finish |"2c s hours days
Immediatel)
after 10.9 46 54 4.8 8.1 26.3
Example 3 producton
3 10.7 48 56 4.8 8.0 26.5
6 10.9 48 57 4.7 8.3 27.0
Immediatel)
after 10.8 45 60 3.6 5.2 25.5
Comparativ productior Not
0
120 or 180 or Not Not
6 134 more more |availableavailable 12.2
Immediatel)
after 9.8 47 52 5.4 8.6 26.8
Example 4 productiol
3 9.6 48 53 5.3 8.8 27.4
6 9.6 48 53 5.5 8.5 28.0
[0094]

From the results shown in Table 6, it was confulrtieat the rapid-hardening

cement compositions of Examples 3 and 4 had sragahtons in the P funnel flow time,
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the setting time, and the compression strengtht@ae environmental temperature as
compared with the rapid-hardening cement compasaicComparative Example 2, and
thus were excellent in temperature stability. amtigular, it was confirmed that the
rapid-hardening cement composition of Example 4aiaing sodium sulfate had a short P
funnel flow time and excellent fluidity.

Further, from the results shown in Table 7, it wasfirmed that the
rapid-hardening cement compositions of Examplesd3dahad small variations in the P
funnel flow time, the setting time, and the compres strength due to storage as
compared with the rapid-hardening cement compasaicComparative Example 2, and
thus were excellent in storage stability.

[0095]

[Examples 5 to 19]

As the organic short fibers, PVA short fibers ¢fildiameter: 2¢im, fiber length:

3 mm), polyamide short fibers (fiber diameter: 28, fiber length: 3 mm), and aramid
short fibers (fiber diameter: 3#n, fiber length: 3 mm) were prepared. The shbers
were added to the rapid-hardening cement composifiecxample 1 such that the amount
of the short fibers with respect to the entire amai the rapid-hardening cement
composition was 0.05% by mass, 0.1% by mass, 0ybfbass, 1.0% by mass, or 3.0% by
mass, and mixed to prepare rapid-hardening cenoempasitions containing the short
fibers.

[0096]

50 parts by mass of water was added to 100 pwntsass of each of the obtained
rapid-hardening cement compositions containingstiwt fibers, and the mixture was
kneaded for 2 minutes with a hand mixer to pregaoet. Using the prepared grouts, JA

funnel flow time was measured.
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Further, for specimens manufactured using theimddagrouts, a repeated fatigue
test of 2,000,000 times was performed. The fatiggewas carried out in accordance
with the method based on the former JISTM C 710991@atigue Test Method for
Concrete by Repeated Compression Stress". A téubk fatigue test was set as a static
compression strength of 50 N/firan upper limit stress ratio of 65%, a lower listitess
ratio of 10%, and a repetition rate of 10 Hz, artiraension of the specimen wa$0 x
100 mm.

The results are shown in Table 8.

[0097]
Table 8
Type of Amount of | JA fur_mel Condition of being destroye
organic short fibers flow time in fatigue test
fibers (% by mass (sec)
Example 5 0.05 19.6 Destroyed at 1,206,502 times
Example § 0.1 19.8 Good at 2,000,000 times
Example 7 PVA fibers 0.5 21.2 Good at 2,000,000 times
Example § 1 24.5 Good at 2,000,000 times
Example 9 3 35.5 Good at 2,000,000 times
Example 10 0.05 19.5 Destroyed at 965,290 times
Example 11 0.1 19.7 Good at 2,000,000 times
Example 12Nylon fibers 0.5 20.4 Good at 2,000,000 times
Example 18 1 25 Good at 2,000,000 times
Example 14 3 37.8 Good at 2,000,000 times
Example 15 0.05 19.8 Destroyed at 1,374,242 times
Example 16 0.1 20.5 Good at 2,000,000 times
Example 1/Aramid fibers 0.5 23.1 Good at 2,000,000 times
Example 18 1 28.3 Good at 2,000,000 times
Example 19 3 40.7 Good at 2,000,000 times
Example 1 - - 19.8 Destroyed at 19,854 times
[0098]

From the results shown in Table 8, it was confulrtieat, in all cases where any

short fibers of PVA short fibers, polyamide shdbefs, and aramid short fibers were used,
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a compression fatigue durability of the specimes gir@atly improved even in the case
where an added amount of the short fibers was 0lp#ass, and, in particular, the
compression fatigue durability was remarkably invewbin the case where an added
amount of the short fibers was 0.1% by mass or mofdus, it was confirmed that the
specimen was in a good condition even in the cdmerthe number of repetitions was
2,000,000 times, that is, addition of the shorefgbgreatly improved the compression
fatigue durability of a hardened body.

[0099]

[Examples 20 to 24]

A viscosity agent (WR) was added to the rapid-bBantg cement composition of
Example 1 such that the amount of the viscosityaggth respect to the entire amount of
the rapid-hardening cement composition was 0.01%nays, 0.05% by mass, 0.1% by
mass, 0.5% by mass, or 1.0% by mass, and mixeepape rapid-hardening cement
compositions containing the viscosity agent.

[0100]

50 parts by mass of water was added to 100 pwntsass of each of the obtained
rapid-hardening cement compositions containing/tbeosity agent, and the mixture was
kneaded for 2 minutes with a hand mixer to pregaoeit. Using the prepared grouts,
the JA funnel flow time and the bleeding rate aftérours were measured. In addition,
the prepared grouts were hardened in water arfteiait, and compression strengths of a
hardened body collected in water and a hardeney @altécted in the air were measured.

Measurement of the bleeding rate, and collectichehardened bodies in water
and in the air were performed as follows.

The results are shown in Table 9.

[0101]
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(Bleeding rate)

The bleeding rate was measured in accordancetigthtandard of Japan Society
of Civil Engineers, JSCE-F 522 "Test Method of Blieg Rate and Expansion Rate of
Injection Mortar for Prepacked Concrete (Polyethgl®ag Method)".

[0102]

(Method of collecting hardened body in water)

FIG. 3 shows a perspective view of an apparatumémufacturing a hardened
body in water that was used in the present example.

First, a water tank 1 was filled with water 2. xe mold 3 was placed in water
2. Asthe mold 3, a cylindrical container havimgianer diameter af50 and a height of
100 mm was used. Then, a rapid-hardening cemempasition containing a viscosity
agent was injected into the mold 3 using a funnel After being allowed to stand for 2
hours from the injection, the mold 3 was takenfowh the water 2, and a hardened body
in the mold 3 was collected.

[0103]

(Method of collecting hardened body in air)

The same method as the method of collecting eehadibody in water was
carried out, except that the mold 3 was placetiénatmosphere, and the rapid-hardening
cement composition containing the viscosity ageas mjected into the mold 3 and
allowed to stand for 2 hours.

[0104]
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Table 9
Compression stngthzat
Added - age of . hours (N/mm®) | Ratio of
amount of %]Iévflutri]nqgl rsgg%?iggz Incaseo | Incase o | casein
WR (% by (sec) hours (%) being being | water/case
mass) collected in collected in in air (%)
air watel
Ex%‘p'e 0.01 20 0.25 123 9.9 80.5
EX%Tp'e 0.05 215 0 12 11.4 95
Exgrznp'e 01 23.3 0 12.4 12.2 98.4
Exgrsnp'e 05 27.8 0 12.3 12.1 98.4
EX%Tp'e 1.0 45 0 12.2 12.1 99.2
Example - 19.¢ 0.75 11.¢ 0 0
[0105]

From the results shown in Table 9, it was confulrtieat by the addition of the
viscosity agent, the bleeding rate was reducedamardened body having a high ratio of
strength in water/strength in the air was obtaitleat is, it was possible to form a
hardened body having a high strength in water.

[0106]

[Examples 25 to 30]

The powdered emulsion (P) was added to the ragnideming cement
composition of Example 3 such that the amount efgbwdered emulsion with respect to
the entire amount of the rapid-hardening cementpomition was 0.5% by mass, 1.0% by
mass, 2.0% by mass, 5.0% by mass, 10.0% by ma38,@% by mass, and mixed to
produce rapid-hardening cement compositions coinigithe powdered emulsion.

[0107]

45 parts by mass of water was added to 100 pantsalss of each of the obtained
rapid-hardening cement compositions containingpthedered emulsion, and the mixture

was kneaded for 2 minutes with a hand mixer toarepgement milk.  Using the



10

50

prepared cement milks, the P funnel flow time, eohpression strength at age of 7 days

were measured.

The results are shown in Table 10.

Further, each of the prepared cement milks wagief into an open-graded

asphalt mixture (100 x 200 x thickness of 100 mawiing a porosity of 22% and curing

was carried out at a temperature of@Q@or 7 days to manufacture a semi-flexible

pavement body. The obtained semi-flexible paverhedy was immersed in water.

A

freeze-thaw cycle of -2€ x 6 hours and +2C x 6 hours was repeated for 200 cycles,

and an appearance of the pavement body was obser¥ée results are shown in Table

|2

10.
[0108]
Table 10
Added Compressio Condition of appearance due
amount of P funnel | strength at freezethaw cycle
P flow time| age of 7 50
(% by (sec) days 100 cycled 50 cycle00 cycle
mass (Nimn7) | cvelesl
Scrapr-off
of
Ex%rSane 0.5 10.7 26.6 | Good | Good Good | injection
material
occurred
Scrapr-off
of
EX%%“P'G 1.0 10.9 25.8 | Good | Good Good | injection
material
occurrel
EX%f;WIO'E 20 10.9 26.3 | Good | Good Good Good
Ex%réwple 5.0 11.4 25.2 | Good | Good | Good| Good
EX%?IO'E 10.0 11.8 244 | Good | Good | Good| Good
EX%?F)'E 30.0 13.8 23.1 | Good | Good Good Good
Scrapr-off|Scrap+off
of of
Exaénple ] 10.8 26 Good | injection | injection -
material | material
occurre( |progresse

[0109]
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From the results shown in Table 10, it was corgdrthat a phenomenon in
which a hardened body was scraped off due to regdegezing-thawing was observed in
a test piece in which the added amount of the posedlemulsion was less than 0.5% by
mass. On the other hand, it was confirmed th#tercase where the added amount of
the powdered emulsion was 2.0% by mass or morapseasff of a hardened body was not
observed, and the hardened body had improved ftbereresistance due to addition of
the powdered emulsion.

[0110]

[Examples 31 to 37]

The rapid-hardening cement composition of Exanpklica stone fine powder
(SP), and limestone fine powder (LP) were mixeblanding amounts shown in Table 11,
to produce rapid-hardening cement compositionsatoimg an inorganic filler.

[0111]

50 parts by mass of water was added to 100 pwntsass of each of the obtained
rapid-hardening cement compositions containingrtbeganic filler, and the mixture was
kneaded for 2 minutes with a hand mixer to preparaent milk. The obtained cement
milk was injected into a cylindrical container hayian inner diameter gb0 and a height
of 100 mm, and cured at room temperature for 7 taysanufacture a hardened body.
Compression strength and a Young’s modulus of eéte obtained hardened bodies at
age of 7 days were measured. The Young’s modulissmeasured in accordance with
JIS A 1149 "Test Method for Young’s Modulus of Coete". The results are shown in
Table 11.

[0112]
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Table 11
Rapic-hardenin Compressioll  Younc's
cement SP (parts by LP (parts by| strength modulus
composition mass) mass) |(age of 7 daygage of 7 days)

(parts by mas (N/mm?) (KN/mm?)

Example 100 30 : 9.7 5.58
Example 100 60 : 7.2 4.72
Example 100 100 : 5.6 3.78
Example 100 i 30 10.5 5.8
Example 100 i 60 9.2 5.4
Example 100 : 100 7.8 4.91
Example 100 30 30 8.4 5.37
Example 1 100 0 0 11.8 6.35

[0113]

From the results shown in Table 11, it was cordgdrthat by adding the
inorganic-based fine powder to the rapid-hardeoiEmment composition, it was possible to
control the compression strength and the Young'dutus to desired values.

[0114]

[Examples 38 to 42]

An anti-freezing agent (CN) was added to the rdgaiciening cement
composition of Example 3 such that the amount efahti-freezing agent with respect to
the entire amount of the rapid-hardening cementpomition was 1.0% by mass, 2.0% by
mass, 3.0% by mass, 5.0% by mass, or 10.0% by mwadsnixed to produce
rapid-hardening cement compositions containingatitefreezing agent.

[0115]

45 parts by mass of water at a temperature ©fvitlas added to 100 parts by mass
of each of the obtained rapid-hardening cement c@itipns containing the anti-freezing

agent, and the mixture was kneaded for 2 minutés avhand mixer under an
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environment of -&C to prepare grout.

Each of the obtained grouts was injected intoetladindrical containers (inner
diameter okps0 x height of 100 mm), respectively. These tlug@mdrical containers
were placed in an insulating container made of f@dstyrol and having an inside

5 dimension of 200 mm and 150 x 150 mm, and the grastcured under an environment
of -5°C for 3 hours to manufacture a hardened body. cbhepression strength of each
of the three hardened bodies of age of 3 hoursweasured, and an average thereof was

obtained. The results are shown in Table 12.

[0116]
10 Table 12
Temperature®C) Compressig
arﬁgﬂﬁ?of Temperatur| strength at
CN External ail Material Water of mixed | age of 3
(% by massjemperaturgemperaturgemperature cement hours
(grout) | (N/mn?)
Bxamplel 10 5 3.2 5.1 0.7 23
Bxample) 20 5 3.6 5.3 0.6 3.8
Bxample) 39 5 33 5.2 0.6 4.8
Bxample| 59 5 35 4.9 0.7 5.4
Example| 10,0 5 3.8 5.2 0.5 5
2 Not
Example 3 - -5 -3.5 5.1 0.6 measurabl
[0117]

From the results shown in Table 12, it was cordinthat a hardened body could
be generated from the rapid-hardening cement caitiggocluding the anti-freezing
agent even under an environment 6iG5

15
Industrial Applicability

[0118]
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In the rapid-hardening cement composition of tfesent embodiment, variations
in setting initial time due to an environmental pErature are small, and variations in
setting initial time are small even after a longviestorage. In addition, fluidity is high
during a period from addition of water until hardenreaction proceeds, and properties of
early age strength are excellent. Therefore,dpafhardening cement composition of
the present embodiment is suitably applied as jaxtion grout for pavement which is a
raw material for a back-filling grout material usied PC pavement and RC pavement,

cement milk used for semi-flexible pavement, arallike.

Reference Signs List
[0119]
1: water tank
2: water
3: mold

4: funnel
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CLAIMS

1. Arapid-hardening cement composition, compgsin

a rapid-hardening admixture; and

cement in an amount of 100 parts by mass to )a0@ by mass with respect to
100 parts by mass of the rapid-hardening admixture,

wherein the rapid-hardening admixture is a comjmosthat contains: calcium
aluminate; inorganic sulfate in an amount of 5@gphy mass to 200 parts by mass with
respect to 100 parts by mass of the calcium alumyj@and a setting modifier in an amount
of 0.1 parts by mass to 10 parts by mass with ct4pel00 parts by mass of the calcium
aluminate, and

an average particle diameter of the calcium alateins in a range of 8m to 100

um, and an average particle diameter of the settiadifier is in a range of gm or less.

2. The rapid-hardening cement composition accgrtbreclaim 1, which is an injection

grout for pavement.

3. The rapid-hardening cement composition accgrtbrclaim 1 or 2,
wherein the setting modifier includes one or mafrainorganic carbonates,

oxycarboxylic acids, sodium aluminate, and sodiulfate.

4. The rapid-hardening cement composition accgrtbrany one of claims 1 to 3,
wherein the setting modifier is further addedtsat &n amount of the setting
modifier with respect to the entire amount of thpid-hardening cement composition is in

a range of 0.01% by mass to 5% by mass.
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5. The rapid-hardening cement composition accgrtbrclaim 4,

wherein the setting modifier is added as a higlolycentrated-setting
modifier-containing mixture, and the highly congated-setting modifier-containing
mixture contains an inorganic powder and the spttiodifier in an amount of 50 parts by

mass to 300 parts by mass with respect to 100 pgntsass of the inorganic powder.

6. The rapid-hardening cement composition accgrtbrany one of claims 1 to 5,
wherein short fibers that consist of one or mdrerganic short fibers and carbon
short fibers are further included in an amount.@®® by mass to 0.3% by mass with

respect to the entire amount of the rapid-hardeoérmgent composition.

7. The rapid-hardening cement composition accgrtbrany one of claims 1 to 6,
wherein a viscosity agent is further included meanount of 0.1% by mass to 1%

by mass with respect to the entire amount of thelrhardening cement composition.

8. The rapid-hardening cement composition accgrtbrany one of claims 1 to 7,
wherein a powdered emulsion is further includednramount of 0.5% by mass
to 30% by mass with respect to the entire amouttiefapid-hardening cement

composition.

9. The rapid-hardening cement composition accgrtbrany one of claims 1 to 8,
wherein an inorganic filler that consists of omarmre of silica stone fine powder,
limestone fine powder, coal ash fine powder, flg,asontmorillonite fine powder,

feldspar fine powder, and blast furnace slag fioeger, is further included in an amount
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of 4% by mass to 50% by mass with respect to thieeeaimount of the rapid-hardening

cement composition.

10. The rapid-hardening cement composition acogrth any one of claims 1 to 9,

wherein an anti-freezing agent that consists ef@nmore of sodium acetate,
calcium acetate, and calcium nitrite, is furtheluded in an amount of 1% by mass to
10% by mass with respect to the entire amountefaipid-hardening cement

composition.



